(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2013/010496 A1

24 January 2013 (24.01.2013) WIPO I PCT
(51) International Patent Classification: (74) Agent: CHINA TRUER IP; Suite 713, Block B, Jia Zhao
G02B 19/00 (2006.01) F24J 2/00 (2006.01) Ye Centre, Shangbu Road, Futian District, Shenzhen,
G02B 6/00 (2006.01) Guangdong 518031 (CN).
(21) International Application Number: (81) Designated States (uniess otherwise indicated, for every
PCT/CN2012/078894 kind of national protection available). AE, AG, AL, AM,
. - AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
(22) International Filing Date: CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
19 July 2012 (19.07.2012) DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
(25) Filing Language: English HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
) KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
(26) Publication Language: English MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
(30) Priority Data: OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
13/187,327 20 July 2011 (20.07.2011) Us SE, 8G, SK, SL, SM, ST, SV, 8Y, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(71) Applicant (for all designated States except US): HONG
KONG APPLIED SCIENCE AND TECHNOLOGY (84) Designated States (unless otherwise indl'cated, fO}" every
RESEARCH INSTITUTE CO-, LTD. [CN/CN], 3rd kind Of regional p}"Ol@C’ﬁOI’Z available): ARIPO (BW, GH,
Floor, Bio-Informatics Centre, 2, Science Park West Aven- GM, KE, LR, LS, MW’ MZ, NA, RW, SD, SL, SZ, TZ,
ue, Hong Kong, Science Park, Shatin, N.T., Hong Kong UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
(CN). TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
(72) Inventors; and MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
(75) Inventors/Applicants (for US only): ZHOU, Wei TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
[CN/CN]; Room 2503, Block 14, Huang Yuyuan, Futian ML, MR, NE, SN, TD, TG).
District, Shenzhen, Guangdong (CN). LU, Ming [CN/CN]; .
16F., No.4-5, Aly. 97, Ln. 110, Hugian St., Xizhi Dist, Published:
New Taipei City, Taiwan 221 (CN). HUANG, Xuyan —  with international search report (Art. 21(3))
[CN/CN]; 5/F, Block B, Tin Ma Court, Wong Tai Sin,
Hong Kong (CN).
(54) Title: LIGHT CONCENTRATION SYSTEM

2013/010496 A1 |1 000 AP0 OO0 0 0

. 104 5
\ | | 100
4 l 110 l l 170 102 115
» | 7
i . )«34“ #\;%J’.r i Z; e T /{,/A;, o 7
l W% | I
[ e 140
A L/wo ST

FIG. 1

O avo.
=

(57) Abstract: A light concentration system (100) comprises a light concentrator (120) to convert incident light (150) to converging
light (160), and a light collimating and directing element (130) to receive the converging light (160), reduce the angle of conver -
gence of the converging light (160), and direct the angle-reduced converging light to a light guide (110) to transmit the directed light
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Light Concentration System

FIELD:

The subject matter disclosed hercin relates to an optical system, and more

(4

particuiarly, to a concentrating photovoltaic system for light encrgy concentration.

BACKGROUND:
Though sunlight, the encrgy source of solar power gencration, 1s virtually free and
abundant, these benefits of sunlight may be offsct by a relatively high expense associated
10 with solar power generating photovoltaic (PV) cells, Also, corresponding to relatively
low efficiency of such PV cells, a relatively large area may be occupied by PV cells in
order to generate a desired amount of electrical power. Accordingly, improvements in
efficiency of PV cells may lead to reduced cost for solar power generation and/or
ncreased capacity to generate solar power.
i3 A concentrating photovoltaic (CPV) system may operate by focusing sunlight via
optical elements onto relatively small solar cells to reduece use of costly solar cell
materials, for example. CPV technology is a relatively important method for converting

sun energy into electricity.
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BRIEF DESCRIPTION OF THE DRAWINGS

Non-limiting and non-exhaustive embodiments will be described with reference to
the following objects, wherein like reference numerals refer to like parts throughout the
various objects unless otherwise specified.

5 FIG. 119 a cross-section of a light concentration syster, according o an

embodiment.

FIG. 2 1s a perspective view of a light concentration system, according to an
embodiment.

FIG. 3 1s a cross-section of a portion of a Light concentration system, according to

10 an embodiment.

FIG. 4 1s a cross-section of a light concentration system, according to another
embodiment.

FIGS. 5-17 are cross-sections of a portion of a light concentration system,

according to embodiments.

]
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DETAILED BESCRIPTION
In the following detailed description, mumerous specific details are set forth to
provide a thorough understanding of claimed subject matter. However, it will be
understood by those skilled in the art that claimed subject matter may be practiced
S without these specific details. In other instances, methods, apparatuses, or systems that
would be known by one of ordinary skill have not been desceribed in detail so 43 not to
obscure claimed subject matter.
Reference throughout this specification to "one embodiment” or "an ermbodiment”
may mean that a particolar feature, structure, or characteristic described in connection
10 with a particular embodiment may be inchuded in at least one embodiment of claimed
subject matter. Thus, appearances of the phrase "in one embodiment” or "an
embodiment” in various places throughout this specification are not necessarily intended
to refer to the same embodiment or to any one particular embodiment described.
Furthermore, it is to be understood that particular features, stractures, or characteristics
15 described may be combined in various ways in onc or more embodiments. In general, of
course, these and other issues may vary with the particular context of usage. Therefore,
the particular context of the description or the usage of these terms may provide helptul
guidance regarding inferences to be drawn for that context.
In an embodiment, a light concentrating system may comprise one or more light
20 concentrators and a light guiding structure, Such a system may focus sunlight, for
exarple, via optical elements onto relatively small photovoltaic (PV) cells to convert sun
cunergy into electricity. Light concentrators may concentrate mcident sun hght onto hight
collimation and/or directing elements. For example, a light collimation and/or directing
clement may collimate concentrated incident light into relatively small convergence
25 angles and direct the collimated light to a hight guiding stracture, as described in further
detail below. One advantage, among others, provided by performing such collimation
may be m that light loss due to decoupling effects may be eliminated or reduced in a hight
guide stracture to transport light to an energy conversion element. In an implementation,
an energy conversion element to convert light into different forms of energy, such as
30 electricity and thermal, for example, may comprise PV cells and/or heat exchange

devices, though claimed subject matter is not so limited.
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In an embodiment, one or more light collimating and/or dirccting elements may
be located at intervals external to a light guide so that the hight collimating and/or
dirccting elements arc outside an optical path of light travelling in the light guide,
Locating light collimating and/or directing elements in such a way may provide an

S advantage in that light collimating and/or directing eleroents need not block hight
travelling in a hight guide. As a counter example, light collimating and/or directing
clements physically located inside a light guide may block portions of light as the light
travels along the hight guide. Tooan vmplementation, a light gunde, such as a rod type of
light guide, may be used to transmit light toward an energy conversion element

10 physically and/or optically attached at an end region of the light guide. Light from more
than one light concentrator may share the same light guide, though claimed subject matter
is not so limited.

In some embodiments, a light collimating and/or directing clement may be
combined into a single optical clement, called a collimation and directing clement (CDE).

15 For example, 3 CDE may include at least one surface located relatively close to a focus
point of a light concentrator to receive light from the light concentrator,

Light concentrators to collect light over a relatively large arca and concentrate the

collected light into a relatively small arca may comprise refractive lenses or a
combination of refractive lens (¢.g., compound lenses), and/or Fresnel lenses, just to

20 name a few examples. Such light concentrators may have an associated focal length
determining a distance at which light reflecting from (or transmitiing through) the light
concentrators may be focused. Additionally, such hight concentrators roay have an
associated murverical aperfure (NLAL) determining an angle of convergence of a cone of
light reflecting from the light concentrators. Such an angle of convergence may be

25 described in terms of an fnumber: An fnumber (sometimes called focal ratio, fratio, £~
stop, or relative aperture, for example) may express a focal length divided by an effective
aperture diameter of a light concentrator, for example. An f-number may comprise a
dimensioniess number that is a quantitative measure of lens speed or steepness of a cone
of light, for example. Light concentrators may concentrate hight by converging light at a

30 particular f-nmmber and focusing at a particular focal length, Optical elements

downstream of such light concentrators may be arranged based, at least in part, on a focal
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length and/or NLA. of the light concentrators, for example. An array of such light
concentrators may comprise one or more light concentrators arranged in any number of
possible patterns. In a particular example, such an array may comprise light
concentrators arranged in rows and columns.

In an embodiment, a method to collect and/or concentrate light may comprise
collecting and focusing incident light onto a hight collimating element to increase an -
number of the incident light. The method may further comprise steering the f~number-
mereased hight recetved from the light collimating element throngh a hight gwde, and
transmitting the steered light to an energy converting device via the light guide. In one
implementation, the light collimating element may perform the light steering. In another
implementation, a light divecting element may perform the light steering. Increasing an £-
number of incident light may be performed by a curved surface of an optical element. A
method may further comprise combining steered light from a phlurality of light
collimating elements.

FIG. 1 is a cross-section of a light concentration system 100, according to an
embodiment. System 100 may comprise an arrangement of optical elements such as
lenses, mirrors, waveguides, and so on, to concentrate light spread over an arca defined
by a length 104 into a substantially smaller area defined by a length 102, for example. In
particular, systern 100 may include one or more light concentrators 120 to convert
meident hight 150 to a converging cone of light 160. Light concentrator 120 may
comprise a curved mirror, such as a parabolic or spherical reflector, for example. Inone
implementation, a curved murror may comprise any type of matenial, such as glass,
plastic, or metal that may include one or more reflective coatings. Light 150, which may
comprise substantially parallel light from the sun, may impinge on a curved surface of
light concentrator 120 and be reflected into a cone of converging light 160, For example,
fight 150 reflected from light concentrator 120 may be focused into a cone of light 160
having a particular f~oumber. Light 160 may be focused toward a CDE 130 optically
attached to a hight giide 110, Such a CDE is described in further detail below., CDE 130
may dircct light that it receives into light guide 110, which may carry the directed light
170 to an energy conversion clement 115, for example. Light beams from more than one

concentrator may share a light guide. Energy conversion clement may comprise one or
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more devices able to convert concentrated light to another form of encrgy, such as
clectricity {e.g., via photovoltaic cells) or heat {(e.g.. via a heat exchanger}, just to name a
few cxamples. In a particular implementation, a structure to provide physical support to
onc or more light concentrators 120 and/or light guide 110 may include element 140,
which may comprise a rigid material to maintain a constant distance between light
concentrators 120 and light guide 110, for example,

In an implementation, CDE 130 may be selected to be relatively small to reduce
light blocking of incident light 150, However, a size and dimeunsions of CDE 130 may be
sufficiently large to meet design tolerances involving, for example, angle deviation of
mcident light 150, CDE placement or alignment with light concentrator 120, reflecting
angles of interior surfaces of the CDE, and/or size of a collimating portion of the CDE to
recetve light from light concentrator 120,

FIG. 2 1s a perspective view of a light concentration system 200, according to an
embodiment. System may be similar to system 100 shown in FIG. 1, for example. Light
concentrators 221, 222, and 223 may focus light into CDEs 231, 232, and 233,
respectively. The light concentrators may comprise parabolic or spherical reflectors
positioned to reflect converging light to the CDEs. Light received by CDEs 231, 232,
233 may be coupled into light guide 210, Light guide 210 may comprise any of a number
of types of light guides, such as a rod-type light guide, for example. Once coupled into
fight guide 210, hight may travel along the inside of hight guide 210 by way of total
nternal reflection, for example, to reach energy conversion element 215, Of course, such
details of a ight concentration system are merely examples, and claimed subject matter s
not so limited.

FIG. 3 1s a cross-section of a portion of a light concentration system, according to
an embodiment 300, CDE 330, optically attached to a light guide 310, may comprise an
optical element including a light collimator 335 and a light divector 338, Such an optical
element may comprise quartz, sapphire, plastic, or other optical material, for example. In
a particular implementation, light collimator 335 may comprise a concave depression in a
surface of CDE 330, Light director 338 may comprise a tlat reflective interior surface of
CDE 330. In one implementation, a flat reflective interior surface of CDE 330 may

reflect light by total internal reflection. In another implementation, a flat reflective
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surface of CDE 330 may comprise a reflective coating to reflect light internally in
CDE330, for example. In one implementation, light 360 cntering light collimator 335
may be collimated to produce parallel light 365, In another implementation, light 360
entering light collimator 335 may be collimated to produce hight 365 having a reduced
convergence angle or increased f-number compared to light 360, For a specific example,
an angle of convergence of light 360 may be about 60.0 degrees and an angle of
convergence of Hight 365 may be about 20.0 degrees, though claimed subject matter is not
so limited. Collimating light using a hight collimator such as 333, for example, may
provide benefits. For example, after collimation, a light path may be more easily
controlled to avoid or to reduce decoupling effects.

Light director 338 may reflect light 363 at a particular angle based, at least in part,
on an angle 333 between a surface of hight guide 310 and a reflecting surface of light
director 338. Thus, light director 338 may reflect light 365 at a particular angle so that
the reflected hight 370 enters light guide 310 at an angle 375 that allows total internal
reflection to occur in Hght guide 310, Light 370 may travel along the interior of light
guide 310 toward an encrgy converting clement, for example, as shown in FIG. 1.

An optical interface 312 between CDE 330 and light guide 310 may comprise an
adhesive having optical propertics to hold CDE 330 to light guide 310, For example, an
epoxy or other adhesive having relatively high transmittance may adhere CDE 330 and
light guide 310 to one another. In other imnplementations, CDE 330 may be attached to
light goide 310 by methods other than an adhesive. For example, straps, bolts, or other
hardware (not shown} may be used to attach CDE 330 to light guide 310, though claimed
subject matter 15 not so himited.

FIG. 4 1s a cross-section of a light concentration system 400, according to another
embodiment. Substantially collimated incident light 460 transmits through a support
structure 405 that physically supports secondary mirrors 425, Light 460 then impinges
on a light concentrator 420 comprising a parabolic or spherical reflecting surtface, for
example. Converging lght 465 reflected from light concentrator 420 may be directed
toward sccondary mirror 425 that folds a light cone into aperture 428 in light concentrator
420. After passing through aperture 428, light 408 reflected from sccondary mirror 425

may impinge on CDE 430, which may reduce a cone angle of light 46% and direct the
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resulting light into light guide 410, For cxample, a cone angle of light 468 may be
reduced from about 60.0 to about 20.0 degrees or less, Resulting light 470 may travel
along the interior of light guide 410 toward an energy converting element 415, for
exaraple.

In a particular implementation, a structure to provide physical sapport to one or
more light concentrators 420, secondary mirrors 425, and/or hight guide 410 may include
clement 440, which may comprise a rigid material to maintain a constant distance
hetween elements in system 400, for example. Support structure 405 may comprise a
piece of glass or other rigid material that is transparent to light.

FIG. § is a cross~-section of a portion of a light concentration system, according o
an erbodiment 500, CDE 530, optically attached to a light guide 510, may comprise an
optical element including a light collimator $35 and a hght director 538, In a particular
impicmentation, light collimator 535 may comprise a concave depression in a surface of
CDE 530. Light director 538 may comprise a curved reflective interior surface of CDE
530, Light director 538 may comprise any of a number of materials, such as glass,
Polvmethyl methacrylate (PMMA), or polycarbonate (PC), just to name a fow examples.
In one implementation, a curved reflective mterior surface of CDE 530 may reflect light
by total internal reflection. In another implementation, a curved reflective surface of
CDE 530 may comprise a reflective coating to reflect light internally in CDE 530, Inone
implementation, light 560 entering light collimator S35 may be collimated to produce
parallel ight 565, In another implementation, light 560 entering light colliator 535 may
be collimated to produce light 565 having a reduced convergence angle or increased -
number compared to hight 560. Light divector 538 may reflect light 565 at a particular
angle based, at least in part, on a shape or corvature of the reflecting surface of light
director S38. Thus, light director 538 may reflect light 565 at a particular angle so that
the reflected light 370 enters light guide 510 with an angle 575 that allows total internal
reflection to occur in light guide 510, Light 570 may travel along the mnterior of light
guide S10 toward an energy converting element, for example, as shown in FIG. 1.

FIG. 6 is a cross-section of a portion of a light concentration system, according o
an cmbodiment 600, CDE 630, optically attached to a light guide 610, may comprise an

optical element including a curved surface 638, which may implement functions of a light
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collimator and/or a light director. As such, light 660 impinging on surface 638 may be
both collimated and directed upon reflection. In one implementation, CDE 630 may be
integrated with light guide 610 so that CDE 630 and light guide 610 comprise a single
piece of optical material, for example. In another implementation, CDE 630 and light
guide 610 may comprise separate pieces that are optically attached, for example. In such
a case, light guide 610 may include at east two opposing plane surfaces, wherein
transmitted light may travel from an entry-end surface {¢.g., where CDE 630 may be
located) toward an exit-end surface {¢.g., where an energy conversion element may be
located). Though claimed subject matter is not so limited, CDE 630 may be larger than
light guide 610. Such a curved surface 638 may comprise a cyhindrical, spherical,
parabolic, or free form shape, just to name a few examples. Suorface 638 may comprise
any of a number of materials, such as glass, Polymethyl methacrylate (PMMA), or
polycarbonate (PC), just to name a fow examples. In one implementation, curved surface
638 may reflect light by total internal reflection. In another implementation, curved
surface 638 may comprise a reflective coating to reflect light internally in CDE 630,
Curved surface 638 may reflect light 665 at a particular angle based, at least in part, on a
shape or curvature of the reflecting surface of curved surface 638 so that the reflected
light 670 enters hight guide 610 with an angle that allows total internal reflection to occur
in light guide 610. Light 670 may travel along the interior of light guide 610 toward an
energy converting element, for example, as shown in FIG. 1.

FIG. 7 is a cross-section of a portion of a light concentration system, according to
an erobodiment 700, Embodiment 700 may be similar to embodiment 300 shown i FIG.
3, except that CDE 730 and hght guide 710 may be separated by a gap 734, Such a gap
may be filled with awr, for example. CDE 730 may comprise an optical element including
a light collimator 735 and a light director 738, Such an optical element may comprise
quartz, sapphire, or other optical material, for example. In a particular implementation,
light collimator 735 may comprise a concave depression in a surface of CDE 730, Light
divector 738 may comprise a flat reflective interior surface of CBE 734,

FI(G. 8 is a cross-section of a portion of a light concentration system, according o
an cmbodiment 800, A light collimator 830, optically attached to a light guide 810, may

comprise a concave depression &35 in a surface of light collimator 830. Light director
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812 may comprise a flat reflective interior surface at an end region of light guide 810, In
onc implementation, such a flat reflective interior surface may reflect light by total
internal reflection. In another implementation, a flat reflective surface of light director
§12 may comprisc a reflective exterior coating to reflect light internally in hight guide
810, In one implementation, light 860 entering light collimator §30 may be collimated to
produce parallel light 865, In another implementation, hight 860 entering light collimator
830 may be collimated to produce hight 865 having a reduced convergence angle or
mereased f-rumber compared to light 860, Light director 812 may reflect ight 865 at a
particuiar angle based, at least in part, on an angle 833 of the reflecting surface of light
director 812 with respect to a surface of light guide 810, Thus, light director 812 may
reflect hight 865 at a particular angle so that the reflected light 870 travels in light guide
810 with an angle that allows total internal reflection to occvr in light gude 810, Light
870 may trave! along the interior of light guide 810 toward an encrgy converting clement,
for example, as shown in FIG. 1.

FIG. 9 1s a cross-section of a portion of a light concentration system, according to
an embodiment 900, A Light collimator 930, optically attached to a light guide 910, may
comprise a convex lens. Light director 912 may comprise a flat reflective interior surface
at an end region of light guide 910, In onc implementation, such a flat reflective interior
surface may reflect light by total internal reflection. In another implementation, a flat
reflective surface of hight director 912 may comprise a reflective exterior coating to
reflect ight imternally in light guide 910, In one iroplementation, depending at least i
part on a focal length of light collimator 930, light 960 entering light collimator 930 may
be collimated to produce paralicl light 965, In another implementation, again depending
at least in part on a focal length of light collimator 930, light 960 entering hight collimator
930 may be collimated to produce light 965 having a reduced convergence angle or
increased f~number compared to Light 960, Light divector 912 may reflect hight 965 at a
particular angle based, at feast in part, on an angle 933 of the reflecting surface of light
divector 912 with respect to a surface of light guide 910, Thus, light director 912 may
reflect light 965 at a particular angle so that the reflected light 970 travels in light guide

910 with an angle that allows total internal reflection to occur in light guide 910, Light

10
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970 may travel along the interior of hight guide 910 toward an energy converting clement,
for example, as shown in FIG, |,
FIG. 10 1s a cross-section of a portion of a light concentration system, according to

an cmbodiment 1000, A light collimator 1030, optically attached to a light guide 1010,

LA

may comprise a concave lens {(e.g., a concave cylindrical lens). Light director 1012 may
comprise a flat reflective interior surface at an end region of hight gude 1010, In one
implementation, such a flat reflective interior surface may reflect light by total internal
reflection. In another implementation, a flat reflective surface of light divector 1012 may
comprise a reflective exterior coating to reflect light internally in hight guide 1010, In
10 one implementation, depending at least in part on a focal length of hight collimator 1030,
light 1060 entering light collimator 1030 may be collimated to produce parallel light
1065, In another implementation, again depending at least in part on a focal length of
light collimator 1030, light 1060 entering light collimator 1030 may be collimated to
produce light 1065 having a reduced convergence angle or increased f-number compared
15 tolight 1060. Light director 1812 may reflect light 1065 at a particular angle based, at
lcast in part, on an angle 1033 of the reflecting surface of light director 1812 with respect
to a surface of light guide 1010, Thus, light divector 1012 may reflect light 1065 ata
particular angle so that the reflected light 1070 travels in light guide 1010 with an angle
that allows total internal reflection to ocour in light guide 1010, Light 1070 may travel
20 along the interior of light guide 1810 toward an encrgy converting element, for example,
as shown in FIG, 1.
FIG. 11 s a cross-section of a portion of a light concentration system, according to
an embodirent 100, A light collimator 1130, optically attached to a light guide 1110,
may comprise a convex lens {e.g., a convex cyhndrical lens). Light divector 1112 may
25 comprise a flat reflective intertor surface at an end region of light guide 1110, In one
implementation, such a flat reflective interior surface may reflect light by total internal
reflection. In another implementation, a flat reflective surface of light divector 1112 may
comprise a reflective exterior coating to reflect light internally in hight guide 1110, In
one implementation, depending at fcast in part on a focal length of light collimator 1130,
30 light 1160 entering fight collimator 1130 may be collimated to produce parallel light

1165, In another implementation, again depending at least in part on a focal length of

i1
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light collimator 1130, Light 1160 entering light collimator 1130 may be collimated to
produce light 1165 having a reduced convergence angle or increased f-number compared
to hight 1160, Light director 1112 may reflect light 1165 at a particular angle based, at
least in part, on an angle 1133 of the reflecting surface of light director 1112 with respect
to a surface of hight guide 1110, Thus, light divector 1112 may reflect hight 1165 at a
particular angle s0 that the reflected hight 1170 travels in bight guide 1110 with an angle
that allows total internal reflection to occur in light guide 1110, Light 1170 may travel
along the interior of light guide 1110 toward an energy converting eleroent, for example,
as shown 1in FIG. L

FIG. 12 13 a cross-section of a portion of a hight concentration system, according to
an embodiment 1200, A light collimator 1230, optically attached to a light guide 1210,
may comprise a multi-sided prism. Light director 1212 may comprise a flat reflective
interior surtace at an end region of light guide 1210, In onc implementation, such a flat
reflective interior surface may reflect light by total internal reflection. In another
impicmentation, a flat reflective surface of light director 1212 may comprise a reflective
exterior coating to reflect light internally in hight guide 1210, In one implementation,
depending at least in part on a focal length of light collimator 1230, light 1260 entering
light collimator 1230 may be collimated to produce parallel light 1265, In another
impicmentation, again depending at lcast in part on a focal length of light collimator
1230, hight 1260 entering light collimator 1230 may be collimated to produce Hight 1265
having a reduced convergence angle or increased fnumber compared to hight 1260,
Light director 1212 may reflect light 1265 at a particular angle based, at least in part, on
an angle 1233 of the reflecting surface of light director 1212 with respect to a surface of
light guide 1210, Thus, light director 1212 may reflect light 1265 at a particular angle so
that the reflected light 1270 travels in light gude 1210 with an angle that allows total
internal reflection to occur in light guide 1210, Light 1270 may travel along the interior
of light guide 1210 toward an energy converting element, for example, as shown in FIG.
I

FI(G. 13 is a cross-section of a portion of a light concentration system, according to
an cmbodiment 1300, A light cotlimator 1330 may be built into light guide 1310, In

particular, light collimator 1330 may comprise a concave depression in a surface of light

i2
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guide 1310, Light dircctor 1312 may comprise a prism that is optically attached to a
surface of light guide 1310. In one implementation, light director 1312 may comprise an
optical clement that is not integrated with hight guide 1310, Light 1360 cuntering light
collimator 1330 may be collimated to produce hight 1365 having a reduced convergence
angle or increased f-oumber compared to light 1360, Light director 1312 may reflect
light 1365 at a particular angle so that reflected light 1370 travels in ight guide 1310 with
an angle that allows total internal reflection to occur in light guide 1310, Light 1370 may
travel along the mterior of hight gude 1310 toward an energy converting element, for
example, as shown in FIG. 1.FIG. 14 15 a cross-section of a portion of a Light
concentration system, according to an embodiment 1400, Surface 1412 may comprise a
light collimator and a light director, so that light impinging on surface 1412 may be both
collimated and directed upon reflection. Surface 1412 may comprise a concave-curved
reflective interior surface of an end region of light guide 1410, In one implementation,
such a reflective interior surface may reflect Hight by total internal reflection. In another
impicmentation, a surface 1412 may comprise a reflective exterior coating to retlect light
internally i light guide 1410. In one implementation, light 1460 retiecting from surface
1412 may be collimated to produce paralicl light 1465, In another implernentation, hght
1460 reficcting from surface 1412 may be collimated to produce light 1465 having a
reduced convergence angle or increased f-number corapared to light 1460, Surface 1412
yoay reflect light 1460 at a particular angle based, at least in part, on a shape or corvature
of surface 1412, Thus, surface 1412 may reflect light 1460 at a particular angle so that
the reflected Hght 1465 tavels in light ginde 1410 with an angle that allows total internal
reflection to occur in hight guide 1410, Light 1470 may travel along the intenior of light
guide 1410 toward an energy converting element, for example, as shown in FIG. 1.

FIG. 15 18 a cross-section of a portion of a hight concentration system, according to
an embodiment 1500, Surface 1512 may comprise a light collimator and a Light director,
so that light impinging on surface 1512 may be both collimated and directed upon
reflection. Surface 1512 may comprise a convex-curved reflective interior surface of an
end region of light guide 1510, In onc implementation, such a reflective interior surface
may reflect light by total internal reflection. In another implementation, a surface 1512

may comprise a reflective exterior coating to reflect Hight internally in light guide 1510.
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In onc implementation, light 1560 reflecting from surface 1512 may be collimated to
produce parallel light 1565, In another implementation, light 1560 reflecting from
surface 1512 may be collimated to produce light 1565 having a reduced convergence
angle or increased f-number compared to light 1560, Surface 1512 may reflect light 1560
at a particular angle based, at least in part, on a shape or curvature of surface 1512, Thus,
surface 1512 may reflect light 1560 at a particular angle so that the reflected hight 1565
travels in light guide 1510 with an angle that allows total internal reflection to oceor
light guide 1510, Light 1570 may travel along the interior of light guide 1510 toward an
energy converting element, for example, as shown in FIG. 1.

FIG. 16 18 a cross-section of a portion of a hight concentration system, according to
an erbodiment 1600, A light colhimator 1635 and a light divector 1612 may be built into
light guide 1610, In particular, Hight collimator 1635 may comprise a concave depression
in a surface of light guide 1610, Light director 1612 may comprise a flat reflective
interior surface formed by an angular notch in another surface of light guide 1610, Inone
impicmentation, light 1660 entering light collimator 1635 {and light guide 1610) may be
collimated to produce parallel light 1665, In another implementation, light 1660 entering
light collimator 1635 may be collimated to produce light 1665 having s reduced
convergence angle or increased f-number compared to light 1660, Light director 1612
may reflect light 1665 at a particular angle so that reflected light 1670 travels in light
guide 1610 with an angle that allows total internal reflection to occur in light guide 1610,
Light 1670 may travel along the interior of Light guide 1610 toward an energy converting
clement, for example, as shown in FIG. 1.

FIG. 17 is a cross-section of a portion of a light concentration system, according to
an erbodiment 1700, A light colhimator 1730 may comprise a convex lens that need not
be infegrated with light guide 1710, In particular, light collimator 1730 may comprise a
convex lens optically contacting a surface of light guide 1710, Light director 1712 may
comprise a prism that is optically contacting a surface of light guide 1716, In one
implementation, light director 1712 may comprise an optical clement that s not
integrated with light guide 1710, Light 1760 entering light collimator 1730 may be
collimated to produce light 1765 having a reduced convergence angle or increased f-

number compared to Hght 1760, Light divector 1712 may reflect light 1765 at a particular

14
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angle so that reflected light 1770 travels in light guide 1710 with an angle that allows
total internal reflection to occur n light guide 1710, Light 1770 may travel along the
interior of light guide 1710 toward an cnergy converting element, for example, as shown
in FIG. 1.0One skilled in the art will realize that a virtually unlimited number of variations
to the above descriptions 1s possible, and that the examples and the accompanying figures
are merely to itlustrate one or more particular implementations.

The terms, “and,” “and/or,” and “or” as used herein moay mnclude a variety of
meanings that also is expected to depend at least in part upon the context in which such
terms are used. Typically, “or” as well as “and/or” if used to associate a hist, such as A, B
or C, is intended to mean A, B, and C, here used in the inclusive sense, as well as A, B or
C, here used m the exchusive sense. In addition, the ferm “one or more” as used hercin
may be used to describe any feature, structure, or characteristic in the singular or may be
used to describe some combination of features, structures, or characteristics. Though, it
should be noted that this i1s mercly an illustrative example and claimed subject matter is
not limited to this example.

While there has becn ilustrated and described what arc presently considered to be
example cmbodiments, it will be understood by those skilled in the art that various other
modifications may be made, and cquivalents may be substituted, without departing from
claimed subject matter. Additionally, many modifications may be made to adapt a
particular situation to the teachings of claimed subject matter without departing from the
central concept described herein. Therefore, i is intended that claimed subject matier not
be limited fo the particular embodiments disclosed, but that such claimed subject matter
may also inchude all embodiments falling within the scope of the appended claims, and

cquivalents thereof.

J—
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CLAIMS
What is claimed is:

1. An apparatus comprising:

a light concentrator to convert incident light to converging light;

a light collimating element to receive said converging Hght and o reduce an angle
of convergence of said converging light; and

a light directing clement to direct said reduced-angle converging light to a light

guide to transmit said directed light,

2. The apparatus of claim 1, wherein said light collimating element inclades at
least one curved surface to perform said reducing the angle of convergence of said

converging light.

3. The apparatus of claim |, wherein said light collimating clement includes a
multi-sided prism to perform said reducing the angle of convergence of said converging

light.

4. The apparatus of claim 1, wherein said light directing element compriscs a
reflecting interior surface to perform said directing said reduced-angle converging light

into said hight guide.

5. The apparatus of claim 1, wherein a single optical element coroprises said light

collimating element and said light directing clement.

6. The apparatus of claim 5, wherein said single optical element comprises at
least one curved convex or concave surface to perform at least one function of said
reducing the angle of convergence of said converging light and said directing said

reduced-angle converging light into said light guide.

7. The apparatus of claim 5, further comprising a gap between said light guide

and said single optical clement.
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8. The apparatus of claim 1, wherein said light directing element and said light

guide comprise a single optical clement.

5 9. The apparatus of claim |, wherein said hight collimating element and said hight

guide comprise a single optical element,

i0. The apparatos of claim |, wherein said light collimating clement, said light

directing element, and said hght guide comprise a single optical element.

10
i1. The apparatus of claim 10, wherein said single optical element comprises at
least one curved surface to perform at feast one function of said reducing the angle of
convergence of said converging light and said directing said reduced-angle converging
light into said light guide.
15

12. The apparatus of claim 1, wherein said light collimating element is located

external to said hight guide.

i3, The apparatus of claim |, wherein said light directing clement s located

20 external fo said light goide.

14, The apparatus of claim I, wherein said light guide comprises a rod-type light

gde.

23 i5. The apparatns of claim 14, wherein said hight gunde tncludes at least two
opposing plane surfaces, wherein said transmitted light travels from an entry-end surface

toward an exit-end surface.

16. The apparatus of claim 1, further comprising an encrgy conversion element to

30 receive said reduced-angle converging light via said light guide.
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17. The apparatus of claim 16, wherein said cnergy conversion clement

compriscs at least one device to convert said received light to other forms of energy.

18, The apparatus of claim |, wherein said light concentrator comprises a curved

S 1nror,

19, The apparatus of claim 18, wherein said light concentrator further comprises

a secondary curved miuror.

10 2. The apparatos of claum I, wherein said light concentrator comprises a

refractive lens.

21. The apparatus of claim I, whercin said light guide comprises a shaped end
having a curved surface, and wherein said shaped end compriscs said light collimating
15 clement and said light directing clement.
22, The apparatus of claim |, wherein a side of said light guide comprises a notch
and another side of said light guide comprises a convex or concave shaped indentation,
and whercin said notch comprises said light directing element and said indentation

20 cowmprises said light collimating element.

23: The apparatus of claim 1, wherewn said light collimating clement and said light

directing element are located close to a focus point of said light concentrator,

23 24, A method comprising:
collecting and focusing incident light onto a light collimating element to increase
an frmumber of said mcident light;
steering said fnumber-increased light received from said light collimating
clemoent through a light guide; and

30 transmitting said steered light to an energy converting device via said light guide.

i8
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25. The method of claim 24, wherein said light collimating element performs said

light stecring.

26. The method of claim 25, wherein a light directing clement performs said light

steering..

27. The method of claimn 24, wherein said mereasing said fFnumber of said

meident light is performed by a curved surface of an optical element,

28. The method of claum 235, further comprising combining steered light from a

plurality of said light collimating elements.

i9
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