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refrigeration case. Alternatively, the plurality of light sources, the 1D linear batwing lens, and the housing may be formed, along
with a power supply, as a standalone retrofit fixture for use in enclosed storage structures, where the retrofit fixture replaces a con-
ventional fluorescent fixture.
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RETROFIT-STYLE LAMP AND FIXTURE, EACH INCLUDING A
ONE-DIMENSIONAL LINEAR BATWING LENS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims priority of U.S. Patent Application Serial No.
12/636,524, filed December 11, 2009, and U.S. Provisional Patent Application Serial No.
61/314,665, filed March 17, 2010, the entire contents of both of which are hereby

incorporated by reference.

TECHNICAL FIELD

[0002] The present invention relates to lamps, and more specifically, to retrofit-style lamps

incorporating a lens.

BACKGROUND OF THE INVENTION

[0003] Enclosed storage structures, such as refrigeration cases, have long had light sources
and light fixtures disposed within to provide light to anyone accessing an item or items stored
within the structure. Typically, such a fixture uses one or more fluorescent bulbs, usually in
the shape of a tube, to disperse light within the enclosed space defined by the storage
structure. Such fixtures may be located along the front corners of a vertically-clongated
storage structure, such as on either side of a door that opens to the left or right, or may be
located along a top corner or a front edge, when the storage structure is horizontally-
clongated. When a fluorescent tube breaks or otherwise ceases to function for any reason, the
non-functioning tube is removed, and a new one is put into the fixture.

[0004] While fluorescent tubes are reasonably low in cost, and maintenance of fixtures
including fluorescent tubes is reasonably easy and also low cost, a typical fluorescent-based
bulb is not as energy-efficient or as long-lasting as a typical light emitting diode (LED) light
source. Thus, lamps and fixtures that employ LEDs instead of fluorescent tubes are

becoming increasingly popular.
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SUMMARY OF THE INVENTION

[0005] Conventional techniques for providing light within an enclosed storage structure, such
as a refrigeration case, using an LED-based light source suffer from a variety of faults. A
conventional LED-based fixture typically requires a 1:1 ratio between the LED sources and
the optics used, and thus the optics is typically injection molded. That is, each LED chip has
its own optic (i.c., lens). This is due, in part, to attempting to compensate for the less-than
uniform distribution of light a conventional LED-based fixture provides, compared to a
conventional fluorescent-based fixture. For a typical fixture measuring four feet in length,
there may be ten or twelve lenses present. In some configurations, should a lens break or
otherwise need to be replaced, it is not possible to simply replace the single lens, but rather
the entire fixture must be replaced. The same is true for the LED chips in some
configurations (i.¢., if one chip breaks or otherwise needs to be replaced, the entire fixture
must be replaced, not just the one chip, or an array of chips). This makes a conventional
LED-based light source more expensive to maintain over time than conventional fluorescent
light sources, despite the cost savings of using more energy efficient LEDs in place of
conventional fluorescent light sources.

[0006] Further, the 1:1 ratio between the LEDs/LED chips and the optics means that a
retrofit-style option replacement of a conventional light source is impossible. (A retrofit-
style option is one where a conventional light source in an existing fixture is replaced by an
LED-based light source and appropriate changes are further made to the ballast and/or the
power supply of the existing fixture, so as to allow the fixture to properly power and operate
the LEDs. Thus, a retrofit-style replacement may result in the replacement of not only the
light source, but also the existing ballast and/or power supply of the existing fixture. In
contrast, a true retrofit option would replace the conventional light source in an existing
fixture with an LED-based light source, but would not require any changes to the already-
existing ballast and/or power supply.) That is, the 1:1 ratio makes it impossible to add an
LED-based light source and its related optics to an already-existing fixture, where they would
replace the conventional fluorescent tube (leaving aside the issue of whether the current
ballast and/or power supply used by the already-existing fixture would be capable of
supporting the LEDs). The entire fixture must be removed and replaced, adding to
installation costs in comparison to a retrofit-style solution. Further, conventional LED-based
fixtures for refrigeration cases and similar structures are typically larger and bulkier in terms

of space occupied than conventional fluorescent fixtures for the same structures. In some
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structures, the conventional LED-based fixture will not fit into the structure properly. In
other structures, even if the conventional LED-based fixture does fit, it takes up more space
than a conventional fluorescent fixture, leaving less space for products within the case or
structure.

[0007] Embodiments of the present invention provide a retrofit-style solution for use with
fixtures already located within enclosed storage structures, such as but not limited to
refrigeration cases and other similar structures. The retrofit-style solution lamp described
herein may use LED-based light sources, making it more energy-efficient and having a longer
life than conventional light sources, such as conventional fluorescent tube lamps, and has its
own incorporated optic that produces a dispersion of light that better illuminates an enclosed
storage structure, such as a refrigeration case. When configured as a retrofit-style lamp, the
solution replaces a conventional fluorescent tube lamp, providing the energy-efficiency and
long life benefits of LED-based light sources. When configured as a fixture, the solution
replaces existing conventional fluorescent fixtures as well as existing conventional LED-
based fixtures with a fixture that provides energy efficiency, longer life, and a better
dispersion of light, as well as being easier and less expensive to maintain and repair.

[0008] In an embodiment, there is provided a retrofit-style lamp. The retrofit-style lamp
includes a plurality of light sources and a one-dimensional linear batwing lens. The one-
dimensional linear batwing lens beam shapes light emitted by at least two light sources of the
plurality of light sources.

[0009] In a related embodiment, the at least two light sources of the plurality of light sources
may be located in a region beneath a central portion of the one-dimensional linear batwing
lens. In another related embodiment, the plurality of light sources may include a plurality of
light-emitting diodes. In still another related embodiment, the one-dimensional linear batwing
lens may be scalable in relation to a number of light sources comprising the plurality of light
sources.

[0010] In yet another related embodiment, the one-dimensional linear batwing lens may be
extrudable. In a further related embodiment, the extrudable one-dimensional linear batwing
lens may be co-extrudable. In a further related embodiment, the co-extrudable one-
dimensional linear batwing lens may be comprised of a first portion and a second portion,
wherein the first portion may be comprised of a first material, and wherein the second portion
may be comprised of a second material. In another further related embodiment, the co-
extrudable one-dimensional linear batwing lens may be comprised of a first portion and a

second portion, wherein the first portion and the second portion may be comprised of a
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material, and wherein the first portion may include a first filter and the second portion may
include a second filter.

[0011] In yet still another related embodiment, the one-dimensional linear batwing lens may
include an upper portion and a lower portion, wherein the upper portion may be located
farther from the plurality of light sources than the lower portion, and wherein the upper
portion may be divided into a first non-planar section and a second non-planar section. In a
further related embodiment, the first non-planar section and the second non-planar section
may be similarly shaped. In another further related embodiment, the first non-planar section
and the second non-planar section may be of different shapes.

[0012] In still another related embodiment, the one-dimensional linear batwing lens may
include an upper portion and a lower portion, wherein the upper portion may be located
farther from the plurality of light sources than the lower portion, and wherein the upper
portion may include a dip. In a further related embodiment, the dip may be characterized by
an angle.

[0013] In yet another related embodiment, the retrofit-style lamp may further include a
housing, wherein the plurality of light sources is arranged within a space defined in part by
the housing. In a further related embodiment, the one-dimensional linear batwing lens may
be coupled to the housing. In another further related embodiment, the retrofit-style lamp may
further include a pair of electrical connectors, wherein a first of the pair of electrical
connectors may be attached to a first end of the housing, and wherein a second of the pair of
electrical connectors may be attached to a second end of the housing. In a further related
embodiment, the one-dimensional linear batwing lens may be coupled to the housing,
forming a lens-housing combination, and the pair of electrical connectors may be attached to
the lens-housing combination. In a further related embodiment, the retrofit-style lamp may
further include an endcap, wherein the endcap is connectable between one of the pair of
electrical connectors and the lens-housing combination.

[0014] In another embodiment, there is provided an enclosed storage structure lighting
fixture. The enclosed storage structure light fixture includes a housing; a power supply,
wherein the power supply is connectable to the housing; a plurality of light sources located in
a region defined by the housing, wherein the plurality of light sources receive power from the
power supply; and a one-dimensional linear batwing lens, coupled to the housing, wherein
the one-dimensional linear batwing lens beam shapes light emitted by at least two light
sources of the plurality of light sources. In a related embodiment, the one-dimensional linear

batwing lens may provide a substantially uniform distribution of light within a space defined
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in part by an enclosed storage structure, by beam shaping light emitted by the plurality of

light sources.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The foregoing and other objects, features and advantages disclosed herein will be
apparent from the following description of particular embodiments disclosed herein, as
illustrated in the accompanying drawings in which like reference characters refer to the same
parts throughout the different views. The drawings are not necessarily to scale, emphasis
instead being placed upon illustrating the principles disclosed herein.

[0016] FIG. 1 shows a retrofit-style lamp including a one-dimensional linear batwing lens
according to embodiments disclosed herein.

[0017] FIG. 2 illustrates a sectional cross-view of a housing including attached light sources
and an attached one-dimensional linear batwing leans.

[0018] FIG. 3 shows a profile view of an open-ended light fixture having a housing including
attached light sources and an attached one-dimensional linear batwing lens, wherein the light
sources are not powered and the interior of the housing is visible though the lens.

[0019] FIG. 4 shows a profile view of a section of a light fixture having a housing including
attached light sources and an attached one-dimensional linear batwing lens, wherein the light
sources are powered and the interior of the housing is not visible though the lens.

[0020] FIG. 5 shows a cross-section view of an alternative one-dimensional linear batwing

lens, according to embodiments described herein.

DETAILED DESCRIPTION OF THE INVENTION

[0021] Embodiments described herein show a novel retrofit-style lamp suitable for use in
storage units such as refrigeration cases. The retrofit-style lamp incorporates its own lens
instead of relying on a lens attached to the fixture in which the lamp is placed. The lens is a
one-dimensional linear batwing lens, which produces a batwing type of beam pattern by
beam shaping light from a plurality of light sources, which may include LED-based light
sources. The lens is extruded and is able to be used with any number of light sources. The
lamp also includes a housing to which the light sources and the lens are attached, with
endcaps including electrical pin connectors affixed to each end of the housing. The endcaps,
through the electrical pin connectors, allow the light sources to receive power and produce

light, which the incorporated one-dimensional linear batwing lens spreads in a substantially
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uniform pattern through the storage unit. Thus, the endcaps allow the lamp to be placed in
any type of fixture that accepts fluorescent lamp tubes. The retrofit-style lamp may also be
modified by removing the endcaps and adding covers with appropriate electrical connectors
so as to be used as a fixture, directly attached to a storage unit in replacement of a
conventional fluorescent lamp fixture.

[0022] FIG. 1 shows a retrofit-style lamp 100 (including and corresponding to a cross-
sectional view 200 in FIG. 2 and a profile sectional view 300 in FIG. 3) including a plurality
of light sources 102, a one-dimensional linear batwing lens 104, a housing 106, a pair of
endcaps 108 and 110, and a pair of electrical connectors 112 and 114. Thus, the one-
dimensional linear batwing lens 104 is incorporated into the retrofit-style lamp 100, such that
the fixture (not shown) into which the retrofit-style lamp 100 is placed does not need to have
an optic or optics (i.c., lens/lenses) of its own. The retrofit-style lamp 100 is suitable for
placement in any type of fixture, such as but not limited to a conventional fluorescent tube
lamp fixture (not shown). The one-dimensional linear batwing lens 104 is coupled to the
housing 106, as seen most casily in FIG. 2, to form an outer body of the retrofit-style lamp
100. The one-dimensional linear batwing lens 104 may be coupled to the housing 106 in any
known way. For example, in some embodiments, the one-dimensional linear batwing lens
104 and the housing 106 are each shaped so as to form as interlocking connection. An
example of such an interlocking connection is shown in FIG. 2, where the one-dimensional
linear batwing lens 104 and the housing 106 each include a tab 220y attached to a post 222y,
such that the tabs 2205 and 220, on the one-dimensional linear batwing lens 104 may be slid
into the two cavities created by the tabs 220, and 220, and the posts 222, and 222, of the
housing 106, keeping the one-dimensional linear batwing lens 104 and the housing 106
connected. Note that the tabs 220x and the posts 222y, in some embodiments, are created
from the same material as the housing 106 and/or the one-dimensional linear batwing lens
104 and are a solid part of the housing 106 and/or the one-dimensional linear batwing lens
104, such that the tabs 220y and the posts 222y are created when the housing 106 and/or the
one-dimensional linear batwing lens 104 is created (i.c., shaped). Alternatively, in some
embodiments, the tabs 220y and the posts 222y are separate from the housing 106 and/or the
one-dimensional linear batwing lens 104 and must be connected or otherwise attached thereto
(e.g., by use of an epoxy or other adhesive material, or through use of a mechanical
connection). Alternatively, in some embodiments, the posts 222y are a solid part of the
housing 106 and/or the one-dimensional linear batwing lens 104, as described above, and the

tabs 220y are separate and must be connected or otherwise attached to the corresponding
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posts 222x (e.g., by use of an epoxy or other adhesive material, or through use of a
mechanical connection). Further, in some embodiments, the connection of the housing 106
and the one-dimensional linear batwing lens 104 is outside of the active optical field of the
one-dimensional linear batwing lens 104, so that the housing 106 retains and supports the
one-dimensional linear batwing lens 104 without disturbing the beam pattern created by the
beam shaping of the one-dimensional linear batwing lens 104, acting on light from the
plurality of light sources 102. Thus, it is possible to exchange a different lens (including a
different one-dimensional linear batwing lens) for the one-dimensional linear batwing lens
104 that is originally part of the retrofit-style lamp 100, should (for example) the original
one-dimensional linear batwing lens 104 break or otherwise need to be replaced, or should a
different optic be necessary and/or desired for the retrofit-style lamp 100.

[0023] The housing 106 may be made of any material that serves a thermal management
function. Thus, in some embodiments, the housing 106 serves as a heat sink for any heat
created by the retrofit-style lamp 100 and/or any of its components, such as heat created by,
for example, the plurality of light sources 102). The housing 106 is also extrudable (i.e., may
be formed having a desired cross-section by being forced through a die). In some
embodiments, the housing 106 is made of aluminum. In other embodiments, the housing 106
may be made of, for example but not limited to, sheet metal, a plastic material, and the like.
The housing 106 may be of any shape that allows the retrofit-style lamp 100 to fit into a
lighting fixture. The housing 106, as described above, must be able to be connected to the
one-dimensional linear batwing lens 104, using, for example, any of the connection
mechanisms described above. In some embodiments, the housing 106 has a low profile,
which allows the retrofit-style lamp 100 to be placed into, for example, conventional
fluorescent tube fixtures. In some embodiments, upper walls 240 of the housing 106 (seen
most easily in FIG. 2) provide a precise mechanical cutoff at edges 242 of the housing 106 to
eliminate reverse glare from the plurality of light sources 102.

[0024] The pair of electrical connectors 112 and 114 are located, respectively, on either end
of the retrofit-style lamp 100. The first of the pair of electrical connectors 112 is attached to
a first end 182 of the housing 106, and the second of the pair of electrical connectors 114 is
attached to a second end 184 of the retrofit-style lamp 100. The pair of electrical connectors
112 and 114 may be any known type of electrical connector, such as but not limited to a pair
of two-pin connector as is typically used on conventional fluorescent lamp tubes. The pair of
electrical connectors 112 and 114 provide the retrofit-style lamp 100 with power received

from the fixture (not shown) into which the retrofit-style lamp 100 is placed. The power
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received by the pair of electrical connectors 112 and 114 is sent to the plurality of light
sources 102 through any power-conducting material, such as but not limited to wire, or pin
connectors located on a printed circuit board (PCB) that includes any number of the plurality
of light sources 102. The pair of electrical connectors 112 and 114, in some embodiments,
are connected to the joined one-dimensional linear batwing lens 104 and housing 106 (which
may be considered to be a lens-housing combination). In some embodiments, the pair of
electrical connectors 112 and 114 are directly connected to the lens-housing combination.
Alternatively, as is shown in FIG. 1, the pair of endcaps 108 and 110 is interposed between
the lens-housing combination and the pair of electrical connectors 112 and 114. That is,
either of the pair of endcaps 108 and 110 is connectable between one of the pair of electrical
connectors 112 and 114, and the lens-housing combination. For example, as shown in FIG.
1, a first of the pair of endcaps 108 is connected between the first of the pair of electrical
connectors 112 and the interconnected one-dimensional linear batwing lens 104 and the
housing 106, and the second of the pair of endcaps 110 is connected between the second of
the pair of electrical connectors 114 and the interconnected one-dimensional linear batwing
lens 104 and the housing 106. Thus, any electrical connection between either or both of the
pair of electrical connectors 112 and 114 and the plurality of light sources 102 must be
maintained (i.c., not interrupted, severed, or otherwise blocked by) the pair of endcaps 108
and 110. In some embodiments, the pair of endcaps 108 and 110, with the exception of an
electrical connection to the pair of electrical connectors 112 and 114, seal off the interior of
the interconnected one-dimensional linear batwing lens 104 and the housing 106 (i.e., the
lens-housing combination). The pair of endcaps 108 and 110 may be made of any material
that is able to withstand any heat generated by the retrofit-style lamp 100 without becoming
deformed, and without either of the pair of endcaps 108 and 110 becoming disengaged or
otherwise disconnected from the other components of the retrofit-style lamp 100. In some
embodiments, an endcap and an electrical connector may be a single component, while
alternatively, in other embodiments, an endcap and an electrical connector may be discrete
components that must be connected in some manner. Both the pair of endcaps 108 and 110
and the pair of electrical connectors 112 and 114 may be joined to other components of the
retrofit-style lamp 100 using any available connection mechanisms and/or materials (for
example, but not limited to, mechanical connections, adhesive-based connections,
combinations thereof, and so on). In some embodiments, one or both of the pair of endcaps
108 and 110 may be shaped or otherwise formed so that, when the retrofit-style lamp 100 is

placed into a fixture, proper engagement of the retrofit-style lamp 100 with the fixture results
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in the endcap/endcaps “locking” the retrofit-style lamp 100 into place, or otherwise indicating
that the retrofit-style lamp 100 has been properly installed into the fixture. In some
embodiments, this functionality is found on one or both of the pair of electrical connectors
112 and 114. Alternatively, in some embodiments where the pair of endcaps 108 and 110
and the pair of electrical connectors 112 and 114 are formed into a pair of single pieces (i.c.,
an endcap-electrical connector combination), the “locking” and/or indicator functionality
described above is found in one or both of the endcap-electrical connector combinations.
[0025] As seen in FIGS. 2 and 3, the plurality of light sources 102 is arranged within a space
150 defined in part by the housing 106. The space 150 may also be defined in part by the
one-dimensional linear batwing lens 104, as well as, or alternatively by, the connection
mechanism between the housing 106 and the one-dimensional linear batwing lens 104. The
plurality of light sources 102 may be any type of light source capable of producing light that
may be beam shaped by the one-dimensional linear batwing lens 104. In some embodiments,
the plurality of light sources 102 are a plurality of light-emitting diode(LED)-based light
sources, such as but not limited to a plurality of light-emitting diodes (LEDs), a plurality of
organic light-emitting diodes (OLEDs), combinations thereof, and the like. In some
embodiments, the retrofit-style lamp 100 uses Golden Dragon® LEDs made by OSRAM
Opto Semiconductors of Regensburg, Germany, and Sunnyvale, California, USA. A single
LED 102, is shown in FIG. 2. The plurality of LED-based light sources may be arranged, as
is well-known in the art, on one or more printed circuit boards (PCBs) that extend from one
part of the retrofit-style lamp 100 to another. Where two or more PCBs are used in the
retrofit-style lamp 100, the PCBs are electrically connected to each other to allow all of the
LED-based light sources on all the PCBs to be powered from the same source (e.g., the
fixture into which the retrofit-style lamp 100 is attached). Any PCBs used are sized to fit
within the retrofit-style lamp 100, which in some embodiments is approximately 1.5 inches
wide at its widest point. The one-dimensional linear batwing lens 104 beam shapes light
emitted by at least two light sources of the plurality of light sources. The dispersion of light
created (i.e., beam shaped) by the one-dimensional linear batwing lens 104 is a batwing
dispersion, regardless of the number of the light sources, or type of light sources, used. Thus,
it possible to use any number of light sources, including any number of LEDs, with the one-
dimensional linear batwing lens 104; for example, see FIG. 3. The one-dimensional linear
batwing lens 104 therefore may be said to be scalable, such that no change is required to the
lens to produce a batwing dispersion even if the number of light sources used in the retrofit-

style lamp 100 changes.
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[0026] As shown most clearly in FIG. 2, which is a cross-section of the retrofit-style lamp
100 shown in FIG. 1, and FIG. 3, which is a profile view of a section of the retrofit-style
lamp 100 shown in FIG. 1, the plurality of light sources 102 are located in a region 202
beneath a central portion 204 of the one-dimensional linear batwing lens 104. Referring just
to FIG. 2 now, in some embodiments, the distance between the top of a light source 102,
(e.g., a single LED or a chip of LEDs) located in the region 202, measured from the center
206 of the light source 102, and the bottom edge of the one-dimensional linear batwing lens
104 (i.c., the part of the one-dimensional linear batwing lens 104 that is facing towards the
plurality of light sources), measured from the center 208 of a bottom edge 290 of the one-
dimensional linear batwing lens 104, is 3.2 millimeters.

[0027] As used throughout, the term retrofit-style lamp is one where a conventional light
source in an existing fixture is replaced by an LED-based light source and appropriate
changes may be further required to at least one of the ballast and/or the power supply of the
existing fixture, so as to allow the fixture to properly power and operate the LEDs. Thus, a
retrofit-style lamp replaces the conventional light source, and in some embodiments, may
require the existing ballast and/or power supply of the existing fixture to also be replaced. In
contrast, a retrofit lamp would replace the conventional light source in an existing fixture
with an LED-based light source, but would not require any changes to the already-existing
ballast and/or power supply of the conventional fixture.

[0028] A one-dimensional linear batwing lens, such as the one-dimensional linear batwing
lens 104 shown in FIGs. 1-3, will now be described in more detail. A one-dimensional linear
batwing lens is a batwing style lens that is extended in one dimension in a linear direction so
as to be used with more than a single light source and to produce, through beam shaping, a
substantially batwing and/or batwing-type distribution from how many ever light sources are
used. The distribution produced by a one-dimensional linear batwing lens is a substantially
batwing distribution that is substantially uniform within a defined space, such as but not
limited to the interior of a refrigeration case (not accounting for the reflective and/or blocking
effects of anything contained within the defined space). The substantial uniformity of the
distribution is such that the light, as beam shaped by the one-dimensional linear batwing lens,
fills up a defined space. The one-dimensional linear batwing lens 104 is extrudable, which
results in less expensive tooling costs when the lens is formed. The one-dimensional linear
batwing lens 104 may be made of, for example but not limited to, any transparent polymer
that is extrudable, may be connected to a housing without affecting the batwing dispersion of

light produced, and is resistant to the heat produced by the plurality of light sources. In some
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embodiments, the one-dimensional linear batwing lens 104 is made from an acrylic, a
polycarbonate (i.e., plastic), or glass, or some combination thereof.

[0029] In some embodiments, the extrudable one-dimensional linear batwing lens 104 is co-
extrudable, that is, one portion of the lens is made from a first material and the other portion
of the lens is made from a second material. Thus, for example, the one-dimensional linear
batwing lens 104 may be made of both an acrylic and a polycarbonate. In such embodiments,
the co-extrudable one-dimensional linear batwing lens may be comprised of a first portion
and a second portion. The first portion is comprised of a first material and the second portion
is comprised of a second material. The one-dimensional linear batwing lens 104 may be
divided into two portions by a straight plane that intersects (i.c., crosses) the entirety of the
one-dimensional linear batwing lens 104 in any direction. The one-dimensional linear
batwing lens 104 may, alternatively, be divided into two portions by a curved surface that
intersects (i.e., crosses) the entirety of the one-dimensional linear batwing lens 104 in any
direction. Thus, in some embodiments, the division of the one-dimensional linear batwing
lens 104 may be into equal portions (e.g., two halves, each of the same size) or into two
unequal portions. In some embodiments, the one-dimensional linear batwing lens 104 may
be formed of more than two materials, and thus may be divided into more than two portions,
where each portion is made of a different material. Further, in some embodiments, the one-
dimensional linear batwing lens 104 may be made of two materials, but may include more
than two portions. Thus, instead of being divided by, for example, a single intersecting plane,
the one-dimensional linear batwing lens 104 in such embodiments may be divided by a
plurality of intersecting planes, where each plane crosses two distinct outer boundaries of the
one-dimensional linear batwing lens 104. Of course, any type of dividing shape may be used.
For example, if looking at the cross-section shown in FIG. 2, there may be a first plane (not
shown) that intersects the one-dimensional linear batwing lens 104 in a vertical direction (i.e.,
from top to bottom, or vice versa), and there may be a second plane that intersects the one-
dimensional linear batwing lens 104 in a horizontal direction (i.c., from left to right, or vice
versa). This would create four distinct portions of the one-dimensional linear batwing lens
104, and each portion may be made from a different material, or one portion may be made of
a first material and the remaining portions from a second material, or two portions may be
made of a first material and the remaining portions from a second material, and so on.

[0030] In some embodiments, the one-dimensional linear batwing lens 104 may be made of a
material (e.g., acrylic), but may still be divided into portions (two or more). In such

embodiments, each portion of the one-dimensional linear batwing lens 104 will be made of
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the material, but a first portion may include a first filter, a second portion may include a
second filter, and so on. As described above with regards to how different materials may be
used for the one-dimensional linear batwing lens 104, similarly, different filters may be
applied to different portions of the one-dimensional linear batwing lens 104 in any
combination. A filter may include, but is not limited to, different colors, different textures,
different diffusion levels, and so on.

[0031] As described above, the one-dimensional linear batwing lens 104 may be divided into
different portions, for example, into two different portions by a horizontal plane that divides
the one-dimensional linear batwing lens 104 into an upper portion 170 and a lower portion
172 (shown in FIG. 2), where the upper portion 170 is located farther from the plurality of
light sources 102 than the lower portion 172. The upper portion 170 may then be divided into
a first non-planar section and a second non-planar section, for example by a vertical plane
that bisects the upper portion 170 (not shown). Thus, the one-dimensional linear batwing
lens 104 may be said to be bi-modal. The upper portion 170, as shown in FIG. 2, may
include a dip 174 that is created by the shape of the outermost edge of the upper portion 170
(i.e, the edge of the one-dimensional linear batwing lens 104 that is farthest from the plurality
of light sources 102 and may be touched by a person holding the retrofit-style lamp 100).
The dip 174 may be characterized by an angle. For example, the angle of the dip 174 may be
between 0° and 180° not inclusive of the end points. In some embodiments, the first non-
planar section and the second non-planar section may be similarly shaped, as is shown in
FIG. 2. In some embodiments, the first non-planar section and the second non-planar section
are of different shapes (not shown). For example, the first non-planar section may have a top
surface that is shaped like a parabola, and the second non-planar section may have a top
surface that is shaped like a half-circle, so long as the shape produces the desired batwing-
like dispersion. Thus, the upper portion 170 may, at its outermost edge, have any shape that
produces the desired batwing-like dispersion. The lower portion 172 may similarly be of any
non-linear shape that results in two cylindrical arcs that are not tangent at the joint (i.e., not a
continuous cylindrical arc). The outermost edge of the lower portion 172 (i.e., the edge
closest to the plurality of light sources 102) may thus be of any non-linear shape, as long as it
corresponds to the shapes of the upper portion 170 of the lens, because the upper portion 170
and the lower portion 172 work together to produce the desired batwing dispersion. Of
course, changing the shape of the one-dimensional linear batwing lens 104 may result in

changes to the width and/or the thickness of the one-dimensional linear batwing lens 104.
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[0032] In an example embodiment, the one-dimensional linear batwing lens 104 measures
1.386 inches at its widest point (i.c., in a horizontal direction), and measures 0.536 inches at
its tallest point (i.e., in a vertical direction), 0.358 inches without including the height of the
post 2225 or 222,. The radius of curvature at the dip 174 is R.047, while the radius of
curvature at a first curved edge 280 and a second curved edge 282 of the upper portion 170 is
R.656, as well as the radius of curvature at a side edge 284. In embodiments where the upper
portion 170 is equal on both sides of the dip 174, the same radii of curvature are found on
both sides of the upper portion 170. The space between the upper portion 170 at the dip 174
and the center 208 of the bottom edge 290 of the one-dimensional linear batwing lens 104 is
0.100 inches. The radius of curvature of the bottom edge 290 on either side of the center 208
is R.698. In embodiments where the one dimensional linear batwing lens 104 includes posts
222 to connect to the housing 106, the distance between a side edge 292 of the post 2225 and
a side edge 294 of the post 2224 is 1.310 inches plus or minus 0.020 inches.

[0033] In some embodiments, the retrofit-style lamp 100 may include only a single endcap
and a single electrical connector at one end, with the other end including only a closure that
seals off the interior of the retrofit-style lamp 100. Further, in some embodiments, a number
of lens-housing combinations, each including a distinct plurality of light sources and a
distinct one-dimensional linear batwing lens, may be placed side-by-side, or otherwise
combined together, and then joined to the same endcap/pair of endcaps, and/or the same
electrical connector/pair of electrical connectors, to form a retrofit-style lamp. Thus, in some
embodiments, the retrofit-style lamp may have a generally linear shape, as the retrofit-style
lamp 100 shown in FIG. 1, while in other embodiments, the retrofit-style lamp may have a
non-linear shape (for example, but not limited to, an “X” shape, a “+” shape, an “*” shape, a
> shape, and so on). In such embodiments, each distinct arm/leg/side of the shape includes
at least one one-dimensional linear batwing lens, such that if the arm/leg/side were separated
from the rest and provided power, a batwing dispersion would be produced by at least two
source of light associated with the lens.

[0034] In some embodiments, instead of being configured as a lamp, such as the retrofit-style
lamp 100 shown in FIG. 1, the pair of electrical connectors 112 and 114 and the endcaps 108
and 110 may be removed from the retrofit-style lamp 100 to create a fixture 400, a portion of
which is shown in FIG. 4. The fixture 400 thus includes a plurality of light sources 402 (only
one of which is shown in FIG. 4), a one-dimensional linear batwing lens 404, a housing 406,
and a power supply (not shown). The power supply is connectable to the housing 406, and

provides power to the fixture 400, and more specifically, to the plurality of light sources 402.
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The plurality of light sources 402 is located in a region defined, at least in part, by the
housing 406, and the plurality of light sources 402 receive power from the power supply.
The one-dimensional linear batwing lens 404 is coupled to the housing 406, and beam shapes
light emitted by at least two light sources of the plurality of light sources 402. The plurality
of light sources 402, the one-dimensional linear batwing lens 404, and the housing 406 cach
share the same properties and/or configurations (and/or potential properties and/or
configurations) as those of the corresponding components (i.¢., the plurality of light sources
102, the one-dimensional linear batwing lens 104, and the housing 106) for the retrofit-style
lamp 100 shown in FIG. 1. The one-dimensional linear batwing lens 404 of the fixture 400
provides a substantially uniform distribution of light within a space defined in part by an
enclosed storage structure (not shown), such as but not limited to a refrigeration case, by
beam shaping light emitted by the plurality of light sources 402. Though the portion of the
fixture 400 shown in FIG. 4 is open, such that it is possible to see inside the fixture 400, the
fixture 400 is fitted with housing closures (not shown in FIG. 4) that seal the interior of the
fixture 400. Of course, such housing closures allow for power to be provided from the power
supply to the plurality of light sources 402 located in the interior of the fixture 400, for
example through the use of one or more wires, or any other suitable electrical transmitters.
[0035] FIG. 5 shows an alternative one-dimensional linear batwing lens 500. The alternative
one-dimensional linear batwing lens 500 looks very similar to, and in some embodiments, is
the same as, the one-dimensional linear batwing lens 104 shown in FIGs. 1-4, with one
change: the alternative one-dimensional linear batwing lens 500 adds two additional spherical
surfaces 502, 504, for a total of five spherical surfaces. The two additional spherical surfaces
502, 504 are located on a bottom portion 506 of the alternative one-dimensional linear
batwing lens 500. That is, the two additional spherical surfaces 502, 504 face a light source,
such as the LED 508 shown in FIG. 5. This improves design flexibility over the one
dimensional linear batwing lens 104. By changing one or both of the two additional spherical
surfaces 502, 504, changes in the beam distribution pattern may be achieved. That is, by
increasing the size of one of the two additional spherical surfaces 502, 504, the size of a
corresponding part of the beam distribution pattern is also increased, and vice versa. The
effect of such a change in one of the two additional spherical surfaces 502, 504, in some
embodiments, is not entirely independent from the other additional spherical surface, but in
some embodiments, may be.

[0036] As is well known in the art, the beam angle of the light emitted from a light source,

such as the LED 508, impacts the beam distribution pattern. For embodiments described
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herein, with a desired or targeted distribution of 75°, the beam angle of the light source may
be at least 80° but is preferably 120° or greater, including 150°.

[0037] Alternatively, in some embodiments, one or more or any combination thereof of the
two additional spherical surfaces 502, 504 may be aspherical, that is, not equi-radial (i.e.
incapable of forming a circle). Further, in embodiments having five spherical surfaces, any
or all or some combination thereof of the spherical surfaces may be aspherical. As with the
one-dimensional linear batwing lens 104, embodiments of the alternative one-dimensional
linear batwing lens 500 may be created by extrusion (and in some embodiments, by co-
extrusion), or may also be injection molded, or otherwise created in any other way as
described herein.

[0038] Further, in some embodiments, the alternative one-dimensional linear batwing lens
500 may be rotated about a axis that runs through the center of the alternative one-
dimensional linear batwing lens 500 and/or through a light source providing light through the
alternative one-dimensional linear batwing lens 500, such as a z-axis 510 as shown in FIG. 5.
Such a rotation results in the creation of a two-dimensional batwing lens having five spherical
surfaces. A two-dimensional batwing lens having five spherical surfaces may be extruded or
may be injection molded and includes the same properties described herein for a one-
dimensional linear batwing lens 104 and/or the alternative one-dimensional linear batwing
lens 500. In some embodiments, such a two-dimensional batwing lens having five spherical
surfaces may act on a single light source (i.c., a single LED chip and/or package, which may
itself contain one or more than one LEDs) or on multiple light sources (i.e., more than one
LED chip and/or package).

[0039] Unless otherwise stated, use of the words “substantial” and "substantially" may be
construed to include a precise relationship, condition, arrangement, orientation, and/or other
characteristic, and deviations thereof as understood by one of ordinary skill in the art, to the
extent that such deviations do not materially affect the disclosed methods and systems.
[0040] Throughout the entirety of the present disclosure, use of the articles "a" or "an" to
modify a noun may be understood to be used for convenience and to include one, or more
than one, of the modified noun, unless otherwise specifically stated.

[0041] Elements, components, modules, and/or parts thereof that are described and/or
otherwise portrayed through the figures to communicate with, be associated with, and/or be
based on, something else, may be understood to so communicate, be associated with, and or

be based on in a direct and/or indirect manner, unless otherwise stipulated herein.
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[0042] Although the methods and systems have been described relative to a specific
embodiment thereof, they are not so limited. Obviously many modifications and variations
may become apparent in light of the above teachings. Many additional changes in the details,

materials, and arrangement of parts, herein described and illustrated, may be made by those

skilled in the art.
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What 1s claimed is:

1. A retrofit-style lamp comprising:
a plurality of light sources; and
a one-dimensional linear batwing lens, wherein the one-dimensional linear batwing

lens beam shapes light emitted by at least two light sources of the plurality of light sources.

2. The retrofit-style lamp of claim 1 wherein the at least two light sources of the plurality of
light sources are located in a region beneath a central portion of the one-dimensional linear

batwing lens.

3. The retrofit-style lamp of claim 1 wherein the plurality of light sources comprises a

plurality of light-emitting diodes.

4. The retrofit-style lamp of claim 1 wherein the one-dimensional linear batwing lens is

extrudable.

5. The retrofit-style lamp of claim 4 wherein the extrudable one-dimensional linear batwing

lens is co-extrudable.

6. The retrofit-style lamp of claim 5 wherein the co-extrudable one-dimensional linear
batwing lens is comprised of a first portion and a second portion, wherein the first portion is
comprised of a first material, and wherein the second portion is comprised of a second

material.

7. The retrofit-style lamp of claim 5 wherein the co-extrudable one-dimensional linear
batwing lens is comprised of a first portion and a second portion, wherein the first portion
and the second portion are comprised of a material, and wherein the first portion includes a

first filter and the second portion includes a second filter.

8. The retrofit-style lamp of claim 1 wherein the one-dimensional linear batwing lens is

scalable in relation to a number of light sources comprising the plurality of light sources.
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9. The retrofit-style lamp of claim 1 wherein the one-dimensional linear batwing lens
includes an upper portion and a lower portion, wherein the upper portion is located farther
from the plurality of light sources than the lower portion, and wherein the upper portion is

divided into a first non-planar section and a second non-planar section.

10. The retrofit-style lamp of claim 9 wherein the first non-planar section and the second non-

planar section are similarly shaped.

11. The retrofit-style lamp of claim 9 wherein the first non-planar section and the second non-

planar section are of different shapes.

12. The retrofit-style lamp of claim 1 wherein the one-dimensional linear batwing lens
includes an upper portion and a lower portion, wherein the upper portion is located farther
from the plurality of light sources than the lower portion, and wherein the upper portion

includes a dip.

13. The retrofit-style lamp of claim 12 wherein the dip is characterized by an angle.

14. The retrofit-style lamp of claim 1 further comprising a housing, wherein the plurality of

light sources is arranged within a space defined in part by the housing.

15. The retrofit-style lamp of claim 14 wherein the one-dimensional linear batwing lens is

coupled to the housing.

16. The retrofit-style lamp of claim 14 further comprising a pair of electrical connectors,
wherein a first of the pair of electrical connectors is attached to a first end of the housing, and
wherein a second of the pair of electrical connectors is attached to a second end of the

housing.
17. The retrofit-style lamp of claim 16 wherein the one-dimensional linear batwing lens is

coupled to the housing, forming a lens-housing combination, and wherein the pair of

electrical connectors is attached to the lens-housing combination.
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18. The retrofit-style lamp of claim 17 further comprising an endcap, wherein the endcap is
connectable between one of the pair of electrical connectors and the lens-housing

combination.

19. An enclosed storage structure lighting fixture comprising:

a housing;

a power supply, wherein the power supply is connectable to the housing;

a plurality of light sources located in a region defined by the housing, wherein the
plurality of light sources receive power from the power supply; and

a one-dimensional linear batwing lens, coupled to the housing, wherein the one-
dimensional linear batwing lens beam shapes light emitted by at least two light sources of the

plurality of light sources.

20. The enclosed storage structure lighting fixture of claim 19 wherein the one-dimensional
linear batwing lens provides a substantially uniform distribution of light within a space
defined in part by an enclosed storage structure, by beam shaping light emitted by the

plurality of light sources.
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