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LED DEVICES FOR OFFSET WIDE BEAM GENERATION

[0001] The present appiication is related to U.S. Provisional Patent

Applications, serial no. 61/088,812 filed on Aug. 14, 2008, and 61/122,339 filed

Dec. 12, 2008, which are incorporated herein by reference and to which priority is

claimed pursuant to 35 USC 119.

Background of the Invention

[0002J Field of the Invention

[0003] The invention relates to the field of apparatus and methods for

using LEDs or other light sources to generate predetermined offset wide profile

two dimensional illumination patterns on a surface using a light source which has

been optically modified to provide a corresponding wide profile beam or an array

of multiple modified light sources.

(00Q4] Description of the Prior Art

10005] Light emitting diodes (LEDs) are now being utilized for general

Sighting applications such as street lights, parking garage lighting, parking Sots

and many interior applications as well. LEDs have reached efficiency values per

watt that outpace almost all traditional light sources, such as HID, compact

fluorescent, incandescent, etc. However they are stil! very expensive in lumens

per dollar compared to these traditional lamp sources. Therefore, optical,

electronic and thermal efficiencies remain very important disciplines to realize



products that are cost competitive with traditional Sighting means. What is

needed is an LED lighting solution with competitive or superior optical efficiency

and hence increased energy efficiency as compared to these traditional lighting

systems.

[0006] The initial investment cost of LED illumination is expensive when

compared with traditional lighting means using cost per lumen as the metric.

While this may change over time, this high cost places a premium on collection

and distribution efficiency of the LED optical system. The more efficient the

system, the better the cost-benefit comparison with traditional illumination

means, such as incandescent, fluorescent and neon.

[0007] A traditional solution for generating broad beams with LEDs is to

use one or more refiectors and/or lenses to collect and then spread the LED

energy to a desired beam shape and to provide an angled array of such LEDs

mounted on an apparatus that has the LEDs and optics pointing in various

planes or angles. Street Sight illumination patterns conventionally are defined into

five categories, Types I - V .

[0008] Another technique is to use a coilimating Sens and/or reflector and a

sheet optic such as manufactured by Physical Devices Corporation to spread the

energy into a desired beam. A reflector has a predetermined surface loss based

on the metalizing technique utilized. Lenses which are not coated with anti-

reflective coatings also have surface losses associated with them. The sheet

material from Physical Devices Corporation has about an 8% loss.



[0009] Tota! interna! reflectors (TIR) lenses, such as U R 44 illustrated in

Fig. 13, have been previously used to combine refracted Sight (e.g., ray 52

through crown 56 in FIG. 13) with totally internally reflected light (e.g., ray 50

reflected from surface 46 in FIG. 13) Some of the rays with TIR lens 44 are

reflected from surface 46 and often several other interna! surfaces in multiple

reflections in TiR lens 44 to be directed across cβnteriine 54 of TIR lens 44

However, only a portion of surface 46 is positioned at the correct angle with

respect to the incident light from light source 1 to be totally reflected with the

balance of the incident rays being refracted through surface 46 and sent in

directions other than the desired beam direction through crown 56. Furthermore,

even in the case of those rays which are nominally "totally internally reflected"

from surface 46, the interna! reflection, in actuality, is not tota! due to

imperfections in the optical surface 46 and optica! materia! out of which lens 44 is

made so that a portion of these TIR rays are actually refracted through surface

46, such as depicted by ray 48. Moreover, any rays which are reflected by

surface 46 must first be refracted by inner surface 58 of TIR lens 44, thereby

further decreasing the fraction of light which ultimately reaches the intended

beam since each refraction and reflection decreases the light intensity by as

much as 8% depending on optical qualities and figure losses.

|00103 One example of prior art that comes close to a high efficiency

system is the 'Side-emitter' device sold by Philips Lυmileds Lighting Company.

However, the 'side-emitter' is intended to create a beam with an aimost 90

degree offset from the cβnterime of the radiation pattern of the LED in an



intensity distribution that is azim υthally symmetric. It has interna! losses of an

estimated 15% and only provides azimutnally symmetric beam profiies, and not

azimuthaiSy asymmetric or azirnuthaily directed beams, Le. the plots of the

isocandela graph in three dimensions is a surface of revolution. Another

LumiSβds LED, commonly called a low dome, has a lens over the LED package

to redirect the light, but it is to be noted that it has a singular distinct radius of

curvature on the front surface and is not intended, nor is it suited for generating a

smooth two dimensional patterned surface such as needed for illumination of a

street or parking lot.

[0011] There are many systems designed that utilize armatures to hold

optic 22 systems at angles to the ground to obtain spread beam patterns on the

ground. Such armatures are often complex and/or difficult to assemble.

[0012] There are also several systems that slide the optics off center in

one direction allowing the beam to move off center In the opposite direction of a

centerline of the system in order to skew illumination patterns.

[0013] What is needed is a device that creates a wide angle beam,

azimuthaliy asymmetric spread beam, that can be created with a method that

allows the designer to achieve a smooth two dimensional surface at a distance,

that can be an array of LEDs ail mounted on or in the same plane, and which is

not subject to the inherent disadvantages of the prior art.



Brief Summary of the invention

[0014] The illustrated embodiment of the invention is directed to an

apparatus for illuminating a target surface with a predetermined pattern of light

such as a street light, illumination device for a traveled surface, interior lighting,

vehicular, aircraft or marine Sighting or any other fighting application. The

apparatus includes a light source for generating light having a predetermined

radiation pattern radiated into a predetermined solid angle. Jn an example

embodiment of the invention the light source is a light emitting device (LED) or

more generally any one of a plurality of LED packages now known or later

devised. The apparatus includes a reflector onto which light from the light source

is incident and which incident light is reflected from the reflector. The incident

Sight may be reflected from the reflector with a single reflection to form a

reflection pattern, at least with respect to incident light which is directly incident

onto the reflector from the light source. An optic is provided which has an inner

and outer surface, which is typically though not necessanSy a refracting surface.

The reflector occupies a portion of the predetermined solid angle around the light

source to the exclusion of the optic at least with respect to any optica! function.

In other words, the optic and reflector are positioned around the light source,

each to exclusively and directly receive light from the light source in its

corresponding zone without the light first optically touching the other. The optic

directly receives a first portion of light from the light source. The reflector

occupies substantially all of the remaining portion of the predetermined solid

angle to directly receive a second portion of light from the Sight source. Hence,



substantially al! of the light from the light source is directly incident on either the

optic or the reflector. A reflected beam from the reflector includes substantially

all of the second portion of light and is reflected info a predetermined reflection

pattern. The inner and/or outer surface of the optic is shaped to refract and/or

direct Sight which is directly transmitted into the optic from the light source from

the first portion of light and/or reflected into the optic from the reflector from the

reflected beam into a predetermined beam. The predetermined beam is incident

on the target surface to form the predetermined composite pattern on the target

surface.

[0015] In one embodiment the predetermined radiation pattern of the light

source is substantially hemispherical, and the solid angle subtended by the

reflector with respect to the Sight source is less than 2τr steradians. In other

words, the reflector only envelopes a portion of the hemisphere so that some

light is radiated out of the apparatus without touching the reflector. Thus, it may

be understood that the reflector is not formed as a complete surface of revolution

like a conventional TSR optic or shell reflector, but will extend aztmuthally only

part way around the light source

[0016] For example, the light source can be visualized as being positioned

on an imaginary reference plane with the reflector subtending an azimuthaS angle

of various ranges from less than 360° to more than G0 in the imaginary reference

plane relative to the light source, such as; less than 360°; approximately 315° ±

15° so that the predetermined pattern of light on the target surface has an

azimuthal beam spread on the target surface of approximately 45° ± 15°;



approximately 300° ± 15° so that the predetermined pattern of light on the target

surface has an azimuthal beam spread on the target surface of approximately

60° ± 15°; approximateiy 270° ± 15° so that the predetermined pattern of tight on

the target surface has an azimuthal beam spread on the target surface of

approximately 90° ± 15°; approximately 240° ± 15° so that the predetermined

pattern of light on the target surface has an azimuthal beam spread on the target

surface of approximateiy 120° ± 15°; approximately 180° ± 15° so that the

predetermined pattern of Sight on the target surface has an azimuthal beam

spread on the target surface of approximately 180° ± 15°; or approximately 90° ±

15C so that the predetermined pattern of light on the target surface has an

azimuthal beam spread on the target surface of approximateiy 270° ± 15°.

|001?3 In one embodiment the light source and refiector are positioned

inside the optic. In another embodiment, the refiector and optic co-form an

enclosure around the iight source, each occupying its own portion of the

enclosing she ϋ. The reflector may be partialiy embedded in the optic and has a

surface which replaces a portion of the inner surface of the optic.

10018] In still another embodiment the optic is spatially configured with

respect to the Sight source to directly receive substantially al! of the light in the

predetermined radiation pattern of the Sight source other than that portion directiy

incident on the reflector. That directly incident portion is reflected onto the inner

surface of the optic, so that substantially all of the light is in the predetermined

radiation pattern. Sn other words all of the radiated light which is not absorbed or



misdirected as a result of imperfect optica! properties of the optic and reflector is

directed by the optic into the predetermined beam.

[0019] in one embodiment the light source, optic and reflector comprise a

Sighting device. Sn one embodiment a plurality of Sighting devices are disposed on

a carrier. The lighting devices are arranged on the carrier to form an array of

Sighting devices to additiveSy produce a predetermined collective beam which

illuminates the target surface with the predetermined pattern of Sig ht

[0020] In a further embodiment the apparatus further comprises a fixture in

which at least one array is disposed.

[0021] In yet another embodiment apparatus further comprises a plurality

of arrays disposed in the fixture to addittveiy produce the predetermined

coSSective beam which ilSuminatβs the target surface with the predetermined

pattern of Sight.

|0022] For example, Sight source has a primary axis around which the

predetermined radiation pattern is defined. The intensity of light of the

predetermined pattern is defined as a function of an azimuthai angle and polar

angle with respect to the primary axis of the light source. The reflector is

positioned with respect to the Sight source, has a curved surface, and has a

shaped outline which are seiect βd to substantially control at least one of either

the azimutha! or polar angSe dependence of the intensity of light of the

predetermined pattern. In another embodiment the optic is positioned with

respect to the light source so that the shape of the inner and/or outer surfaces of

the optic is seSected to substantialSy control at least one of either the azimuthai or



polar angle dependence of the intensity of light of the predetermined pattern.

When the optic is used to control one of either the azsmutha! or polar angle

dependence of the intensity of light of the predetermined pattern, the reflector is

used to substantially control the other one of either the azimuthal or polar angular

dependence of the light intensity of the predetermined pattern. Thus, the

reflector and optic can be shaped to each or collectively control either the

azimuthal or polar angle dependence of the intensity of Sight of the predetermined

pattern or both in any combination desired.

[0Q23] in an illustrated embodiment outer surface of the optic is shaped to

have a smooth surface resistant to the accumulation o r collection of dust, dirt,

debris or any optically occluding material from the environment.

|00243 n o n Θ embodiment the reflector comprises a first surface reflector,

white in another embodiment the reflector comprises a second surface reflector.

|0025] In one embodiment the optic has receiving surfaces defined therein

and where the reflector is a reflector mounted into and oriented relative to the

Sight source by the receiving surfaces of the optic. The receiving surfaces of the

optic and the reflector have interlocking shaped or mutually aligning portions

which are heat staked or fixed together when assembled.

[0026] In another one of the illustrated embodiment hemispherical space

into which the predetermined beam is directed is defined into a front half

hemisphere and a back half hemisphere. The reflector is positioned relative to

the light source, curved and provided with an outline such that a majority of the

energy of the light in the predetermined radiation pattern is directed by the



reflector and/or optic into the front haif of the hemisphere. It should be noted that

the front-back asymmetry is one embodiment and other such asymmetries are

germane to this invention.

[0027] The brief description above is primarily a structural definition of

various embodiments of the invention, however, embodiments of the invention

can also be functionally def ined The illustrated embodiments of the invention

include an apparatus for illuminating a target surface with a predetermined

pattern of light comprising a light source generating light having a predetermined

radiation pattern radiated into a predetermined solid angle having a first and

second zone, and reflector means onto which light from the light source is

directly incident. The reflector means reflects the directly incident light with a

single reflection to form a predetermined reflected beam. Optic means refracts

or directs substantially all of the Sight directly transmitted from the light source into

the first zone of the predetermined solid angle of the radiation pattern into a

refracted/directed beam. Substantially all of the light in the second zone, which

comprises ail of the remaining portion of the solid angle of the radiation pattern or

the entire radiation pattern, is directly incident on the reflector means from the

Sight source and is reflected by the refiector means into the predetermined

reflected beam. The optic means refracts or directs the predetermined reflected

beam from the reflector to form a composite beam from the refracted/directed

and reflected beams A composite beam when incident on the target surface

forms the predetermined pattern on the target surface.



[0Q28] in other words, in an example embodiment of the invention the Sight

source has a radiation pattern which is completely or substantially intercepted by

either the optic or the reflector, and the reflected light from the reflector is then

also directed through the optic into a composite beam. However, it is expressly

to be understood that the scope of the invention includes embodiments where

the light source has a radiation pattern which is oniy partially intercepted by

either the optic or the reflector.

[0029] As described above embodiments of the invention include optic

means and reflector means which form the composite beam with an azimuthai

spread so that the predetermined pattern of Sight on the target surface has an

azimuthai beam spread on the target surface of approximately 45° ± 15°,

approximately 60° ± 15°, approximately 90° ± 15°, approximately 120° ± 15*,

approximately 180° ± 15°, or approximately 270° ± 15°. The error bar of ± 15

has been disclosed as an lustrated embodiment, but it is to be understood that

other magnitudes for the error bar for this measure could be equivaientiy

substituted without departing from the scope of the invention.

10030] As described in the embodiments above the Sight source and

refSector means are positioned inside the optic means.

[0031] An embodiment includes a optic means which is spatiaiiy

configured with respect to the light source to directly receive substantially all of

the light in the predetermined radiation pattern of the Sight source other than that

portion directly incident on the reflector means, which portion is reflected onto an

inner surface of the optic means, so that substantially all of the Sight in the



predetermined radiation pattern, which is not absorbed or misdirected as a result

of imperfect optical properties of the optic and reflector, is directed by the optic

means into the predetermined beam.

[0032] In one embodiment the light source, optic means and reflector

means comprise a lighting device, and further comprising a plurality of lighting

devices and a carrier, the lighting devices arranged on the carrier to form an

array of lighting devices to additively produce a predetermined collective beam

which illuminates the target surface with the predetermined pattern of light.

[0033] In another embodiment the apparatus further comprises a fixture in

which at least one array is disposed.

[0034] Sn still another embodiment the apparatus further comprises a

plurality of arrays disposed in the fixture to additively produce the predetermined

collective beam which illuminates the target surface with the predetermined

pattern of light.

[0035] In yet another embodiment the light source has a primary axis

around which the predetermined radiation pattern is defined. The intensity of

light of the predetermined pattern is defined as a function of an azimuthai angle

and polar angle with respect to the primary axis of the light source. The reflector

means substantially controls at least one of either the azimuthaS or polar angle

dependence of the intensity of light of the predetermined pattern.

[0036] I another embodiment the optic means substantially controls at

least one of either the azimuthai or polar angle dependence of the intensity of

light of the predetermined pattern. In this case it is also possible that the reflector



means substantially controls the other one of either one of the aztmutha! or polar

angle dependence of the intensity of light of the predetermined pattern not

substantially controlled by the optic means

[0037] In one embodiment the optic means includes an outer surface

shaped to have a smooth surface resistant to the accumulation or collection of

dust, dirt, debris or any optically occluding material from the environment

[0038] in many example embodiments of the invention the reflector means

comprises a first surface reflector, but a second surface reflector is also included

within the scope of the invention.

[0039] The illustrated embodiments also includes a method for providing

an apparatus used with a light source having a predetermined radiation pattern

radiated into a predetermined solid angle and used for illuminating a target

surface with a predetermined composite pattern of light comprising the steps of

providing a reflector onto which Sight from the light source is incident and which

incident light is reflected from the reflector with a ssngSe reflection to form a

reflection pattern; providing an optic having an inner and outer surface; and

disposing the reflector into or next to the optic in an aligned configuration to

occupy a portion of the predetermined solid angle around the light source to the

exclusion of the optic at least with respect to any optical function to directly

receive a second portion of Sight from the light source, the optic occupying

substantially ali of the remaining portion of the predetermined solid angle to

directly receive a first portion of light from the light source, a reflected beam from

the reflector including substantially all of the second portion of light and being



reflected info a predetermined reflection pattern, the inner and/or outer surface of

the optic being shaped to refract or direct light which is directly transmitted into

the optic from the Sight source from the first portion of Sight and/or reflected into

the optic from the reflector from the reflected beam into a predetermined beam,

which when incident on the target surface forms the predetermined composite

pattern of light on the target surface.

[0040] In the embodiment where the light source has a primary axis

around which the predetermined radiation pattern is defined, and where the

intensity of light of the predetermined pattern is defined as a function of an

azimuthai angie and polar angie with respect to the primary axis of the light

source, the reflector means includes a reflective surface having a plurality of

subsurfaces with different curvatures in azimuthaS and polar directions, and

where each of the subsurfaces substantially controls one of either the azimuthaS

or polar angle dependence of the intensity of light of the predetermined pattern or

both.

£0041] Whiie the apparatus and method has or will be described for the

sake of grammaticaS fluidity with functional explanations, it is to 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, and in the case where the claims are expressly

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.

Brief Description of the Drawings

[0042] Fig. 1. is a side pian view of an example embodiment of the

invention

[0043] Fig. 2 . is a cross-sectionai view of the embodiment of the invention

shown in Fig. 1 taken through section lines A-A.

[0044] Fig. 3. is a cross-sectionai view of the embodiment of the invention

shown in Fig. 1 taken through section lines B-B.

[0045] Fig. 4 . is a rotated isometric view of the embodiment of the

invention shown in Fig. 1.

10046] Fig. 5 . is an enlarged side cross-sectionai view of Section A-A as

shown in Fig 2 .

[0047] Fig. 8 is a computer generated piot of a two dimensional surface

representing a typical iso-foot-candle graph of the embodiment of Figs. 1 - 5.

[0048] Fig 7 is top perspective view of a second embodiment of the

invention shown in exploded view.

[0049] Fig. 8 is bottom perspective view of the second embodiment of the

invention of Fig. 7 shown in exploded view.

[0050] Fig. 9a is a top cross-sectional view of an embodiment of the

invention for providing an approximately 120° azimuthaliy spread beam as seen

through the section lines C-C of Fig. 9b.



[00S1] Fig. 9b is a side plan view of the embodiment of the invention of

Fig. 9a with underlying structures shown in dotted outline.

[0052] Fig. 10a is a top cross-sectionai view of an embodiment of the

invention for providing an approximateiy 180" azimuthally spread beam as seen

through the section lines A-A of Fig. 10b.

[0053] Fig 10b is a side plan view of the embodiment of the invention of

Fig. 10a with underlying structures shown in dotted outline.

[0054] Fig. 11a is a top cross-sectionai view of an embodiment of the

invention for providing an approximately 270° azimuthaliy spread beam as seen

through the section fines B-B of Fig. 11b.

[0055] Fig. 11b is a side plan view of the embodiment of the invention of

Fig. 11a with underlying structures shown in dotted outline.

10056] Fig. 12 is a schematic plan view of a building footprint in which

azimuthally spread beam Suminaires are provided in various positions of the

building outline to provide for approximately 270°, 180° and 90° illumination

ground patterns using various embodiments of the invention.

10057] Fig 13 is a side cross-sectional view of a prior art TtR optic.

[005S] Fig. 14 is a perspective view of a lumiπaire using the devices of the

invention

|005 θ Fig. 15 is a perspective view of an assembled array using the

devices of the invention.

[0060] Fig 16 is a flow diagram showing the assembly of the device

including the light source, reflector, and optic into an array and luminaire



[0061] Various embodiments of the invention can now be better

understood by turning to the foilowing detailed description of the illustrated

example embodiments of the invention defined in the ciaims. it is expressly

understood that the invention as defined by the claims may be broader than the

illustrated embodiments described below.

Detailed Description of Embodiments of the Invention

[0062] Fig. 1 illustrates a side plan view of a device 10 corresponding to a

first embodiment of the invention. Device 10 comprises an LED (light emitting

diode) or LED package, the base of package 1 of which only is viewable in the

view of Fig. 1 and a base 6 to an optical surface 11 of the optic 22, the outer

surface 11 of which is shown in Fig. 1 as generally hemispherical. The smooth

outer surface 11 of the optic 22 minimizes the amount of dust, dirt or debris that

tends to lodge, stick or otherwise adhere to the optic 22, so that when device 10

is used as an exposed light source in a luminairβ , it tends to shed environmental

borne material that might otherwise obscure or reduce the optica! transmissibility

of outer surface 11 of the optic 22 over time. Thus, it must be understood that

while the embodiment of Fig. 1 shows a substantially hemispherical outer surface

11, it s within the scope of the invention that the outer surface 11 could be

provided with other smooth three dimensional shapes which would have

selective refractive qualities according to design.

|0063] Fig 2 is a cross-sectional view of the embodiment of the invention

shown in Fig. 1 taken through section lines A-A. Fig. 2 shows an optic 22 device



10 in side cross sectional view as seen in section Sines A-A of Fig. 1 with a

reflective surface 3 of a reflector or mirror 18 (hereinafter r eflector")} situated

inside the space between the LED package 1 and the optic 22 defined by the

inner surface 4 of the optic 22 Whereas a "mirror" is generally understood to be

an optic with a reflective surface created by a reflective or alurninized coating or

film, the term "reflector" as used in the specification and claims is to be

understood as including a mirror, a totally internally reflecting surface, a reflective

grating, or any other kind of optica! device which reflects Sight in whole or part.

Dome 14 of the LED package 1 is disposed into the cavity or space defined by

inner surface 4 in the optic 22. There is an air gap so that inner surface 4 of the

optic 22 is a refracting surface which is positioned around dome 14 of the LED

package 1. By modifying the interior surface 4 of the optsc 22, the ray set from

the LED chip or source 12 can be modified to accommodate user-defined system

requirements, which may vary from one application to another In addition the

reflective surface 3 of reflector 16 may be selectively curved and sized to provide

a ray set with controlled parameters as dictated by the ultimately needed

illumination pattern on the target surface. The side cross-sectional view of Fig. 2

shows the reflector 16 to be curved in the longitudinal axis or as a function of the

polar angle and also curved azimuthaily as best shown in the top cross-sectional

view of Fig. 3. In the illustrated embodiment reflective surface 3 is a first surface

reflector, namely the innermost surface of reflector 18 is provided with the

reflective coating, although use of a second surface reflector is included within

the scope of the invention.

I S



[0064] Fig. 3. shows an embodiment of the invention where the inner

surface 4 of the optic 22 is radially disposed about the centeriine of the dome 14

of the LED package 1 Off-center configurations of optic 22 with respect to the

centeriine of the radiation pattern of the LED package 1 are also contemplated as

within the scope of possibie design options of the invention. The surface 4 of the

optic 22 that is occluded by reflective surface 3 from the light source 12 can be

any shape needed for the assembly of the primary elements of the invention. !n

the embodiment of Figs. 1 - 5 the portion of surface 4 occluded by reflector 16 is

shaped to provide a supporting and registering surface to support and align

reflector 16 in the correct position and angular orientation with respect to Sight

source 12 to obtain the designed net radiation pattern from device 10.

|OO6S3 For example, in this embodiment surface 4 has a notch 4a defined

in it as shown in Fig. 5 into which a post integrally extending from reflector 16 is

positioned during assembly. Locating flanges 5 as best seen in Fig 4 extend

from surface 4 to provide a multiple-point guide for the lower curved portion of

reflector 16. Side clips 5a extend from surface 4 to snap into matching

indentations defined in the Sower forward edges of reflector 16 as seen in Figs. 4

and 5. Many different mounting and alignment schemes can be used for the

assembly of reflector 16 in the optic 22. An additional embodiment is shown in

the second embodiment of Figs 7 - 11b which by no means limits the range of

equivalent designs. Sn Fig 4 . the LED package 1 is vertically removed from the

cavity in the optic 22 to show the inside detail of the optic 22 Base flange 6 as



shown in Figs. 1 - 5 is an optional feature of the optic 22 which is utilized for

rotational mounting orientation or angular indexing.

[0066] In an alternative embodiment, reflector 16 may be replaced by a

specially contoured or curved portion of inner surface 4 which has been

metalized or otherwise formed or treated to form a reflective surface in place of

the separate reflector 16 for the zone 2 light. Zone 1 BΠ 2 light is further

described below in greater detail.

[0067] Fig. 5 . shows sample rays 7, 8, 9 , and 13 radiating from LED light

source 12 and propagating through the optic 22. Rays 7 and 8 represent the set

of rays that would radiate from the source in a first zone or solid angie (zone 1}

and directly refract from or through surfaces 4 and 11 of the optic 22. Directly

incident rays 9 and 13 represent the set of rays that would radiate from the Sight

source (e.g., LED) 12 in a second zone or solid angle (zone 2), reflect off

reflective surface 3 of the reflector 16 with a single reflection and then refract

from or through surfaces 4 and 11 of the optic 22. The optsc 22 and reflector 18

are spatially and angularly oriented relative to the radiation pattern of the light

source 12 such that substantially all the light from the light source 12 is collected

from zone 1 and directly refracted by surfaces 4 and/or 11 or collected in zone 2

and reflected by reflector 16 into refracting surfaces 4 and/or 11 to join the ray

set of rays 7 and 8 into the corresponding illumination pattern from the optic 22.

Hence, substantially all of the light is collected from the light source 12 and

distributed into the beam from the optic 22. The term "substantially" is

understood in this context to mean all of the light radiated out of the dome 14 of



the LED light source 12 in the intended Lamberfian or designed radiation pattern

less a fraction of Sight inherently lost due to imperfect optics or imperfect Sight

sources often due to imperfect refraction, reflection or smaiS imprecision in opticas

geometries or figure losses.

[006S] Fig. δ . represents the iso foot-candle iSS υrninatio π pattern of device

10 of the embodiment of Figs 1 - 5 The optic assembly(s) 10 is positioned

above the illumined surface, such as a street, most likely as an array or plurality

of arrays of such devices 10 mounted in a luminaire or fixture. The ilSuminatioπ

pattern is shown by the majority of energy radiating from the device 10 falSing on

the street side of the surface and a lesser amount failing on the curb side as

delineated by artificial horizontal line 18. Varying surfaces 3 4 and/or 11 in Figs.

1 - 5 aSSows the optic designer to vary or form the resultant energy distribution 20

of the device according to the design specifications, e.g. one of the various

patterns meeting IES standards including the Type I - V street lighting patterns,

[0089] Optic 22 assembly 10 may be additionally modified by a curved or

shaped portion of inner surface 4 to redirect it to a selected portion of outer

surface 11 of optic 22 for a user-defined system requirement as may be desired

in any given application. For example, it is often the case that the light on o r near

the vertical axis 17 of LED package 1 (as shown in Fig. 5) needs to be redirected

to a different angle with respect to axis 1?, namely out of the centra! beam

toward the periphery or toward a selected azimuthal direction. In such a case,

inner surface 4 will then have an altered shape in its crown region adjacent or

proximate to axis 17 to refract the centra! axis light from LED package 1 into the



desired azim υthal and polar direction or directions. For example, inner surface 4

may be formed such that light incident on a portion of surface 4 lying on one side

of an imaginary vertical piane including axis 17 is directed to the opposite Side of

the imaginary vertical plane.

[0070] It is to be expressly understood that the illustrated example of an

additional optical effect is not limiting on the scope or spirit of the invention which

contemplates at! possible optical effects achievable from modification of inner

surface 4 alone or in combination with correlated modifications of exterior surface

11 of optic 22. There are a variety of independent design controls available to

the designer in the device 10 of the illustrated embodiments. In addition to the

design controls discussed below, it is to be understood that the choice of

materials for the optica! eiements is expressly contemplated as another design

control, which by no means exhaust the possible range of design controls that

may be manipulated. The outer surface 11 of optic 22 may be selectively shaped

to independently contro! either the azimuthal or polar angular distribution of Sight

being refracted or distributed through surface 11. Similarly the inner surface 4 of

optic 22 may be selectively shaped to independently contro! either the azimuthaS

or polar angular distribution of light being refracted or distributed through surface

4 . Still further, the surface 3 of reflector 18 may be selectively shaped to

independently control either the azimuthal or polar angular distribution of light

being reflected from surface 3. Each of these six design inputs o r parameters

can be selectively controlled independently from the others. While in the

illustrated embodiments surfaces 3, 4 , and 11 are each selectively shaped to



control both the azimuthal and polar angular distribution of Sight from the

corresponding surface, it is possible to control only one angular aspect of the

Sight distribution from the surface to the exclusion of either one or both of the

other surfaces. For example, it is expressly contemplated that it is within the

scope of the invention that the azimuthal distribution of the refracted portion or

zone 1 portion of the beam can be entirely or substantially controlled only by the

outer surface 11 while the polar distribution of the zone 1 portion of the beam wili

be entirely or substantially controlled only by the inner surface 4 , or vice versa. It

is also contemplated that the azimuthal spread and amount of the illumination

beam derived from the zone 2 Sight can be controlled with respect to the zone 2

light by the curvature and outline of the reflector 16 and its distance from the light

source 12 Similarly, the reflector 16 can be used to entirely or substantially

control the azimutha! or polar distribution of the reflected beam or control both

the azimutha! and polar distributions of the reflected beam.

[0071] Consider now the second embodiment of Fsgs 7 12 The same

elements are referenced by the same reference numerals and incorporate the

same features and aspects as described above. The illustrated embodiment is

denoted by the applicant as "blob optics" incorporated into device 10 of Figs. 7

11b, combined with any one of a plurality of commercially available LED

package(s) 1. By the term "blob optic" is a type of optic where it is meant that the

refracting surface is free-form in design and is particularly characterized by

refracting surfaces that form positively or negatively defined lobes in surfaces 4

and/or 11 with respect to surrounding portions of the optical surfaces. Thus it is



to be dearly understood that a "blob optic" is but one type of optic that may be

employed in the embodiments of the invention. Sn the iiiustrated embodiment of

Figs. 7 - 11b, the iobes are defined positively in the outer surface 11 of the opfjc

22, white the inner surface 4 of the optic 22 remains substantially hemispherical.

However, it is expressly contemplated that portions of inner surface 4 may also

either be smoothly flattened or lobed to provide selectively refractive local

surfaces in addition to refractive lobed cavities defined on outer surface 11.

[0072] One way in which the notion of positively o r negatively defined

lobes may be visualized or defined is that if an imaginary spherical surface where

placed into contact with a portion of a refracting surface, that portion of the

refracting surface most substantially departing from the spherical surface would

define the lobe. The lobe would be positively defined if defined on the surface 4

or 11 so that the optical materia! of the optic 22 extended in the volume of the

lobe beyond the imaginary spherical surface, or negatively defined if defined into

the surface 4 or 11 so that an empty space or cavity were defined into the optical

material of the optic 22 beyond the imaginary spherical surface. Thus, it must be

understood that lobes can be locally formed on or into the inner or outer surfaces

4, 11 of the optic 22 in multiple locations and extending in multiple directions.

The design of lobed optics is further disclosed in copending application serial no

11/71 1,218, filed on Feb. 26, 2007, assigned to the same assignee of present

application, which copending application is hereby incorporated by reference.

|0073] In the second embodiment reflector 16 again is entirely housed

inside of optic 22 within the cavity defined by inner surface 4 Reflector 16 is
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integrally provided with a basal flange 24 extending rearwardly. The basal flange

24 flatly mates onto a shoulder 26 defined in surface 4 , as seen in Fig. 8 which

serves both to position and orient reflector 18 in the designed configuration. In

this embodiment there is no notch in the crown of optic 22, nor is there a post

extending from reflector 16. Flange 24 integrally extends rearwardSy from

reflector 18 to f lυshly fit onto shouider 26 of optic 22 adjacent to rivet post 30.

Rivet post 30 is heat staked during assembly to soften and deform over the

bottom surface of flange 24 to effectively form a rivet post head which fixes

reflector 16 into the position and orientation defined for it by flange 24 and mating

shoulder 28.

|0074] Figs. 9a - 11b illustrate various embodiments where the beam

spread of the illumination pattern is varied. The embodiment of Figs. 9a and 9b

define a device 10 of the type shown in Figs. 7 and 8 in which the azimuthal

beam spread produced by surfaces 4 and 11 and reflector 16 include an

azimuthal angle of approximately 120s. The azimutha! angular spread of the

illumination pattern on the ground need not be exactly 120° but may vary ± 15° or

more from that norma! azimuthai spread. Sn the top cross-sectional view of Fig.

9a as seen through section C-C of Fig. 9b imaginary beam spread edges 32 are

shown extended from the center of light source 12, touching the forward

extremity of the reflective surface 3 of reflector 16 to form the spread angle,

shown as being of the order of 120°. Clearly, the outline of reflector 16 need not

be uniform in the vertical axis so that greater or lesser angular segments of the

zone 2 from light source 12 may impinge on the reflective surface 3 .



10075] The embodiment of Figs. 10a and 10b define a device 10 of the

type shown in Figs. 7 and 8 in which the azimuthai beam spread produced by

surfaces 4 and 11 and refiector 16 include an azimuthai angle of approximately

180°. Again, the azimuthai angular spread of the illumination pattern on the

ground need not be exactly 180° but may vary ± 15° or more from that normal

azimuthai spread in the top cross-sectio πa! view of Fig 10a as seen through

section A-A of Fig. 10b imaginary beam spread edges 32 are shown extended

from the center of Sight source 12, touching the forward extremity of the reflective

surface 3 of reflector 16 to form the spread angle, shown as being of the order of

180° or, in the iliustrated embodiment, somewhat in excess of 180°. Sn the

expected application of a Suminaire including device 10, it will be mounted on a

po ϊe or fixture which extends some distance away from the building to which it is

mounted or, in the case of a street light, away from the pole on which the

Suminaire is mounted. For this reason the illumination pattern on the ground or

street has an azimutha! spread with respect to nadsr of more than 180° to inciude

a portion of the illumination pattern extending back to the building or to the curb

as shown in the iso-foot-candSe plot of Fig. 6.

[0076] In the same manner the other embodiments like those of Figs. 9a,

9b, 11a and 11b may be increased or decreased from the nominal designed

azimuthai angular spread. Again, the outline of reflector 16 need not be uniform

in the vertical axis so that greater or lesser angular segments of the zone 2 from

Sight source 12 may impinge on the reflective surface 3 , and the azimutha! beam



spread may be a selectively chosen function of the vertical distance about the

base of optic 22.

[0077] The embodiment of Figs. 11a and 11b define a device 10 of the

type shown in Figs. 7 and 8 in which the azimutha! beam spread produced by

surfaces 4 and 11 and reflector 16 include an azimuthai angle of approximately

270° Again, the azimuthai angular spread of the illumination pattern on the

ground need not be exactly 270° but may vary ± 15° or more from that normal

azimuthai spread. In the top cross-sectional view of Fig. 11a as seen through

section B-B of Fig. 11b imaginary beam spread edges 32 are shown extended

from the center of light source 12, touching the forward extremity of the reflective

surface 3 of reflector 16 to form the spread angle, shown as being of the order of

270°. Again, the outline of reflector 16 need not be uniform in the vertical axis so

that greater or iesser angular segments of the zone 2 from light source 12 may

impinge on the reflective surface 3, and the azimuthai beam spread may be a

selectively chosen function of the vertical distance about the base of optic 22. in

the illustrated embodiment, reflector 16 of Figs. 11a and 11b is a saddle-shaped

reflector with a concave surface facing toward light source 12 defined along its

vertical axis as seen in dotted outline in Fig. 11b and a convex surface facing

toward Sight source 12 defined along its horizontal axis as seen in section B-B in

Fig. 11a.

[0078] In the same manner as illustrated in Figs. 9a 11b, an embodiment

may be provided according to the teachings of the invention to provide a device



10 with an azim υthal beam spread of the order of 90° ± 15° or more or any other

angular spread as may be needed by the application.

|0079] Fig. 12 illustrates one application where such varied beam spread

devices 10 may be advantageously employed. The footprint of an L-shaped

building 34 is shown. At different points i the building perimeter or footprint

fights with different azimuthal spreads are required to provide efficient and

effective ground illumination. For example, at the inside corner 36 a 90° device

10 can efficiently illuminate the adjacent ground surface with minima! wasted Sight

energy being expended on walls or portions of the roof which have no need for

illumination. Outside corners 38 and 40 advantageously employ a device 10 with

a 270° spread to cover the proximate ground areas to these corners of the

building, again with minimal wasted light energy being thrown onto walls or other

surfaces which require no illumination. Position 42 along a long flat wall of

building 34, where there may be a door or walkway, is advantageously provided

with a device 10 with a 180° beam spread, agasn with minimal wasted

illumination energy. Using conventional 360° lighting fixtures at these same

points, the energy of nearly two additional light sources, as compared to the

embodiment of Fig. 12, is wasted by being directed onto surfaces for which

illumination is not usefully employed. The use of directional fixtures or

angulations to achieve the pattern distribution of Fig. 12 is so complex or

expensive that, in general, it is impractical anύ no attempt is made to direct

substantially all of the light from the sources to just those areas where it is

needed. It can thus be appreciated that the number of LEDs incorporated into

2S



the arrays 60 or Suminaires 62 of the invention can also be varied to match the

beam spread so that the light intensity or energy on the ground is uniform for

each embodiment. Sn other words, the 90° light at position 38 couid have one

third the number of LEDs in it than the 270° light at points 38 and 40 and half as

many LEDs in it as the 180° light used at position 42. The light intensity patterns

on the ground from each of the points would be similar or equal, but the energy

would be provided by the luminaires used at each position to efficiently match the

application which it was intended to serve

[0080] Position 40 is illustrated in a first embodiment in solid outline as

having an idealized three-quarter or 270° circular ground pattern. An optional

squared ground pattern is illustrated in dotted outline in Fig. 12 for a iobed devsce

10. In other words, device 10 used at position 40 would comprise an optic 22

which would have three lobes defined in the inner and/or outer surfaces of the

optic 22 to provide a three-cornered or 270 squared ground pattern. The lobes

may be defined in inner surface 4 and include one lobe on a centerline aligned

with reflector 16 and two symmetrically disposed side lobes lying on a Sine

perpendicular to the centeriine. While the shape of inner surface 4 and reflector

16 would be azimufhally asymmetric, device 10 would have reflector symmetry

across the centertine plane.

£00813 Table 1 below summarizes the architectural beam spreads

described above including others, but by no means exhaust the embodiments in

the invention may be employed.



[0082] An illustration of the arrays 60 and lumtnaires 62 incorporating

devices 10 is shown in Figs 14 and 15. A plurality of such arrays 60, each

provided with a plurality of oriented devices 1O are assembled into a fixture or

iuminaire 62 as depicted in one embodiment shown in Fig. 14. Additional

conventional heat sinking elements may be included and thermally coupied to a

circuit board included in array 60 and light sources 1. Sn one embodiment of the

invention the plurality of optics 22 are left exposed to the environment to avoid

any loss or degradation of optical performance over time that might arise from

the deterioration or obscuring by environmental factors of any protective

transparent covering. However, it is within the scope of the invention that a

cover, bezel or other covering could be included. The sealing and

weatherproofing of devices 10 as described above in connection with the

assembly of arrays 60 allows for the possibility of environmental exposure of

optics 22 along with the dust, dirt and debris shedding smooth shape of exposed

outer surfaces 11 of optics 22. Luminaire 62 then, in turn, is coupled to a pole or



other mounting structure to function as a pathway or street light or other type of

illumination device for a target surface.

10083] An idealized flow diagram of the assembly of Suminatre 62 is

illustrated in Fig. 16 Reflectors 16 provided at step 66 are mounted and aligned

at step 68 into optics 22 provided at step 64. Light sources 12 are provided at

step 70 and aligned to, mounted on or into a printed circuit board and electrically

to corresponding drivers and wiring at step 72 The optics/reflectors 16, 22 from

step 68 are then aligned and mounted onto the printed circuit board at step 74 to

form a partially completed array 60. The array 60 is then finished or sealed for

weatherproofing and mechanical integrity at step 76. The finished array 60 is

then mounted into, onto and wired into a luminaire 62 at step 78.

00S4 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 embodiments

described above have been set forth only for the purposes of providing examples

and should not be taken as limiting the invention as defined by the following

claims.

[0085] For example, notwithstanding the fact that the elements of a claim

are set forth below in a certain combination, it must be expressly understood that

the invention may include other combinations of fewer, more or different

elements, which are disclosed above even when not initially 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 combinations. The excision of any

disclosed element of the invention is explicitly contemplated as within the scope

of the invention

[0086] The words used in this specification to describe the invention and

its various embodiments are to be understood not oniy 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 ciaim must be

understood as being generic to all possible meanings supported by the

specification and by the word itself.

I0G87] *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, materia! 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

subcomfaination.

10088] Insubstantial changes from the claimed subject matter as viewed by

a person with ordinary ski!! in the art. now known or later devised, are expressly

contemplated as being equivalent^ within the scope of the claims. Therefore,

obvious substitutions now or later known to one with ordinary skill in the art are

defined to be within the scope of the defined elements.

[0089] 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.



We claim:

1. An apparatus for iϋuminati πg a target surface with a predetermined

composite pattern of Sight comprising;

a light source generating light having a predetermined radiation pattern

radiated into a predetermined solid angle;

a reflector onto which light from the tight source is incident and which

incident light is reflected from the reflector with a single reflection to form a reflection

pattern; and

an optic having an inner and outer surface, the reflector occupying a

portion of the predetermined solid angle around the light source to the exclusion of the

optic at ieast with respect to any optical function to directly receive a second portion of

Sight from the Sight source, the optic occupying substantially all of the remaining portion

of the predetermined solid angle to directly receive a first portion of Sight from the light

source, a reflected beam from the reflector including substantially all of the second

portion of light and being reflected into a predetermined reflection pattern, the inner

and/or outer surface of the optic being shaped to refract o r direct ght which is directly

transmitted into the optic from the light source from the first portion of Sight and/or

reflected into the optic from the reflector from the reflected beam into a predetermined

beam, which when incident on the target surface forms the predetermined composite

pattern of Sight on the target surface.



2 . The apparatus of claim 1 where the predetermined radiation pattern of the

Sight source is substantially hemispherical, and where the solid angle subtended by the

reflector with respect to the Sight source is less than 2π steradians.

3 . The apparatus of claim 1 where the predetermined radiation pattern of the

Sight source is substantially hemispherical, where the light source is positioned on an

imaginary reference plane with the reflector subtending an azimutha! angie in the

imaginary reference plane relative to the light source of less than 360°.

4 . The apparatus of claim 3 where the reflector subtends an azimuthal angle

in the imaginary reference plane relative to the light source of approximately 315° ± 15°

so that the predetermined composite pattern of Sight on the target surface has an

azimuthal beam spread on the target surface of approximately 45° ± 15°.

5. The apparatus of claim 3 where the reflector subtends an azimuthal angle

in the imaginary reference plane relative to the light source of approximately 300° ± 15

so that the predetermined composite pattern of Sight on the target surface has an

azimuthai beam spread on the target surface of approximately 80° ± 15°.

8. The apparatus of claim 3 where the reflector subtends an azimuthal angle

in the imaginary reference plane relative to the Sight source of approximately 270° ± 15°

so that the predetermined composite pattern of light on the target surface has an

azimuthal beam spread on the target surface of approximately 90° ± 15°.



7. The apparatus of claim 3 where the reflector subtends an azimuthal angle

in the imaginary reference plane relative to the iight source of approximately 240° ± 15°

so that the predetermined composite pattern of light on the target surface has an

azimuthaS beam spread on the target surface of approximately 120° ± 15°.

8. The apparatus of claim 3 where the reflector subtends an azimuthal angle

in the imaginary reference plane relative to the Sight source of approximately 180° ± 15"

so that the predetermined composite pattern of light on the target surface has an

azimuthaS beam spread on the target surface of approximately 180° ± 15°.

9. The apparatus of claim 3 where the reflector subtends an azimuthal angle

in the imaginary reference plane relative to the light source of approximately 9CP ± 15°

so that the predetermined composite pattern of light on the target surface has an

azimuthaS beam spread on the target surface of approximately 270° ± 15°.

10. The apparatus of claim 1 where the light source and reflector are

positioned inside the optic.

11. The apparatus of claim 1 where the optic is spatially configured with

respect to the light source to directly receive substantially ail of the light in the

predetermined radiation pattern of the Sight source other than that portion directly

incident on the reflector, which portion is reflected onto the inner surface of the optic, so



that substantially all of the light n the predetermined radiation pattern, which is not

absorbed or misdirected as a result of imperfect optical properties of the optic and

reflector, is directed by the optic into the predetermined beam.

12. The apparatus of claim 1 where the light source, optic and reflector

comprise a lighting device, and further comprising a piuraiity of lighting devices and a

carrier, the lighting devices arranged on the carrier to form an array of lighting devices

to additiveSy produce a predetermined collective beam which illuminates the target

surface with the predetermined composite pattern of Sight.

13. The apparatus of claim 12 further comprising a fixture in which at least

one array is disposed.

14. The apparatus of claim 13 further comprising a plurality of arrays disposed

in the fixture to additiveiy produce the predetermined collective beam which illuminates

the target surface with the predetermined composite pattern of light.

15. The apparatus of claim 1 where the light source has a primary axis around

which the predetermined radiation pattern is defined, an intensity of light of the

predetermined radiation pattern being defined as a function of an azimutha! angle and

polar angle with respect to the primary axis of the light source, where the reflector is

positioned with respect to the Sight source, has a curved surface and has a shaped



outline which are selected to substantially control at least one of either the azimuthal or

polar angle dependence of the intensity of light of the predetermined composite pattern.

16. The apparatus of claim 1 where the light source has a primary axis around

which the predetermined radiation pattern is defined, an intensity of light of the

predetermined radiation pattern being defined as a function of an azimuthal angle and

polar angle with respect to the primary axis of the light source, where the optic is

positioned with respect to the Sight source, the shape of the inner and/or outer surfaces

of the optic is selected to substantially control at feast one of either the azimuthal or

polar angle dependence of the intensity of light of the predetermined composite pattern.

17. The apparatus of claim 16 where the reflector is positioned with respect to

the Sight source, has a curved surface, and has a shaped outline selected to

substantially control the other one of either the azimuthal or polar angular dependence

of the Sight intensity of the predetermined composite pattern.

18. The apparatus of claim 1 where the outer surface of the optic is shaped to

have a smooth surface resistant to the accumulation or collection of dust, dirt, debris or

any optically occluding material from the environment

19. The apparatus of claim 1 where the reflector comprises a first surface

mirror.



20. The apparatus of claim 1 where the reflector comprises a second surface

mirror.

2 1 . The apparatus of claim 1 where the optic has receiving surfaces defined

therein and where the reflector is a refiector mounted into and oriented relative to the

Sight source by the receiving surfaces of the optic.

22. The apparatus of claim 2 1 where the receiving surfaces of the optic and

the reflector have interlocking shaped portions which are heat staked together when

assembled.

23. The apparatus of claim 1 where a hemispherical space into which the

predetermined beam is directed is defined into a front half hemisphere and a back half

hemisphere and where the reflector is positioned relative to the Sight source, curved and

provided with an outline such that a majority of the energy of the light in the

predetermined radiation pattern is directed by the reflector and/or optic into the front naif

of the hemisphere.

24. An apparatus for illuminating a target surface with a predetermined

composite pattern of Sight comprising:

a light source generating light having a predetermined radiation pattern

radiated into a predetermined solid angle having a first and second zone;



reflector means onto which light from the light source is directly incident,

the reflector means for reflecting the directly incident Sight from the second zone with a

single reflection to form a predetermined reflected beam; and

optic means for refracting or directing substantially all of the light directly

transmitted from the Sight source into the first zone of the predetermined solid angie of

the radiation pattern into a refracted/directed beam,

where substantially aii of the light in the second zone, which composes a!!

of the remaining portion of the solid angle of the radiation pattern, is directly incident on

the reflector means from the light source and is reflected by the reflector means into the

predetermined reflected beam, the optic means for refracting or directing the

predetermined reflected beam from the reflector to form a composite beam from the

refracted/directed and reflected beams, which composite beam when incident on the

target surface forms the predetermined composite pattern on the target surface.

25 The apparatus of claim 24 where the optic means and reflector means

form the composite beam with an azimuthal spread so that the predetermined

composite pattern of light on the target surface has an azirnutha! beam spread on the

target surface of approximately 45e ± 15°.

26. The apparatus of claim 24 where the optic means and reflector means

form the composite beam with an azimuthal spread so that the predetermined

composite pattern of light on the target surface has an azimuthai beam spread on the

target surface of approximately 60° ± 15°.



27. The apparatus of claim 24 where the optic means and reflector means

form the composite beam with an azimuthal spread so that the predetermined

composite pattern of Sight on the target surface has an azimuthai beam spread on the

target surface of approximately 90° ± 15°.

28. The apparatus of claim 24 where the optic means and reflector means

form the composite beam with an azimuthal spread so that the predetermined

composite pattern of Sight on the target surface has an azimutha! beam spread on the

target surface of approximately 120° ± 15°.

29. The apparatus of claim 24 where the optic means and reflector means

form the composite beam with an azimuthal spread so that the predetermined

composite pattern of Sight on the target surface has an azimutha! beam spread on the

target surface of approximately 180° ± 15°

30. The apparatus of claim 24 where the optic means and reflector means

form the composite beam with an azimuthal spread so that the predetermined

composite pattern of Sight on the target surface has an azimuthai beam spread on the

target surface of approximately 270" ± 15°.

3 1. The apparatus of claim 24 where the light source and reflector means am

positioned inside the optic means.



32. The apparatus of claim 24 where the optic means is spatially configured

with respect to the light source to directly receive substantially al! of the Sight in the

predetermined radiation pattern of the light source other than that portion directly

incident on the reflector means, which portion is reflected onto an inner surface of the

optic means, so that substantially ali of the light in the predetermined radiation pattern,

which is not absorbed or misdirected as a result of imperfect optical properties of the

optic and reflector, is directed by the optic means into the predetermined beam

33. The apparatus of claim 24 where the light source, optic means and

reflector means comprise a lighting device, and further comprising a plurality of lighting

devices and a carrier, the Sighting devices arranged on the carrier to form an array of

lighting devices to additively produce a predetermined collective beam which illuminates

the target surface with the predetermined composite pattern of light

34. The apparatus of claim 33 further comprising a fixture in which at least

one array is disposed.

35. The apparatus of claim 34 further comprising a plurality of arrays disposed

in the fixture to additively produce the predetermined collective beam which illuminates

the target surface with the predetermined composite pattern of light.



36. The apparatus of claim 24 where the light source has a primary axis

around which the predetermined radiation pattern is defined, an intensity of Sight of the

predetermined radiation pattern being defined as a function of an aztmuthai angle and

polar angle with respect to the primary axis of the Sight source, where the reflector

means substantialiy controls at ieast one of either the azim υthal or polar angSe

dependence of the intensity of Sight of the predetermined composite pattern

37. The apparatus of claim 24 where the light source has a primary axss

around which the predetermined radiation pattern is defined, an intensity of Sight of the

predetermined radiation pattern being defined as a function of an aztmuthal angle and

polar angSe with respect to the primary axis of the light source, where the optic means

substantialSy controls at least one of either the azimutha! or polar angle dependence of

the intensity of light of the predetermined composite pattern.

38. The apparatus of cSaim 37 where the reflector means substantially controls

the other one of either one of the azimuthal or poiar angSe dependence of the intensity

of Sight of the predetermined composite pattern not substantialSy controlled by the optic

means.

39. The apparatus of ciaim 24 where the optic means includes an outer

surface shaped to have a smooth surface resistant to the accumuSation or colSection of

dust, dirt, debris or any opticaliy occiuding material from the environment.



40. The apparatus of claim 24 where the reflector means comprises a first

surface mirror.

4 1. The apparatus of claim 24 where the reflector means comprises a second

surface mirror.

42. The apparatus of claim 24 where the light source has a primary axis

around which the predetermined radiation pattern is defined, an intensity of light of the

predetermined radiation pattern being defined as a function of an azimuthaj angle and

polar angte with respect to the primary axis of the light source, where the reflector

means includes a reflective surface having a plurality of subsurfaces with different

curvatures in azimuthai and polar directions, and where each of the subsurfaces

substantially controls one of either the azimuthai or polar angle dependence of the

intensity of light of the predetermined composite pattern o r both

43. A method for providing an apparatus used with a Sight source having a

predetermined radiation pattern radiated into a predetermined solid angle and used for

iiluminating a target surface with a predetermined composite pattern of light comprising;

providing a reflector onto which Sight from the light source is incident and

which incident Sight is reflected from the reflector with a single reflection to form a

reflection pattern;

providing an optic having an inner and outer surface; and



disposing the reflector into or next to the optic in an aligned configuration

to occupy a portion of the predetermined solid angle around the Sight source to the

exclusion of the optic at least with respect to any optical function to directly receive a

second portion of light from the Sight source, the optic occupying substantially ail of the

remaining portion of the predetermined solid angle to directly receive a first portion of

Sight from the light source, a reflected beam from the reflector including substantially all

of the second portion of Sight and being reflected into a predetermined reflection pattern,

the inner and/or outer surface of the optic being shaped to refract or direct light which is

directly transmitted info the optic from the light source from the first portion of Sight

and/or reflected into the optic from the reflector from the reflected beam into a

predetermined beam, which when incident on the target surface forms the

predetermined composite pattern of light on the target surface.
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