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REFRACTIVE OPTICS TO PROVIDE UNIFORM
ILLUMINATION IN A DISPLAY CASE

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application claims the benefit of U.S. Provisional Application No.
61/255,287, filed October 27, 2009, incorporated herein by reference in its entirety.

BACKGROUND
[0002] The present exemplary embodiments relate generally to lighting assemblies.
They find particular application in conjunction with lighting display cases (e.g.,
commercial refrigerated display cases), and will be described with particular reference
thereto. However, it is to be appreciated that the present exemplary embodiments are
also amenable to other like applications.
[0003] Lighting assemblies are used to illuminate display cases, such as commercial
refrigeration display cases, as well as other display cases that need not be refrigerated.
Typically lighting assemblies use a fluorescent tube to illuminate products disposed in a
display case. However, fluorescent tubes are being phased out in favor of LED
technology.
[0004] Fluorescent tubes do not have nearly as long a lifetime as typical LED, and,
for at least refrigerated display cases, initiating the required arc to illuminate a
fluorescent tube is difficult. Even more, fluorescent tubes are relatively inefficient by
comparison to LEDs, since fluorescent tubes produce more heat than LEDs and provide
less control over the direction of light.
[0005] Known lighting assemblies often suffer from a number of problems when it
comes to lighting display cases. As discussed below, these problems may include
issues pertaining to efficiency, lighting uniformity, consumer appeal, customization and
maintenance.
[0006] Lighting assemblies often allow light to escape the display case and bleed out

into the external environment. However, this light could be put to better use lighting the
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item(s) on display, whereby less powerful and/or or fewer light sources could be
employed.

[0007]  Further, lighting assemblies generally do not uniformly light a display case.
Namely, such assemblies generally fail to direct enough light to the center of a display
case, resulting in much higher luminance in front of a mullion, as compared to the
center of the display case. However, uniform luminance is preferable as it makes more
efficient use of the available luminance and may allow fewer light sources and/or less
powerful light sources.

[0008] Additionally, the optics and/or light sources of lighting assemblies are often
visible to consumers. However, consumer tests have found it desirable to keep optics
and/or light sources of a lighting assembly outside the view of an onlooker of the display
case.

[0009] Even more, existing lighting assemblies are generally constructed with a fixed
configuration in mind, whereby changing the configuration requires a mechanical and/or
electrical redesign. However, this can add unnecessary expense when unconventional
configurations are needed.

[0010]  Further, existing lighting assemblies generally lack any way to replace
components. When a component fails, the entire lighting assembly generally needs to
be replaced. This can prove costly for one operating a large number of light
assemblies.

[0011] The present disclosure contemplates new and improved systems and/or

methods addressing these, and other, problems.

BRIEF DESCRIPTION
[0012] Various details of the present disclosure are hereinafter summarized to
provide a basic understanding. This summary is not an extensive overview of the
disclosure and is intended neither to identify certain elements of the disclosure, nor to
delineate the scope thereof. Rather, the primary purpose of the summary is to present
certain concepts of the disclosure in a simplified form prior to the more detailed

description that is presented hereinafter.
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[0013] According to one aspect of the present disclosure, a lighting assembly for
iluminating a display case is provided. The lighting assembly includes an elongated
frame and a plurality of modular inserts. The modular inserts are removably connected
to the elongated frame and include a plurality of light modules. Each of the plurality of
light modules is removably coupled to adjacent light modules electrically.

[0014] According to another aspect of the present disclosure, a lighting assembly for
iluminating a display case is provided. The lighting assembly is mounted to the display
case and includes a visibility envelope within which an onlooker of the display case
cannot see. The assembly includes a light source and an optical lens disposed over
and/or around the light source. The optical lens is disposed exclusively within the
visibility envelope and fashioned to control light emitted from the light source using
refraction and total internal reflection.

[0015] According to another aspect of the present disclosure, a lighting assembly for
iluminating a display case is provided. The lighting assembly is mounted to the display
case and includes a visibility envelop within which an onlooker of the display case
cannot see. The assembly includes an elongated frame provisioned to receive modular
inserts and at least one modular insert operatively connected to the elongated frame.
The at least one modular insert includes a light module having an optical lens and a
light source, where the optical lens is disposed over and/or around the light source and
exclusively within the visibility envelope, wherein the optical lens is fashioned to control
light emitted from the light source using refraction and total internal reflection.

[0016] According to one aspect of the present disclosure, an optic assembly is
provided. The optic assembly includes a light source, a reflector to reflect light emitted
by the light source, and an optical lens disposed over and/or around the light source.
The optical lens is configured to direct light emitted from the light source using refraction

and total internal reflection.

BRIEF DESCRIPTION OF THE DRAWINGS
[0017] The following descri‘ption and drawings set forth certain illustrative

implementations of the disclosure in detail, which are indicative of several exemplary
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ways in which the various principles of the disclosure may be carried out. The
illustrative examples, however, are not exhaustive of the many possible embodiments of
the disclosure. Other objects, advantages and novel features of the disclosure will be
set forth in the following detailed description of the disclosure when considered in
conjunction with the drawings, in which:

[0018] FIGURE 1 is a plan view of a commercial refrigeration display case;

[0019] FIGURE 2 is an exploded view of a lighting assembly;

[0020] FIGURE 3 is a cross sectional view of a lighting assembly;

[0021] FIGURE 4 is a perspective view of a light module;

[0022] FIGURE 5 is a cross sectional view of the light module of FIGURE 4;

[0023] FIGURE 6 is a cross sectional view of a light module;

[0024] FIGURE 7 is a perspective view of a spacer module;

[0025] FIGURE 8 is an exploded view of a lighting assembly;

[0026] FIGURE 9 is a cross sectional view of a lighting assembly;

[0027] FIGURE 10 is a perspective view of a light module;

[0028] FIGURE 11 is a cross sectional view of the light module of FIGURE 10; and,
[0029] FIGURE 12 is a cross sectional view of a light module.

DETAILED DESCRIPTION

[0030] One or more embodiments or implementations are hereinafter described in
conjunction with the drawings, where like reference numerals are used to refer to like
elements throughout, and where the various features are not necessarily drawn to
scale.

[0031] With reference to FIGURE 1, a typical refrigerated display case 100 is
illustrated. The refrigerated display case 100 has a door and frame assembly 102
mounted to a front portion of the case 100. The door and frame assembly 102 includes
side frame members 104, 106 and top and bottom frame members 108, 110 that
interconnect the side frame members 104, 106. Doors 112 mount to the frame
members 104, 106, 108, 110 via hinges 114. The doors 112 include glass panels 116

retained in frames 118 and handles 120 may be provided on the doors. Mullions 122
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mount to the top and bottom frame members 108, 110 to provide door stops and points
of attachment for the doors 112 and/or hinges 114,

[0032] The lighting assemblies disclosed herein may suitably be employed within a
display case, such as the refrigerated display case 100, as well as in a multitude of
other applications. Further, the display case may employ different configurations than
the refrigerated display case 100. For example, the display case may be a refrigerated
display case lacking doors. As another example, the display case may be free-standing
or a built-in display case.

[0033] With reference to FIGURE 2, an exploded view of a lighting assembly 200 is
illustrated. The lighting assembly 200 may include an elongated frame 202, one or
more modules 204, one or more electrical cables 206, one or more spacers 208, end
caps 210, 212, and a cover (not shown). Suitably, the lighting assembly 200 mounts
vertically to a standard mullion, such as the mullion 122 depicted in FIGURE 1, and
therefore may have a width that is substantially equal to a standard mullion.

[0034] The frame 202 substantially defines the body of the lighting assembly 200
and provides a structure on which to secure the modules 204 and/or the spacers 208.
The modules 204 and/or the spacers 208 are hereafter referred to as the modular
inserts. Suitably, the modular inserts are slidingly secured to the frame 202 via a
channel defined by opposing grooves running along the length of the frame 202. In
such embodiments, each of the modular inserts includes opposing tabs that interlock
with the opposing grooves, thereby limiting the range of motion of the modular inserts to
motion along the length of the frame 202. The end caps 210, 212 then prevent the
modular inserts from sliding out of the frame 202.

[0035] Referring to FIGURE 3, a cross sectional view of a lighting assembly 300
illustrates the interlocking system of grooves and tabs. Therein, a frame 302 of the
lighting assembly 300 includes opposing grooves 304, 306 extending along the length
of the frame 302. Opposing tabs 308, 310 on a modular insert 312 then interlock with
the grooves 304, 306, so as to limit motion of the modular insert 312 to motion along the
length of the frame 302.

[0036] Referring back to FIGURE 2, the frame 202 is preferably comprised of a

polymeric material, so as to reduce costs associated with the lighting assembly 200.



WO 2011/053638 PCT/US2010/054263

However, the frame 202 need not necessarily be polymeric, whereby the frame 202
may, for example, be comprised of a thermally conductive material, such as aluminum,
so as to act as a heat sink and facilitate the transfer heat away from the lighting
assembly 200.

[0037] The modules 204 are suitably white so as to reflect light away from the
modules 204, but other colors are equally amenable. Further, the modules 204 are
suitably comprised of a polymeric material, so as to reduce costs associated with the
lighting assembly 200, but other materials equally amenable. For example, as with the
frame 202, the modules 204 may be comprised of a thermally conductive material, such
as aluminum, so as to act as a heat sink and facilitate the transfer heat away from the
lighting assembly 200.

[0038] So that power may be transferred from one end 214, 216 of the lighting
assembly 200 to the other end 214, 216 of the lighting assembly 200, the modules 204
may be interconnected with one or more electrical cables 206. The electrical cables
206 may run through grooves on the bottom of the modules 204 and/or the spacers
208. Additionally, or alternatively, the electrical cables 206 may be disposed within the
modules 204 and/or the spacers 206. In such embodiments, each module and/or
spacer preferably has an electrical cable running therethrough between a pair of
connectors, where the connectors of adjacent modules and/or spacers are provisioned
to mechanically couple to one another and electrically connect the individual electrical
cables.

[0039] The modules 204 may include at least one of one or more light modules 218,
one or more power modules 220, and the like. The light modules 218 may provide
ilumination to a display case and may include one or more light sources. Suitably, the
light sources include one or more LEDs. The power modules 220 may provide
illumination to a display case and/or provide power to the light modules 218. Suitably,
the power modules 220 receive power from an external power source and are disposed
on the distal ends 214, 216 of the frame 202, so as to easily receive power from the
external power source. The power modules 220 may include one or more of a light

module, a power regulating circuit, a power conditioning circuit, and the like.
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[0040] The power regulating circuit regulates the flow of current through the modules
204 so as to allow the lighting assembly 200 to dynamically adapt to an increased load;
for example, an additional light module. Preferably, this is accomplished with a simple
DC-DC converter, but other means of accomplishing this are equally amenable.

[0041] The power conditioning circuit may convert alternating current voltage to a
direct current voltage. For example, the power conditioning circuit may convert 120 or
240 volt alternating current voltage to a direct current voltage. The power conditioning
circuit may additionally, or alternatively, correct for polarity of the incoming power so
that the power supply wires that connect to the power module 220 can be connected
without having to worry about which wire connects to which element of the power
conditioning circuit.

[0042] The spacers 208 serve to orient the modules 204 within the frame 202 and
suitably include openings 222 for receiving the modules 204. For example, a spacer
module 208a may include an opening 222a for receiving a module 204a. The sizes of
the openings 222 may vary from one spacer to another depending upon the size of the
modules 204. In certain embodiments, one or more spacers without openings may
additionally, or alternatively, be employed.

[0043] So as to equally space the modules 204 and provide a uniform lighting
pattern, the spacers 208 may have equal lengths. However, the lengths of spacers 208
may vary from one spacer to another and uniform spacing of the modules 204 is not
required. For example, it may be desirable to space the modules 204 closer together in
the center of the lighting assembly 200 in order to increase illumination on the center
shelves of a display case. In such an example, the spacers disposed in the center of
the lighting assembly 200 may have shorter lengths than the spacers disposed at the
periphery of the lighting assembly 200.

[0044] Like the modules 204, the spacers 208 are suitably white so as to reflect light
away from the spacers 208, but other colors are equally amenable. Further, the
spacers 208 are suitably comprised of a polymeric material, so as to reduce costs
associated with the lighting assembly 200, but other materials are equally amenable.
For example, the spacers 208 may be comprised of a thermally conductive material,

such as aluminum.
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[0045] The end caps 210, 212 are fastened to the distal ends 214, 216 of the frame
202 and serve to secure the modules 204 and/or the spacers 208 within the frame 202.
Additionally, the end caps 210, 212 may provide a mounting structure to facilitate
attachment of the lighting assembly 200 to a display case. However, the lighting
assembly 200 may also be mounted to the display case by other means. For example,
the frame 202 may be mounted directly to the mullion by way of mechanical fasteners,
such as scews.

[0046] Although not shown, the lighting assembly 200 may include a cover that
mounts to the frame 202 and includes a clear and/or translucent portion that allows light
to pass therethrough. The translucent portion of the cover may be tinted to adjust the
color of the light emitted by the lighting assembly 200.

[0047] With reference to FIGURES 4 and 5, a light module 400 is illustrated.
FIGURE 4 is a perspective view of the light module 400, and FIGURE 5 is a cross
sectional view of the light module 400. As noted above, light modules provide
illumination to a display case and may include one or more light sources, such as LEDs.
The light module 400 may include a housing 402, a printed circuit board 404, one or
more light sources 406, an optical lens 408, opposing tabs 410, 412, and a conduit 414.
[0048] The housing 402 is suitably white, so as to facilitate the reflection of light
away from the housing 402. Further, the housing 402 is suitably comprised of a
polymeric material, so as to reduce the cost and weight of the light module 400.
However, the housing 402 need not necessarily be white and/or formed of a polymeric
material. For example, the housing 402 may alternatively be formed of a thermally
conductive material, such as aluminum.

[0049] The light sources 406 provide luminance to the display case employing the
lighting assembly associated with the light module 400. Suitably, the light sources 406
include one or more LEDs. The light sources 406 may be selected to control Correlated
Color Temperature (CCT), Color Rendering Index (CRI) and other like characteristics of
light.

[0050] The printed circuit board 404 is disposed within the housing 402 and includes
a lower surface opposite an upper surface, where the light sources 406 mount to the

upper surface. The printed circuit board 404 may include a metal core printed circuit
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board ("MCPCB"), but other circuit boards are equally amenable. Further, the printed
circuit board 404 may include a rectangular configuration extending along the length of
the light module 400, but other configurations are equally amenable. Suitably, the
printed circuit board 404 includes a plurality of traces electrically connecting the light
sources 406 to the electrical power cables interconnecting the modules of the lighting
assembly.

[0051] The optical lens 408 is disposed over and/or around the light sources 406.
Suitably, the optical lens 408 directs light emitted from the light sources 406 such that a
majority of the light is emitted to the sides of the optical lens 408. Advantageously, this
allows the profile of the lighting assembly to be very thin, thereby precluding a
consumer viewing the inside of the display case from seeing the optics and/or the light
sources. The optic material of the optical lens 408 may be tinted to remove
components of the light passing through the optical lens 408. Additionally, the optical
lens 408 may include one or more of an anti-fog, an anti-glare, reflective coating and the
like.

[0052] The optical lens 408 and the printed circuit board 404 are suitably secured to
each other and the housing 402 by way of a plastic over mold, which defines the
housing 402. However, other means of securing the optical lens 408, the printed circuit
board 404 and the housing 402 are equally amenable. For example, said components
may be secured together via tape, glue, mechanical fastener or the like.

[0053] The opposing tabs 410, 412 allow the light module 400 to be slidingly secured
to the frame of the lighting assembly. Namely, as discussed above, the opposing tabs
410, 412 fit within grooves of the frame of the lighting assembly, thereby limiting motion
of the light module 400 to motion along the length of the lighting assembly.

[0054] The conduit 414 is disposed within the housing 402 and extends along its
length thereby providing a channel within which to place the electrical cables
interconnecting modules. Suitably, the conduit 414 is large enough to receive one or
more electrical cables interconnecting the modules of the lighting assembly. As noted
above, the printed circuit board 404 is electrically coupled to the electrical cables so as

to provide power to the light sources 406.
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[0055] With reference to FIGURE 6, an optical lens 602 of a light module 604 is
illustrated using a cross sectional view of a spacer 606 having the light module 604
disposed therein. The light module 604, in addition to including the optical lens 602,
includes a light source 608 encompassed by the optical lens 602, where there is an air
gap 610 between the light source 608 and the optical lens 602.

[0056] As shown, visibility lines 612, 614 extend from the tip of the optical lens 602
to the periphery of the spacer 606. The visibility lines 612, 614 define a region 616
outside the view of a consumer looking in to the display case. This region 616 is
hereinafter referred to as the visibility envelope. As noted above, consumer tests have
shown that it is desirable to keep the optical lens 602 and the light source 608 within the
visibility envelope.

[0057] So as to ensure the optical lens 602 and the light source 608 are within the
visibility envelope 616, the light source 608 and the optical lens 602 are recessed within
the spacer 606. As should be appreciated, this makes it more difficult to direct the light
emitted from the light source 608 to the center of the display case. The optical lens 602
addresses this difficulty by making use of a combination of total internal reflection and
refraction.

[0058] The optical lens 602 may include two primary areas: a base area 618 and a
triangular area 620. The base area 618 facilitates refraction of light to the sides of the
light source 608 and towards the items within the display case, as shown by light rays
622. However, because the light source 608 and the optical lens 602 are recessed, the
amount of light reaching the center of the display case is limited. The triangular area
620 advantageously remedies this by facilitating total internal reflection to the center of
the display case, as shown by light rays 624.

[0059] Because the optical lens comes close to the paramount of the visibility
envelope 616, the optical lens 602 is not as hindered by the recess. As such, the angle
of light extending from the triangular area 620 can be shallower than the angle of light
extending from the base area 618. This advantageously allows a larger amount of light
to be directed to the center of the display case than would otherwise be possible with

convention optical lenses.
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[0060] In view of the foregoing, the optical lens 602 allows the display case to be
more uniformly lit than would otherwise be possible. Further, the optical lens 602 does
this while at the same time keeping the optical lens 602 and the light source 608 within
the visibility envelope, which, as noted above, consumers test have found desirable to
consumers.

[0061]  With reference to FIGURE 7, a perspective view of a spacer 700 is illustrated.
As noted above, spacer modules serve to orient modules. The spacer 700 may include
a housing 702, an opening 704, opposing tabs 706, 708, and a groove 710.

[0062] The housing 702 is suitably white, so as to facilitate the reflection of light
away from the housing 702. Further, the housing 702 is suitably comprised of a
polymeric material, so as to reduce the cost and weight of the spacer 700.

[0063] The opening 704 is suitably disposed within the housing 702 and serves to
receive and secure a light module. The size of the opening 704 may vary depending
upon the size of the light module.

[0064] The opposing tabs 706, 708 allow the spacer 700 to be slidingly secured to
the frame of the lighting assembly. Namely, as discussed above, the opposing tabs
706, 708 fit within grooves of the frame of the lighting assembly, thereby limiting motion
of the spacer 700 to motion along the length of the lighting assembly.

[0065] The groove 710 extends along the length of the housing 702 thereby
providing a channel within which to place the electrical cables interconnecting modules.
Suitably, the groove 710 is large enough to receive one or more electrical cables
interconnecting the modules of the lighting assembly.

[0066]  With reference to FIGURE 8, an exploded view of a lighting assembly 800 is
illustrated. The lighting assembly 800 is similar to the lighting assembly 200 described
with reference to FIGURE 2. However, this lighting assembly 800 is configured to be
mounted vertically in a corner of a display case such that light is typically directed to
only one side of the assembly 800. The lighting assembly 800 may include an
elongated frame 802, one or more modules 804, one or more electrical cables 806, one
or more spacers 808, end caps 810, 812, and a cover (not shown).

[0067] The frame 802 is suitably L-shaped. Further, the frame 802 substantially

defines the lighting assembly 800 and provides a structure on which to secure the
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modules 804 and/or the spacers 808. The modules 804 and/or the spacers 808 are
hereafter referred to as the modular inserts. Suitably, the modular inserts are slidingly
secured to the frame 802 via a channel defined by opposing grooves running along the
length of the frame 802. In such embodiments, each of the modular inserts includes
opposing tabs that interlock with the opposing grooves, thereby limiting the range of
motion of the modular inserts to motion along the length of the frame 802. The end
caps 810, 812 then prevent the modular inserts from sliding out of the frame 802.

[0068] Referring to FIGURE 9, a cross sectional view of a lighting assembly 900
illustrates the interlocking system of grooves and tabs. Therein, a frame 902 of the
lighting assembly 900 includes opposing grooves 904, 906 extending along the length
of the frame 902. Opposing tabs 908, 910 on a modular insert 912 then interlock with
the grooves 904, 906, so as to limit motion of the modular insert 912 to motion along the
length of the frame 902.

[0069] Referring back to FIGURE 8, the frame 802 is preferably comprised of a
polymeric material, so as to reduce costs associated with the lighting assembly 800.
However, the frame 802 need not necessarily be polymeric, whereby the frame 802
may, for example, be comprised of a thermally conductive material, such as aluminum,
so as to act as a heat sink and facilitate the transfer heat away from the lighting
assembly 800.

[0070] The modules 804 are suitably comprised of a polymeric material, so as to
reduce costs associated with the lighting assembly 800, but other materials equally
amenable. For example, as with the frame 802, the modules 804 may be comprised of
a thermally conductive material, such as aluminum, so as to act as a heat sink and
facilitate the transfer heat away from the lighting assembly 800.

[0071] So that power may be transferred from one end 814, 816 of the lighting
assembly 800 to the other end 814, 816 of the lighting assembly 800, the modules 804
may be interconnected with one or more electrical cables 806. The electrical cables
806 may run through grooves on the modular inserts. Alternatively, the electrical cables
806 may be disposed within the modular inserts. In such embodiments, each modular
insert preferably has an electrical cable running therethrough between a pair of

connectors, where the connectors of adjacent modular inserts are provisioned to
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mechanically couple to one another and electrically connect the individual electrical
cables.

[0072] The modules 804 may include at least one of one or more light modules 818,
one or more power modules 820, and the like. The light modules 818 may provide
illumination to a display case and may include one or more light sources. Suitably, the
light sources include one or more LEDs. The power modules 820 may provide
illumination to a display case and/or provide power to the light modules 818. Suitably,
the power modules 820 receive power from an external power source and are disposed
on the distal ends 814, 816 of the frame 802, so as to easily receive power from the
external power source. The power modules 820 may include one or more of a light
module, a power regulating circuit, a power conditioning circuit, and the like.

[0073] The power regulating circuit regulates the flow of current through the modules
804 so as to allow the lighting assembly 800 to dynamically adapt to an increased load;
for example, an additional light module. Preferably, this is accomplished with a simple
DC-DC converter, but other means of accomplishing this are equally amenable.

[0074] The power conditioning circuit may convert alternating current voltage to a
direct current voltage. For example, the power conditioning circuit may convert 120 or
240 volt alternating current voltage to a direct current voltage. The power conditioning
circuit may additionally, or alternatively, correct for polarity of the incoming power so
that the power supply wires that connect to the power module 820 can be connected
without having to worry about which wire connects to which element of the power
conditioning circuit.

[0075] The spacers 808 serve to orient the modules 804 within the frame 802.
Suitably, the spacers 808 alternate with the modules 804 along the length of the frame
802 and have equal lengths so as to equally space the modules 804 and provide a
uniform lighting pattern. However, the lengths of spacers 808 may vary from one
spacer to another and uniform spacing of the modules 804 is not required. For
example, it may be desirable to space the modules 804 closer together in the center of
the lighting assembly 800 in order to increase illumination on the center shelves of a

display case. In such an example, the spacers disposed in the center of the lighting
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assembly 800 may have shorter lengths than the spacers disposed at the periphery of
the lighting assembly 800.

[0076] The spacers 808 are suitably white so as to reflect light away from the
spacers 808, but other colors are equally amenable. Further, the spacers 808 are
suitably comprised of a polymeric material, so as to reduce costs associated with the
lighting assembly 800, but other materials equally amenable. For example, the spacers
808 may be comprised of a thermally conductive material, such as aluminum. In certain
embodiments, when the end of a spacer is adjacent to a module, the spacers 808 are
shaped as module reflectors to help reflect light away from the lighting assembly.
Module reflectors are discussed below.

[0077] The end caps 810, 812 are fastened to the distal ends 814, 816 of the frame
802 and serve to secure the modular inserts (i.e., the one or more of the modules 804,
the spacers 808 and the reflectors 810) within the frame 802. Additionally, the end caps
810, 812 provide a mounting structure to facilitate attachment of the lighting assembly
800 to a display case. It should be appreciated, however, that the lighting assembly
800 can be mounted to the display case by other means. For example, the frame 802
may be mounted directly to the mullion by way of mechanical means.

[0078] Although not shown, the lighting assembly 800 may include a cover that
mounts to the frame 802 and includes a clear and/or translucent portion that allows light
to pass therethrough. The translucent portion of the cover may be tinted to adjust the
color of the light emitted by the lighting assembly 800.

[0079] With reference to FIGURES 10 and 11, a light module 1000 is illustrated.
FIGURE 10 is a perspective view of the light module 1000, and FIGURE 11 is a cross
sectional view of the light module 1000. As noted above, light modules provide
illumination to a display case and may include one or more light sources, such as LEDs.
The light module 1000 may include one or more light sources 1002, a printed circuit
board 1004, an optical lens 1006, a reflector 1008, a housing 1010, opposing tabs 1012,
1014, and a conduit 1016.

[0080] The light sources 1002 provide luminance to the display case employing the
lighting assembly associated with the light module 1000. Suitably, the light sources

include one or more LEDs. The light sources 1002 may be selected to control
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Correlated Color Temperature (CCT), Color Rendering Index (CRI) and other like
characteristics of light.

[0081] The printed circuit board 1004 is disposed within the housing 1010 and
includes a lower surface opposite an upper surface, where the light sources 1002 mount
to the upper surface. The printed circuit board 1004 may include a metal core printed
circuit board ("MCPCB"), but other circuit boards are equally amenable. Further, the
printed circuit board 1004 may include a rectangular configuration extending along the
length of the light module, but other configurations are equally amenable. Suitably, the
printed circuit board 1004 includes a plurality of traces electrically connecting to the light
sources 1002 to the electrical power cables interconnecting the modules of the lighting
assembly.

[0082] The optical lens 1006 is disposed over and/or around the light sources 1002.
Suitably, the optical lens 1006 directs light emitted from the light sources 1002 such that
a majority of the light is emitted to the sides of the optical lens 1006. Advantageously,
this allows the profile of the lighting assembly to be very thin, thereby precluding a
consumer viewing the inside of the display case from seeing the optics and/or the light
source. The optic material of the optical lens 1006 may be tinted to remove
components of the light passing through the optical lens 1006. Additionally, the optical
lens 1006 may include one or more of an anti-fog, an anti-glare, reflective coating and
the like.

[0083] The reflector 1008 reflects light generated by the light sources 1002 to the
center of the display case. Suitably, the reflector 1008 is bonded to the optical lens
1006 by means of sonic weld, vibration weld, adhesive, or the like to define an air gap
1018. As will be seen, the optical lens makes use of total internal reflection along a
boundary 1020 abutting the air gap 1018. This bonding seals the air gap 1018 and
protects the boundary 1020 from condensation buildup of any material (e.g., food
elements from spills) that would frustrate total internal reflection. This is important
because the boundary 1020 is not exposed and cannot be cleaned. The air gap 1018
also provides for self heating to clean off any residue on the total internal reflector

surface. For example, any moisture or condensation that exists on the total internal
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reflector surface can be cleared off or defrosted by the self heating of the air gap 1018
from the light sources 1002.

[0084] So as to facilitate the reflection of light away from the reflector 1008, the
reflector 1008 is suitably white. Further, the reflector 1008 is suitably comprised of a
polymeric material, so as to reduce the cost and weight of the light module 1000.
However, the reflector 1008 need not necessarily be white and/or formed of a polymeric
material. For example, the reflector 1008 may alternatively be formed of a thermally
conductive material, such as aluminum.

[0085] The housing 1010 holds the optical lens 1006, the printed circuit board 1004,
and the reflector 1008 together. To accomplish this, the housing 1010 suitably includes
a plastic over mold. However, other means of securing the optical lens 1006, the
printed circuit board 1004, and the reflector 1008 to the housing 1010 are equally
amenable. For example, the optical lens 1006, the printed circuit board 1004, and the
reflector 1008 may be secured to the housing via tape, glue, mechanical fastener or the
like. So as to reduce its visibility to an onlooker of the display case, the housing 1010 is
suitably black. Further, as with the reflector 1008, the housing 1010 is suitably
comprised of a polymeric material, so as to reduce the cost and weight of the light
module 1000.

[0086] The opposing tabs 1012, 1014 allow the light module 1000 to be slidingly
secured to the frame of a lighting assembly. Namely, as discussed above, the opposing
tabs 1012, 1014 fit within grooves of the frame of the lighting assembly, thereby limiting
motion of the light module 1000 to motion along the length of the lighting assembly.
[0087] The conduit 1016 is disposed within the housing 1010 and extends along its
length thereby providing a channel within which to place the electrical cables
interconnecting modules. Suitably, the conduit 1016 is large enough to receive one or
more electrical cables interconnecting the modules of the lighting assembly. As noted
above, the printed circuit board 1004 is electrically coupled to the electrical cables so as
to provide power to the light source 1002.

[0088] With reference to FIGURE 12, an optical lens 1202 of a light module 1204 is
illustrated using a cross sectional view of the light module 1204. The light module 1204,
in addition to including the optical lens 1202, includes a housing 1206, a reflector 1208
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and a light source 1210 encompassed by the optical lens 1202, where there is an air
gap 1212 between the light source 1210 and the optical lens 1202.

[0089] As shown, a visibility line 1214 extends from the optical lens 1202 to the
periphery of the light module 1204. The visibility line 1214 defines a region 1216
outside the view of a consumer looking in to the display case. This region 1216 is
hereinafter referred to as the visibility envelope. Consumer tests have shown that it is
desirable to keep the optical lens 1202 and the light source 1210 within the visibility
envelope 1216. In certain embodiments, the housing 1206, which generally falls
outside the visibility envelopment 1216, is black so as to make it less visible, whereas
the reflector 120, which falls within the visibility envelope 1216, is suitably white.

[0090] So as to ensure the optical lens 1202 and the light source 1210 are within the
visibility envelope 1216, the light source 1210 and the optical lens 1202 are recessed
within the light module 1204. As should be appreciated, the reflector 1208 of the light
module 1204 helps defines the recess. While recessing the light source 1210 and the
optical lens 1202 helps keep the light source 1210 and the optical lens 1202 in the
visibility envelope 1216, it also makes it more difficult to direct the light emitted from the
light source 1210 to the center of the display case.

[0091] The optical lens 1202 addresses this difficulty by making use of a combination
of total internal reflection and refraction. Most of the light given off by the light source
1210 is originally directed to a first boundary 1218. This light reflects off the first
boundary 1218 and then refracts towards the center of the display case via a second
boundary 1220, as shown by light rays 1222. The remaining light given off by the light
source 1210 is originally directed to the second boundary 1220 and refracts to the
display case, as shown by light rays 1224. This light is spread from close to the light
module 1204 to close to the center of the display case depending upon where it crosses
along the length of the second boundary. For example, the light rays going left (as
oriented by FIGURE 12) are directed toward the center of the display case while the
light rays going up are directed closer to the light module 1204.

[0092] In view of the foregoing, the optical lens 1202 allows the display case to be
more uniformly lit than would otherwise be possible. Further, the optical lens 1202 does

this while at the same time keeping the optical lens 1202 and the light source 1210
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within the visibility envelope 1216, which, as noted above, consumers test have found
desirable to consumers.

[0093] The lighting assemblies have been described with reference to the disclosed
embodiments.  Furthermore, components that are described as a part of one
embodiment can be used with other embodiment. The invention is not limited to only
the embodiments described above. Instead, the invention is defined by the appended

claims and the equivalents thereof.
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CLAIMS:

1. A lighting assembly for illuminating a display case, said assembly
comprising:

an elongated frame; and,

a plurality of modular inserts removably connected to the elongated frame,
wherein the plurality of modular inserts include a plurality of light modules, wherein
each of the plurality of light modules is removably coupled to adjacent light modules

electrically.

2. The assembly of claim 1, wherein the plurality of modular inserts

includes at least one spacer.

3. The assembly of claim 2, wherein the each of the plurality of light

modules is disposed within one of the at least one spacer.

4. The assembly of claim 1, wherein the each of the plurality of light

modules is in electrical communication with each other light module.

5. The assembly of claim 1, wherein each of the plurality of modular
inserts receives power from an external power supply electrically connected to one

of the plurality of modular inserts disposed at a distal end of the lighting assembly.

6. The assembly of claim 1, wherein the plurality of modular inserts

includes a power module disposed on a distal end of the lighting assembly.

7. The assembly of claim 1, wherein the plurality of modular inserts
includes a plurality of spacers, wherein the plurality of light modules and the plurality

of spacers alternate along the length of the lighting assembly.

8. The assembly of claim 1, wherein the each of the plurality of light

modules includes at least one light source and a lens, wherein the lens directs a
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maijority of light generated by the at least one light source perpendicular to the
normal of a base upon which the at least one light source rests.

9. The assembly of claim 1, wherein the each of the plurality of light
modules includes at least one light source, wherein the at least one light source

includes at least one LED.

10.  Alighting assembly for illuminating a display case, wherein the lighting
assembly is mounted to the display case and includes a visibility envelope within
which an onlooker of the display case cannot see, the assembly comprising:

a light source; and,

an optical lens disposed over and/or around the light source, wherein the
optical lens is disposed exclusively within the visibility envelope, wherein the optical
lens is fashioned to control light emitted from the light source using refraction and

total internal reflection.

11.  The lighting assembly of claim 10, wherein the optical lens is recessed
within a housing and light emitted from the light source is reflected off the housing to

light an area proximate the lighting assembly.

12.  The lighting assembly of claim 10, wherein light emitted from the light
source is directed substantially perpendicular to a normal of a base upon which the

light source rests.

13.  The lighting assembly of claim 10, wherein the light source is an LED.

14.  The lighting assembly of claim 10, wherein the optical lens defines a

cavity between the light source and the optical lens.

15.  The lighting assembly of claim 10, wherein the optical lens includes a
first portion and a second portion, wherein the first portion is disposed above the

second portion and facilitates total internal reflection.

20



WO 2011/053638 PCT/US2010/054263

16. A lighting assembly for illuminating a display case, wherein the lighting
assembly is mounted to the display case and includes a visibility envelop within
which an onlooker of the display case cannot see, the assembly comprising:

an elongated frame provisioned to receive modular inserts; and,

at least one modular insert operatively connected to the elongated frame,
wherein the at least one modular insert includes a light module having an optical
lens and a light source, wherein the optical lens is disposed over and/or around the
light source and exclusively within the visibility envelope, wherein the optical lens is
fashioned to control light emitted from the light source using refraction and total

internal reflection.

17.  The lighting assembly of claim 16, wherein the light module further
includes a housing, wherein the optical lens is recessed within the housing and light
emitted from the light source is reflected off the housing to light an area proximate

the lighting assembly.

18.  The lighting assembly of claim 16, wherein the light source is an LED.

19.  The lighting assembly of claim 16, wherein the at least one modular
insert includes a second light module, wherein the at least one light module and the

second light module are removably coupled electrically.

20. The assembly of claim 16, wherein each of the at least one modular
insert receives power from an external power supply electrically coupled to one of

the at least one modular insert disposed at a distal end of the lighting assembly.

21.  An optic assembly comprising:
a light source;
a reflector to reflect light emitted by the light source; and

an optical lens disposed over and/or around the light source;
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wherein the optical lens is configured to direct light emitted from the light
source using refraction and total internal reflection.

22.  The optic assembly of claim 21, wherein reflector and optical lens are

configured to define a cavity between the reflector and the optical lens.

23.  The optic assembly of claim 22, wherein a boundary of the cavity

includes a total internal reflective surface.

24.  The optic assembly of claim 22, wherein the reflector is bonded to the
optical lens by means of a sonic weld.

25.  The optic assembly of claim 23, wherein the cavity is sealed and
provides for self heating to clean off any residue on the total internal reflective

surface.

26.  The optic assembly of claim 21, wherein the light source is an LED.

27.  An optic assembly comprising:

a light source;

a reflector to reflect light emitted by the light source; and

an optical lens disposed over and/or around the light source, wherein the
optical lens is disposed to refract a first portion of the light emitted from the light
source immediately through a first surface and totally reflect a second portion of light

source emitted from the light source immediately off a second surface.

28.  The optic assembly of claim 27, wherein after totally reflecting off the
second surface, the second portion of light refracts through the first surface.

29.  The optic assembly of claim 27, wherein the first surface is the optical

lens.
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30.  The optic assembly of claim 27, wherein the second surface is a total

internal reflective surface.

31.  The optic assembly of claim 27, wherein reflector and optical lens are

configured to define a cavity between the reflector and the optical lens.

32.  The optic assembly of claim 31, wherein a boundary of the cavity

includes a total internal reflective surface.

33.  The optic assembly of claim 31, wherein the reflector is bonded to the

optical lens by means of a sonic weld.

34.  The optic assembly of claim 31, wherein the cavity is sealed and
provides for self heating to clean off any residue on the total internal reflective

surface.

35.  The optic assembly of claim 27, wherein the light source is an LED.

23



PCT/US2010/054263
1/12

WO 2011/053638

¥ on it

ON * W Sy

IOt ———

H , _
Jj|ssEsE7aaflssas
201 —

) )

Mu« i 3 | sot 211 ) s 2 1 Nﬂ

T 9ot

bedii

SUBSTITUTE SHEET (RULE 26)



PCT/US2010/054263

WO 2011/053638

2/12

2 914

SUBSTITUTE SHEET (RULE 26)



WO 2011/053638 PCT/US2010/054263
3/12

Jov  lo% v {0 108

SUBSTITUTE SHEET (RULE 26)



WO 2011/053638 PCT/US2010/054263
4/12

Yiv

FIc. 4

SUBSTITUTE SHEET (RULE 26)



WO 2011/053638 PCT/US2010/054263
5/12

SUBSTITUTE SHEET (RULE 26)



WO 2011/053638

PCT/US2010/054263
6/12
“a
(e
olo O s
. | ottt
e . heL S L Gy
T T -
“6, \ . e )
AT Yy | /
b{\ \
it g
{ T
»o8 i A
FLG. 6
M

SUBSTITUTE SHEET (RULE 26)



WO 2011/053638

PCT/US2010/054263
7/12

FIG.

SUBSTITUTE SHEET (RULE 26)



WO 2011/053638 PCT/US2010/054263
8/12

SUBSTITUTE SHEET (RULE 26)



WO 2011/053638 PCT/US2010/054263
9/12

100

ﬁ

»..___Mlb(t
R

-7 ato

1
§ P s gl 1} 3

( .

{0¢

e mandi )]

FIG. 2

SUBSTITUTE SHEET (RULE 26)



WO 2011/053638 PCT/US2010/054263
10/12

FLG. 10

SUBSTITUTE SHEET (RULE 26)



WO 2011/053638 PCT/US2010/054263
11/12

iold

FIe. M

SUBSTITUTE SHEET (RULE 26)



WO 2011/053638 PCT/US2010/054263
12/12

1106

TueN

it g

FIG. 12

SUBSTITUTE SHEET (RULE 26)



- INTERNATIONAL SEARCH

REPORT

International application No

PCT/US2010/054263
A. CLASSIFICATION OF SUBJECT MATTER
INV. F21V5/04 F21V7/00 F25D27/00 F2154/00
ADD. F21Y101/02 F2152/00 ' '

According to Infernational Palent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

F21V F25D F21S

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that

such documents are included in the fields searched

EPO-Internal

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

X US 2005/190553 Al (LYNCH MANUEL
LYNCH MANUEL [US] ET AL)
1 September 2005 (2005-09-01)

Y. paragraphs [0070], [0071]; figu

X EP 1 970 620 Al (KONINKL PHILIPS
ELECTRONICS NV [NLD)
17 September 2008 (2008-09-17)

Y paragraphs [0003], [0004], [00
[0014], [o0018]; figures 1,2

X US 2007/183736 Al (POZDNYAKOV VA

ET AL POZDNYAKOV VADIM VIKTOROVI
AL) 9 August 2007 (2007-08-09)
figure 3

[UST ET AL 1-7,9
res 17-19 8,16-20
10-15,
21-35
13], 8,16-20
DIM Vv [US] 21-35

CH [RU] ET

m Further documents are listed in the continuation of Box C.

E See patent family annex.

* Special categories of cited documents :

*A" document defining the general state of the art which is not
considered 1o be of particular relevance

*E" earlier document but published on or after the international
filing date

"L" document which may throw doubts on priotity claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

*O" document referring to an oral disclosure, use, exhibition or
other means

*P* document published prior to the international filing date but
later than the priority date claimed

‘T later document published after the international filing date
or priority date and not in conflict with the application but
cited 1o understand the principle or theory underlying the
invention

‘X" document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

'Y® document of particular relevance; the claimed invention
cannot be considered to invoive an inventive step when the
document is combined with one or more other such docu—
ments, such combination being obvious to a person skilled
in the art.

"&" document member of the same patent family

Date of the actual completion of the international search

5 January 2011

Date of mailing of the intemational search report

18/01/2011

Name and maiting address of the ISA/
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016

Authorized officer

Chaloupy, Marc

Form PCT/ISA/210 (second sheet) (April 2005)

Relevant to claim No.




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2010/054263

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

WO 2008/047335 Al (NUALIGHT LTD [IE];
KELLY WILLIAM [IE]; O’SHAUGHNESSY PAUL
[IE]; BOUCHI) 24 April 2008 (2008-04-24)
figures 11-21

1-7

Form PCT/ISA/210 (continuation of second sheet) (April 2005}




INTERNATIONAL SEARCH REPORT

Information on patent family members

International appllcation No

PCT/US2010/054263
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2005190553 Al 01-09-2005 US 2008055915 Al 06-03-2008
EP 1970620 Al 17-09-2008 NONE
US 2007183736 Al 09-08-2007 JP 2007165899 A 28-06-2007
KR 20070064238 A 20-06-2007
RU 2303800 C1 27-07-2007
WO 2008047335 Al 24-04-2008 EP 2076709 Al 08-07-2009
EP 2074868 A2 01-07-2009
IE 20070758 Al 11-06-2008
IE 20070759 Al 11-06-2008
WO 2008047336 A2 24-04-2008
us 2010085748 Al 08-04-2010
US 2010026187 Al 04-02-2010

Fomm PCT/iISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - wo-search-report
	Page 38 - wo-search-report
	Page 39 - wo-search-report

