woO 2007/0189277 A2 |10 00O

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

(19) World Intellectual Property Organization Vd”Ij

) IO O T 0O

International Bureau

(43) International Publication Date
15 February 2007 (15.02.2007)

(10) International Publication Number

WO 2007/018927 A2

(51) International Patent Classification:
F21V 7/10 (2006.01)

(21) International Application Number:
PCT/US2006/026997

(22) International Filing Date: 12 July 2006 (12.07.2006)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

60/701,900 22 July 2005 (22.07.2005) US

(71) Applicant (for all designated States except US): ILLU-
MINATION MANAGEMENT SOLUTIONS, INC.
[US/US]; 18242 WEST MCDURMOTT, Suite J, Irvine,

CA 92614 (US).

(72)
(75)

Inventors; and

Inventors/Applicants (for US only): HOLDER, Ronald,
G. [US/US]; 25051 Monte Verde, Laguna Niguel, CA
92614 (US). RHOADS, Greg [US/US]; 24 Alondra,
Irvine, CA 92620 (US).

(74) Agent: DAWES, Daniel, L.; Myers Dawes Andras &
Sherman LLP, 19900 MacArthur Boulevard, Suite 1150,

Trvine, CA 92612 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HN, HR, HU, ID, IL,, IN, IS, JP,
KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS, LT,
LU, LV, LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA,
NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC,
SD, SE, SG, SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ,
UA, UG, US, UZ, VC, VN, ZA, 7ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, S, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

Fortwo-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.

(54) Title: A LIGHT-CONDUCTING PEDESTAL CONFIGURATION FOR AN LED APPARATUS WHICH COLLECTS AL-
MOST ALL AND DISTRIBUTES SUBSTANTIALLY ALL OF THE LIGHT FROM THE LED

(57) Abstract: An  apparatus
comprises a light source,
preferably an LED, a reflector, a
light-conducting element mounted
on the light source for directing light
from the light source to an end of
the light-conducting element, and a
lens mounted on the end of the light-
conducting element for directing
light into a central beam. Light from
the light source is directed to the
reflector into a peripheral beam.
The central and peripheral beams
comprise substantially all of the
light generated by the light source.
The lens is in effect mounted on
a pedestal above the LED. The
pedestal transmits all the light rays
in the central solid angle to the lens
without loss.



WO 2007/018927 PCT/US2006/026997

A LIGHT-CONDUCTING PEDESTAL CONFIGURATION FOR AN LED
APPARATUS WHICH COLLECTS ALMOST ALL AND DISTRIBUTES
SUBSTANTIALLY ALL OF THE LIGHT FROM THE LED
Related Applications
[001] The present application is related to U.S. Provisional Patent
Application, serial no. 60/701,900, filed July 22, 2005, pursuant to 35 USC 119

and is incorporated herein by reference.

Background of the Invention
Field of the Invention

[002] The invention relates to the field of apparatus and method utilizing
light emitting diodes (LED) in an improved apparatus and method of collecting

the energy radiating from them.
Description of the Prior Art

[003] In the prior art either a lens or a reflector are used to collect the
substantially 180 degree hemispherical light radiating from the LED. Total
internal reflection (TIR) is also used where the energy from the LED is collected

both by an internal shaped reflector-like surface of the lens and a lens formed on
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either the outside or inside surface of the lens as shown in Marshall U.S. Patent
6547423.

[004] Devices using a reflector alone generate two beams, one beam is
reflected and controlled by the reflector and one beam is direct radiation from the
LED and is not controlled. This direct light may appear as a large halo around the
reflected beam. In the typical LED ‘package’ with a ball lens situated in front of a
cylindrical rod, the side emitted energy from the LED is substantially
uncontrolled. In TIR systems, some portion of the energy radiating from the LED
is leaked through the walls of the package and remains uncontrolied.
Additionally, there are bulk and form losses. In systems with LEDs reversed and
pointed into a concave reflector, the center energy from the LED is shadowed by
the LED package itself, so this energy is typically lost or not cbllected into a
desired beam.

[005] What is needed is some type of apparatus and method of

illumination wherein each of the defects of the prior art are overcome.

Brief Summary of the Invention

[006] The invention is an apparatus and method to provide almost
complete collection efficiency of the energy radiating from an LED, and then
distributes this energy into a controlled and definable beam pattern. Toa
substantial degree‘the only energy loss is due to the inherent imperfection of the

optical elements as reflectors and refractors and energy absorption in the optical
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medium forming any lenses, reflectors or other optical elements and figure losses
which are due to microscopic imperfections in the geometry of the optical
elements. The number of touches or the number of reflections/refractions which
give rise to these inherent losses is also minimized.

[007] The invention collects substantially all the light, or energy, radiating
from an LED source and redirects it into two distinct beams of light. By design,
these beams could be aimed primarily into a single direction, but need not be.
There are several substantial improvements in the invention over the prior art.
[008] The invention collects all the LED energy in two controlled beams.
The first beam is generated from the forward approximately 45 degree half angle
centered on the optical axis of the light fixture or optical system, and the second |
beam is generated from the LED energy that is between the approximately 45
degree half angle and apprpximately 95 degree half angle of the optical axis.
Typically, the optical system is symmetric about an axis of rotation, thereby
defining an optical axis, although this need not be a necessary limitation of the
invention, which includes within its scope asymmetric symmetries or for that
matter optical systems which have an entirely arbitrary form. The invention thus
controls substantially all of the‘ energy radiating from the LED with only surface
and small figure loss.

[009] . The energy in the first beam is collécted via a lens that is forward of
~ the LED. The energy in the second beam is collected via a reflector. The
resultant combined beam can be designed to match system requirements by

altering either or both of the primary elements, namely the lens or the reflector.
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The lens in the illustrated embodiment is roughly hemispherical, but may have
any desired shape or form. It is within the scope of the invention that the surface
of the lens could also be modified to control the resultant beam, i.e. provided with
a surface treatment, modification or coating to provide a desired optical effect
such as a frosted, faceted or dimpled surface. The reflector may be designed to
provide a collimated beam, a convergent beam or a divergent beam. The
reflector may be a common conic section or not and may be faceted or dimpled
or otherwise modified to provide a desired beam pattern. The optical system or
device may optionally have at least one additional lens or surfacé(s) that further
control(s) or modifies the light radiating from the primary reflector and lens, such
as stacked lenses or surface modifications of one or more lenses. Therefore,
lens assemblies are contemplated as lying within the scope of the invention.
[010] The lens is presented over the‘ LED in such 'manner as to interfere
as little as possible with the lfght radiating from or to the reflector. In one
embodiment a separate lens is bohded to the LED package with an index
matched material;, however, other means may be employéd, including
manufacturing the lens or lens and reflector portion of the invention which is then
designed and manufactured as an integral component of the LED package.

[011] The invention may also include additional lens surfaces 'or
components with multiple indexes to control the center energy from the LED in a
desired manner. These additional lens surfaces or lenses may be suspended or
bonded in front of the‘LED so as to not interfere substantially with the reflected

beam energy from the reflector portion of the invention. The reflector may be
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molded with the lens as a single component with its surface coated for
reflectivity.

[012] Thus, in summary one embodiment of the invention is an apparatus
comprising a light source, preferably an LED, a reflector, a light-conducting
element mounted on the light source for directing light from the light source to an
end of the light-conducting element, and a lens mounted on the end of the light-
conducting element for directing light into a first beam.

[013] In one embodiment a portion of light from the light source is
unrefracted and undirected by a peripheral portion of the light-conducting
element. Light from the peripheral portion which is unrefracted is reflected by the
reflector into a second beam. In another embodiment the peripheral portion of
the Iight-conducting element refracts the light to a different degree than by the
lens, for example in the preferred embodiment to a Iessér degree than the lens.
The light from the light source is collected and distributed into the first and
second beams and can be characterized equivalent in a number of different
ways, hamely collected with almost no lost ray sets, collected and distributed with
no substantial lost energy, collected with almost all the energy from the light
source, or distributed with substantially all thé energy from the light source.

[014] In the preferred embodiment the light-conducting element directs
light only to its end.

[015] The lens has a radius of curvature, rz, and the peripheral portion of
the light-conducting element has a radius of curvature, r1. In the preferred

embodiment r, > 1y and in another embodiment, ry > ra.
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[016] In still another embodin;lent the lens is integrally molded with the
light-conducting element. Further in another embodiment the lens, light-
conducting element and reflector are integrally molded together. Still further in
another embodiment the lens, light-conducting element, reflector and light source

are ihtegrally fabricated with each other.

[017] In yet another embodiment the lens has an optically modulated
surface.
[018] In another embodiment the apparatus further comprises at least

one additional lens arranged and configured to provide an optical compound
system with the lens.

[019] The scope of the invention also includes a method of optically
processing light or providing Iith from a light source, such as an LED, according
to the methodologies as practiced in each of the apparatus described above.
[020] While the apparatus and method has or will be described for the
sake of grammatical fluidity with functional explanations, it is fo be expressly
understood that the claims, unless expressly formulated under 35 USC 112, are
not to be construed as necessarily limited in any way by the construction of
“means” or “steps” limitations, but are to be accorded the full scope of the
meaning and equivalents of the definition provided by the claims under the
judicial doctrine of equivalents, aﬁd in thé case where the claims are exbressly
formulated under 35 USC 112 are to be accorded full statutory equivalents under
35 USC 112. The invention can be better visualized by turning now to the

following drawings wherein like elements are referenced by like numerals.
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Brief Description of the Drawings

[021] Fig. 1 is a side cross-sectional view of a first embodiment of the
invention having a lens suspended over the LED emitter by a separate light-
conducting element attached to the LED package.

[022] Fig. 2 is a perspective cutaway view of the device of Fig. 1 showing
the relative components.

[023] Fig. 3 is a side cross-sectional view of a second embodiment of the
invention in which the lens and light conducting element are integrally molded.
[024] Fig. 4 a side cross-sectional view of a third embodiment of the
invention in which an additional lens is suspended over the lens

[025] Fig. 5 a side cross-sectional view of a fourth embodiment of the
‘invention in which a modulated surface or index of refraction is provided on the
lens surface.

[026] The invention and its various embodiments can now be better
understood by turning to the following detailed description of the preferred
embodiments which are presented as illustrated examples of the invention
defined in the claims. It is expressly understood that the invention as defined by

the claims may be broader than the illustrated embodiments described below.
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Detailed Description of the Preferred Embodiments

[027] An apparatus comprises a light source, preferably an LED, a
reflector, a Iight—conducting element mounted on the light source for directing
light from the light source to an end of the light-conducting element, and a lens
mounted on the end of the light-conducting element for directing light into a
central beam. -Light from the light source is directed to the reflector into a
peripheral beam. The central and peripheral beams comprise substantially all of
the light generated by the light source. The lens is in effect mounted on a
pedestal above the LED. The pedestal transmits all the light rays in the central
solid angle to the lens without loss.

[028] Device 1 is illustrated in a first embodiment in a side cross-sectional
- view in Fig. 1. Lens 7 suspended over the LED emitter 4 by a light conducting
element 11, which is attached to a conventional LED package 5. LED package 5
typically may incorporated a hemispherical ball lens as part of the package
positioned over emitter 4 and is usually characterized by a Lambertian
illumination pattern. Device 1 is generally rotationally symmetric about an optical
axis 20 as better illustrated in the perspective view of Fig. 2. Elérﬁent 11 may be
a separately piece from lens 7 or as in the preferred embodiment may be
integrally molded with lens 7. Element 11 acts in effect as a light pipe to direct
light from LED package 5 to lens 7. Additionally, Fig. 1 shows the LED emitter 4
is situated substantially at the focus of a concave reflector 2 in such a manner as

to collect essentially or substantially all the energy from the LED emitter 4 that is
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radiating into a region between about a 45 degree half angle from the centerline
or optical axis of the LED emitter 4 and about a 95 degree half angle from the
cen;terline or optical axis.

[029] By the term “essentially”, “substantially” or “almost” all the energy,
we mean to allow small inherent energy losses by absorption or scattering of a
ray being transmitted through peripheral portion 3 of element 11 and through
such optical interfaces as may exist in the path of the ray as may occur in the
optical materials used. In reality there are no optical materials or interfaces
which are perfectly transmissive or reflective. Some amount of energy is always
lost due to material and geometric imperfections. These inherent losses can be
reduced by the use of conventional higher quality and usually more expensive
optical quality materials and conventional higher quality manufacturing
techniques. The inherent losses typically are always a matter of a trade off of
cost égainst performance gains.

[030] The energy or ray set in the peripheral solid angle directed to
reflector 2, represented symbolically by ray 8, is reflected as represented by ray
12. The remainder of the rays of energy radiating from the LED emitter 4 that are
contained within the half angles of about 45 degrees and zero degrees of the
éptical axis 20 in a central solid angle, and are symbolically represented by ray 9.
The rays in the central solid angle are transmitted through element 11, collected
by the lens 7 and then refracted and controlled by the optical properties of the

lens surface(s) 7 as symbolically represented by ray 13.
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[031] In a preferred embodiment of the invention, lower azimuthal surface
3 is intended to be a spherical surface that provides no refractive power to the
centered LED emitter 4, thus allowing the rays exiting this surface 3 to be
unaltered as they progress toward the reflector surface 2. It is understood,;
however, that surface 3 of the invention could be designed to have optical
refractive power, if desired.

[032] The peripheral surface 10 of element 11 is preferably arranged and
configured to interfere as little as possible with the energy radiating from the LED
emitter 4. For example, surface 10 may be everywhere substantially parallel to
rays being transmitted in element 11 toward lens 7 so that substantially no
refraction or reflection of any ray occurs at surface 10. Thus, element 11 acts
simply as a light transmission guide from LED package 5 to lens 7 for the rays in
the solid central angle.

[033] Fig. 2 is a cutaway perspective view of the device 1 showing the
invention and its relative components. In a preferred embodiment of the
invention, glue line 6 between element 11 and LED package 5 is composed of an
index matching material that will alter the rays 8 and 9 of energy radiating from
’the LED emitter 4 as little as possible, if at all.

[034] Fig. 3 is a side cross-sectional view of an embodiment where lens
7, element 11, surface 3 and LED package 5 are all made integrally with each
other so that there is no separate LED package apart from the structure of device
1. Reflector 2 may or may not be integral with the other elements of device 1. It

is witﬁin the scope of the invention, however, that lens 7, element 11, surface 3

10
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and reflector 2 may be integral with each other and LED package 5 with its
emitter 4 is made separately and later joined thereto by an index maiching
adhesive. Alternatively, lens 7, element 11, surface 3, reflector 2 and LED
package 5 may be integral with each other while emitter 4 is later mounted to the
appropriate location in the base of the integral package. It is within the scope of.
the invention that any one or more elements of device 1 may be made separately
from the remaining elements of device 1, which are integrally manufactured or
formed together, and then joined to form the completed device as illustrated.
[035] Fig. 4 is a side cross-sectional view of a third embodiment where a
second lens 15 has been suspended by conventional means (not shown) such
as a spider at a predetermined distance in front of lens 7 to provide a compound
optical system as may be desired according to conventional optical design
principles. Lens 15 thus symbolically represents one or more additional lenses
or optical elements of any kind o‘r description, which are noW known or may be
later devised.

[036] Fig. 5 is a side cross-sectional view of a fourth embodiment where
a modulated surface 16 has b‘een added to the surface of lens 7. This may be a
dimpled, faceted, arbitrarily contoured surface layer which is adhered onto the
surface of lens 7 or formed integrally thérein with lens 7. Any type of surface
treatment or configuration ﬁow known or later devised could be employed as
surface 16. Additionally, the material of modulated surface 16 may have the
same or different index of refraction as the material of lens 7. Modulated surface

16 may be composed of a plurality of materials with different, distributed or

11
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graduated indices of refraction at each point. For example, a Fresnel spherical
prismatic lens array may be attached to or molded into the surface of lens 7 to
provide additional optical processing of the rays of the central solid angle.

[037] Many alterations and modifications may be made by those having
ordinary skill in the art without departing from the spirit and scope of the
invention. Therefore, it must be understood that the illustrated embodiment has
been set forth only for the purposes of example and that it should not be taken as
limiting the invention as defined by the following invention and its various
embodiments.

[038] For example, the apparatus could be used in general lighting,
decorative and architectural lighting, emergency lighting, fiber optic illumination,
flashlights, head torches, medical applications, vehicular, marine and aircraft
applications, signage and maﬁy other applications.

[039] Therefore, it must be understood that the illustrated embodiment
has been set forth only for the purposes of example and that it should not be
taken as limiting the invention as defined by the following claims. For example,
noMithstanding the fact that the elements of a claim are set forth below in a
certain combination, it must be expressly understood that the invention includes
oth.er combinations of fewer, more or different elements, which are disclosed in
above even when not initial\ly claimed in such combinations. A teaching that two
elements are combined in a claimed combination is further to be understood as
also allowing for a claimed combination in which the two elements are not

combined with each other, but may be used alone or combined in other

12
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combinations. The excision of any disclosed element of the invention is explicitly
contemplated as within the scope of the invention.

[040] The words used in this specification to describe the invention and
its various embodiments are to be understood not only in the sense of their
commonly defined meanings, but to include by special definition in this
specification structure, material or acts beyond the scope of the commonly
defined meanings. Thus if an element can be understood in the context of this
specification as including more than one meaning, then its use in a claim must be
understood as being generic to all possible meanings supported by the
specification and by the word itself.

[041] The definitions of the words or elements of the following claims are,
therefore, defined in this specification to include not only the combination of
elements which are literally set forth, but all equivalent structure, material or acts
for performing substantially the same function in substantially the same way to
obtain substantially the same result. In this sense it is therefore contemplated
that an equivalent substitution of two or more elements may be made for any one
of the elements in the claims below or that a single element may be substituted
for two or more elements in a claim; Although elements may be described above
as acting in certain combinations and even initially claimed as such, it is to be
expressly understood that one or more elements from a claimed combination can
in some cases be excised from the combination and that the claimed
combination may be directed to a subcombination or variation of a

subcombination.

13
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[042] Insubstantial changes from the claimed subject matter as viewed by
a person with ordinary skill in the art, now known or later devised, are expressly
contemplated as being equivalently within the scope of the claims. Therefore,
obvfous substitutions now or later known to one with ordinary skill in the art are
defined to be within the scope of the defined elements.

[043] The claims are thus to be understood to include what is specifically
illustrated and described above, what is conceptionally equivalent, what can be
obviously substituted and also what essentially incorporates the essential idea of

the invention.

14
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WO 2007/018927
We claim:
1. An apparatus comprising:

a light source;

a reflector positioned relative to the light source for reflecting a first
predetermined portion of the light from the light source into a first beam;

a light-conducting element disposed on or adjacent the light source for allowing
the first predetermined portion of the light to be transmitted without refraction to the
reflector and for directing light from a second predetermined portion of the light from the
light source to a predetermin{ed portion of the light-conducting element: and

a lens disposed on or adjacent the predetermined portion of the light-conducting
element for directing the second predetermined portion of the light into a second beam,
the lens being spaced from the light source by a predetermined distance, the first and

second beams including substantially all of the light radiatéd from the light source.

2. The apparatus of claim 1 where the light-conducing element has a lower
peripheral surface through which the first predetermined portion of light from the light
source is unrefracted and allowed to propagate to the reflector without redirection by the

lower peripheral surface of the light-conducting element.

15
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3. The apparatus of claim 1 where the light-conducting element directs substantially
all of the second predetermined portion of light only to the predetermined portion of the

light-conducting element and hence to the lens.

4, The apparatus of claim 2 where substantially all of the light propagating through
the lower peripheral portion of the light-conducing element is reflected by the reflector

into the first beam.

- 5, The apparatus of claim 1 where substantially all of the light from the light source
is collected and distributed into the first and second beams by the reflector, light-
conducting element and lens with substantially no ray sets lost from the first and second

beams.

6. The apparatus of claim 1 where substantially all of the light from the light source
is collected and distributed into the first and second beams by the reflector, light-

cconducting element and lens with no substantial lost energy.

7. The apparatus of claim 1 where light from the light source is collected and
directed into the first and second beams by the reflector, light-conducting element and
lens with almost all the energy from the light source being in the first and second

beams.

16
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8. The apparatus of claim 1 where light from the light source is distributed into the
first and second beams by the reflector, light-conducting element and lens with

substantially all the energy from the light source.

9. The apparatus of claim 1 where the lens has a radius of curvature, rz, where the
lower peripheral portion of the light-conducting element has a radius of curvature, ry,
and where 1y > 4.

10.  The apparatus of claim 1 where the lens has a radius of curvature, r;, where the
lower peripheral portion of the light-conducting element has a radius of curvature, ry,

and where rq > 5.

11.  The apparatus of claim 1 where the lens is integrally formed with the light-

conducting element.

12.  The apparatus of claim 1 where the lens, light-conducting element and reflector

are integrally formed together.

13.  The apparatus of claim 1 where the lens, light-conducting element, reflector and

light source are intégrally fabricated with each other.

14.  The apparatus of claim 1 where the lens has an optically modulated surface.

17
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15.  The apparatus of claim 1 further comprising at least one additional lens arranged

and configured to provide an optical compound system with the lens.

16.  The apparatus of claim 1 where a portion of light from the light source is refracted
and distributed by a lower peripheral portion of the light-conducting element to a

different degree than by the lens.

17.  The apparatus of claim 16 where the lower peripheral portion refracts the light

from the light source to a lesser degree than the lens.

18. A method comprising:

generating light from a light source;

directing a first predetermined portion of the light to a reflector;

reflecting the first predetermined portion of the light into a first beam;

directing a second predetermined portion of the light to a predetermined portion
of the light-conducting element without substantial light loss; and |

directing the second predetermined portion of the light into a second beam by
means a lens spaced from the light source by a predetermined distance, the first and

second beams including substantially all of the light generated by the light source.
19.  The method of claim 18 where directing a first predetermined portion of the light

to a reflector comprises directing the first predetermined portion of the light through a

lower peripheral surface of a light-conducting element without redirection.

18
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20.  The method of claim 18 where directing a second predetermined portion of the
light to a predetermined portion of the light-conducting element comprises directing
substantially all of the second predetermined portion of light only to the predetermined

portion of the light-conducting element and hence to the lens.

21.  The method of claim 19 where directing a first predetermined portion of the light
to a reflector and reflecting the first predetermined portion of the light into a first beam
comprises directing substantially all of the first predetermined portion of the light into the

first beam.

22.  The method of claim 18 where directing a first predetermined portion of the light,
reflecting the first predetermined portion of the light into a first beam; directing a second
predetermined portion of the light to a predetermined portion of the light-conducting
element and directing the second predetermined portion of the light into a second beam
comprises collecting and distributing substantially all of the light from the light source
into the first and second beams with substantially no ray sets lost from the first and

second beams.

23.  The method of claim 18 where directing a first predetermined portion of the light,
reflecting the first predetermined portion of the light into a first beam; directing a second
predetermined portion of the light to a predetermined portion of the light-conducting

element and directing the second predetermined portion of the light into a second beam

19
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comprises collecting and distributing substantially all of the light from the light source

into the first and second beams with no substantial lost energy.

24.  The method of claim 18 where directing a first predetermined portion of the light,
reflecting the first predetermined portion of the light into a first beam: directing a second
predetermined portion of the light to a predetermined portion of the light-conducting
element and directing the second predetermined portion of the light into a second beam
comprises collecting and distributing substantially all of the light from the light source
into the first and second beéms with aimost all the energy from the light source being in

the first and second beams.

25.  The method of claim 18 where directing a first predetermined portion of the light,
reflecting the first predetermined portion of the light into a first beam; directing a second
predetermined portion of the light to a predetermined portion of the light-conducting
element and directing the sécond predetermined portion of the light into a second beam
comprises collecting and distributing substantially all of the light from the light source

~ into the first and second beams with substantially all the energy from the light source.
26.  The method of claim 18 where directing a first predetermined portion of the light

" to a reflector comprises directing the first predetermined portion of the light by a lower

peripheral portion of the light-conducting element to a different degree than by the lens.

20
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27.  The method of claim 26 where directing the first predetermined portion of the
light by a lower peripheral portion of the light-conducting element to a different degree
than by the lens comprises directing the first predetermined portion of the light by a
lower peripheral portion of the light-conducting element refracting the light from the light

source to a lesser degree than the lens.

21
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