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AN IMPROVED LED DEVICE FOR WIDE BEAM GENERATION

[001] Related Applications

[002] The present application is related to U.S. Provisional Patent

Application, serial no. 60/777,310, filed on Feb. 27, 2006; U.S. Provisional Patent

Application, serial no. 60/838,035, filed on Aug. 15, 2006; and U.S. Provisional

Patent Application, serial no. 60/861 ,789, filed on Nov. 29, 2006, each of which

are incorporated herein by reference and to which priority is claimed pursuant to

35 USC 119.

[003] Background of the Invention

[004] Field of the Invention

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

using light emitting diodes (LEDs) or other light sources to generate

predetermined wide profile two dimensional illumination patterns using a light

source which has been optically modified to provide a corresponding wide profile

beam or a flat array of multiple ones of such modified light sources.

[006] Description of the Prior Art

[007] 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.

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

use one or more reflectors 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 a curved fixture. Street light illumination patterns conventionally are

defined into five categories, Types I - V. Type 1 is an oblong pattern on the

street with the light over the center of the oblong. Type Il is a symmetric four

lobed pattern with the light over the center of the lobed pattern. Type IiI is a

flattened oblong pattern with the light near the flattened side of the oblong. Type

IV is parabolic pattern with a flattened base with the light near the flattened base.

Type V is a circular pattern with the light over the center of the circle. Any

asymmetric aspect of these categorical patterns is obtained by mounting the light

sources in a curved armature or fixture. By curving or angling the fixture to point

the LEDs or light sources in the directions needed to create a broad or spread

beam onto a surface, such as a street, a portion of the light is necessarily

directed upward away from the street into the sky. Hence, all airplane

passengers are familiar with the view of a lighted city at night on approach. This

often dazzling display is largely due to street lights and more particularly to street

lights that have canted fixtures to create spread beams and hence collectively

direct a substantial amount of light skyward toward approaching aircraft. In an

efficiently lighted city, the city would appear much darker to aircraft, because the

street lights should be shining only onto the street and not into the sky. The



dazzling city lights seen from aircraft and hill tops may be romantic, but represent

huge energy losses, unnecessary fuel usage, and tons of unnecessary green

house gas emissions from the electrical plants needed to generate the electricity

for the wasted light.

[009] . Another technique is to use a collimating lens 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 Optics has about an 8% loss.

[010] One example of prior art that comes close to a high efficiency

system is the 'Side-emitter' device sold by Lumileds as part of their LED

packaging offerings. However, the 'side-emitter' is intended to create a beam

with an almost 90 degree radial pattern, not a forward beam. It has internal

losses of an estimated 15% as well. Another Lumileds LED, commonly called a

low dome or bat wing LED, has a lens over the LED package to redirect the light,

but it is to be noted that it has no undercut surface in the lens for redirecting the

light from the LED which is in the peripheral forward solid angle. Similarly, it is to

be noted that the conventional 5mm dome lens or packaging provided for LEDs

lacks any undercut surface in the dome at all.

[011] What is needed is an device that creates a wide angle beam, even

the possibility of a nonradially symmetric beam, that can be created with a design



method that allows the ai designer to achieve a smooth beam profile which is not

subject to the inherent disadvantages of the prior art.

[01 2] Brief Summary of the Invention

[013] The illustrated embodiment of the invention includes a method of

providing a predetermined illuminated surface pattern from a predetermined

energy distribution pattern of a light source comprising the steps of defining an

estimated optical transfer function of a lens shape; generating an energy

distribution pattern using the estimated optical transfer function of a lens shape

from the predetermined energy distribution pattern of the light source; generating

a projection of the energy distribution pattern onto the illuminated surface;

comparing the projection of the energy distribution pattern to the predetermined

illuminated surface pattern; modifying the estimated optical transfer function of

the lens shape; repeating the steps of generating the energy distribution pattern

using the estimated optical transfer function of the lens shape from the

predetermined energy distribution pattern of the light source, generating the

projection of the energy distribution pattern onto the illuminated surface, and

comparing the projection of the energy distribution pattern to the predetermined

illuminated surface pattern until acceptable consistency between the projection of

the energy distribution pattern and the predetermined illuminated surface pattern

is obtained; and manufacturing a lens with the last obtained estimated optical

transfer function.



[014] In one embodiment the predetermined illuminated surface pattern is

a street lighting pattern and the predetermined energy distribution pattern of the

light source is a LED Lambertian pattern so that what is manufactured is a lens

for a street light.

[015] The method further comprises the step of assembling a plurality of

light sources optically each combined with the manufactured lens to form a

corresponding plurality of devices, each having an identical energy distribution -

pattern, to provide a linearly additive array of devices to produce the

predetermined illuminated surface pattern.

[016] In one embodiment each array is manufactured as a modular unit

and the method further comprises the step of scaling the intensity of the

illumination pattern on the target surface without substantial modification of the

illumination pattern by modular scaling of the arrays into larger or smaller

collections.

[017] The illustrated embodiment of the invention is also an improvement

in an apparatus for providing an optical transfer function between a

predetermined illuminated surface pattern and a predetermined energy

distribution pattern of a light source comprising a lens having a shape defined by

the optical transfer function which is derived by generating an energy distribution

pattern using the predetermined energy distribution pattern of the light source

and then generating a projection of the energy distribution pattern onto the

illuminated surface from the energy distribution pattern, which projection

acceptably matches the predetermined illuminated surface pattern.



[018] In one embodiment the predetermined illuminated surface pattern is

a street lighting pattern and the predetermined energy distribution pattern of the

light source is a LED Lambertian pattern.

£019] An embodiment of the claimed invention also includes a light

source combined with the lens.

[020] The illustrated embodiment is also an improvement in a lens for use

in an apparatus for providing^ predetermined illuminated surface pattern from a

predetermined energy distribution pattern of a light source comprising an

undercut surface defined on the lens, the lens having a base adjacent to the light

source, a lens axis and a surface between the base and lens axis, the undercut

surface extending from the base of the lens at least partially along the surface of

the lens toward the lens axis to generate an energy distribution pattern using the

predetermined energy distribution pattern of the light source which will then

generate a projection of the energy distribution pattern onto the illuminated

surface, which projection acceptably matches the predetermined illuminated

surface pattern.

[021] The undercut surface comprises portions which refract light and

which totally internally reflect light from the light source into the energy

distribution pattern.

[022] The undercut surface comprises portions which direct light from the

light source into a broad spread beam.

[023] The illustrated embodiment is also an improvement in an apparatus

for providing an optical transfer function between a predetermined illuminated



surface pattern and a predetermined energy distribution pattern of a light source

comprising an undercut surface of a lens having a shape defined by the optical

transfer function which shape is derived by generating an energy distribution

pattern using the predetermined energy distribution pattern of the light source

and then generating a projection of the energy distribution pattern onto the

illuminated surface from the energy distribution pattern, which projection

acceptably matches the predetermined illuminated surface pattern.

[024] The illustrated embodiment is also an improvement in a lens

surface for use in an apparatus for providing a predetermined illuminated surface

pattern from a predetermined energy distribution pattern of a. light source, where

the lens is characterized by an energy distribution pattern with two opposing

sides, the improvement comprising a complex prism defined as part of the lens

surface, the complex prism being arranged and configured to transfer energy

from one side of the energy distribution pattern to the opposing side to render the

energy distribution pattern asymmetric with respect to the two opposing sides.

[025] The illustrated embodiment is also an array for providing a

predetermined illuminated surface pattern comprising a plurality of light emitting

devices for providing the predetermined illuminated surface pattern, each device

having an identical energy distribution pattern which produces the predetermined

illuminated surface pattern, a circuit driver coupled to each of the devices, and a

planar carrier in which the plurality of light emitting devices are arranged to

provide a spatially organization of the array to collectively produce a linearly



additive illumination pattern matching the predetermined illuminated surface

pattern.

[026] Each array is a modular unit capable of being readily combined with

a like array and further comprising a collection of arrays for scaling the intensity

of the illumination pattern on the target surface without substantial modification of

the illumination pattern by modular scaling of the arrays into a larger or smaller

collection.

[027] The array further comprises a plurality of circuit drivers, one for

each device and where the plurality of circuit drivers are mounted on or attached

to the carrier. The carrier comprises a printed circuit board to which the plurality

of circuit drivers and devices are coupled, a cover for sealing the printed circuit

board, circuit drivers and devices between the cover and carrier. The devices

are optionally provided with a flange or an indexing flange and where the devices

are angularly oriented with respect to the cover and carrier by the indexing

flange. The printed circuit board, circuit drivers and devices are optionally sealed

between the cover and carrier by means of a potting compound disposed

between the cover and carrier in which potting compound the circuit drivers and

devices as coupled to the printed circuit board are enveloped to render the array

submersible.

[028] Another embodiment of the invention is a luminaire for a street light

to provide a predetermined illumination pattern on a street surface comprising a

lighting fixture, and a plurality of arrays of light emitting devices disposed in the



lighting fixture, each array for providing the predetermined illumination pattern on

the street surface.

[029] The array in the luminaire for providing a predetermined illuminated

surface pattern comprises a plurality of light emitting devices for providing the

predetermined illuminated surface pattern, each device having an identical

energy distribution pattern which produces the predetermined illuminated surface

pattern, a circuit driver coupled to each of the devices; and a planar carrier in

which the plurality of light emitting devices are arranged to provide a spatially

organization of the array to collectively produce a linearly additive illumination

pattern matching the predetermined illuminated surface pattern.

[030] In one embodiment each of the light emitting devices in the

luminaire comprises a light source and a lens with a lens surface, the lens for

providing the predetermined illuminated surface pattern from a predetermined

energy distribution pattern of a light source, where the lens is characterized by an

energy distribution pattern with two opposing sides, the lens surface comprising a

complex prism defined as part of the lens surface, the complex prism being

arranged and configured to transfer energy from one side of the energy

distribution pattern to the opposing side to render the energy distribution pattern

asymmetric with respect to the two opposing sides.

[031] In another embodiment each of the light emitting devices in the

luminaire comprises a light source and a lens with a lens surface, the lens for

providing the predetermined illuminated surface pattern from a predetermined

energy distribution pattern of a light source, the lens for providing an optical



transfer function between the predetermined illuminated surface pattern and the

predetermined energy distribution pattern of a light source, the lens having an

undercut surface with a shape defined by the optical transfer function which

shape is derived by generating an energy distribution pattern using the

predetermined energy distribution pattern of the light source and then generating

a projection of the energy distribution pattern onto the illuminated surface from

the energy distribution pattern, which projection acceptably matches the

predetermined illuminated surface pattern.

[032] In one embodiment each of the light emitting devices in the

luminaire comprises a light source and a lens with a lens surface, the lens for

providing the predetermined illuminated surface pattern from a predetermined

energy distribution pattern of a light source, the lens having an undercut surface,

the lens having a base adjacent to the light source, a lens axis and a surface

between the base and lens axis, the undercut surface extending from the base of

the lens at least partially along the surface of the lens toward the lens axis to

generate an energy distribution pattern using the predetermined energy

distribution pattern of the light source which will then generate a projection of the

energy distribution pattern onto the illuminated surface, which projection

acceptably matches the predetermined illuminated surface pattern.

[033] In another embodiment each of the light emitting devices in the

luminaire comprises a light source and a lens with a lens surface, the lens for

providing the predetermined illuminated surface pattern from a predetermined

energy distribution pattern of a light source, the lens having a shape defined by



the optical transfer function which is derived by generating an energy distribution

pattern using the predetermined energy distribution pattern of the fight source

and then generating a projection of the energy distribution pattern onto the

illuminated surface from the energy distribution pattern, which projection

acceptably matches the predetermined illuminated surface pattern.

[034] Another one of the illustrated embodiments is a luminaire for a

street light to -provide a-predetermined illumination pattern on a street surface,

the predetermined illumination pattern having a defined horizon, comprising a

lighting fixture, and a plurality of planar arrays of light emitting devices disposed

in the lighting fixture, each array for providing the predetermined illumination

pattern on the street surface with substantial reduction of light directed from the

luminaire to the horizon or above.

[035] The illustrated embodiment of the invention is comprised of a light

source, such as a light emitting diode (LED) and a lens. It is to be understood

that for the purposes of this specification that a "lens" is to be understood

throughout as an optical element which is capable of refraction, reflection by total

internal reflecting surfaces or both. Hence, the more general term, "optic" could

be used in this specification interchangeably with the term, "lens". The lens is

characterized by directing light from the light source into a smooth, broad beam,

which when projected onto an illumined surface has a 50 percent of maximum

foot-candle measurement at an angle greater than 15 degrees from the

centerline of the illumination pattern, i.e. a 30 degree full width, half maximum.

The lens comprises a transparent or translucent "blob-like" or dimpled-puddle



shape, such as plastic or glass, that encompasses the light source or LED

emitter to generate a high angle intensity wide beam without, in the preferred

embodiment, adding any additional surface losses, either reflective or refractive

than the LED would cause itself in this configuration of the invention. Almost all

the energy of the LED is directed into the beam without losses much in excess of

those generated by the LED without the lens deployed.

[036] The- lens comprises a transparent or translucent "blob-like" or

dimpled-puddle shape, which produces a high angle intensity wide beam without

adding any additional surface losses, either reflective or refractive than the LED

would cause itself in this configuration of the invention. Almost all the energy of

the LED is directed into the beam without losses much in excess of those

generated by the LED without the lens deployed.

[037] In one embodiment the lens is separate from the LED and is glued,

affixed or disposed on the light source or original LED protective dome with an

index matching material so as to virtually eliminate the seam or any optical

discontinuity between the two. In another embodiment the lens is manufactured

as the protective dome of the LED.

[038] The lens is characterized by a "blob" zone which is a small

concentrating zone that is formed along the desired primary director of the lens

and light source. The blob zone comprises a surface portion of the lens which

collects the light rays emitted by the LED and sends them along a predetermined

direction dependent on the desired beam angle. The nearby surrounding surface

portion of the lens also collects light from the LED emitter and bends it toward the



preferential direction.

[039] The blob zone comprises has a central forward cross-section which

smoothly apportions light from a directed zone to the centerline. The portion of

the lens which collects the peripheral light of the LED emitter either bends the

light rays toward the preferential direction and/or internally reflects the light rays

through the forward surface of the lens.

[040] In one embodiment the lens produces a beam that is a function of

the azimuthal angle of the beam and thus the lens has a cross-section which

varies as function of the azimuthal angle around the optical axis. In the

illustrated embodiment the azimuthal light pattern has a multiple lobed

distribution of intensity.

[041] In one embodiment of this type the lens also directs the beam in

one or more directions offset from the projected centerline of the device. The

lens includes additional surface shapes or a complexly shaped prism that add

further control to the beam composition. Such additional surface shapes include

facets, a multiple surface Fresnel type flattening of shape or prism, diffusing

techniques or other lens surface enhancements, modifications or treatments.

[042] One major advantage of a device of the invention is the ability to

generate the required beam pattern with an array of LEDs which are mounted on

a flat or planar plate, which most likely would be parallel to the street or floor.

Thus eliminating the need for a complex armature. The illustrated embodiment

further comprises a plurality of light sources or LEDs and corresponding lenses

as describe above combined into a flat array of bars or plates to provide thermal



and electrical distribution required for the LEDs as well as provide means for

sealing the array from environmental damage. The apparatus further comprises

circuitry to drive the LEDs included in the array. It is contemplated that each of

the lenses are individually rotated to create a beam pattern for the flat array that

is unique from the devices themselves, including all degrees of freedom, e.g.

separately determined translation, tilt and yaw for each lens. The array could

comprise similarly colored LEDs, white or otherwise, or optionally various colored

LEDs.

[043] The bars or plates each comprise an extruded or die-cast bar of

aluminum or other thermally conductive material to which the LEDs are bonded

directly, and a printed circuit board to connect the LEDs to a power source. In

one embodiment the circuit board is laminated to the extruded or die-cast bar.

[044] Each LED optionally incorporates a skirt, which is utilized to provide

a sealed array with a cover, potting compound or other covering means.

[045] The invention further comprises a method of providing a light

pattern using any one of the devices or arrays described above.

[046] While the apparatus and method has or will be described for the

sake of grammatical 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.

[047] Brief Description of the Drawings

[048] Fig. 1 is a top plan view of one embodiment of the invention in

which a section-line B-B is defined. This embodiment is radially symmetric;-

[049] Fig. 2 is the side cross sectional view depicted in Fig. 1 through

section lines 'B-B *.

[050] Fig. 3 is a polar candela plot of the embodiment of the invention

described in Figs. 1 and 2. The zero direction is the centerline of the device.

[051] Fig. 4 is a side view of the embodiment of the invention described

in Figs. 1 - 3 showing a sample of rays traced from the source of the LED emitter

through the al portion of the device.

[052] Fig. 5 is a top view of another embodiment where the device is not

radially symmetric. This view illustrates an embodiment which has two

horizontally opposed lobes of the 'blob' lens.

[053] Fig. 6 is an isometric view of the device of Fig. 5 more clearly

describing its nonradially symmetric shape.

[054] Fig. 7 is a side plan view of the device of Fig. 5 as seen parallel to

section line D - D showing the reversal or undercut in the outline of the lens.

[055] Fig. 8 is a side plan view that is rotated 90 degrees from the side

view of Fig. 7.



[056] Fig. 9 is a cross-sectional view through section line 'D-D' of the

device described in Fig. 5. This cross-section shows the LED in addition to the

lens.

[057] Fig. 10 is the two dimensional iso-footcandle plot of the device of

Figs. 5 - 9. This diagram illustrates the nonradially symmetric output of the

device.

[058] Fig. 11~is the iso=candela plot of the device of Figs. 5 --9 showing

multiple plots of the device in different planes.

[059] Fig. 12 is a side view of a ray tracing of the device of Figs. 5 - 9

showing the rays traced from the LED emitter through the lens.

[060] Fig. 13 is a side view of the same ray tracing shown in Fig. 12, from

a view azimuthally rotated 90 degrees from the view of Fig. 12.

[061] Fig. 14 is an exploded perspective view of a light module comprised

of multiple devices of a preferred embodiment of the invention.

[062] Fig. 15 is a perspective view of the assembled device of Fig. 14, a

flat modular light bar.

[063] Fig. 16 is a perspective view of another preferred embodiment of

the invention in which the device is asymmetric and creates a light pattern that is

offset from a centerline of the LED.

[064] Fig. 17 is a top plan view of the device of Fig. 16.

[065] Fig. 18 is a cross sectional side view of the device of Figs. 16 and

17 as seen through section lines E - E of Fig. 17.

[066] Fig. 19 is a side plan view of the device of Figs. 17 - 18.



[067] Fig. 20 is a side plan view of the device of Figs. 17 - 19 as seen

from a plane orthogonal to that seen in Fig. 19.

[068] Fig- 2 1 is a perspective view of another embodiment of the

invention using a complexly shaped prism. This embodiment is for streetlight and

similar applications. It is azimuthally asymmetric and is oriented in the figure to

show the 'curb' side of the streetlight or that side to which less light is directed.

[069] Fig. 22 is a rotated perspective view of the device depicted in Fig.

2 1 showing the 'street' side of the device or that side of the device to which more

light is directed.

[070] Fig. 23 is a 'bottom' view of the device of Figs. 2 1 and 22 showing

the 'street' side on the right of the view and the curb side on the left of the view.

[071] Fig. 24 is a side plan view of the embodiment of the invention

described in Figs. 2 1 - 23 showing in phantom outline the LED on which the lens

of the device is mounted.

[072] Fig. 25 is a rotated side plan view of the device of Figs. 21 - 24

orthogonal to the view of Fig. 24.

[073] Fig. 26 is a rotated side plan view of the device of Figs. 2 1 - 25

orthogonal to the view of Fig. 25.

[074] Fig. 27 is a side view of a three dimensional iso-candela mapped

plot of the output of a device of Figs. 2 1 - 26, clearly showing the azimuthally

asymmetric output of the device. The 'street' side of the beam is depicted to the

right in the drawing and the curb side to the left. The plot illustrates that the



invention can create a beam profile that generates the full-cutoff beam type

required by IES standards for roadway and outdoor lighting.

[075] Fig. 28 is a rotated perspective view of the iso-candela map of Fig.

27 showing the output of the device as seen from the 'curb' side and from above

the device. It shows the bias of the beam toward the street and down the curb

line.

[076] Fig. 29 is a two-dimensional iso-foot-candle plot of the light beam

projected onto the 'street" from a device of the invention. This shows the non-

radially symmetric output of a device of Figs. 2 1 - 26. The designer has the

freedom to control the shape of the lens to alter the output to match the

requirements of the lighting task.

[077] Fig. 30 is a cross-sectional view of a device of Figs. 2 1 - 26

overlaid on a sample ray trace of the energy radiating from the LED emitter. The

view of Fig. 30 is the mirror image of the view of Fig. 25. This view is upside

down with the 'street' side facing to the left and above and shows refraction and

reflection of various surfaces of the lens.

[078] Fig. 3 1 is a cross-sectional view of a device of Figs. 2 1 - 26

overlaid on a sample ray trace of the energy radiating from the LED emitter. This

is a view similar to the view of Fig. 24. Fig. 3 1 is a cross-sectional view of the

curb side of the device.

[079] Fig. 32 is the cross-sectional view of the device of Figs. 2 1 - 26 as

seen through section lines F - F of Fig. 23. This view illustrates the assembly of

the device of Figs. 21 - 26 with the LED.



[080] Fig. 33 is a block diagram showing the steps of a method where a

transfer function is employed.

[081] 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. -

[082] Detailed Description of the Preferred Embodiments

[083] Before turning to the specifically illustrated examples shown in the

drawings, we consider the various embodiments of the invention in more general

terms. The illustrated embodiment of the invention uses light emitting diodes

(LED), or other light sources, in a device that directs the energy from the LED

into a smooth, broad beam. A broad beam can best be described as a beam

which provides an illumination pattern on the surface intended to be illuminated,

(e.g. the street, sidewalk, wall, etc.) that has a 50 percent maximum foot-candle

measurement at an angle greater than 15 degrees from the centerline of the

illumination pattern. This is referred to in the lighting field as the half-maximum

point. A light source with a 15 degree half maximum measurement is also

described as a 30 degree FWHM (Full Width, Half Maximum) light source.

[084] Since light energy dissipates as the square of the distance from the

source and there is additionally a cosine falloff based on the angle of incidence

with respect to the illuminated plane, a wide angle beam of light requires



considerably more intensity at high angles from its centerline than at its

centerline. A good metric to use to analyze the required intensity is an iso-

candela map. This radial map shows intensity verses degrees from the centerline

of a light source or a luminaire.

[085] The preferred embodiment of the invention has a transparent 'blob-

like' or complexly shaped lens, most likely of plastic or glass, that optically

modifies light from the LED to generate the high angle intensity required for the

wide beam angles without adding much if any additional reflective or refractive

surface losses, other than what the LED packaging causes itself. The complex

shape of the lens is determined by a transfer function that is disclosed below. It

is the lack of additional surface losses that allow the preferred embodiment of the

invention to be extremely efficient. However, it must be expressly understood

that the scope of the invention contemplates designs that may depart from this

efficiency standard to accommodate manufacturing artifacts or other

compromises for the sake of economic.production. In the preferred embodiment

of the invention the lens is 'glued' to the original LED protective cover with an

index matching material so as to virtually eliminate the seam between the two. In

another preferred embodiment of the invention the lens is integrally

manufactured into the protective dome or cover of the LED package.

[086] The 'blob' zone is a small concentrating lens zone that is formed

along the desired primary director of the device. This blob zone of the lens

collects the light rays emitted by the LED and sends them along a predetermined

direction, i.e. the primary director, dependent on the beam angle desired by the



optical designer. In the illustrated embodiment, the lens will be first considered to

be a surface of revolution with a centerline or axis aligned with the centerline of

the LED light pattern. However, additional embodiments will be disclosed where

this azimuthal symmetry is broken. The nearby surrounding surface of the lens

to the blob zone also collects light from the LED emitter and refracts it toward the

preferential direction. The shape of the central forward cross-section of the lens

gently apportions the energyϊ n the segment from the directed blob zone to the

centerline. The interior cross-sectional surface of the lens that is struck by the

peripheral energy of the LED emitter is in a preferred embodiment undercut to

either refract the light rays toward the preferential direction and/or internally

reflect the light rays through the forward surface of the lens. The undercut

surface of the lens is characterized by a smaller outer diameter defined from the

centerline of the lens at the base of the lens than the outer diameter of the lens in

the blob zone. In other words, the surface of the lens falls away or narrows at

some point as the base of the lens is approached. Typically, an undercut surface

could not be made in a single-piece mold, but would require a multiple piece

mold for release. In the preferred embodiment of the invention, almost all the

energy of the LED is directed into the radiated beam without losses in excess of

those generated by the LED without the invention deployed. Again, this is not to

be understood as a limitation of the invention, which may include embodiments

where greater losses than the native LED losses are permitted for various

economic or manufacturing conveniences.



[087] One of the preferred embodiments of the invention generates a

beam that has a differential of angles, and therefore intensities, in its two primary

axes. In this instance the 'blob' cross-section of the lens varies as a function of

the azimuthal angle about the centerline axis. This embodiment is intended for

use in street lights and walkway lights or any use where there is a requirement

for an asymmetrical or anamorphic beam. The iso-candela map of such a

luminaire is nonuniform about its axes. Although ϊ t would be unusual; it is

nevertheless contemplated within the scope of the invention that there could be

more than two lobes along the opposing axes, such as a three, four or even more

'blob' axes.

[088] , One LED is hardly ever enough for a street light or parking lot light,

so it is the preferred embodiment of the invention that a plurality of devices would

be utilized in an array. It is expected that such an array might also be devised

with two or more different 'blob' optical configurations to enhance the overall

beam pattern. In the preferred embodiment, the array is disposed in a flat or

planar arrangement as a module that can be readily scaled in size.

[089] The device is generally described as being used in the field of

general lighting illumination, but it could be used in niche markets in the field of

lighting and illumination as well. Uses of the invention include, but are not limited

to, street lighting, parking structure lighting, pathway lighting or any indoor or

outdoor venues where a broad beam of light is desired, and is either azimuthally

symmetric or biased in one or more axial directions. The illustrated embodiment

can also be used to advantage in mobile lighting in vehicles, aircraft, trains,



vessels and the like. The number and variety of applications in which use can be

made are too numerous to even attempt to list.

[090] While the drawings may describe what appears to be a simple

concept, the short distance from a relatively large emitter to small surface

presents many design challenges. Even a very small, .002", change in surface

position or curvature or small angle change, 0.05 degree, can throw the intended

beam into disarray with bad visual artifacts or 'rings' in the resultant beam.-

[091] In another embodiment of the invention, a beam is generated that is

offset in one or more axes from the projected centerline of the device. The

resultant beam can be used, for example, to generate a Type III roadway lighting

luminaire which requires a beam pattern that has its primary director to be offset

from its nadir. The lens appears to be a freeform shape with cross-sections that

that may have tilted lobes and surfaces that cause individual rays of the beam to

refract in a skewed manner. In addition to the surfaces that define the majority

portion of the beam, the embodiment also includes additional surface shapes,

like a complex prism, that add further control to the composition of the composite

beam. It is also anticipated that facets, Fresnel type flattening of surface shapes

in the form of complex prism, diffusing techniques or other surface

enhancements may be added to lens to obtain a certain effect within the beam.

[092] The term, beam, is not often associated with highly divergent

illumination devices, but it is used in this specification to describe the collectively

formed output of the device, and is not necessarily limited a narrow beam of light.

[093] Turn now to Figs. 1 - 4 wherein the details of the illustrated



embodiment of the invention depicted is azimuthally symmetric. Fig. 1 is an

orthogonal top plan view of the device, generally denoted by reference numeral

10. Fig. 2 shows the device 10 in a cross-sectional view in position on LED 1,

which is a conventional packaged LED. LED emitter 2 is positioned on the axis of

the device 10 and in the embodiment shown the emitter 2 is centered in a

hemispherical cavity (not shown)defined in a transparent, hemispherical

protective ~dome 19 of the device 10: In this embodiment the hemispherical- cavity

is filled with a material whose index of refraction matches that of the protective

dome 19 of the LED 1 to virtually eliminate the cavity defining interior surface of

dome 19 from causing any losses or providing any refraction. In Fig. 2 three

solid angles or zones of interest, A, B and C, are depicted. These zones are for

reference only and some embodiments of the invention may have more or fewer

zones. As shown, zone A represents surface 5 of the lens 2 1 into which the

forward solid angle of energy emitted from LED emitter 2 is collected,

represented by rays 11 and 12. Ray 11 is transmitted within the lens 2 1 from

emitter 2 to the surface of lens 2 1 and ray 12 is the refracted into zone A through

the surface of the lens 2 1. Zone B represents the surface 4 of the lens 2 1

referred to as the 'blob' zone. This surface 4 is situated on either side of the

intended main director 6 at the approximate angle of the beam's highest desired

intensity. Zone C represents the undercut surface 3 which collects the remaining

peripheral forward solid angle of energy from the LED emitter 2 as represented

by rays 7, 8 and 9. Ray 7 is transmitted from emitter 2 to the surface 3 within

lens 2 1, is totally internally reflected as ray 8 and then is refracted by surface 5



as ray 9. However, it must be understood that some or, if desired, most of the

rays from emitter 2 incident on surface 3 will not be internally reflected, but

intentionally refracted through surface 3 as peripheral rays.

[094] Optional flange 13 can be of most any desirable shape and is

utilized for sealing the device 10 and/or any proximate portion of a light module

manufactured with the device as described below. The shape of flange 13 may

be configured toprovide for indexing or azimuthal alignment to a fixture in which

device 10 of Figs. 1 - 4 or particularly device 20 of Figs. 5 - 9, whose radiation

pattern is not azimuthally symmetric, is set or may provide a snap fit connection

of device 10 into the fixture.

[095] In Fig. 2, surface 3 of the depicted embodiment of the invention 10

can be designed to be either totally internally reflective (TIR) or refractive or both.

Surfaces 4 and 5 are intended to be primarily refractive.

[096] The method used to design the embodiment shown is to first select

the primary director angle 6 for the highest intensity, shown in the polar graph of

Fig. 3 as point 14. It has been determined by empirical testing that if this director

angle passes much beyond 60-62 degrees from the centerline, the resultant

effect is to limit the ability of the device 10 to perform its primary task of providing

a significant increase in the iso-candela plot of the off-axis energy as shown by

point 14 of Fig. 3 and still achieve the goal of a smooth, useful beam. In the

embodiment of Fig. 3 the maximum intensity occurs at about 52 degrees off axis.

[097] In cross-section, surface 4 of zone B is defined as an arc which has

its center disposed along the director 6 . The radius and the start and end angles



of the arc defining surface 4 are variables defined by iteration with the surface

definitions of zones A and C. The surface 5 is defined as a concave refractive

surface intended in this embodiment to 'spread' the central solid angle of energy

from the LED emitter 2 outward from the centerline. The merge point of surfaces

4 and 5 between zones A and B is found by construction. In the embodiment

shown, surfaces 4 and 5 are tangent to each other or smooth at the merge point.

However, it is-not a requirement of the invention that they be tangent.-Surface 3

of zone C is also defined in the embodiment shown as a surface generated by a

tangent arc. It could, however, be generated by a line of revolution of any shape

or slope. By using the tangent arc for surface 3 of zone C, some of the emitted

rays incident on surface 3 from emitter 2 refract outward and some are totally

internally reflected and proceed through the forward surfaces 4 and 5 of zones A

and B. By controlling the arc radius and the segment angle of surface 3, the

resultant beam can be defined in total and will include almost all the energy

emitted by LED emitter 2. Measurements have shown that the resultant beam

can include virtually the same number of lumens into an integrating sphere as the

original LED does without lens 2 1.

[098] Manipulation of the shapes of surfaces 3, 4 and 5 of Fig. 2 can be

performed until the desired intensity ratios and angles of intensity are

represented in a polar candela distribution plot of the design as depicted in Fig.

3. It must be understood that surfaces 3, 4 and 5 could be represented by any

number of differently shaped surfaces including one or more which are point wise

defined, rather than geometric shapes in zones as depicted. It is within the scope



of the invention that the shape of the profiles of surfaces 3, 4 and 5 could be

derived by computer calculation as a function of the desired beam profile as

defined in the polar candela distribution plot and the resultant surface(s) profile

used as the surfaces of revolution in the case of a radially symmetric design.

[099] Fig.4 shows the result of a ray trace of the device 10 of Figs. 1 and

2. The rays have been reduced to a small percentage of those traced to better

show the effects of rays as they react to the surfaces 3, 4 and 5 of each of the

above described zones A , B and C. Of course, it is understood that light rays

from a ray trace only simulate the effects of light energy from a light source.

[0100] Fig. 5 shows a three quarter perspective view of another preferred

embodiment 20 of the invention whereby the resultant beam energy pattern is not

azimuthally symmetric. Circular Hp 18 of Figs. 6 - 9 represents a sealing feature

that optionally allows the device 20 to be sealed when built into a light fixture or

an array. The cross sectional view of Fig. 9 is taken through section line D-D of

Fig. 5. The top plan view of the device 20 is represented by the diametrically

opposing 'blob' segments 14 and the diametrically opposing smoother side

segments 15 azimuthally orthogonal to the blob segments 14. H is easier to

understand these profiles by looking at Figs. 7 and 8, which show the profiles of

the segments 14 and 15 from both horizontal and vertical directions respectively,

and Fig. 6 which shows the device 20 in a rotated oblique view that shows its

elongated profile. It can be seen in Fig. 7 that the illustrated profile in this view is

similar to the device 20 shown in Figs. 1 and 2. However, the similarity is lost

when you examine the azimuthally orthogonal profile of Fig. 8. The 'blob' shape



in the embodiment of Fig. 7 is defined by multiple cross-sections of segments 14

and 15 rotated about the centerline 23 in which the surface of lens 2 1 is lofted

between cross-sections of segments 14 and 15 much like the lofting of a boat

hull. By manipulating the shape of cross-sections of segments 14 and 15, the

'blob' or lobed segment 14 is defined as well as the smoothing of surface

segments between the diametrically opposing 'blobs' or lobes 14.

[0101] In the view of Fig.- 9-it can be-seen that the 'blob' or lobe segment

14 is defined similarly to the device 10 shown in Fig. 2. The zones A, B and C of

the embodiment of Fig. 9 are similar as are the rays 25, 26 and rays 32 - 34 are

similar to analogous rays 12, 11, 7, 8 and 9 respectively of Fig. 2. The undercut

surface 3 1 as shown is flat, but it could be any shape or angle that provides the

desired result. The undercut surface 3 1 of Figs. 5 - 9 or surface 3 of Figs. 1 - 4

differs from undercut surfaces which can be found in conventional total internal

reflectors (TIR) in that the surfaces of the conventional TIR are located in what

would be termed the far field of the LED and not its near field. In the present

inventions surfaces 3 and 3 1 are near field surfaces in that they are optically

closely coupled to the LED source and ideally have no air gap or at least no

substantial air gap between the LED and the surface 3 or 31. Further, in a

conventional TIR the undercut surfaces are generally used as reflective surfaces

and to the extent that there are refracted rays emitted through such surfaces, the

rays are lost to the useful beam or what is the intended beam of light. In the

present invention the undercut surfaces 3 and 3 1 optically contribute to the

intend beam to a material degree, both in the reflected as well as the refracted



rays incident on them.

[01 02] LED emitter 29 is disposed approximately at the center of the

hemispherically shaped surface 17 of Figs. 7 and 8, which matches the shape of

dome 19. LED package 28 and the device 20 are optionally bonded with an index

matching material at surface 17 of lens 2 1 and the dome 19 of the LED package

28. It is contemplated by the invention that the device 20 be incorporated in the

production of the- LED package 28- in an alternate embodiment whereby the -

manufacturer of the LED does not bond a separate lens 21 to the LED; however,

the lens 2 1 of device 20 is the protective dome of the LED package 28 itself. In

either case, the resultant devices 20 shall be very similar optically. The

mechanical features at the base of the device are optional and may be utilized or

not.

[0103] Fig. 10 shows a two dimensional iso-foot-candte plot of the output

of the device 20 shown in Figs. 5 —9. It shows the anamorphic shape of the

output beam which is nearly two times the length/width ratio of a azimuthally

symmetric beam of the embodiment of Figs. 1 - 4. Fig. 11 shows the polar iso-

candela plot with overlaid angles of candela data. The plot 35 is the intensity

distribution as seen in the horizontal plane of Fig. 7, plot 38 is the intensity

distribution as seen in the azimuthally orthogonal plane of Fig. 8 , and plot 36 is

the intensity distribution as seen in a plane at 45 degrees or halfway between

the views of Fig. 7 and Fig. 8 . The maximum of intensity distribution pattern

decreases as the view rotates from the plane of Fig 7 to the plane of Fig. 8 as

shown in the plots 35, 36 and 38 and the decreases in angle or rotates upwardly



from about 52 degrees to about 40 degrees off axis.

[0104] Figures 12 and 13 are ray trace plots of the device of Figs. 5 - 9.

These plots show graphically the path of energy from the LED emitter 29 in the

planes corresponding to Figs. 7 and 8 respectively. As in the device 10 of Figs. 1

and 2, the surface of zone C of Fig. 9 is both refractive and totally internally

reflective in this embodiment of the invention.

[01 05] Figs. 14 and 15 illustrate a further-embodiment of the invention-

which incorporates a plurality of devices 2 1 or 20 of the invention by which a light

module 40 is provided. This light module 40, either individually or in multiple

copies, can be the basis of a flat luminaire that is used for street lighting, pathway

lighting, parking structure lighting, decorative lighting and any other type of

spread beam application. Light module 40 is shown as a rectangular flat bar, but

can assume any two dimensional planar shape, such as square, circular,

hexagonal, triangular or an arbitrary free form shape. Inasmuch as light module

40 is flat it can be mounted in its corresponding fixture parallel to the two

dimensional plane that it is intended to illuminate, such as the street, walk or

floor. This results in the light be directed in a spread beam toward the useful two

dimensional pattern for which it is intended and not skyward or in other nonuseful

directions. The light module 40 is a very simple and low cost means to provide

LED lighting to luminaire manufacturers where the light module 40 can be treated

in the designs of as a single 'light bulb'. With the addition of heat sinking and

power incorporated on or into module 40, the light module 40 can be easily

incorporated into existing luminaires or integrated into new designs.



[0106] The exploded view of the light module 40 in Fig. 14 shows a

disassembled conventional LED package 28 and the 'blob' lens 2 1 which is

disposed onto LED package 28. Figs. 14 and 15 further show a flat heat

dissipating carrier 4 1 to which the LEDs 28 are attached. The flat carrier 4 1,

which is typically made of metal, such as a heat conductive aluminum alloy,

could provide just enough heat dissipation and conduction to allow proper cooling

of the LED with the addition of a properly designed heat sink orother heat

dissipating means, or the carrier 4 1 could be the entire heat sink or other heat

dissipating means itself. A printed circuit board 46 is shown as a convenient

means to provide power to the LEDs 28, however it could be eliminated and the

LEDs could be wired to each other directly. Additional means of conveying power

to the LEDs 28 are contemplated by the invention. The wires 42 shown are just

one means of providing power to the light module 40. Connectors, sockets,

plugs, direct wiring and other means are equivalent substitutes. The light module

is covered by a molded component 43 or a co-molded cover 43 or any other

means of providing a seal, such as a potting compound, or optionally no seal at

all. An optional potting compound, which is forced or disposed between cover 43

and carrier 4 1, is just one means of providing sealing for the light module 40,

rendering it in such an embodiment as waterproof or submersible. The

assembled module 40 as shown in Fig. 15 can include hold down features,

alignment features as well as other conventional features desired for

implementation into a luminaire.



[01 071 Figs. 16 - 20 depict another preferred embodiment of the invention

wherein the resultant 'beam' of light energy is directed in a skewed fashion with

respect to the centerline of the device 20. The beam can be defined as having

'lobes' of intensity that are not coincident with the primary axes of the device 20.

The device shown in Fig. 16 is similar to Fig. 6 in all respects with two

exceptions, first there a complexly shaped prism 50 is provided on the top of lens

2 1 and the second is described as follows/ As best shown in the top plan of Fig.

17 lobes 14 are similar to lobes 14 in Fig. 5 while the flattened sides 15 are

slightly radially extended with a central bulge. Prism 50 is complexly shaped to

provide a means for directing light in zone A into a direction which is more

dramatically skewed relative to centerline 23. In addition, as best shown in Fig.

20 the top surface 5 is angled off axis to further skew the light in the same

general direction to which prism 50 is directed. Prism 50 has at least four

separately definable surfaces, which in plan view vaguely resemble the top plan

surface of a toilet and water closet. The surfaces are empirically determined by

trial and error from the desired skewed polar candela plot and are strongly

dependent thereon. Therefore, the surfaces of prism 50 will not be described in

greater detail other than to specify that the net effect is to redirect the light

incident on prism 50 from within lens 2 1 toward one side of the light pattern

skewed relative to the centerline 23.

[0108] Turn now to Figs. 2 1 - 26 wherein another embodiment of the

invention is depicted. Fig. 21 is a perspective view of the device, generally

denoted by reference numeral 10. Fig. 22 shows the device 10 in another .



perspective view. Optional flange 30 is shown to have a keyed shape that allow

the lens 21 to be rotationally indexed in an assembly or fixture (not shown). The

flange 30 may also be utilized to seal the LED housed in lens 2 1 into an

assembly by a mating part (not shown) that interfaces or interlocks with the

flange 30. Optional seal 18 is shown as a part of the flange 30 and may be

incorporated into it by many different means.

[0109] Surfaces 57 and 58 of lens 2 1 are utilized to direct the energy from

the LED's peripheral beam, which is defined as the energy radiating in the solid

angular zone from a horizontal plane parallel to the plane of the LED emitter to

approximately 45 degrees from the perpendicular centerline of the LED emitter,

while surfaces 51, 52 and 59 direct the energy in the solid angular zone from the

LED's centerline to approximately 45 degrees from the centerline, the primary

LED director. One very important element of the invention is the zone of the lens

2 1 depicted by surfaces 5 1 and 70. The surfaces 5 1 and 70 form the principle

parts of a complex prism on the surface of lens 21, which is called a "Pope's hat".

The solid angle zone of the light served by surfaces 51 and 70 takes the energy

from the primary directed beam of the LED's 'curb' side and redirects it toward

the 'street' side.

[0110] Optional surface 53 is a blended contour between surfaces 52 and

58. Surface 57 is mirrored across intersection 54 in Fig. 23 and is lofted in the

embodiment shown to redirect the centerline energy of the LED down the 'curb'

direction. Surface 57 allows for very high efficiency for the lens 2 1 in both the

street and the curb side of its light pattern.



[0111] In Fig. 23, surface 52 is depicted as an azimuthally symmetric

surfaced defined through an azimuthal angle of about 185 degrees. While this is

desirable for some applications it is well within the scope of the invention that

surface 52 and its adjacent surfaces may be azimuthally asymmetric. Surface 59

is an optional feature to redirect the centerline energy of the LED. Surface 59 can

take of many different forms to allow the designer freedom to shape the beam. In

the embodiment of Figs: 1 - 26 the shape ofsurface 59 is utilized to allow for a

continuation of the light spreading effect of surface 52, but constrained to keep

the thickness of the device 10 within manufacturing capabilities.

[0112] In Fig. 24, interface 62 between dome 19 and lens 2 1 is utilized if

the lens 2 1 is a molded optic separate from the LED. If the lens 21 of the device

10 were molded directly on or assembled by the manufacturer on the LED

emitter, interface 62 does not exist. Interface 62 is comprised of the two mating

surfaces of the LED dome 19 and the inside of the lens 2 1. It would be most

desirable if the interface were bonded with an index matching cement or a

thixtropic index matching material were retained in interface 62. Using an index

matching material, optical measurements have shown that the resultant beam

from the assembled device 10 can include virtually the same number of lumens

into an integrating sphere as the original LED does without lens 21.

[0113] The nadir 74 of the device 10 is shown in Fig. 27 as well as is the

horizon 72 and the 'street' side angle marker 73. The rays 70 of maximum

candela of the resultant beam are illustrated in the rightmost portion of the

drawing. Fig. 28 is a rotated three dimensional view of the same candela map as



Fig. 27 and shows the plot as it would be seen from the curb side of the pattern

at the bottom portion of the view. The ability of the various surfaces of lens 2 1

described in Figs. 2 1 - 26 to throw or transfer energy from one side of the

Lambertian output of the conventional LED to one side of the illumination pattern

is graphically illustrated. Note also that all the rays are directed in Fig. 27 in a

downward direction with little if any energy in the direction of horizon 72 or

upward. Sky rays are virtually eliminated.

[0114] Manipulation or modification of the shape and position of surfaces

52, 53, 58, 57, 54, 5 1, 70 and others defining lens 2 1 as shown in Figs. 2 1 - 23

can be performed until the desired intensity ratios and angles of candela are

represented in a ray trace of the design as depicted in Figs. 27 and 28 or

modifications thereof according to the teachings of the invention. It must be

understood that the lens surfaces could be represented by any number of

separate surfaces including one or more which are defined by a point wise

transfer function rather than geometric segmental shapes. It is entirely within the

scope of the invention that the shape of the profiles of the lens surfaces could be

derived by a computer calculation derived from a predetermined beam profile

and the resultant lens surface(s) profile(s) then used as the cross-section(s) of

various portions of the lens 2 1 according to the teachings of the invention.

[0115] Fig. 29 is a plot of the two dimensional distribution of energy as it

strikes the surface of the 'street' below the device 10. This plot generally would

be described with iso-inteπsity contour lines in units of energy such as foot-

candle or lux. The device 10 is centered in the drawing of Fig. 29 with the 'street'



side to the right of center and the 'curb1side to the (eft of center. The plot is

symmetry about a horizontal line running from the curb to the street with identical

intensity patterns in the top and bottom portions of the drawing.

[0116] Fig.30 is a ray tracing of the device 10 of Figs. 2 1 - 26 as seen in a

side view reversed from that shown in Fig. 25. The rays have been reduced to a

small percentage of those which could be traced to better show the effects of

rays as they are redirected from the Lambertian pattern of the LED housed within

lens 2 1 by the surfaces of the lens 2 1. Rays 82 correspond to the rays directed

by surface 52. Rays 83 are directed by undercut surface 58. Figs. 24 - 26 show

a small undercut portion of surface 58 which extends partially around the base of

lens 2 1. Surface 57 in the view of Fig. 25 has no or little undercut, while the

basal portions of surface 58 have a small undercut which smoothly transitions

into surface 57. It should be noted in Fig. 30 that rays 80 which are redirected

from surface 5 1 show that surface 5 1 is acting as a TIR reflector of the beam

energy from the LED on the 'curb' side to transfer energy to the 'street' side.

Rays 8 1 are refracted LED energy in a direction away from the centerline of the

LED beam pattern. Stray rays 81 show losses which arise in the lens 2 1 as a

result of manipulating the beam pattern.

[01 17] The emitter 29 in the LED is assumed above to be a Lambertian

emitter. The concept of using a 'floating' reflective surface on the 'curb' side of

lens 2 1 to reflect light to the 'street' side of a lens 2 1 is expressly included within

the scope of the invention even when using HID or other light sources with

different emission patterns. Any kind of light source now known or later devised



may be employed in the disclosed combination of the invention with appropriate

modifications made according to the teachings of the invention. Wherever in this

description the terms associated with streetlights are used, such as 'street side

or 'curb' side, they could be substituted with other terms that describe offset

beam patterns in general.

[0118] Fig. 31 is another cross-section view of a ray tracing of the

embodiment of Figs. 2 1 —26 as seen in a frontal view of Fig. -26. Thetays

radiating from the side plan view of Fig. 26 are refracted toward the street

surface. Rays 9 1 represents the energy from the LED in the primary zone

refracted outward by the surface 52 of Figs. 21 - 26. Again few if any rays

directed toward the horizon are present.

[0119] Fig. 32 is a solid cross-sectional view of device 10 as seen through

line F - F of Fig. 23. Fig. 32 shows an LED with emitter 29 with lens 2 1

optionally glued in place with the interface 62 or seam bonded with an index

matching cement. The optional flange 30 can be seen as a sealing feature to

mate with additional components of an assembly (not shown). Surface 57

represents the transition between the 'street' side profiles and the 'curb' side

profiles of lens 2 1 that mainly refract light toward the street from the peripheral

Lambertian beam of the LED. More particularly, surface 57 is divided into two

subsurfaces by a centerline 54 in the embodiment of Figs 2 1, 23 and 24, which

subsurfaces spread the light in the beam outward from the centerline 54 in larger

angles. For example, if in one embodiment centerline 54 were perpendicularly

oriented to the curb in a street light installation, the subsurfaces would spread the



beam transmitted through surface 57 in directions more parallel to the curb and

away from the centerline 54. Surface 5 1 primarily reflects energy from the LED

primary light direction from the 'curb' side toward the 'street' side.

[0120] Fig. 33 summarizes an overall conceptualization of the

methodology of the invention. The problem solved by the invention is defined by

two boundary conditions, namely the light pattern of the light source which is

chosen at step IOO and the two dimensional rso-foot candle plot which is to be

projected onto the surface which is intended to be illuminated in step 106. In the

illustrated embodiment the problem of providing a wide beam street light pattern

is assumed for the boundary condition of step 106 and the Lambertian pattern of

an LED is assumed in the boundary condition 100. Thus, it can readily be

understood that the same problem defined by different characterizations of the

boundary conditions of steps 100 and 106 are expressly included within the

scope of the claimed invention. For example, if has already be expressly

mentioned that boundary condition 100 need not assume the Lambertian pattern

of an LED, but may take as the boundary condition the three dimensional energy

distribution pattern of a high intensity discharge (HID) lamp.

[0121] The problem then becomes recast as how to get the shape of a

lens or optic 2 1 which provides the needed transfer function between the two

boundary conditions of steps 100 and 106, namely the three dimensional energy

distribution pattern of the light source to the projected two dimensional

illumination pattern for the target surface. The problem is nontrivia!.

[0122] The solution for an asymmetric broad or spread beam has been



disclosed in connection with Figs. 1 - 32 above and the related specification.

Once a three dimensional lens shape is determined at step 102 as shown in

Figs. 1 - 9, 16 - 20 and 2 1 - 26, the three dimensional candela plot as shown in

Fig. 11, 27 and 28 and as suggested by the ray tracings of Figs. 12, 13, 30 and

31 can be mathematically derived using conventional optical computer aided

design programs, such Photopia® sold by Lighting Technologies of Denver,

Colorado, assuming the three dimensional energy distribution of the light-sourcer

e.g. a Lambertian distribution in the case of an LED.

[0123] Given the three dimensional candela plots, the two dimensional iso-

foot candle plots of Figs. 10 and 29 can be mathematically derived using

conventional optical computer aided design programs. The results obtained are

then compared to the boundary condition of step 106. To the extent that the

boundary condition of step 106 is not satisfied, the optical designer through trial

and error can modify the three dimensional shape of lens 2 1 in step 102 and

again repeat steps 104 and 106 in a reiterative process until the desired

conformity with the target two dimensional iso-foot candle plot is obtained.

[0124] The invention also includes the methodology where the needed

lens shape is rendered mathematically through an analytical process or

numerically through a numerical reiterative estimation process with the boundary

conditions of steps 100 and 106 as numerical inputs consistent with the

teachings of the invention.

[0125] It can also thus be appreciated that a plurality of such devices can

then be combined into an array of devices. Each device in the array has the



same three dimensional energy distribution pattern that results in the same

intended two dimensional illumination pattern on the target surface or street.

When a plurality of such devices are closely spaced together in the array relative

to the size of the illumination pattern on the target surface or street, their

respective illumination patterns are substantially linearly superimposed on each

other to provide the same illumination pattern on the target surface or street as

produced by single device, but with the increased intensity of the plurality of

devices in the array. Similarly, the arrays can be manufactured in a modular

fashion, so that a plurality of arrays combined together can still have a relatively

small size compared to the distance to or the size of the illumination pattern on

the target surface or street, that the illumination pattern of each array

substantially overlays the same illumination pattern of all the other arrays in the

collection. Hence, the intensity of the illumination pattern on the target surface

from the collection of arrays can be scaled without substantial modification of the

illumination pattern by modular scaling of the arrays into larger or smaller

collections.

[0126] 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 claims. 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 includes



other combinations of fewer, more or different elements, which are disclosed in

above even when not initially claimed in such combinations.

[0127] 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 aπ e 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.

[0128] 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.



[0129] 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,

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.

[0130] The claims are thus to be understood to include what is specifically

illustrated and described abover what is conceptionally equivalent; what-can-be-

obviously substituted and also what essentially incorporates the essential idea of

the invention.



We claim:

1. A method of providing a predetermined illuminated surface pattern from a

predetermined energy distribution pattern of a light source comprising:

defining an estimated optical transfer function of a lens shape;

generating an energy distribution patteπvusing the estimated optical

transfer function of a lens shape from the predetermined energy distribution pattern of

the light source;

generating a projection of the energy distribution pattern onto the

illuminated surface;

comparing the projection of the energy distribution pattern to the

predetermined illuminated surface pattern;

modifying the estimated optical transfer function of the lens shape;

repeating the steps of generating the energy distribution pattern using the

estimated optical transfer function of the lens shape from the predetermined energy

distribution pattern of the light source, generating the projection of the energy

distribution pattern onto the illuminated surface, and comparing the projection of the

energy distribution pattern to the predetermined illuminated surface pattern until

acceptable consistency between the projection of the energy distribution pattern and the

predetermined illuminated surface pattern is obtained; and

manufacturing a lens with the last obtained estimated optical transfer

function.



2. The method of claim 1 where the predetermined illuminated surface

pattern is a street lighting pattern, where the predetermined energy distribution pattern

of the light source is a LED Lambertian pattern and where manufacturing the lens with

the last obtained estimated optical transfer function comprises manufacturing a lens to

be used in a street light.

3. The method of clairrri furthercomprising assembling a plurality of light

sources optically each combined with the manufactured lens to form a corresponding

plurality of devices, each having an identical energy distribution pattern, to provide a

linearly additive array of devices to produce the predetermined illuminated surface

pattern.

4. The method of claim 3 where each array is manufactured as a modular

unit and further comprising scaling the intensity of the illumination pattern on the target

surface without substantia! modification of the illumination pattern by modular scaling of

the arrays into larger or smaller collections.

5. An improvement in an apparatus for providing an optical transfer function

between a predetermined illuminated surface pattern and a predetermined energy

distribution pattern of a light source comprising a lens having a shape defined by the

optical transfer function which is derived by generating an energy distribution pattern

using the predetermined energy distribution pattern of the light source and then

generating a projection of the energy distribution pattern onto the illuminated surface



from the energy distribution pattern, which projection acceptably matches the

predetermined illuminated surface pattern.

6. The improvement of claim 5 where the predetermined illuminated surface

pattern is a street lighting pattern and where the predetermined energy distribution

pattern of the light source is a LED Lambertian pattern.

7. The improvement of claim 5 further comprising a light source combined

with the lens.

8. The improvement of claim 5 further comprising a plurality of light sources

optically each combined with a corresponding lens to form a corresponding plurality of

devices, each having an identical energy distribution pattern, to provide a linearly

additive array of devices to produce the predetermined illuminated surface pattern.

9. The improvement of claim 8 where each array is manufactured as a

modular unit and further comprising a collection of arrays for scaling the intensity of the

illumination pattern on the target surface without substantial modification of the

illumination pattern by modular scaling of the arrays into a larger or smaller collection.

10. An improvement in a lens for use in an apparatus for providing a

predetermined illuminated surface pattern from a predetermined energy distribution

pattern of a light source, the improvement comprising an undercut surface defined on



the lens, the lens having a base adjacent to the light source, having a lens axis and

having a surface between the base and lens axis, the undercut surface extending from

the base of the lens at least partially along the surface of the lens toward the lens axis,

the undercut surface defining an energy distribution pattern using the predetermined

energy distribution pattern of the light source and projecting the energy distribution

pattern onto the illuminated surface, which projection acceptably matches the

predetermined illuminated surface pattern.

11. The improvement of claim 10 where the undercut surface comprises

portions which refract light and which totally internally reflect light from the light source

into the energy distribution pattern.

12. The improvement of claim 11 where the undercut surface comprises

portions which direct light from the light source into a broad spread beam.

13 . An improvement in an apparatus for providing an optical transfer function

between a predetermined illuminated surface pattern and a predetermined energy

distribution pattern of a light source comprising an undercut surface of a lens having a

shape defined by the optical transfer function which shape is derived by generating an

energy distribution pattern using the predetermined energy distribution pattern of the

light source and then generating a projection of the energy distribution pattern onto the

illuminated surface from the energy distribution pattern, which projection acceptably

matches the predetermined illuminated surface pattern.



14. An improvement in a lens surface for use in an apparatus for providing a

predetermined illuminated surface pattern from a predetermined energy distribution

pattern of a light source, where the lens is characterized by an energy distribution

pattern with two opposing sides, the improvement comprising a complex prism defined

as part of the lens surface, the complex prism being arranged and configured to transfer

energy from one side of the energy distribution pattern to the opposing side to render

the energy distribution pattern asymmetric with respect to the two opposing sides.

15. An array for providing a predetermined illuminated surface pattern

comprising:

a plurality of light emitting devices for providing the predetermined

illuminated surface pattern, each device having an identical energy distribution pattern

which produces the predetermined illuminated surface pattern;

a circuit driver coupled to each of the devices; and

a planar carrier in which the plurality of light emitting devices are arranged

to provide a spatially organization of the array to collectively produce a linearly additive

illumination pattern matching the predetermined illuminated surface pattern.

16. The array of claim 15 where each array is a modular unit capable of being

readily combined with a like array and further comprising a collection of arrays for

scaling the intensity of the illumination pattern on the target surface without substantial

modification of the illumination pattern by modular scaling of the arrays into a larger or



smaller collection.

17. The array of claim 15 further comprising a plurality of circuit drivers, one

for each device and where the plurality of circuit drivers are mounted on the carrier.

18. The array of claim 17 where the carrier comprises a printed circuit board

to which the plu rality of circuit drivers and devices are cόupled , a cover for sealing the

printed circuit board, circuit drivers and devices between the cover and carrier.

19. The array of claim 18 where the devices are provided with an indexing

flange and where the devices are angularly oriented with respect to the cover and

carrier by the indexing flange.

20. The array of claim 19 where the printed circuit board, circuit drivers and

devices are sealed between the cover and carrier by means of a potting compound

disposed between the cover and carrier in which potting compound the circuit drivers

and devices as coupled to the printed circuit board are enveloped to render the array

submersible.

2 1. A luminaire for a street light to provide a predetermined illumination

pattern on a street surface comprising:

a lighting fixture; and



a plurality of arrays of light emitting devices disposed in the lighting fixture,

each array for providing the predetermined illumination pattern on the street surface.

22. The luminaire of claim 2 1 where the array for providing a predetermined

illuminated surface pattern comprises:

a plurality of light emitting devices for providing the predetermined

illuminated surface patternreach device having an identical energy distribution pattern

which produces the predetermined illuminated surface pattern;

a circuit driver coupled to each of the devices; and

a planar carrier in which the plurality of light emitting devices are arranged

to provide a spatially organization of the array to collectively produce a linearly additive

illumination pattern matching the predetermined illuminated surface pattern.

23. The luminaire of claim 2 1 where each of the light emitting devices

comprises a light source and a lens with a lens surface, the lens for providing the

predetermined illuminated surface pattern from a predetermined energy distribution

pattern of a light source, where the lens is characterized by an energy distribution

pattern with two opposing sides, the lens surface comprising a complex prism defined

as part of the lens surface, the complex prism being arranged and configured to transfer

energy from one side of the energy distribution pattern to the opposing side to render

the energy distribution pattern asymmetric with respect to the two opposing sides.



24. The luminaire of claim 2 1 where each of the light emitting devices

comprises a light source and a lens with a lens surface, the lens for providing the

predetermined illuminated surface pattern from a predetermined energy distribution

pattern of a light source, the lens for providing an optical transfer function between the

predetermined illuminated surface pattern and the predetermined energy distribution

pattern of a light source, the lens having an undercut surface with a shape defined by

the optical transfer function which shape is derived~by generating an eπergy distribution

pattern using the predetermined energy distribution pattern of the light source and then

generating a projection of the energy distribution pattern onto the illuminated surface

from the energy distribution pattern, which projection acceptably matches the

predetermined illuminated surface pattern.

25. The luminaire of claim 2 1 where each of the light emitting devices

comprises a light source and a lens with a lens surface, the lens for providing the

predetermined illuminated surface pattern from a predetermined energy distribution

pattern of a light source, the lens having an undercut surface, the lens having a base

adjacent to the light source, a lens axis and a surface between the base and lens axis,

the undercut surface extending from the base of the lens at least partially along the

surface of the lens toward the lens axis to generate an energy distribution pattern using

the predetermined energy distribution pattern of the light source which will then

generate a projection of the energy distribution pattern onto the illuminated surface,

which projection acceptably matches the predetermined illuminated surface pattern.



26. The luminaire of claim 2 1 where each of the light emitting devices

comprises a light source and a lens with a lens surface, the lens for providing the

predetermined illuminated surface pattern from a predetermined energy distribution

pattern of a light source, the lens having a shape defined by the optical transfer function

which is derived by generating an energy distribution pattern using the predetermined

energy distribution pattern of the light source and then generating a projection of the

energy-distribution pattern onto the illuminated surface from the energy distribution

pattern, which projection acceptably matches the predetermined illuminated surface

pattern.

27. A luminaire for a street light to provide a predetermined illumination

pattern on a street surface, the predetermined illumination pattern having a defined

horizon, comprising:

a lighting fixture; and

a plurality of planar arrays of light emitting devices disposed in the lighting

fixture, each array for providing the predetermined illumination pattern on the street

surface with substantial reduction of light directed from the luminaire to the horizon or

above.

28. An apparatus for illuminating a surface with an illumination pattern having

a centerline comprising:

a light source; and

a lens characterized by directing light from the light source into a smooth, broad



beam, which when projected onto the illumined surface has a 50 percent of maximum

foot-candle measurement at an angle greater than 5 degrees from the centerline of the

illumination pattern.

29. The apparatus of claim 28 where the lens comprises a transparent or

translucent dimpled-puddle shape to generate a high angle wide beam, almost all the

energy of the light source-being directed into the beam without losses substantially-in-

excess of those generated by the light source without the lens deployed.

30. The apparatus of claim 28 where the lens is characterized by a "blob"

zone which is a small concentrating zone that is formed along a desired primary director

of the lens and light source combination.

3 1. The apparatus of claim 30 where the blob zone comprises a surface

portion of the lens which collects the light rays emitted by the light source and directs

the light rays along a predetermined direction dependent on a desired beam angle and

where a surface portion of the lens in a near field of the light source also collects light

from the light source and directs the light toward the predetermined direction.

32. The apparatus of claim 3 1 where the blob zone comprises has a central

forward cross-section which gently apportions light from a directed zone toward a

centerline of the lens.



33. The apparatus of claim 29 where a surface portion of the lens which

collects light transmitted by the light source into peripheral directions away from a

centerline of the lens either directs the light toward the predetermined direction and/or

internally reflects the light rays through a forward surface of the lens.

34. The apparatus of claim 28 where the lens directs a beam that is a function

of an elevational angle according to a segmental zone-corresponding- to an azimuthal

angular segment around a centerline of the lens.

35. The apparatus of claim 34 functional dependence on elevational angle is

multiple lobed.

36. The apparatus of claim 28 where the lens directs the beam in one or more

directions offset from a centerline of the lens.

37. The apparatus of claim 28 where the lens has a lens surface and

comprises a complex prism as part of the lens surface to transfer energy from one side

of the illumination pattern to the other side of the illumination pattern.

38. The apparatus of claim 28 where the lens surface comprises two

peripheral subsurfaces divided by a centerline, which subsurfaces spread at least an

azimuthal segment of the beam outward from the centerline.



39. An improvement in a lens for use in an apparatus for providing a

predetermined illuminated surface pattern on an illuminated surface from a

predetermined energy distribution pattern of a light source, the light source having a

near field and at least a portion of light from the light source being transmitted into a

peripheral forward solid angle, the improvement comprising an undercut surface defined

on the lens, the lens having-a base adjacent to the light source, having a lens axis and

having a surface between the base and lens axis including the undercut surface and a

blob zone, the undercut surface extending from the base of the lens at least partially

along the surface of the lens toward the lens axis, the undercut surface positioned to

intercept light in the near field of the light source in the peripheral forward solid angle of

light from the light source, and the undercut surface being characterized by a smaller

outer diameter defined from the lens axis at the base of the lens than the outer diameter

of the lens in the blob zone, so that the undercut surface of the lens falls away or

narrows at some point as the base of the lens is approached.
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