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

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date (10) International Publication Number
23 April 2009 (23.04.2009) PCT WO 2009/052094 Al

(51) International Patent Classification: (74) Agents: LENO, Matthew et al. ; Mcdermott Will & Emery
F21V 7/04 (2006.01) LLP, 28 State Street, Boston, MA 02109 (US).

(81) Designated States (unless otherwise indicated, for every
(21) International Application Number: kind of national protection available): AE, AG, AL, AM,

PCT/US2008/079810 AO, AT,AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,

(22) International Filing Date: 14 October 2008 (14.10.2008) EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
IL, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,

(25) Filing Language: English LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT,

(26) Publication Language: English RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY,TJ,
TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,

(30) Priority Data: ZW

60/980,562 17 October 2007 (17.10.2007) US (84) Designated States (unless otherwise indicated, for every
12/166,536 2 July 2008 (02.07.2008) US kind of regional protection available): ARIPO (BW, GH,

GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,

(71) Applicant (for all designated States except US): LSI IN¬ ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),

DUSTRIES, INC. [US/US]; 10000 Alliance Road, Cincin European (AT,BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,

nati, OH 45242 (US). FR, GB, GR, HR, HU, IE, IS, IT, LT,LU, LV,MC, MT, NL,
NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,

(72) Inventor; and CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

(75) Inventor/Applicant (for US only): BOYER, John, D. Published:
[US/US] ; 3759 State Route 350, Lebanon, OH 45036 (US). — with international search report

(54) Title: ROADWAYLUMINAIRE AND METHODS OF USE

FiG 4A

(57) Abstract: A lighting apparatus having a base member and a directional member are shown and described. The base member
includes a first surface having a plurality of reflective elements extending therefrom. The base member also including a plurality
of openings arranged in a pattern. Each openings is configured to receive a respective light source. The directional member has a
portion of a reflective surface positioned relative to at least one opening to reflect light radiating from a lighting source disposed
within the opening towards a portion of at least one of the reflective elements extending from the base member.



ROADWAY LUMINAIRE AND METHODS OF USE

FIELD OF THE INVENTION

[0001] The present disclosure relates generally to a lυminaire and, more particularly, to a

luminaire for lighting a roadway or the like and, even more particularly, to a luminaire directing light

from its one or more light sources in more than one direction. The disclosure finds particularly useful

application when the luminaire employs multiple light sources including, in one embodiment, one or

more light emitting diodes (LEDs).

BACKGROUND OF THE INVENTION

[0002] Highway and roadway lighting have used incandescent and more recently high intensity

discharge (HID) luminaire s that can provide adequate amounts of lighting, but which have several

drawbacks, including frequent (at least annually) luminaire failures and uneven lighting of the traffic

surface. Such lighting also disperses the light in all directions around the luminaire . Uncontrolled

light can be wasted in lighting areas-around the roadway that do not require lighting, and contributes

to unwanted "night lighting" which can interfere with the preservation and protection of the nighttime

environment and our heritage of dark skies at night.

[0003] As advances in the quality and energy efficiency of lighting sources such as LEDs have

improved, their production costs have gone down. As a result, LEDs, for example are being

commonly used in area lighting applications. Initial efforts to incorporating LEDs into lighting

fixtures have involved retrofitting LEDs into conventional luminaries or onto or into the shape of

conventional lighting luminaire s .

[0004] Improvements in LED lighting technology has led to the development by Osram Sylvania

of an LED having an integral optic that emits a significant portion of the LED light bilaterally and at

high angle α (about 60°) from nadir, which is available as the Golden DRAGON® LED with Lens

(hereinafter, "bilateral, high angular LED"). Figure IA is a representation of the bilateral, high

angular LED 252 showing the direction and angle of the lines 255 of maximum light intensity emitted

by the LED, substantially in opposed designated ±Z axes. Progressively and significantly lower levels

of light intensity are emitted at angles in the Y-Z plane diverging from lines 255 and along vectors

directed toward the transverse direction (±X axes) normal to the image of the figure. The radiation

characteristics of the LED 252 are shown in Fig. IB.

[0005] These LEDs can be used in a matrix arrangement in a lighting apparatus to distribute

more of the light emitted from the LEDs, for example, along the length of the roadway and down both

sides of the light pole. In a typical matrix, the LEDs are arranged in eighteen longitudinal rows, with



five bilateral, high angular LEDs in each row. The ninety total bilateral, high angular LEDs are

arranged with 36 bilateral, high angular LEDs (42%) aligned with its Z axes aligned within the

housing along the longitudinal direction L, to align with the direction of the roadway; 27 bilateral,

high angular LEDs (29%) aligned with its Z axes aligned +10° (toward the roadway) from the

longitudinal direction L in the direction of traffic; and 27 bilateral, high angular LEDs (29%) aligned

with its Z axes aligned -10° (away from the roadway) from the longitudinal direction L in the

direction of traffic.

[0006] The LED lighting apparatus can be retrofitted onto existing light poles, or installed onto

new light poles, for illuminating the lanes of all types of roadways, including two-way streets up to

multi-lane interstate highways. As shown in Fig. 2A, the light poles are typically mounted on the sides

of such roadways, typically several meters into the berm from the edge 5 of the roadway so as not to

become an obstruction to traffic. Arm 4 extending from the pole 3 is configured to hold the luminaire

luminaire outward toward the roadway 7. Because a large portion of the light emitted by the bilateral,

high angular LEDs is directed longitudinally and in the directions (±L) that the roadway 7 runs, and

since the roadway luminaire is typically mounted near the berm of the roadway 7 or only partly into

the first or near lane 7n, adjustments to the luminaire must be made to ensure that emitted light is

projected out into outer lanes (for example, to outer lane If) of the roadway. It is known to

accomplish the projection of the emitted light by tilting the luminaire on an angle β from nadir to

angle and disperse a significant portion of the light to the outer lane 7f or outer lanes of the roadway

7 . Such angle β is typically between about 20° to about 70°, and more typically about 30°. Fig. 2B

shows a simulated light distribution pattern formed by at least two conventional LED lighting apparati

18a and 18b secured to the arm of the lighting pole, positioned 30 feet (9.1 m) above the roadway and

extending over the roadway four feet (1.2 m) in from the near edge 5 of the roadway, and positioned

70 feet (21 m) apart. The rectangular light distribution pattern 80 is defined by the traverse centerlines

of the apparati 18a and 18b, the near edge 5, and a simulated outer edge 9 extending parallel to and 20

feet (6.1 m) laterally from the near edge 5. Each LED lighting apparati has 90 LEDs arranged in an

array of 18 x 5 LEDs, consisting of 18 LEDs on a substrate at 1 inch (2.54 cm) spacing, with the five

parallel substrates oriented in the traverse T direction, and spaced apart by about 1 inch in the

longitudinal L direction. Each LED is the bilateral, high angular LED 252, as shown in Fig. 1, and is

powered with 1 watt and emits 48 lumens.

[0007] While providing a significant improvement in the distribution of light along the length of

the roadway, the tilting of the luminaire at high angles β from nadir also directs light toward the

horizon (H), contributing to unwanted "night lighting" and creating the potential for direct light glare

in the eyes of drivers and passengers in automobiles and trucks, particular those in outer lane 7f or

lanes farthest from the near edge 5, including those traveling in roadway lanes with traffic moving in

the opposite direction. The light directed into the horizon is wasted light resulting in wasted energy



costs to power the LEDs. Tilting the luminaire is thus an inefficient manner of obtaining a proper

light distribution.

SUMMARY OF THE INVENTION

[0008] The present disclosure relates to a lighting apparatus configured to efficiently distribute

light, and in particular, efficiently distribute light for illuminating roadway surfaces and, more

particularly the illumination of roadway surfaces with one or more lighting sources such as LEDs in

an exemplary embodiment.

[0009] In one embodiment, the present disclosure relates to a lighting apparatus having: a

housing comprising a planar base; a plurality of light sources forming a matrix having a plurality of

rows oriented in a designated opposed longitudinal directions L, and a plurality of columns oriented in

an opposed direction T transverse to the direction L; and a plurality of elongated reflectors having a

reflective surface, each reflector having an elongated proximal edge disposed adjacent to at least one

of the plurality of rows, and a distal edge, wherein the reflective surface faces the at least one row, and

each reflective surface being oriented in a plane generally normal to the planar base, for reflecting a

portion of the light from the at least one row of light sources emitted in a -T direction, toward the +T

direction.

[0010] The present disclosure also relates to the lighting apparatus above wherein the light

sources are LEDs and, more particularly wide-angle LEDs, each wide-angle LED having a light-

refracting optic lens that distributes a significant portion of the LED light in ±Z direction and at an

angle α from nadir of at least about 50°, and wherein plurality of wide-angle LEDs are oriented on the

planar base with the ±Z direction oriented substantially along the ±L direction.

[0011] The present disclosure further relates to a roadway lighting assembly for lighting a

roadway, comprising: a lighting apparatus according to any one of the above lighting apparati; and a

housing for associating the lighting apparatus with a conventional street light pole, wherein the planar

base of the lighting apparatus is positioned substantially parallel to the plane of the surface of the

roadway.

[0012] In another aspect, a lighting apparatus is shown and described. In one embodiment, the

apparatus includes a base member and a directional member. The base member includes a first

surface having a plurality of reflective elements extending therefrom. The base member also includes

a plurality of openings arranged in a pattern such that each opening being configured to receive a

respective light source. The directional member has a portion of a reflective surface positioned

relative to at least one opening to reflect light radiating from a lighting source disposed within the

opening towards a portion of at least one of the reflective elements extending from the base member.



[0013] In various embodiment, the first surface of the base member can be reflective. Also, the

base member and the reflective elements can be formed integrally with one another. The cross-

section of a portion of the reflective member can be substantially v-shaped. The lighting apparatus

can also include a pair of side members.

[0014] In another aspect, the disclosure is directed to a luminaire. The luminairβ, in one

embodiment, includes a housing, a plurality of lighting sources, a base member, and a plurality of

directional members. The plurality of lighting sources can be arranged in a substantially matrix-like

pattern.

[0015] The base member is disposed within the housing and includes a first surface having a

plurality of integrally formed reflective elements extending therefrom. The base member also

includes a plurality of openings arranged in a complementary matrix-like pattern. Each opening

receives a respective light source.

[0016] The plurality of directional members are spaced apart from one another and extend

substantially perpendicular to the plurality of reflective elements. Each of the directional members

passes through a portion of a respective set of reflective elements such that a portion of a reflective

surface of the directional members is positioned to reflect light radiating from a lighting source in a

respective opening.

[0017] The disclosure additionally relates to the ornamental shape and design of the lighting

apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Figure IA shows a prior art wide-angle LED with refractor of the type finding use in the

present disclosure.

[0019] Figure IB shows the radiation characteristics of the wide-angle LED of Figure IA.

[0020] Figure 2A shows an elevation view of a conventional roadway lighting apparatus using

the wide-angle LED of Figure IA, with the luminaire tilted at an angle β upwardly in a direction

transverse to the direction of the roadway.

[0021] Figure 2B shows a plan view of a simulated light distribution pattern formed by two

adjacent conventional roadway lighting apparatus on a roadway as shown in Figure 2A.

[0022] Figure 3 shows an elevation view of one embodiment of a lighting apparatus of the

present disclosure positioned on a light pole along a roadway.

[0023] Figure 4 shows a perspective view of the lighting apparatus as viewed from line 4-4 of

Figure 3 .



[0024] Figure 4A shows a detailed view of a portion of the Figure 4 apparatus, illustrating the

positioning and orientation of a light source.

[0025] Figure 5 shows an exploded view of the lighting apparatus of Figure 4 in an embodiment

employing LEDs as light sources.

[0026] Figure 6 shows a cross sectional view of the lighting apparatus of Figure 4 as viewed

from line 6-6.

[0027] Figure 7A shows a plan view of a simulated light distribution pattern formed by an

embodiment of the lighting apparatus as illustrated in Figure 3, employing LEDs as light sources and

with a reflector angle δ of -10°.

[0028] Figure 7B shows a plan view of a simulated light distribution pattern formed by an

embodiment of the lighting apparatus as illustrated in Figure 3, employing LEDs as light sources and

with a reflector angle δ of - 15°.

[0029] Figure 8 shows a cross sectional view of an embodiment of the reflector formed from the

cover plate.

[0030] Figure 9 shows a cross sectional view of another embodiment of the reflector formed

from the cover plate.

[0031] Figure 10 shows an isometric view of another embodiment of the reflector.

[0032] Figure 1IA shows a top view of a portion of the reflector of Figure 10.

[0033] Figure 1IB shows a side view of the of a portion of the reflector of Figure 10.

[0034] Figure 11C is an end view of a portion of the reflector of Figure 10 without a directional

member.

[0035] Figure 1ID is a blown-up isometric view of a portion of the reflector of Figure 10.

[0036] Figure 12A is a side view of a portion of the reflector of Figure 10 show without a

directional member.

[0037] Figure 12B is a top view of a portion of the base member prior to bending.

[0038] Figure 13 is a top view of an embodiment of a side member of the reflector of Figure 10.



DETAILED DESCRIPTION OF THE INVENTION

[0039] Figure 3 shows an embodiment of the lighting apparatus 10 of the present disclosure

comprising a roadway light pole assembly 1 that includes a pole 3, an arm 4 and pole adapter 6. The

pole 3 is positioned away from the near edge 5 of the roadway 7, having a near lane 7n and a far lane

7f. Figure 5 shows an exploded view of the lighting apparatus of Figure 4 . Fig. 6 shows a transverse

sectional view of the apparatus of Figure 4, including a housing 20 having a rectangular planar base

2 1 and a plurality of light source assemblies 50. In the depicted embodiment, the light sources are

comprised of LEDs. The lighting apparatus 10 of the present disclosure can, however, employ any

type of light source known to date or hereinafter created. Although, the remainder of the specification

describes various embodiments of the disclosure employing LEDs as the light sources, the LEDs can

be replaced with any light source known to date or hereinafter created. In the embodiment depicted in

Figure 4, the light sources comprise LED assemblies 50a and 50b (as depicted in Figure 5), affixed to

an underside surface of the planar base 2 1. The planar base 2 1 has an opposed upper surface that

attaches, directly or indirectly, to the pole adaptor 6 for securing the housing 20 to the extending arm

4 of a roadway or parking lot light pole 3 . Existing extending arms 4 are typically positioned

horizontal to the roadway 7, although some existing arms can be upwardly tilted slightly, generally

less than about 5° from true horizontal to the roadway 7 . Other housing shapes can be made in

accordance with the present disclosure, including round, square, oval and other irregular shapes.

[0040] The housing 20 of the lighting apparatus embodiment depicted in Figure 4 includes

sidewalls, illustrated as pairs of opposed perimeter sidewalls 25 and 26, disposed around the perimeter

of the planar base 2 1. The sidewalls 25, 26 are configured to extend from an outer edge of the planar

base 21, to a distal edge 28, and may be formed integrally with the planar base of the housing. The

protruding sidewalls 25, 26 define a cavity 48 within which the LED assemblies 50 are mounted. In

the embodiment depicted in Figure 5, the housing base 2 1 comprises recesses to accommodate the

lighting assemblies 50. In the embodiment of Figure 5, the light assemblies 50 are each comprised of

elongated substrate 5 1 on which multiple LEDs 52 reside. The scope of the present disclosure

contemplates any size and shape of substrates each with any number of LEDs (or other light source)

thereon such that each LED could be on a dedicated substrate or every LED of the lighting assembly

could be included on a single substrate of whatever shape and size necessary or desired. In the

illustrated embodiment, the sidewalls are curved and extend downward. As depicted in Figure 5, the

base 2 1 may comprise recesses 24 to accommodate the size and shape of the light assemblies 50. The

light assemblies could, however, be placed on the base 2 1 without the use of recesses 24. Other

sidewall configurations can be planar and rectilinear. The sidewalls may be joined at their adjacent

beveled ends to form a substantially enclosed wall around the perimeter of the planar base 2 1 of the

housing to define the cavity 48. In one embodiment, a planar ledge or rim 29 extends inwardly from



proximate the distal edges 28 along the lengths of the sidewalls to define an opening 27, to provide a

means for positioning and affixing, proximate thereto, the perimeter edge of a lens 60, for covering

the opening 27 to the cavity 48 in the housing 20.

[0041] In an aspect of the disclosure, the lighting assembly 10 can also include a cover plate 62

comprising a base 63 having a plurality of openings 66 defined by opening edges 67. The cover plate

62 is positioned in the cavity 48 of the housing, over the LED assemblies 50, with the openings 66

registered around the LEDs 52 as shown in Figure 6. The cover plate 62 is typically secured to the

housing 20 by known means, including threaded bolts and nuts, screws, clips, latches, and rivets. The

side portions 64 and end portions 65 of the cover plate 62 generally extend outward from the base 63,

and are tapered outwardly toward the distal edge 28 of the housing 20, or beyond the rim 27, within

the cavity 48, or short of the rim 27 as shown in Figure 6. The cover plate 62 can be made from a

reflective material or have a reflective coating or be highly finished to provide a reflective surface

finish, or other decorative pattern. The cover plate 62 also serves to disguise the electronic circuitry

and, when the light sources are LEDs, the substrates 5 1 of the light source assemblies 50 and improve

the appearance. The openings 66 can be of any shape, such as circular or oval, preferably matching

the shape of the associated light source employed, though other opening shapes can be used. The

cover plate 62 can be secured in place to the housing by any of the various known conventional

means, such as with rivets, screws, bolts, clips, latches, and adhesives. In certain embodiments, the

cover plate 62 can be adhered or attached to the inside surface of the planar base 21, advantageously

when the LED assemblies are dispose within recesses 24 formed in the planar base 21, as described

below.

[0042] The depicted light source assemblies 50 comprise a substrate 5 1 on which is mounted a

plurality of LEDs 52, in a row. An LED may be a unit consisting of the light-generating diode and an

associated optic or the light-generating diode without the optic. When present, the associated optic

can be affixed directly to the diode, can be affixed to the substrate in a position next to or in contact

with the diode by separate positioning and orientation means, or located or held without the assistance

of the substrate or diode. The LED can be of any kind and capacity, though in a preferred

embodiment, the plurality of LEDs each provide wide-angle light distribution pattern oriented

primarily in designated ±Z axes. A typical LED used in the present disclosure is the wide-angle LED

known herein as the bilateral, high angular LED 252, such as Golden DRAGON® LED manufactured

by Osram Sylvania. The LED assemblies 50 are shown disposed in position within the housing 20

along a transverse axes "T" of the LED lighting apparatus 10, though they can also be positioned

along or at an angle to the longitudinal axes ±L. The number of LEDs on a substrate, can vary

according to the lighting need, and typically range from about 5 to about 20 LEDs, or more. An

increased number of LEDs may be employed on a substrate to provide the amount of lighting

necessary for a wider roadway, or more generally, for a transversely wider lighting pattern. The



number of substrates likewise can vary with the lighting need, and may include about 4 to about 10

substrates. The spacing between these adjacent LED lighting assemblies may be dependent upon the

angle α of the bilateral, high angular LED.

[0043] The lighting apparatus of the present disclosure can also include an intermediate heat

transfer means which may be accomplished by cover plate 62 (not depicted), such as a sheet of

aluminum, that can be disposed over and in heat-transferring contact with the top surface of the

substrate, which when using LEDs is typically a printed circuit board (PCB), to extract and conduct

heat away from the light sources. Like the cover plate 62, the intermediate heat transfer means has

openings that register over the light sources to allow emission of light. The openings are formed

proximate to the light sources, which is the source of the heat generated, to optimize heat extraction.

[0044] In the embodiment shown in Fig. 4A, the Z axis of each of the wide-angle LEDs 52 in the

matrix is disposed an angle θ from the row of LEDs along line 200, which in the illustrated

embodiment is shown parallel to longitudinal direction L, where the angle θ typically ranges within

about ±15°, more typically within about ±10°. The angle θ of one or more of the LEDs is typically

varied proportionally with the required transverse projection of light from the luminaire. Thus, for a

wider roadway requiring a wider transverse projection of light from the luminaire, the absolute value

of the angle θ is increased. The typical distribution and layout of the plurality and matrix of LEDs

provides a distribution of the angle θ among the matrix of LEDs, wherein about 15-35% of the LEDs

have an angle θ equal to about +5° to +15°; about 15-35% of the LEDs have an angle θ equal to about

-5° to - 15°; and about 30-70% of the LEDs have an angle θ equal to about -5° to +5°.

[0045] The at least one reflector 70 is disposed generally in the longitudinal direction L of the

lighting apparatus 10. The one or more reflectors redirect light as needed or desired. Employing

multiple reflectors 70 can facilitate redirecting light emanating from different light sources in different

directions. This permits creation of zones of light intensity in desired locations, such as a near and far

lane of a roadway. By directing the light using reflectors 70, inefficiencies can be avoided such as

with the tilting of light apparatus 18 at angle β in Figure 2a. Each of the one or more reflectors 70

comprises an elongated, rectangular reflective surface, usually but not necessarily planar, that faces an

adjacent line of light source, and having a longitudinal proximal (or directionally upper) edge 73 (see

FIG. 6) that is positioned next to, and typically directly adjacent, a row 200 of light sources. Although

depicted as redirecting from LEDs, the reflectors 70 of the instant disclosure can be employed to

redirect light from any light source. Positioning the proximal edge 73 of the reflector vertically

adjacent the LED allows the reflector to redirect light. Each reflector 70 typically has first and second

side ends 72, and a distal (or directionally lower) edge 7 1 that extends away from the LED. A

reflector 70 can be associated with some or all of the plurality of rows of LEDs. The reflector 70 can

be disposed proximate several consecutive rows of the LEDs, including those rows at the -T end of

housing.



[0046] The reflector 70 is typically a planar sheet that is sufficiently rigid to maintain its shape.

A typical planar sheet material is about 5-250 mil (about 0.1-6 mm) thick. The reflective surface is

typically a finished surface having a reflectance of at least 86%, more typically of at least 95%. An

exemplary reflector is a sheet of aluminum having a MIRO 4 finish, manufactured by Alanod GMBH

of Ennepetal, Germany, on at least one side that faces the adjacent row of LEDs. The reflectors can

be of any size, shape or orientation in order to redirect light as desired. Two of the contemplated

reflector configurations are depicted in Figures 8 and 9 as being integral with cover plate 62, thereby

lessening the total number of discrete elements in the lighting apparatus.

[0047] Conventional hardware secures or fixes the reflectors 70 in position to the housing 20. In

this embodiment, the one or more reflectors 70 can be positioned on the reflective surface and secured

to the sides 64 of the cover plate 62. The sides 64 are oriented generally in the transverse direction ±T

and disposed at the opposed sides of the inner cavity 48 of the housing 20. Each side 64 has slots 76

formed in the inwardly facing sides that position and aid in retaining the longitudinal ends 72 of the

reflectors 70. The slots define the planar angle of the reflectors. The slots can be arranged at the same

angles, and at equal distances along the side 64, or at different angles or distances.

[0048] The one or more reflectors 70 can also be formed integrally with the sheet material of the

reflective surface of the cover plate 62, by folding the cover plate material along the proximal edge

and at the distal edge, and folding again at the proximal edge to form a series of reflector 70. Figure 8

and Figure 9 show two configurations of the cover plate 62 folded to provide the reflectors 70. When

integrally formed with the cover plate 62, the reflectors 70 assist in dissipating heat from the light

sources.

[0049] The elongated reflector 70 is typically planar, with its plane 300 oriented at an angle δ

from a line N' normal to the planar base 2 1 of the housing, as shown in Figures 6 and 8. In one

embodiment, the present disclosure is configured for a conventional roadway or parking light pole

where the line N' lies substantially along true vertical. The angle δ of the reflector 70 provides

improved distribution and control of light without unwanted direct glare and "night lighting", and

provides adjustability when the base of the housing 20 is slightly angled from the true horizontal

plane such as when retrofitting a pre-existing light pole. The angle δ is typically within the broad

range of about 0° to about -20°, wherein a negative angle δ is where lower edge 7 1 tilts away from the

adjacent light source in the -T direction. Any angle δ is, however, contemplated to provide the

desired light distribution for a given installation. In one preferred embodiment, the planar base 2 1 of

the lighting apparatus is disposed normal to true vertical or nadir N, and the angle δ is more typically

within the following ranges: about -2° to about - 18°, about -5° to about - 18°, about -5° to about - 15°,

about -7° to about - 15°, about -7° to about -12°, and about - 10° to about - 15°. Where the planar base

2 1 is tilted upward on a slight angle β from true vertical, toward the +T direction, the angle δ can be



disposed at a slightly more negative angle, relative to normal line N'. Where the roadway surface is

not normal to true vertical, the planar base 2 1 may optimally be oriented parallel to the roadway

surface

[0050] Referring to Figure 6, the spacing and distance of the planar reflector 70 from the light

sources, and the height (h) of the reflector 70, are selected to guide the emitted light toward the

roadway (in the +T direction), and to minimize obstructing emitted and reflected light from one

reflector 70c that might strike the back surface of an adjacent reflector 7Od. The reflector is preferably

positioned with its upper edge 73 adjacent to the light sources in the row. The height "h" of the

reflector may be about the same as the spacing distance, designated "s", between adjacent rows of

light sources. The ratio h:s is preferably about 0.5-2: 1, and more preferably about 0.5-1 .2: 1.

[0051] In another embodiment, the reflectors 70 can be secured directly to the housing, or

indirectly via a separate bracket or other known means that is affixed to the housing 20 when a cover

plate is not inserted into the cavity 48. The reflectors can be affixed within slots, or other known

securement means, such as with rivets, screws, bolts, clips, latches, and adhesives.

[0052] The associated electronic and electrical components for powering and controlling the

luminaire may be disposed within the pole adapter 6, and receive electrical power wiring and optional

control wiring via the arm 4 of the pole. The circuitry for controlling and powering the light sources

52 is known to those of ordinary skill in the art and can be mounted in part or in whole on a PCB, or

located remotely. The lighting apparatus 1 typically receives an external power supply having an off¬

line voltage of 110-277 V, depending upon the local power system. In one embodiment, an external

low voltage power system can be provided that converts the off-line voltage of 110-277 V AC from

the local power system to the 24V constant current required for the light source power and control

components of the light source assembly. In another embodiment, the lighting apparatus is configured

for installation of an integrated power and control module, which converts off-line power directly to

the low voltage constant current power, which may be required by the light source. The drivers and

controllers of LED boards, when employed, are routinely powered with 24V constant current, which

can be mounted within the housing 20.

[0053] The housing may be constructed of aluminum by well-known methods such as formed

sheet metal, die casting, permanent mold casting, machining or sand casting. Other parts, such as the

cover plate, can also be made of aluminum. The housing and other parts can also be made of other

metals such as bronze and brass. The parts can also be made of engineering plastic materials, such as

by injection molding.

[0054] A typical method of forming the sheet metal aluminum housing employs a brake press

that secures the base portion in a plane, and folds the sides to the desired angle relative to the base.

The folded sides are then confined in position while welding together the ends of the sidewalls, which



maintains the planar shape of the base. The light source assembly, cover plate, power frame and other

components can be assembled to the housing using a variety of known fastening or fixing means,

including screws, bolts, rivets, welds, ties, latches, adhesives, and other known means. Threaded pins

can be threaded or secured into tapped holes in the underside of the housing, and can be extend

through holes formed in the cover plate and power frame, and optionally through the light source

assembly board, and can be capped with a nut to secure the elements to the housing.

[0055] In an alternative embodiment of the luminaire, the light source assembly can be disposed

within the recess 24, discussed above, formed in the planar base of the housing, as shown in Fig. 5

and as described in co-pending US provisional patent application 60/953,009, filed July 31, 2007, the

disclosure of which is incorporated herein by reference. The recess is typically formed into the planar

material of the planar base, such as by stamping or forming. The floor of each recess can lie in the

same plane as the planar base, or in a plane offset from the planar base, typically in a direction

opposite the LED attachment surface. The recesses are typically substantially linear, with rounded

ends, though other recess and end shapes can be used, as needed, such as round, square, oval, and

other irregular shapes.

[0056] Each recess has a wall that defines the perimeter of the recess. Typically, the wall is

continuous around the perimeter of the floor, though in some embodiments, there can be a break in the

wall. The height of the wall typically defines the depth of the recess, for purposes of positioning and

securing the light source assembly, as discussed herein after.

[0057] The light source assembly can be assembled into the recess, typically by placing the light

source assembly into heat-transfer contact with the floor of the recess. Optionally, a small amount of

epoxy resin, prior to setting, can be applied to the floor of the recess to act as an adhesive to attach the

light source assembly to the housing. The epoxy resin may then be poured over the light source

assembly and into and around the void of the recess. The epoxy resin can completely bury or encase

the substrate of the light source assembly, although portions of the substrate and the void can be

filling or covered with the epoxy. The epoxy resin can then be cured, by means well known in the art,

including the passing of time, heat, UV light, and others.

[0058] The potting epoxy secures the light source assembly within the recess, and isolates the

light source and circuitry from water, dust, dirt and other elements of the environment. The recesses

also assist in the assembly of the lighting assemblies, particularly when manufacturing the same by

hand, by defining the location of the light source assembly exactly.

[0059] When employing LEDs, the substrate 5 1 is typically a light board, and more typically a

PCB. The circuitry for controlling and powering the LEDs can also be mounted on the PCB, or

remotely. In one suitable embodiment, the LEDs 52 are white LEDs each comprising a gallium nitride

(GaN)-based light emitting semiconductor device coupled to a coating containing one or more



phosphors. The GaN-based semiconductor device emits light in the blue and/or ultraviolet range, and

excites the phosphor coating to produce longer wavelength light. The combined light output

approximates a white output. For example, a GaN-based semiconductor device generating blue light

can be combined with a yellow phosphor to produce white light. Alternatively, a GaN-based

semiconductor device generating ultraviolet light can be combined with red, green, and blue

phosphors in a ratio and arrangement that produces white light. In yet another suitable embodiment,

colored LEDs are used, such are phosphide-based semiconductor devices emitting red or green light,

in which case the LED assembly 50 produces light of the corresponding color. In still yet another

suitable embodiment, if desired, the LED light board includes red, green, and blue LEDs distributed

on the PCB in a selected pattern to produce light of a selected color using a red-green-blue (RGB)

color composition arrangement. In this lattei exemplary embodiment, the LED light board can be

configured to emit a selectable color by selective operation of the red, green, and blue LEDs at

selected optical intensities.

[0060] In one embodiment, the substrate 5 1 comprises PCB such as FR4 board, and a metal core

sheet or strip that is laminated to the FR4 board with thermally-conductive adhesive or epoxy. The

metal core strip is typically bonded to the planar base, such as the floor of a recess, with a thermally-

conductive adhesive to secure the substrate 5 1 to the planar base. FR4, an abbreviation for Flame

Resistant 4, is a composite of a resin epoxy reinforced with woven fiberglass mat. The metal core aids

in heat dissipation from the LED. The LED itself typically has a specialized slug integrated with the

LED casing to conduct heat produced by the interior die away from the LED, as is well known in the

art. The FR4 board typically has a top layer of copper that can include a network of flattened copper

connectors or traces for making electrical connections between components and for conducting heat

away from the LED.

[0061] In an alternative embodiment, the substrate comprises a non-metallic, non-conductive

board, typically an FR4 board, but does not include a metal core layer, which is affixed or attached

directly to the planar base to provide the heat dissipation function of the metal core. A thermally-

conductive adhesive or epoxy as a bead or layer of adhesive bonds the board to the base. Use of the

FR4 board without metal core reduces the cost of the LED assembly by eliminating the metal core,

whose function of transferring heat is assumed by the planar base. In addition, elimination of the

metal core opens an opportunity to provide flexible or bendable substrates that can be installed into

and or attached onto non-planar, curved surfaces. The substrate can comprise a pair of FR4 boards

separated by a second copper or conductive layer. Each of the pair of FR4 boards is typically thinner

to minimize resistance to heat transfer, while the second copper or conductive layer enhances heat

transfer away from the LED. One of either, or both of, the first copper layer or the second copper

layer is the network of copper connectors or traces, while the other is primarily a heat transfer aid.



[0062] The present disclosure provides several advantages over other methods and devices for

lighting roadways using LEDs that provide a wide-angle, bilateral light distribution pattern. The LED

housing can be positioned substantially horizontally, normal to nadir, which simplifies retrofitting of

the luminaire onto existing light poles. Second, horizontal glare is significantly reduced or eliminated,

as compared to the conventional installation of conventional and wide-angle LEDs as shown in Fig.

2A. The adjustability of the angle δ of the reflector 70 also allows the installer to fine tune the

reflector installation, regardless of the angle and orientation of the extending arm of the light pole 3.

Also, orienting of individual LEDs at an angle ±θ results in directing more light in the +T direction,

away from the roadway. The use of reflectors in the present disclosure, disposed inboard and adjacent

several of the plurality of rows of LEDs, reflects much of the light directed in the -T direction

outwardly in the +T direction.

[0063] Figures 7A and 7B show simulated light distribution patterns formed by at least two LED

lighting apparati 10a and 10b of the present disclosure on a roadway, substantially as illustrated in

Figure 3. Each LED lighting apparatus 10a and 10b is secured to the arm of the lighting pole,

positioned 30 feet (9.1 m) above the roadway and extending over the roadway four feet ( 1.2 m) in

from the near edge 5 of the roadway. The adjacent two LED lighting apparati 10a and 10b are

positioned 70 feet (21 m) apart, and define there between a rectangular light distribution pattern 80

bounded by the traverse centerlines of the apparati 10a and 10b, the near edge 5 and a simulated outer

edge 9 extending parallel to and 20 feet (6.1 m) from the near edge 5. Each LED lighting apparati has

90 LEDs arranged in an may of 18 x 5 LEDs, consisting of 18 LEDs on a substrate at 1 inch (2.54 cm)

spacing, with the five parallel substrates oriented in the traverse T direction, and spaced apart by

about 1 inch in the longitudinal L direction. Each LED is a bilateral, high angular LED, as shown in

Fig. 1, that is powered with 1 watt and emits 48 lumens.

[0064] Each of the first 12 rows of LEDs, starting from the -T end of the apparatus, have

positioned adjacent thereto a linear reflector of height 0.75 inches (1.9 cm), oriented at an angle δ.

The remaining 6 rows of LEDs have no reflector. An apparatus with an angle δ equal to -10° is shown

in Figure 7A, while an apparatus with an angle δ equal to -15° is shown in Figure 7B. The light

distribution pattern in Figure 7A has slightly more light distributed to the simulated outer edge 9,

while the light distribution pattern in Figure 7B has slightly more light distributed to the simulated

inner edge 5 . The light distribution patterns generated by the LED lighting apparatus of the present

disclosure is at least comparable to the light distribution pattern shown in Figure 2B of the

conventional roadway lighting apparatus shown in Figure 2A. It can be seen that the LED lighting

apparatus of the present disclosure directs less light in the -T direction, away from the near edge 5 of

the roadway, as compared to other roadway lighting apparatus.



[0065] While the desired light distribution is accomplished in the prior example by the use of

reflectors with some rows of light sources but not others, it is contemplated that any desired lighting

distribution could also be accomplished by using reflectors with all rows of light sources but

configuring the reflectors differently such that two or more reflector configurations are employed. It

is contemplated that each reflector could be of a different configuration to reach the desired light

distribution.

[0066] With reference to Figure 10, another embodiment of a portion of a lighting apparatus 10

is shown and described. The lighting apparatus 10 includes a base member 110 having a first surface

114 having a plurality of reflective elements 70 extending from the base member 110. A plurality of

openings 118 are also shown in the base member 110. The openings 118 are arranged in a pattern,

such a matrix of rows and columns similar to a checkerboard or some other pattern. Each of the

openings 118 is configured to receive a respective light source 52 (e.g., a LED). In other

embodiments, the base member has a different shape, for example, substantially circular. That is the

base member 110 and the directional members, which are described below, form a wheel-and-spoke

type pattern. Also, in other embodiments, the base member 110 and the directional members form a

"fan" type configuration.

[0067] The lighting apparatus also includes one or more directional members 122. Each

directional member 112 has a portion of a reflective surface (not shown) positioned relative to at least

one opening 118 of the base member 110 to reflect light radiating from the lighting source 52

disposed within the opening 118. The reflection is generally directed towards a portion of at least one

of the reflective elements 70 extending from the base member 110.

[0068] The lighting apparatus 10 also includes, in various embodiments, a pair of side members

126 that are attached to or formed integral with the base member 110. Each of the side members 126

has a reflective face. When the side members 126 are attached to the base member 110, the reflective

faces typically face one another.

[0069] In more detail and with reference to Figure 1IA, Figure 1IB, Figure 11C, and Figure 1ID

further details of the embodiment of a portion of the lighting apparatus of Figure 10. As shown in the

side view of Figure HB, the directional member 122 extends through one or more of the reflective

elements 70. In one embodiment, a portion of the reflective elements 70 is removed to create a cut¬

out 130 having shape that compliments that of a portion of the directional member 122. In one

embodiment, the directional member 122 has a v-shaped cross section and the cut-out 130 is shaped to

receive the directional member 122, as shown in Figure 11C. In other embodiments, the directional

member 122 has another shape. For example, the directional member can be a single piece of

reflective material positioned at a specific angle relative to the base member 110. Said another, the

reflective member can be, in some embodiments, one side of the v-shaped directional member 122. In



other embodiments, the reflective member 122 has a u-shaped, a parabolic, or other shape cross

section.

[0070] In one embodiment, the cut-out 130 supports the directional member 122 when inserted

through the cut-out 130. The depth, as measured from the first surface 114 of the base member 110

controls the amount of material that is present to support the directional member 122. In another

embodiment, the directional member 122 is attached to opposing ends of the base member 110. As

seen from the top view of Figure 11A, when lighting sources 52 are not disposed in the openings 118,

a portion of the reflective member 122 can be seen through the opening 118. When the lighting

source 52 is present, the light radiating from the lighting source 52 is directed, at least in part, towards

the reflectors 70 and/or reflective members 122, which, in turn, reflect the radiated light according to

a desired pattern.

[0071] As shown, the cross-section of the reflective elements 70 is v-shaped. Further, as shown

in Figure 1IB the v-shaped cross-section for the reflector can also be used in an embodiment that, in

some instances, lacks the directional member 122. Other shaped cross-sections can be used as well.

For example, a substantially u-shaped, parabolic, or other cross section can be employed. Also, as

shown in Figure 1ID the base member 110 and reflective members 70 can be formed integrally from

a single contiguous piece of material (e.g., sheet metal).

[0072] With reference to Figure 12A and Figure 12B, an exemplary embodiment of the base

member 110 that is formed to create reflective elements 70. The specific lengths and angles of each

portion of the base member 110 are provided as mere examples and are not intended to be limiting the

disclosure to a single embodiment. As shown in Figure 12B, the base member 110 has a first surface

114 that is reflective in nature (e.g., polished sheet metal). Also include in the base member are the

openings 118 and the cut-outs 130. Also, shown are tabs 134 that can be used to secure the base

member 110 to the side member 126 using a corresponding slot 138 (see Figure 13). As shown, the

base member 110 is bent at specified angles and specified locations to create a portion of the lighting

apparatus 10.

[0073] With reference to Figure 13, a top view of side member 126 is shown. In one

embodiment, the side member has one or more slots 138 configured to receive a corresponding tab

134 of the base member 110. The tab 134 can be inserted and bent to attach the side member 126 to

the base member 110. The dimensions shown in Figure 13 are only exemplary and not intended to

limit the disclosure. As stated above, at least one of the faces of the side member 126 is reflective.

[0074] While the disclosure makes reference to the details of preferred embodiments of the

disclosure, it is to be understood that the disclosure is intended in an illustrative rather than in a

limiting sense, as it is contemplated that modifications will readily occur to those skilled in the art,

within the spirit of the disclosure and the scope of the appended claims.



I claim:

1. A lighting apparatus comprising:

a housing comprising a base;

a plurality of LEDs forming a column oriented in opposed directions ±T; and

at least one reflector adjacent to at least one of the LEDs, the at least one reflector having a

reflective surface facing the adjacent at least one LED and each reflective surface defining a plane

oriented at an angle δ of about 0° to about -20° from perpendicular to the base for reflecting light

emitted in the -T direction toward the +T direction.

2 . The lighting apparatus according to claim 1 wherein two or more of the LEDs are affixed on

or created in a single substrate.

3. The lighting apparatus according to claim 1 further including a reflective cover plate

comprising a base having a plurality of openings registered with the plurality of LEDs.

4. The lighting apparatus according to claim 3 wherein the reflector is formed integrally with the

cover plate.

5. The lighting apparatus according to claim 1 wherein δ is about 0° to about -10°.

6. The lighting apparatus according to claim 1 wherein the at least one reflector comprises a

plurality of reflectors, each oriented independently at any angle δ.

7. The lighting apparatus according to claim 1 wherein one or more of the plurality of LEDs do

not have a reflectors disposed adjacent thereto.

8. The lighting apparatus according to claim 1 wherein the reflector has a height h from a

proximal edge to a distal edge, and wherein the plurality of rows of LEDs are spaced apart a distance

s, and the ratio of h:s is about 0.5-2:1 .

9. The lighting apparatus according to claim 1 wherein each LED comprising a wide-angle LED

including a light-refracting optic lens that distributes a significant portion of the LED light in ±Z

direction and at an angle α from nadir of at least about 50°, and wherein the plurality of wide-angle

LEDs are oriented on the planar base with the ±Z direction oriented substantially along the ±L

direction.

10. The lighting apparatus according to claim 1 wherein each LED comprises a portion of a row

of LEDs oriented in a ±L direction which is oriented perpendicular to the ±T direction.



11. A roadway lighting assembly for lighting a portion of roadway, the lighting assembly

comprising:

a pole;

a housing comprising a base;

a plurality of LEDs forming a column oriented in opposed directions ±T and substantially

parallel to the surface of the roadway; and

at least one reflector adjacent to at least one of the LEDs, the at least one reflector having a

reflective surface facing the adjacent at least one LED and each reflective surface defining a plane

oriented at an angle δ of about 0° to about -20° from perpendicular to the roadway for reflecting light

emitted in the -T direction toward the +T direction.

12. The lighting apparatus according to claim 11 further including a reflective cover plate

comprising a base having a plurality of openings registered with the plurality of LEDs.

13. The lighting apparatus according to claim 12 wherein the reflector is formed integrally with

the cover plate.

14. The lighting apparatus according to claim 11 wherein δ is about 0° to about -10°.

15. The lighting apparatus according to claim 11 wherein the at least one reflector comprises a

plurality of reflectors, each oriented independently at any angle δ.

16. The lighting apparatus according to claim 11 wherein one or more of the plurality of LEDs do

not have a reflectors disposed adjacent thereto.

17 . The lighting apparatus according to claim 11 wherein the reflector has a height h from a

proximal edge to a distal edge, and wherein the plurality of rows of LEDs are spaced apart a distance

s, and the ratio of h:s is about 0.5-2:1 .

18. The lighting apparatus according to claim 11 wherein each LED comprising a wide-angle

LED including a light-refracting optic lens that distributes a significant portion of the LED light in ±Z

direction and at an angle α from nadir of at least about 50°, and wherein the plurality of wide-angle

LEDs are oriented on the planar base with the ±Z direction oriented substantially along the ±L

direction.

19. The lighting apparatus according to claim 11 wherein each LED comprises a portion of a row

of LEDs oriented in a ±L direction which is oriented perpendicular to the ±T direction.

20. A lighting apparatus comprising:

a housing;



a plurality of LEDs mounted within the housing;

a reflector having a reflective surface adjacent to and facing at least one of the LEDs; and

one or more of the plurality of LEDs having no reflectors disposed adjacent thereto.

2 1. A lighting apparatus, comprising:

a base member including a first surface having a plurality of reflective elements extending

therefrom, the base member also including a plurality of openings arranged in a pattern, each

openings being configured to receive a respective light source; and

a directional member having a portion of a reflective surface positioned relative to at least one

opening to reflect light radiating from a lighting source disposed within the opening towards a portion

of at least one of the reflective elements extending from the base member.

22. The lighting apparatus of claim 2 1 wherein the first surface of the base member is reflective.

23. The lighting apparatus of claim 2 1 wherein the base member and the plurality of reflective

elements are formed integrally.

24. The lighting apparatus of claim 2 1 wherein the plurality of reflective members have a

generally triangular cross-section.

25. The lighting apparatus of claim 2 1 wherein the directional member extends substantially

perpendicular to a plurality of reflective member.

26. The lighting apparatus of claim 2 1 wherein the directional member is inserted into a portion

of two or more of the plurality of reflective elements such that the reflective surface is positioned to

reflect light radiating from the lighting source.

27. The lighting apparatus of claim 2 1 wherein the openings are arranged in a substantially

matrix-like pattern.

28. The lighting apparatus of claim 2 1 further comprising a pair of side members each having a

reflective face and wherein the base member is attached to the pair of side members such that the

reflective face of each of the side members faces each other.

29. The lighting apparatus of claim 2 1 wherein the base member and directional member are

composed of sheet metal.

30. A luminaire comprising:

a housing;

a plurality of lighting sources arranged in a substantially matrix-like pattern;



a base member disposed within the housing and including a first surface having a plurality of

integrally formed reflective elements extending therefrom, the base member also including a plurality

of openings arranged in a complementary matrix-like pattern, each openings receiving a respective

light source; and

a plurality of directional members spaced apart from one another and extending substantially

perpendicular to the plurality of reflective elements, each of the directional members passing through

a portion of a respective set of reflective elements such that a portion of a reflective surface of the

directional members is positioned to reflect light radiating from a lighting source in a respective

opening.

3 1. The luminaire of claim 30 further comprising a cover in communication with the housing to

substantially enclose the base member and the plurality of directional members within a volume

defined by the housing the cover.

32. The luminaire of claim 30 wherein the base member and plurality of directional members are

composed of sheet metal.

33. The luminaire of claim 30 wherein the reflective members have a substantially triangular

cross-section.

34. The luminaire of claim 30 further comprising a pair of side members each having a reflective

face and wherein the base member is attached to the pair of side members such that the reflective face

of each of the side members faces each other.
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