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(54) Title: DIRECT AND BACK VIEW LED LIGHTING SYSTEM

100

FIG. 1

(57) Abstract: A direct and back view LED lighting system (100) is disclosed. Embodiments ot a lighting system (100) and example
light fixture (300) are described. LED devices (210) provide the light source. The LED devices (210) can be positioned with a heat-
sink (101, 331) at or near the top of the system (100) proximate to a back reflector (106, 327). In example embodiments, the LED
devices (210) emit light downward. The system (100) can be used in a troffer style tixture (300) with a support structure (326) and a
pan (332). The system (100) or fixture (300) can have a lens arrangement including lenses, lens plates or sections with differing op -
tical characteristics, including a partially reflective lens plate or section (102, 502) that passes and ditfuses some light from the LED
light source, but reflects some light back to the back reflector (106, 327). Additional lenses or lens plates (108, 508) serve as dif-
fusers.
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DIRECT AND BACK VIEW LED LIGHTING SYSTEM

DESCRIPTION

Backeround Art

This application claims priority from U.S. provisional patent application serial
number 61/501,540, filed 27 June 2011, and U.S. patent application serial number

13/459,453, filed on 30 April 2012.

Light emitting diode (LED) lighting systems are becoming more prevalent as
replacements for existing lighting systems. LEDs are an example of solid state lighting
(SSL) and have advantages over traditional lighting solutions such as incandescent and
fluorescent lighting because they use less energy, are more durable, operate longer, can
be combined in multi-color arrays that can be controlled to deliver virtually any color
light, and generally contain no lead or mercury. In many applications, one or more LED
dies (or chips) are mounted within an LED package or on an LED module, which may
make up part of a lighting unit, lamp, “light fixture” or more simply a “fixture,” which
includes one or more power supplies to power the LEDs. An LED fixture may be made
with a form factor that allows it to replace a standard fixture or bulb. LEDs can also be

used in place of florescent lights as backlights for displays.

For most LED lamps, LEDs may be selected to provide various light colors to
combine to produce light output with a high color rendering index (CRI). The desired
color mixing may be achieved, for example, using blue, green, amber, red and/or red-

orange LED chips. One or more of the chips may be in a package with a phosphor or
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may otherwise have a locally applied phosphor. Translucent or transparent rigid
materials may be used with LED lighting fixtures to provide diffusion, color mixing, to
otherwise direct the light, or to serve as an enclosure to protect the LEDs. Such rigid
materials serve as optical elements external to the LED modules themselves. Such
optical elements may allow for localized mixing of colors, collimate light, and provide
the minimum beam angle possible. Such optical elements may include reflectors, lenses,
and/or lens plates. Reflectors can be, for example, of the metallic, mirrored type, in
which light reflects of opaque silvered surfaces, or be made of or use white or near-white
highly reflective material. Lenses can vary in complexity and level of optical effect, and
can be or include traditional lenses, total internal reflection optics, or glass or plastic

plates with or without coatings or additives.

Disclosure of Invention

Embodiments of a lighting system and an example light fixture are disclosed
herein. The lighting system includes LED devices on a mounting surface positioned
proximate to a back reflector. In example embodiments, the heatsink radiates heat up
from the top of the system and the LED light source emits light downward. The fixture
can be a troffer style fixture, which takes a form similar to commercial fixtures using
fluorescent tubes. The system or fixture can have a lens arrangement included lenses,
lens plates or sections with differing optical characteristics, including one that passes and
diffuses some light from the LED light source, but reflects some light back to the back

reflector.

A lighting system according to some embodiments of the invention includes a

back reflector and a plurality of LED devices centrally disposed at the back reflector.
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The centrally disposed LED devices emit light into a lens arrangement including a
partially reflective section opposite the plurality of LED devices and at least one
translucent lens section. In some embodiments the LED devices are placed on a
mounting surface of a heatsink. In some embodiments, the partially reflective section of
the lens arrangement is a lens plate with reflective filler, for example, an acrylic base
resin plate with titanium dioxide filler. In some embodiments the translucent lens
section includes two translucent lens plates on opposing sides of the lens plate with the

reflective filler.

In some embodiments of the lighting system, the lens plate with the reflective
filler receives light from the plurality of LED devices over 85 to 105 degrees of an
angular light pattern. In some embodiments, the lens plate with the reflective filler
receives light from the plurality of LED devices over about 94 degrees of an angular

light pattern.

In some embodiments, the LED devices include two groups of LEDs, wherein
one group, if illuminated, would emit light having a dominant wavelength from 435 to
490 nm, and another group, if illuminated, would emit light having a dominant
wavelength from 600 to 640 nm. One group can be packaged with a phosphor, which,
when excited, emits light having a dominant wavelength from 540 to 585 nm or from
560 to 580 nm. In some embodiments, one group if illuminated would emit light having
a dominant wavelength from 440 to 480 nm, and the other group, if illuminated, would
emit light having a dominant wavelength from 605 to 630 nm. In some embodiments,

the light emitted has a color rendering index (CRI) of at least 90.
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In example embodiments of the invention, the lighting system is used in a light
fixture including a support structure to which the reflector can be fixed or connected. In
some embodiments the reflector includes at least two curved regions. The support
structure and reflector can also be a single part. The inner surface of the reflector can

5  face downward. The LED mounting surface on the heatsink can also face downward. In
at least some embodiments a pan is also connected to or formed as part of the support

structure.

A light fixture according to example embodiments of the invention can be

assembled by providing a support structure including the reflector with an inner

10 reflective surface facing downward relative to the intended mounting orientation for the
light fixture. The heatsink with the plurality of LEDs can be installed proximate to the
reflector so as to be disposed centrally relative to the light fixture. A partially reflective
lens can be made by use of an appropriate filler, for example, titanium dioxide. The
partially reflective lens can then be positioned opposite the plurality of the LED devices

15  and a translucent lens lenses can be installed adjacent to the partially reflective lens. All
lenses could also be positioned together as a single part. The pan can also be attached to

the support structure of the light fixture.

Brief Description of the Drawings

20 FIG. 1 is a cross-sectional view of a lighting system or “light engine” according

to an example embodiment of the invention.
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FIG. 2 is a magnified cross sectional view of the heatsink area of the lighting

system of the embodiment of FIG. 1.

FIG. 3 is a cross-sectional view of an embodiment of a light fixture that makes

use of the lighting system according to example embodiments of the invention.

5 FIG. 4 is a top view of the embodiment of the light fixture that is illustrated in

FIG. 3.

FIG. 5 is a bottom view of the embodiment of the light fixture illustrated in FIGs.
3 and 4. More specifically, FIG. 5 shows the view that one would see when looking up

at the fixture from a room.

10

Best Mode(s) for Carrying Out the Invention

Embodiments of the present invention now will be described more fully
hereinafter with reference to the accompanying drawings, in which embodiments of the
invention are shown. This invention may, however, be embodied in many different

15  forms and should not be construed as limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this disclosure will be thorough and
complete, and will fully convey the scope of the invention to those skilled in the art.

Like numbers refer to like elements throughout.

It will be understood that, although the terms first, second, etc. may be used
20 herein to describe various elements, these elements should not be limited by these terms.

These terms are only used to distinguish one element from another. For example, a first
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clement could be termed a second element, and, similarly, a second element could be
termed a first element, without departing from the scope of the present invention. As
used herein, the term “and/or” includes any and all combinations of one or more of the

associated listed items.

It will be understood that when an element such as a layer, region or substrate is
referred to as being “on” or extending “onto” another element, it can be directly on or
extend directly onto the other element or intervening elements may also be present. In
contrast, when an element is referred to as being “directly on” or extending “directly
onto” another element, there are no intervening elements present. It will also be
understood that when an element is referred to as being “connected” or “coupled” to
another element, it can be directly connected or coupled to the other element or
intervening elements may be present. In contrast, when an element is referred to as
being “directly connected” or “directly coupled” to another element, there are no

intervening elements present.

Relative terms such as “below” or “above” or “upper” or “lower” or “horizontal”
or “vertical” may be used herein to describe a relationship of one element, layer or
region to another element, layer or region as illustrated in the figures. It will be
understood that these terms are intended to encompass different orientations of the

device in addition to the orientation depicted in the figures.

The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of the invention. As used herein,

(Y9 14
a

the singular forms an” and “the” are intended to include the plural forms as well,

unless the context clearly indicates otherwise. It will be further understood that the terms
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“comprises” “comprising,” “includes” and/or “including” when used herein, specify the
presence of stated features, integers, steps, operations, elements, and/or components, but

do not preclude the presence or addition of one or more other features, integers, steps,

operations, elements, components, and/or groups thereof.

Unless otherwise defined, all terms (including technical and scientific terms) used
herein have the same meaning as commonly understood by one of ordinary skill in the
art to which this invention belongs. It will be further understood that terms used herein
should be interpreted as having a meaning that is consistent with their meaning in the
context of this specification and the relevant art and will not be interpreted in an

idealized or overly formal sense unless expressly so defined herein.

Unless otherwise expressly stated, comparative, quantitative terms such as “less”
and “greater”, are intended to encompass the concept of equality. As an example, “less”
can mean not only “less” in the strictest mathematical sense, but also, “less than or equal

2

to.

An example light fixture embodying an example lighting system as disclosed
herein includes LED devices as the light source positioned on a mounting surface of a
heatsink, wherein the mounting surface is positioned at or near the top of a back reflector
and the heatsink radiates heat up from the top of the fixture. The fixture can be a troffer
style fixture, which takes a form similar to commercial fixtures using fluorescent tubes.
Such a fixture might be used as a solid-state replacement for a standard fluorescent light
fixture, and/or might be of a form factor to be placed in the space normally occupied by
drop ceiling tiles in an office environment, and/or be designed to hang below a ceiling on

stanchions, posts or chains. The system includes a lens arrangement with sections that
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serve to diffuse light received directly from the LED light source and light reflected by
the back reflector, and a section that passes and diffuses some light from the LED light
source, but reflects some light back to the back reflector. In some embodiments, the
section of the lens arrangement that diffuses light can include two lens plates disposed at
the sides of a Iens plate that is more reflective. Either or both of these lens plates may be
optically translucent and may be referred to as a diffuser. The more reflective lens plate

serves as the partially reflective section.

Thus, a light fixture according to example embodiments of the invention may
include a back reflector, a plurality of LED devices centrally disposed at the back
reflector, and a lens arrangement including a partially reflective section opposite the
plurality of LED devices and at least one translucent lens section. In some embodiments,
the back reflector includes at least two curved regions. In some embodiments these
curved regions are parabolic in shape. In some embodiments, a heatsink is provided with
a mounting surface for the plurality of LED devices. The LED devices may be mounted
on a circuit board which is in turn secured to the mounting surface of the heatsink. In
some embodiments the partially reflective section of the lens arrangement comprises a

lens plate with reflective filler.

FIG. 1 is a cross-sectional view of the lighting system according to example
embodiments of the invention. This lighting system might also be referred to as a “light
engine” because it primarily includes the light generating and optical components of a
fixture. Lighting system 100 includes LED devices placed in a line or strip on the
mounting surface of heatsink 101. Further details of the heatsink portion of lighting
system 100 are illustrated in FIG. 2, discussed later in this disclosure. Lighting system

100 uses different types of material properties in different sections of a lens arrangement



WO 2013/003138 PCT/US2012/043234

10

15

20

034643-396

in order to achieve a balance of good color mixing, uniformity, and efficacy. The center
section 102 may be referred to as a partially reflective section, or a “white” section of the
lens arrangement. Center section 102 in this example is illuminated by central light
triangle 104 and can, as an example, include an acrylic base resin and loaded with
reflective filler, such as titanium dioxide (TiO,). This composition will give a
translucent “white” appearance to this portion of the lens arrangement, which can serve

to hide the LEDs and the heatsink from view.

Still referring to FIG. 1, back reflector 106 receives the portion of light reflected
from center section 102 of the lens arrangement. Depending on the loading of the
reflective additive in lens section 102, the amount of light allowed through the center
section vs. the amount of light reflected back into the back reflector can be varied. The
higher the loading, the higher the reflectivity and hiding power, but also the higher the
optical loss. The loading of reflective additive into the center section is balanced with
the distance from the LEDs at the top of the reflector chamber in order to provide
maximum efficacy along with the best aesthetics. Cutting the distance between the
LEDs and the lens arrangement in half will require between 2X and 4X the reflectivity of
the center panel, depending on the characteristics desired. The balance will be non-
uniformity in the center section (which will increase exponentially at the same loading)
vs. optical efficiency (which will decrease linearly with increased TiO; loading). The
closer the LEDs, the more intensity will be apparent on the lens. Therefore it may be
desirable to have less light bleed through; otherwise the increased intensity will be
visible as either more non-uniformity or higher surface luminance for the center lens

section.
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Still referring to FIG. 1, outboard portions or sections 108 may be referred to as
translucent lens or diffuser sections. Sections 108 can be constructed of clear acrylic
base resin with transparent, differential index of refraction additive such as Arkema™
DR66080, other large-molecule PMMAs, alumina or other transparent ceramics, which
provide a clear translucent lens plate capable of high optical efficiency. These outboard
lens plates can be separate components mechanically or chemically connected to the
center section at points 110, or the entire lens arrangement can be coextruded/co-molded

with the center section and outboard sections together.

As previously described, center section 102 of the lens arrangement shown in
FIG. 1 receives light from the LED light source through central light triangle 104. In
example embodiments, central light triangle defines a cross-section of a conceptual,
approximately 94-degree cone, that is, a cone whose sides occur at angles 47 degrees to
cither side of a conceptual vertical center line. Thus, it can be stated that the central lens
plate 102 receives light over about 94 degrees of the angular light pattern presented by
the LED light source. In various embodiments, the central lens plate can receive light
over from about 85 to about 105 degrees of the angular light pattern presented by the

LED light source.

Staying with FIG. 1, as most LEDs have a 100-120 degree full-width-half-max
(“FWHM”) light pattern, the intensity of the light from the LEDs is reduced by almost
50% where the LED light hits the inboard edges of more clear translucent sections 108 of
the lens arrangement for lighting system 100. In various embodiments, the outboard
edge of the angular light pattern may occur from anywhere from about 60 to about 90
degrees from vertical center, with the inboard edge being coincident with the edge of the

central light triangle, or from about 42 to about 53 degrees from vertical center.

10
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In the particular embodiment illustrated in FIG. 1, the outboard edge of the light
pattern striking the translucent lens plates on opposing sides of the central plate is
defined by lines 112 which occur at about 76 degrees from vertical center. The
remaining high angle light bounces off the curved, possibly parabolic, back reflector in

the back chamber.

The back reflector 106 of lighting system 100 of FIG. 1, in example
embodiments, can be a diffuse white reflector. It should be appreciated that the distance
between the LED board and the lens system can be varied to affect the ratio of light that
impinges on the more reflective center section vs. the amount of light that impinges on

the outboard, more transparent or translucent diffusive sections of the lens arrangement.

FIG. 2 is a close-up, cross-sectional view of the heatsink area of the example
lighting system of FIG. 1, in which the heatsink and light source are visible in some
detail. It should be understood that FIG. 2 provides an example only as many different
heatsink structures could be used with an embodiment of the present invention. The
orientation of the heatsink relative to a lens plates is indicated. The mounting surface
202 of heatsink 101 faces the interior cavity of the light engine. Heatsink 101 includes a
fin structure 204 and two each of fin structures 206 and 208. The mounting surface 202
provides a substantially flat area on which LED devices 210 can be mounted for use as a
light source. In this particular example embodiment, LED devices 210 are mounted on a
circuit board 212 with wiring channels 214 to provide for connection of the LEDs inside
the LED device packages. The LED devices 210 can be mounted to face orthogonally to
the mounting surface 202 to face the center region of lens arrangement of the light
engine, or they may be angled if the lens arrangement is designed to accommodate the

resulting light pattern. In some embodiments, a baffle 216 may be included. The baffle

11
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216 reduces the amount of light emitted from the LED devices at high angles that may
escape the cavity without being reflected. It should be noted that a heatsink suited for

use with an embodiment of the invention can take any of many different shapes.

FIG. 3 illustrates a cross-sectional view of a complete light fixture 300 according
to example embodiments of the invention. L-shaped circuit box 320 is attached to a
portion of support structure 326 of the light fixture. The outline of back reflector 327 is
also visible. Various screws such as sheet metal screw 328 can be used to hold the parts
of the fixture together. The support structure and/or the circuit box can include various
mounting holes and slots to accommodate various assembly options. Circuit box 320
houses electronics used to drive and control the light sources such as rectifiers,
regulators, timing circuitry, and other components. Wiring from the circuit box to the
light sources can be passed through the circuit board on heatsink 331 as previously
described. Pan 332 is sized to fit around the light engine and within a space of one or
two ceiling tiles of a typical office drop ceiling. The fixture could also be designed to be

suspended on stanchions. Pan 332 could take any of various sizes and shapes.

FIGs. 4 and 5 illustrate the completed light fixture in a top perspective view and a
bottom perspective view, respectively. In the top view of FIG. 4, heatsink 331 for the
LED strip can be seen running down the length of the fixture between the two curved
sections of back reflector 327. Again, the back reflector of the fixture may be designed
to have any of various shapes to perform particular optical functions, such as color
mixing and beam shaping, for example. In this example the back reflector includes two
curved side regions. More particularly in this example, the side regions are parabolic.
The support structure 326 in this embodiment of the fixture includes a metal plate on

cach end of back reflector 327. L-shaped circuit box 320 is fastened to one of the metal

12
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plates. Support structure 326 is an example only. Many different types of support
structures could be used, including an entire outer housing covering the back reflector.
In such a case, thermal considerations may dictate that such a housing includes an
opening for the heatsink. The support structure for the fixture can be made of any of
various materials including metal such as steel or aluminum, and plastic. The back
reflector can be coated with or made of reflective material such as a microcellular

polyethylene terephthalate (MCPET). Other white reflective materials can also be used.

It should be noted that the heatsink shown in the figures provides an example
only as many different heatsink structures could be used with an embodiment of the
present invention. The fin structures of heatsink 331 in FIG. 4 radiate heat into the
ceiling cavity when the fixture is mounted in a drop ceiling or into the air space between

the fixture and the ceiling when the fixture is hung on stanchions.

FIG. 5 is a bottom perspective view of the example fixture 300 mounted in a
ceiling, which is also indicated in the figure. Pan 332 is sized and shaped to replace a
number ceiling tiles, depending on the tile size. In this view the partially reflective
section, or a “white” section or lens plate 502 of the lens arrangement is visible.
Outboard portions, sections, or lens plate 508 are also visible. Because troffer style light
fixtures are traditionally used in large areas populated with modular furniture, such as in
an office for example, many fixtures can be seen from anywhere in the room.
Specification grade fixtures often include mechanical shielding in order avoid too much
direct light and thus provide a “quiet ceiling” and a more comfortable work environment.
In some embodiments, the pan is sized and shaped to provide a primary cutoff of the
light coming through lens plates to provide such mechanical shielding, while also

providing mechanical support for the back reflector and heatsink of the fixture.

13
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A multi-chip LED package used with an embodiment of the invention and can
include light emitting diode chips that emit hues of light that, when mixed, are perceived
in combination as white light. Phosphors can also be used. Blue or violet LEDs can be
used in the LED assembly of a lamp and the appropriate phosphor can be deployed on a
carrier within the fixture. The back reflector of the fixture could also be coated with a
phosphor to provide remote wavelength conversion. LED devices can be used with
phosphorized coatings packaged locally with the LEDs to create various colors of light.
For example, blue-shifted yellow (BSY) LED devices can be used with a red phosphor
on or in a carrier or on the back reflector to create substantially white light, or combined
with red emitting LED devices on the heatsink to create substantially white light. Such
embodiments can produce light with a CRI of at least 70, at least 80, at least 90, or at
least 95. By use of the term substantially white light, one could be referring to a
chromacity diagram including a blackbody locus of points, where the point for the source
falls within four, six or ten MacAdam cllipses of any point in the blackbody locus of

points.

A lighting system using the combination of BSY and red LED devices referred to
above to make substantially white light can be referred to as a BSY plus red or “BSY+R”
system. In such a system, the LED devices used include LEDs operable to emit light of
two different colors. In one example embodiment, the LED services include a group of
LEDs, wherein each LED, if and when illuminated, emits light having dominant
wavelength from 440 to 480 nm. The LED devices include another group of LEDs,
wherein each LED, if and when illuminated, emits light having a dominant wavelength
from 605 to 630 nm. Each of the former, blue LEDs are packaged with a phosphor that,

when excited, emits light having a dominant wavelength from 560 to 580 nm, so as to

14
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form a blue-shifted-yellow LED device. In another example embodiment, one group of
LEDs emits light having a dominant wavelength of from 435 to 490 nm and the other
group emits light having a dominant wavelength of from 600 to 640 nm. The phosphor,
when excited, emits light having a dominant wavelength of from 540 to 585 nm. A
further detailed example of using groups of LEDs emitting light of different wavelengths
to produce substantially while light can be found in issued U.S. Patent 7,213,940, which

is incorporated herein by reference.

The various parts of an LED lamp according to example embodiments of the
invention can be made of any of various materials. Heatsinks can be made of metal or
plastic, as can the various portions of the housings for the components of a lamp. A
lamp according to embodiments of the invention can be assembled using varied fastening
methods and mechanisms for interconnecting the various parts. For example, in some
embodiments locking tabs and holes can be used. In some embodiments, combinations
of fasteners such as tabs, latches or other suitable fastening arrangements and
combinations of fasteners can be used which would not require adhesives or screws. In
other embodiments, adhesives, screws, bolts, or other fasteners may be used to fasten

together the various components.

Although specific embodiments have been illustrated and described herein, those
of ordinary skill in the art appreciate that any arrangement which is calculated to achieve
the same purpose may be substituted for the specific embodiments shown and that the
invention has other applications in other environments. This application is intended to
cover any adaptations or variations of the present invention. The following claims are in
no way intended to limit the scope of the invention to the specific embodiments

described herein.

15
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CLAIMS
1. A lighting system comprising:
a back reflector;
a plurality of LED devices centrally disposed at the back reflector; and
5 a lens arrangement including a partially reflective section opposite the

plurality of LED devices and at least one translucent lens section.

2. The lighting system of claim 1 further comprising a heatsink with a mounting
surface for the plurality of LED devices.
10
3. The lighting system of claim 2 wherein the partially reflective section of the

lens arrangement comprises a lens plate with a reflective filler.

4. The lighting system of claim 3 wherein the lens plate comprises acrylic base

15  resin and the reflective filler comprises titanium dioxide.

5. The lighting system of claim 3 wherein the at least one translucent lens section
comprises two translucent lens plates on opposing sides of the lens plate with the
reflective filler.

20

6. The lighting system of claim 5 wherein the lens plate with the reflective filler

receives light from the plurality of LED devices over 85 to 105 degrees of an angular

light pattern.

16
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7. The lighting system of claim 6 wherein the lens plate with the reflective filler
receives light from the plurality of LED devices over about 94 degrees of an angular

light pattern.

8. The lighting system of claim 6 wherein the plurality of LED devices further
comprises at least two groups of LEDs, wherein one group, if illuminated, would emit
light having a dominant wavelength from 435 to 490 nm, and another group, if
illuminated, would emit light having a dominant wavelength from 600 to 640 nm, one
group being packaged with a phosphor, which, when excited, emits light having a

dominant wavelength from 540 to 585 nm.

9. The lighting system of claim 8 wherein the one group, if illuminated, would
emit light having a dominant wavelength from 440 to 480 nm, and the other group, if
illuminated, would emit light having a dominant wavelength from 605 to 630 nm, one
group being packaged with a lumiphor, which, when excited, emits light having a

dominant wavelength from 560 to 580 nm.

10. The lighting system of claim 6 wherein the lighting system is operable to

emit light with a color rendering index (CRI) of at least 90.

11. A light fixture comprising:
a support structure;
a reflector connected to the support structure such that an inner reflective

surface faces downward;
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a heatsink proximate to the reflector disposed centrally relative to the light
fixture, the heatsink further comprising a mounting surface facing downward;
a plurality of LEDs on the mounting surface; and
a lens arrangement opposite the inner reflective surface, the lens
5 arrangement including a partially reflective lens section opposite the plurality of

LED devices and at least one translucent lens section.

12. The light fixture of claim 11 further comprising a pan surrounding the
reflector.
10
13. The light fixture of claim 12 wherein the reflector further comprises at least

two curved regions.

14. The light fixture of claim 13 wherein the partially reflective lens section

15  receives light from the plurality of LEDs over 85 to 105 degrees of angular light pattern.

15. The light fixture of claim 14 wherein the partially reflective lens section

receives light from the plurality of LEDs over about 94 degrees of angular light pattern.

20 16. The light fixture of claim 14 wherein the light fixture is operable to emit light

with a color rendering index (CRI) of at least 90.

17. The light fixture of claim 16 wherein the plurality of LEDs further comprises
at least two groups of LEDs, wherein one group, if illuminated, would emit light having

25  adominant wavelength from 435 to 490 nm, and another group, if illuminated, would
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emit light having a dominant wavelength from 600 to 640 nm, one group being packaged
with a phosphor, which, when excited, emits light having a dominant wavelength from

540 to 585 nm.

18. The light fixture of claim 17 wherein the one group, if illuminated, would
emit light having a dominant wavelength from 440 to 480 nm, and the other group, if
illuminated, would emit light having a dominant wavelength from 605 to 630 nm, one
group being packaged with a lumiphor, which, when excited, emits light having a

dominant wavelength from 560 to 580 nm.

19. The light fixture of claim 14 wherein the partially reflective lens section

comprises a lens plate with a reflective filler.

20. The light fixture of claim 19 wherein the lens plate comprises acrylic base

resin and the reflective filler comprises titanium dioxide.

21. The light fixture of claim 20 wherein the at least one translucent lens section
comprises two translucent lens plates on opposing sides of the lens plate with the

reflective filler.

22. A method of assembling a light fixture, the method comprising:
providing a support structure including a reflector with an inner reflective
surface facing downward relative to an intended mounting orientation for the

light fixture;
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installing a heatsink proximate to the reflector so as to be disposed
centrally relative to the light fixture, the heatsink including a plurality of LEDs
on a mounting surface facing downward relative to an intended mounting
orientation for the light fixture; and

positioning a partially reflective lens opposite the plurality of the LEDs

and at least one translucent lens adjacent to the partially reflective lens.

23. The method of claim 22 further comprising attaching a pan to at least one of

the support structure and the reflector.

24. The method of claim 23 further comprising providing the partially reflective

lens in the form of a lens plate with a reflective filler.

25. The method of claim 24 wherein the reflective filler comprises titanium

dioxide.

26. The method of claim 24 wherein the positioning of the partially reflective
lens further comprises positioning the partially reflective lens so that it receives light

from the plurality of LEDs over 85 to 105 degrees of angular light pattern.

27. The method of claim 26 further comprising placing the plurality of LEDs on
the heatsink in at least two groups of LEDs, wherein one group, if illuminated, would
emit light having a dominant wavelength from 435 to 490 nm, and another group, if

illuminated, would emit light having a dominant wavelength from 600 to 640 nm, one
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group being packaged with a phosphor, which, when excited, emits light having a

dominant wavelength from 540 to 585 nm.

28. The method of claim 27 wherein the one group, if illuminated, would emit
5 light having a dominant wavelength from 440 to 480 nm, and the other group, if
illuminated, would emit light having a dominant wavelength from 605 to 630 nm, one
group being packaged with a lumiphor, which, when excited, emits light having a

dominant wavelength from 560 to 580 nm.
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