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1
LED LIGHT SOURCE

FIELD

This application relates to the field of LED light sources
and apparatus including the same.

INTRODUCTION

A light-emitting diode (LED) is a semiconductor light
source that emits light when activated. Generally, LEDs
have lower energy consumption and longer lifespans as
compared with traditional light sources, such as incandes-
cent and halogen lights.

SUMMARY

In one aspect, a LED light source is provided. The LED
light source, may include a longitudinally extending first
light guide, a housing, and a cartridge. The first light guide
having a longitudinally extending light emitting face, the
light emitting face having a first end face and a longitudi-
nally spaced apart second end face. The housing having a
first recess, the recess having a first side proximate the first
end face of the first light guide and a longitudinally spaced
apart opposed face, the first recess extending generally
transverse to the first light guide from an insertion end to a
transversely spaced apart inner end. The cartridge slideably
receivable in the first recess and having a plurality of LEDs
on a first face of the cartridge, the first face extending
generally transverse to the first light guide when the car-
tridge has been inserted into the first recess, the first face
having an inner end and an outer end. The cartridge may be
movable from an insertion position in which the inner end of
the first face of the cartridge is spaced from the first side of
the first recess when the inner end of the first face of the
cartridge is positioned at the insertion end, to an inserted
position in which the first face of the cartridge is adjacent the
first side of the first recess when the cartridge is inserted into
the first recess.

In some embodiment, the LED light source further
includes a biasing member biasing the cartridge to the
inserted position.

In some embodiments, the first recess includes a cam
member whereby, as the cartridge is inserted into the first
recess, the cartridge is guided towards the inserted position.

In some embodiments, the LED light source may further
include a biasing member biasing the cartridge to the
inserted position.

In some embodiments, the cartridge is rigid and the
biasing member is provided at the inner end of the first
recess whereby a biasing force provided by the biasing
member when the cartridge is in the inserted position biases
the outer end of the cartridge to a position proximate the
light guide.

In some embodiments, the LED light source may further
include a driving member moveably mounted in the housing
and driving the cartridge from a position in which the first
face of the cartridge is spaced from the first side of the first
recess to the inserted position.

In some embodiments, the LEDs are provided only on the
first face of the cartridge.

In some embodiments, the LED light source may further
include a second light guide having an first end face and a
longitudinally extending light emitting face, wherein the
first recess has a third side proximate the first end face of the
second light guide and the LEDs are also provided on a
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second face of the cartridge, wherein when the cartridge is
in the inserted position, the second face of the cartridge is
adjacent the third side of the first recess.

In some embodiments, the light guides extend in different
directions.

In some embodiments, the light guides extend in different
directions that re about 90° apart.

In some embodiments, the cartridge further includes a
heat sink.

In some embodiments, the cartridge further includes the
heat sink.

In some embodiments, the cartridge further includes a
substrate, the LEDs are provided on the substrate and the
substrate is removable from the heat sink.

In some embodiments, the heat sink is provided in the
housing and the cartridge has a side in thermal contact with
the heat sink when the cartridge is in the inserted position.

In some embodiments, the LED light source may further
include a second light guide extending in the same direction
as the first light guide, the second light guide having a first
end face and a longitudinally extending light emitting face
oriented in the same direction as the light emitting face of
the first light guide, and the housing further includes a
second recess which slideably receives another cartridge
having LEDs on a face thereof.

In some embodiments, the second recess is positioned
proximate the first recess and, when inserted the LEDs of the
first cartridge face an opposed direction to the LEDs of the
second cartridge.

In some embodiments, the second recess is positioned
spaced from the first recess and, when inserted the LEDs of
the first cartridge face a first direction and the LEDs of the
second cartridge face the first direction.

In some embodiments, the LED light source may further
include a second recess positioned at the second end face of
the first light emitting member and, when inserted, the LEDs
of the first cartridge face an opposed direction to the LEDs
of the second cartridge.

In another aspect, a LED light source is provided. The
LED light source includes a longitudinally extending first
light guide, a housing, and a cartridge. The first light guide
has a longitudinally extending light emitting face, the light
emitting face having a first end face and a longitudinally
spaced apart second end face. The housing has a first side
proximate the first end face of the first light guide. The
cartridge is mountable to the first side of the housing and has
at least one LED on a first face of the cartridge, the first face
extending generally transverse to the first light guide when
the cartridge has been mounted to the housing. When the
cartridge is mounted to the first side of the housing, the first
face of the cartridge is adjacent the first end face.

In some embodiments, the cartridge has mechanical
engagement members which are releasably securable to
mating mechanical engagement members of the housing.

In some embodiments, the LED light source may further
include at least one screw member that releasably secures
the cartridge to the first side of the housing.

In some embodiments, the screw members are non-
removably secured to the housing.

In another aspect, a LED light bulb is provided. The LED
light bulb may include an engagement end electrically
connectable to a socket; a housing having a light transmit-
ting surface and an interior; and, a cartridge removably
receivable in the interior and having a plurality of LED:s.

In some embodiments, the LED light bulb has a first
recess, the recess having an insertion end proximate an outer
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surface of the LED light bulb and a longitudinally spaced
apart inner end and the cartridge is slideably receivable in
the first recess.

In some embodiments, the plurality of LEDs are provided
on a first face of the cartridge.

In some embodiments, the LEDs are provided on a
plurality of faces of the cartridge.

In some embodiments, the cartridge is generally cylindri-
cal in shape.

In some embodiments, the recess is provided in the
engagement end.

In some embodiments, the recess is provided in the
housing.

In some embodiments, the housing includes a light guide
and the LEDs are positioned against an end of the light guide
when installed in the LED light bulb.

In some embodiments, all of an exterior of the housing is
made of a material having a light transmitting surface.

In some embodiments, the LED light bulb is in the shape
of an incandescent or halogen light bulb.

In another aspect, a LED light source is provided. The
LED light source may include a longitudinally extending
light guide having a longitudinally extending light emitting
face having a length, a first end face and a longitudinally
spaced apart second end face and a LED light source is
provided at least at the first end face. The light emitting face
has a plurality of light emitting locations provided thereon.
The density of the light emitting locations increases from the
first end face towards the second end face.

In some embodiments, a first LED light source is provided
at the first end face and a second LED light source is
provided at the second end face wherein the density of the
light emitting locations increases from each of the first end
face and the second end face to a middle of the light emitting
face.

In some embodiments, the light emitting locations are
positioned to provide a generally even level of illumination
along the length of the light emitting surface.

In some embodiments, a level of illumination provided at
the middle of the light emitting surface is £20% of a level
of illumination provided at the first end face.

In some embodiments, a level of illumination provided at
the middle of the light emitting surface is £10% of a level
of illumination provided at the first end face.

In some embodiments, an image is provided in front of at
least a portion of the light emitting face and the light
emitting locations are positioned such that a person viewing
the image views a generally evenly illuminated image.

In some embodiments, the image has at least area that has
at least one of a different colour or a different density of the
image and the light emitting locations are positioned such
that a person viewing the image views a generally evenly
illuminated image.

In some embodiments, the LED light source is provided
only at the first end face wherein the density of the light
emitting locations increases from the first end face to the
second end face.

In some embodiments, the light emitting locations are
positioned to provide a generally even level of illumination
along the length of the light emitting surface.

In some embodiments, a level of illumination provided at
the second end face of the light emitting surface is £20% of
a level of illumination provided at the first end face.

In some embodiments, a level of illumination provided at
the second end face of the light emitting surface is £10% of
a level of illumination provided at the first end face.
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In some embodiments, the light emitting locations com-
prise discontinuities provided in the light emitting face.

In some embodiments, the light emitting locations com-
prise a light scattering material applied to the light emitting
surface.

In some embodiments, the light emitting locations com-
prise a fluorescent material.

In another aspect, a frame for a work of art is provided.
The frame may include at least one side panel extending
around a perimeter and defining an inner opening in which
the work of art is displayable. The at least one side panel
may include a longitudinally extending light guide having a
longitudinally extending light emitting face that faces
inwards towards another portion of the at least one side
panel. The longitudinally extending light emitting face has a
length, a first end face and a longitudinally spaced apart
second end face and a LED light source is provided at least
at the first end face. The light emitting face has a plurality
of light emitting locations provided thereon. The density of
the light emitting locations increases from the first end face
towards the second end face.

In some embodiments, the fame is in the shape of a
parallelogram and includes four side panels, each of which
includes a longitudinally extending light guide having a light
emitting face that faces onwards.

In some embodiments, each light emitting face has an
inner side positioned proximate a plane in which the work of
art seats when mounted in the frame and a spaced apart outer
side and the inner side is position forward of the plane.

In some embodiments, the light emitting face has an inner
side positioned proximate a plane in which the work of art
seats when mounted in the frame and a spaced apart outer
side and the inner side is position forward of the plane.

In some embodiments, a first LED light source is provided
at the first end face and a second LED light source is
provided at the second end face wherein the density of the
light emitting locations increases from each of the first end
face and the second end face to a middle of the light emitting
face.

In some embodiments, the LED light source is provided
only at the first end face wherein the density of the light
emitting locations increases from the first end face to the
second end face.

In another aspect, a backlight frame for a work of art is
provided. The backlight frame may include a frame member
extending around a perimeter and defining an inner opening
in which the work of art is displayable, and a longitudinally
extending light guide positioned rearward of the opening
and facing towards the opening. The longitudinally extend-
ing light guide has a longitudinally extending light emitting
face having a length, a first end face and a longitudinally
spaced apart second end face and a LED light source is
provided at least at the first end face. The light emitting face
has a plurality of light emitting locations provided thereon.
The density of the light emitting locations increases from the
first end face towards the second end face.

In some embodiments, a first LED light source is provided
at the first end face and a second LED light source is
provided at the second end face wherein the density of the
light emitting locations increases from each of the first end
face and the second end face to a middle of the light emitting
face.

In some embodiments, the LED light source is provided
only at the first end face wherein the density of the light
emitting locations increases from the first end face to the
second end face.
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In some embodiments, the work of art that transmits light
is provided in front of at least a portion of the light emitting
face and the light emitting locations are positioned such that
a person viewing the work of art views a generally evenly
illuminated work of art.

In some embodiments, the work of art has at least area that
has at least one of a different colour or a different density of
the image and the light emitting locations are positioned
such that a person viewing the work of art views a generally
evenly illuminated work of art.

In some embodiments, the light emitting locations com-
prise a fluorescent material.

In another aspect, a frame for a work of art is provided.
The frame may include at least one side panel defining an
inner opening in which the work of art is displayable, the
inner opening extending in a plane, the at least one side
panel including a longitudinally extending light guide hav-
ing a longitudinally extending light emitting face that faces
inwards towards the inner opening in a direction generally
parallel to the plane. The light emitting face has an inner side
positioned proximate the plane and a spaced apart outer side
and at least one LED providing a light source for the light
guide.

In some embodiments, the inner side of the light emitting
face is spaced from the plane.

In some embodiments, the inner side of the light emitting
face is spaced from 0.25 to 1 inch from the plane.

In some embodiments, the light guide has a first end face
and a longitudinally spaced apart second end face and the
light source is provided at least at the first end face.

In some embodiments, a first light source is provided at
the first end face and a second light source is provided at the
second end face.

In some embodiments, the fame is in the shape of a
parallelogram and includes four side panels, each of which
includes a longitudinally extending light guide having a
longitudinally extending light emitting face that faces
inwards towards the inner opening in a direction generally
parallel to the plane, each light emitting face has an inner
side positioned proximate the plane and a spaced apart outer
side.

In some embodiments, the light emitting faces are posi-
tioned forward of the plane.

In some embodiments, the fame includes a plurality of
side panels which meet at corners, at least some of the side
panels comprise a longitudinally extending light guide hav-
ing a longitudinally extending light emitting face that faces
inwards towards the inner opening in a direction generally
parallel to the plane, each light emitting face has a first end
face and a longitudinally spaced apart second end face and
the light source is provided at least at the first end face,
wherein the light sources are provided in corners of the
parallelogram.

In some embodiments, the fame is in the shape of a
parallelogram, each of the side panels includes a longitudi-
nally extending light guide and the light sources are pro-
vided in the corners of the parallelogram.

In some embodiments, the frame may further include a
sensor that detects a condition in a space in front of a
location in which the frame is located and a controller that
adjusts at least one of a level of intensity of light emitted by
the light source and the colour of light emitted by the light
source based upon a signal provided by the sensor.

In some embodiments, the condition includes at least one
of a level of illumination, a colour of illumination, motion of
a body, a noise level, a signal issued by a person.
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In some embodiments, the light source includes LEDs of
at least two different colours.

In some embodiments, the frame may further include a
manually actuatable switch operatively connected to the
light source wherein operation of the switch adjusts at least
one of a level of intensity of light emitted by the light source
and the colour of light emitted by the light source based
upon a signal provided by the switch.

In some embodiments, the frame may further include an
energy storage member.

In some embodiments, the energy storage member
includes a rechargeable battery.

In some embodiments, the at least one LED is operable to
selectively emit one or more colours of light.

In some embodiments, the at least one LED is operable to
selectively illuminate part of a work of art placed in the
fame.

In another aspect, a backlight frame for a work of art is
provided. The backlight frame may include a frame member
that defines an inner opening in which the work of art is
displayable, the inner opening extending in a plane, and a
longitudinally extending light guide positioned rearward of
the opening and facing towards the opening. The longitu-
dinally extending light guide has a longitudinally extending
light emitting face spaced rearward of the plane and having
a length, a first end face and a longitudinally spaced apart
second end face and a LED light source is provided at least
at the first end face.

In some embodiments, the light emitting face is spaced
rearward from the plane.

In some embodiments, the light emitting face is spaced
from 0.25 to 1 inch from the plane.

In some embodiments, the light guide has a first end face
and a longitudinally spaced apart second end face and the
LED light source is provided at least at the first end face.

In some embodiments, a first light source is provided at
the first end face and a second light source is provided at the
second end face.

In some embodiments, the frame may further include a
sensor that detects a condition in a space in front of a
location in which the frame is located and a controller that
adjusts at least one of a level of intensity of light emitted by
the light source and the colour of light emitted by the light
source based upon a signal provided by the sensor.

In some embodiments, the condition includes at least one
of a level of illumination, a colour of illumination, motion of
a body, a noise level, a signal issued by a person.

In some embodiments, the light source includes LEDs of
at least two different colours and

In some embodiments, the frame may further include a
manually actuatable switch operatively connected to the
light source wherein operation of the switch adjusts at least
one of a level of intensity of light emitted by the light source
and the colour of light emitted by the light source based
upon a signal provided by the switch.

In some embodiments, the frame may further include an
energy storage member.

In some embodiments, the energy storage member
includes a rechargeable battery.

In some embodiments, the at least one LED is operable to
selectively emit one or more colours of light.

In some embodiments, the at least one LED is operable to
selectively illuminate part of a work of art placed in the
fame.

In another aspect, a LED light source is provided. The
LED light source may include a longitudinally extending
light guide, at least one LED, and a diffuser. The longitu-
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dinally extending light guide may have a first longitudinally
extending light emitting face, the first light emitting face
having a first end face, a longitudinally spaced apart second
end face, and first and second side faces extending between
the first and second end faces. The at least one LED is
provided at the first end face. The diffuser includes a central
panel that is spaced from and facing the first light emitting
face.

In some embodiments, the central panel of the diffuser is
positioned from 0.25 to 3 inches from the light emitting
surface.

In some embodiments, the diffuser is composed of at least
one of acrylic, polypropylene and polycarbonate, wherein
the diffuser is at least translucent.

In some embodiments, the diffuser extends over the first
and second side faces and the light emitting face.

In some embodiments, the diffuser is white.

In some embodiments, the central panel has a first end, a
longitudinally spaced apart second end, and first and second
sides each of which extends longitudinally between the first
and second ends, and the diffuser further includes a first side
panel extending between the first and second ends the
central panel and provided on the first side of the central
panel and a second side panel extending between the first
and second ends the central panel and provided on the
second side of the central panel.

In some embodiments, the light guide has a second light
emitting face spaced from and opposed to the first light
emitting face and facing in a direction opposed to a direction
that the first light emitting member faces.

In some embodiments, the light guide has a longitudinally
extending rear face spaced from and opposed to the first light
emitting face, and the LED light source further includes a
reflector facing the rear face.

In some embodiments, the reflector is spaced from the
rear face.

In some embodiments, the reflector abuts the rear face.

In some embodiments, the reflector has a surface facing
the rear face, wherein the surface is provided with a white
coating.

In some embodiments, the white coating includes tita-
nium dioxide.

In some embodiments, the LED light source may further
include an image provided in front of the light emitting face,
the image having at least one portion that has one or more
of a different colour or light transmissivity, wherein a
surface of the reflector facing the light guide has more than
one colour and the colours are positioned to enhance the
image when viewed by a user.

In some embodiments, a portion of the reflector has a
colour selected to increase the visibility of the portion of the
image.

In some embodiments, the reflector has a surface facing
the rear face, wherein the surface is provided with a UV
paint or fluorescent paint.

In some embodiments, the at least one LED is operable to
selectively emit one or more colours of light.

In another aspect, a LED light source is provided. The
LED light source includes a longitudinally extending light
guide, at least one LED, and a reflector. The longitudinally
extending light guide having a first longitudinally extending
light emitting face, a longitudinally extending rear face
spaced from and opposed to the first light emitting face, the
first light emitting face having a first end face, a longitudi-
nally spaced apart second end face, and first and second side
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faces extending between the first and second end faces. The
at least one LED is provided at the first end face. The
reflector faces the rear face.

In some embodiments, the reflector is spaced from the
rear face.

In some embodiments, the reflector abuts the rear face.

In some embodiments, the reflector has a surface facing
the rear face, wherein the surface is provided with a white
coating.

In some embodiments, the white coating includes tita-
nium dioxide.

In some embodiments, the white reflector has a surface
facing the rear face, wherein the surface is provided with a
UV paint.

In some embodiments, the LED light source may further
include an image provided in front of the light emitting face,
the image having at least one portion that has one or more
of a different colour or light transmissivity, wherein a
surface of the reflector facing the light guide has more than
one colour and the colours are positioned to enhance the
image when viewed by a user.

In some embodiments, a portion of the reflector has a
colour selected to increase the visibility of the portion of the
image.

In some embodiments, the at least one LED is operable to
selectively emit one or more colours of light.

In another aspect, a LED light source is provided includ-
ing a longitudinally extending light guide, and a power
supply. The longitudinally extending light guide has a first
end face and a longitudinally spaced apart second end face
and at least one LED provided at the first end face. The
power supply includes a plurality of batteries operatively
connected to the at least one LED in a first mode in which
the power supply provides a first power to the at least one
LED and a second mode in which the power supply provides
a second power different to the first power to the at least one
LED.

In some embodiments, in the first mode, two or more of
the batteries are connected in series.

In some embodiments, in the second mode, two or more
of the batteries are connected in parallel.

In some embodiments, the plurality of batteries comprise
a first battery and a second battery and, in the first mode, the
first and second batteries are connected in series.

In some embodiments, in the second mode, the first and
second the batteries are connected in parallel.

In some embodiments, the LED light source may further
include a circuit which includes a sensor and the power
supply whereby, when the sensor senses a condition, the
sensor issues a signal which causes the power supply to
change from the first mode to the second mode.

In some embodiments, the sensor includes a motion
sensor.

In some embodiments, the sensor includes a noise sensor.

In some embodiments, the sensor includes a light inten-
sity sensor.

In some embodiments, the LED light source may further
include a manually operable switch operatively connected to
the power supply, the switch having a first position in which
the power supply is in the first mode and a second position
in which the power supply is in the second mode.

In another aspect, a LED light source is provided. The
LED light source includes a circuit including a plurality of
LEDs. The LEDs are connected in parallel and each of the
plurality of LEDs is individually electrically connected to
the circuit by a meltable electrically conductive member.
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In some embodiments, the meltable electrically conduc-
tive member includes fuse wire.

In some embodiments, the meltable electrically conduc-
tive member melts at a temperature corresponding to a
temperature produced by a current drawn by a failed LED
through the meltable electrically conductive member.

In some embodiments, the meltable electrically conduc-
tive member melts at a temperature above about 80 C.

In some embodiments, the meltable electrically conduc-
tive member includes fuse wire.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of an LED light source in
accordance with an embodiment;

FIG. 2 is an exploded view of the LED light source of
FIG. 1,

FIG. 3 is an exploded view of a housing end member of
the LED light source of FIG. 1;

FIG. 4 is a cross-sectional view taken along line 4-4 in
FIG. 1,

FIG. 5 is a cross-sectional view taken along line 5-5 in
FIG. 1 and showing a cartridge in an inserted position;

FIG. 6 is a cross-sectional view taken along line 5-5 in
FIG. 1 and showing the cartridge in an insertion position;

FIG. 7 is a cross-sectional view taken along line 5-5 in
FIG. 1 and showing the cartridge being removed;

FIG. 8 is an exploded view of a housing end member in
accordance with another embodiment;

FIG. 9 is a cross-sectional view of the housing end
member of FIG. 8, showing the cartridge in an inserted
position;

FIG. 10 is a cross-sectional view of the housing end
member of FIG. 8, showing the cartridge in an insertion
position;

FIG. 11 is a cross-sectional view of the housing end
member of FIG. 8, showing the cartridge being removed;

FIG. 12 is a cross-sectional view of an LED light source
having the housing end member of FIG. 8, and showing the
cartridge in an inserted position.

FIG. 13A is a perspective view of a housing end member
in accordance with another embodiment;

FIG. 13B is an exploded view of the housing end member
of FIG. 13A;

FIG. 14 is a cross-sectional view taken along line 14-14
in FIG. 13A, showing a cartridge in an inserted position and
a driving member in a first position;

FIG. 15 is a cross-sectional view taken along line 14-14
in FIG. 13A, showing the cartridge in an insertion position
and the driving member in a second position;

FIG. 16 is a perspective view of the housing end member
of FIG. 13A showing the driving member in the second
position and the cartridge removed;

FIG. 17 is an exploded view of a housing end member in
accordance with another embodiment;

FIG. 18 is a cross-sectional view of the housing end
member of FIG. 17, showing a cartridge in an inserted
position and a driving member in a first position;

FIG. 19 is a cross-sectional view of the housing end
member of FIG. 17, showing the cartridge in an insertion
position and the driving member in a second position;

FIG. 20 is a cross-sectional view of an LED light source
in accordance with another embodiment;

FIG. 21 is an exploded view of a housing end member of
the LED light source of FIG. 20;
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FIG. 22 is a cross-sectional view of the housing end
member, taken along line 22-22 in FIG. 20, showing a
cartridge in an inserted position and a driving member in a
first position;

FIG. 23 is a cross-sectional view of the housing end
member, taken along line 23-23 in FIG. 20, showing the
cartridge in the inserted position and the driving member in
the first position;

FIG. 24 is a cross-sectional view of the housing end
member, taken along line 23-23 in FIG. 20, showing the
cartridge in the inserted position and the driving member in
an intermediate position;

FIG. 25 is a cross-sectional view of the housing end
member, taken along line 23-23 in FIG. 20, showing the
cartridge in the inserted position and the driving member in
a second position;

FIG. 26 is a perspective view of the housing end member
of the LED light source of FIG. 20, showing the driving
member in the second position and the cartridge removed;

FIG. 27 is a cross-sectional view of an LED light source
in accordance with another embodiment;

FIG. 28 is an exploded view of a housing end member of
the LED light source of FIG. 27;

FIGS. 29-30 are cross-sectional views of the housing end
member, taken along line 29-29 in FIG. 27, showing a
cartridge in the inserted position and a driving member in a
first position;

FIG. 31 is a cross-sectional view of the housing end
member, taken along line 29-29 in FIG. 27, showing the
cartridge in the inserted position and the driving member in
a second position;

FIG. 32 is a perspective view of the housing end member
of the LED light source of FIG. 27, showing the driving
member in the second position and the cartridge removed;

FIG. 33 is a cross-sectional view of an LED light source
in accordance with another embodiment;

FIG. 34 is an exploded view of a housing end member of
the LED light source of FIG. 33;

FIG. 35 is a perspective view of the housing end member
of FIG. 34 in an open condition;

FIG. 36 is a perspective view of a housing end member in
a closed condition in accordance with another embodiment;

FIG. 37 is a perspective view of the housing end member
of FIG. 36 in an open condition;

FIG. 38 is a cross-sectional view of an LED light source
including the housing end member of FIG. 36;

FIG. 39 is a perspective view of a housing end member in
a closed condition, in accordance with another embodiment;

FIGS. 40-41 are perspective views of the housing end
member of FIG. 39 in an open condition;

FIG. 42 is a cross-sectional view of an LED light source
in accordance with another embodiment;

FIG. 43 is an exploded view of a housing end member of
the LED light source of FIG. 42;

FIG. 44 is a cross-sectional view of the housing end
member of FIG. 43 showing a cartridge in an inserted
position;

FIG. 45 is a cross-sectional view of the housing end
member of FIG. 43 showing the cartridge in an insertion
position;

FIG. 46 is a cross-sectional view of the housing end
member of FIG. 43 showing the cartridge being removed;

FIG. 47 is a schematic view of a LED light source
including one cartridge in one housing end member, in
accordance with an embodiment;
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FIG. 48 is a schematic view of a LED light source
including one cartridge in each of two housing end mem-
bers, in accordance with an embodiment;

FIG. 49 is a schematic view of a LED light source
including two cartridges in one housing end member, in
accordance with an embodiment;

FIG. 50 is a schematic view of a LED light source
including four cartridges in three housing end members, in
accordance with an embodiment;

FIG. 51 is a schematic view of a LED light source
including four cartridges in four housing end members, in
accordance with an embodiment;

FIG. 52 is a schematic view of a LED light source
including four cartridges in two housing end members, in
accordance with an embodiment;

FIG. 53 is a schematic view of a LED light source
including eight cartridges in two housing end members, in
accordance with an embodiment;

FIG. 54 is a schematic view of a LED light source
including four cartridges in two housing end members, each
housing end member including a heat sink, in accordance
with an embodiment;

FIG. 55 is a perspective view of a LED light source
formed as a lightbulb in accordance with an embodiment;

FIG. 56 is an exploded view of the LED light source of
FIG. 55;

FIG. 57 is a cross-sectional view taken along line 57-57
in FIG. 55 showing an open condition and a cartridge
removed;

FIG. 58 is a cross-sectional view taken along line 57-57
in FIG. 55 showing a closed condition;

FIG. 59 is a cross-sectional view taken along line 57-57
in FIG. 55 showing the open condition;

FIG. 60 is a perspective view of a LED light source
formed as a light bulb in accordance with another embodi-
ment;

FIG. 61 is a perspective view of the LED light source of
FIG. 60 with a cartridge removed;

FIG. 62 is a cross-sectional view taken along line 62-62
in FIG. 60;

FIG. 63 is a perspective view of a LED light source
formed as a light bulb in accordance with another embodi-
ment;

FIG. 64 is a perspective view of the LED light source of
FIG. 63 with a cartridge removed;

FIG. 65 is a cross-sectional view taken along line 65-65
in FIG. 63;

FIG. 66 is a perspective view of a LED light source
formed as a light bulb in accordance with another embodi-
ment;

FIG. 67 is a perspective view of the LED light source of
FIG. 66 with a cartridge removed;

FIG. 68 is a cross-sectional view taken along line 68-68
in FIG. 66;

FIG. 69 is a perspective view of a LED light source
formed as a light bulb in accordance with another embodi-
ment;

FIG. 70 is a perspective view of the LED light source of
FIG. 69 with a cartridge removed;

FIG. 71 is a cross-sectional view taken along line 71-71
in FIG. 69;

FIG. 72 is a perspective view of a LED light source
formed as a light bulb in accordance with another embodi-
ment;

FIG. 73 is a perspective view of the LED light source of
FIG. 72 with a diffuser removed,
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FIG. 74 is a cross-sectional view taken along line 74-74
in FIG. 72;

FIG. 75 is a perspective view of a LED light source
formed as a light bulb in accordance with another embodi-
ment;

FIG. 76 is a perspective view of the LED light source of
FIG. 75 with a diffuser removed;

FIG. 77 is a cross-sectional view taken along line 77-77
in FIG. 75;

FIG. 78 is a perspective view of a LED light source
formed as a light bulb in accordance with another embodi-
ment;

FIG. 79 is a perspective view of the LED light source of
FIG. 78 with a cartridge removed;

FIG. 80 is a cross-sectional view taken along line 80-80
in FIG. 78;

FIG. 81 is a perspective view of a LED light source
formed as a light bulb in accordance with another embodi-
ment;

FIG. 82 is a perspective view of the LED light source of
FIG. 81 with a cartridge removed;

FIG. 83 is a cross-sectional view taken along line 83-83
in FIG. 81;

FIG. 84 is a perspective view of a LED light source
formed as a light bulb in accordance with another embodi-
ment;

FIG. 85 is a perspective view of the LED light source of
FIG. 84 with a cartridge removed;

FIG. 86 is a cross-sectional view taken along line 86-86
in FIG. 84,

FIG. 87 is a perspective view of a LED light source
formed as a light bulb in accordance with another embodi-
ment;

FIG. 88 is a perspective view of the LED light source of
FIG. 87 with two cartridges removed;

FIG. 89 is a cross-sectional view taken along line 89-89
in FIG. 87,

FIG. 90 is a perspective view of a LED light source in
accordance with an embodiment;

FIG. 91 is a perspective view of the LED light source of
FIG. 90 with a cartridge removed;

FIG. 92 is a cross-sectional view taken along line 92-92
in FIG. 90;

FIG. 93 is a cross-sectional view taken along line 93-93
in FIG. 90;

FIG. 94 is a perspective view of a LED light source in
accordance with an embodiment;

FIG. 95 is a perspective view of the LED light source of
FIG. 94 with three cartridges removed;

FIG. 96 is a cross-sectional view taken along line 96-96
in FIG. 94,

FIG. 97 is a cross-sectional view taken along line 97-97
in FIG. 94,

FIG. 98 is a perspective view of a LED light source in
accordance with an embodiment;

FIG. 99 is a perspective view of the LED light source of
FIG. 98 with three cartridges removed;

FIG. 100 is a cross-sectional view taken along line A-A in
FIG. 98;

FIG. 101 is a perspective view of a LED light source
including a mounting member, in accordance with an
embodiment;

FIG. 102 is a cross-sectional view taken along line B-B in
FIG. 101;

FIG. 103 is an exploded view of the cross-section of FIG.
102;
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FIG. 104 is a perspective view of a LED light source
including a mounting member in accordance with another
embodiment;

FIG. 105 is a perspective view of a LED light source
including a mounting member in accordance with another
embodiment;

FIG. 106 is a cross-sectional view taken along line C-C in
FIG. 101 in accordance with an embodiment;

FIG. 107 is a cross-sectional view of a LED light source
including a mounting member in accordance with another
embodiment;

FIG. 108 is an exploded view of the cross-section of FIG.
107,

FIG. 109 is a perspective view of a frame in accordance
with an embodiment;

FIG. 110 is a rear perspective view of the frame of FIG.
109 with a backing removed;

FIG. 111 is an exploded view of the frame of FIG. 109;

FIG. 112 is a cross-sectional view taken along line D-D in
FIG. 109, in accordance with an embodiment;

FIG. 113A is a partial cross-sectional view taken along
line D-D in FIG. 109, in accordance with an embodiment;

FIG. 113B is a partial cross-sectional view taken along
line D-D in FIG. 109 in accordance with another embodi-
ment;

FIG. 114 is a schematic view of a frame in accordance
with an embodiment;

FIG. 115 is an enlarged portion of one of the corners of the
schematic of FIG. 114,

FIGS. 116-132 are partial cross-sectional and cross-sec-
tional perspective views taken along line E-E in FIG. 109, in
accordance with various embodiments;

FIG. 133 is an exploded view of the frame of FIG. 109 in
accordance with another embodiment;

FIG. 134 is a cross-sectional view taken along line E-E in
FIG. 109 in accordance with an embodiment;

FIG. 135 is a partial cross-sectional view taken along line
E-E in FIG. 109, in accordance with an embodiment;

FIG. 136 is a partial cross-sectional view taken along line
E-E in FIG. 109, in accordance with an embodiment;

FIGS. 137-139 are schematic views of a frame in accor-
dance with various embodiments;

FIG. 140 is an exploded view of the frame of FIG. 139;

FIG. 141 is a cross-sectional view of a LED light source
in accordance with an embodiment;

FIG. 142 is a cross-sectional view of a LED light source
in accordance with another embodiment;

FIG. 143 is an exploded view of a LED light source in
accordance with another embodiment;

FIG. 144 is an exploded view of a LED light source in
accordance with another embodiment;

FIG. 145 is a side view of a LED light source in
accordance with another embodiment;

FIG. 146 is a side view of a LED light source in
accordance with another embodiment;

FIG. 147 is an exploded view of a frame in accordance
with another embodiment;

FIG. 148 is a partial cross-sectional view of the frame of
FIG. 147,

FIG. 149 is another partial cross-sectional view of the
frame of FIG. 147,

FIG. 150 is a partial cross-sectional view of a frame
showing a cartridge in an inserted position, in accordance
with another embodiment;

FIG. 151 is the partial cross-section of FIG. 150 showing
the cartridge being removed;
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FIG. 152 is a schematic illustration of a circuit of an LED
light source in accordance with an embodiment;

FIG. 153 A is a schematic illustration of another circuit of
an LED light source, showing energy storage members
connected in parallel;

FIG. 153B is the schematic illustration of FIG. 153
showing the energy storage members connected in series;

FIG. 154 is a perspective view of a frame in accordance
with another embodiment;

FIG. 155 is a schematic view of a circuit of a LED light
source in accordance with another embodiment;

FIG. 156 is a perspective cross-sectional view of a shelv-
ing unit in accordance with an embodiment;

FIG. 157 is a cross-sectional view of a shelving unit in
accordance with another embodiment;

FIG. 158 is a cross-sectional view of a shelving unit in
accordance with another embodiment;

FIG. 159 is a perspective cross-sectional view of a shelv-
ing unit showing a door in a closed position in accordance
with an embodiment;

FIG. 160 is the perspective cross-section of FIG. 159
showing the door in an open position;

FIG. 161 is a perspective cross-sectional view of a shelv-
ing unit showing a door in a closed position in accordance
with an embodiment;

FIG. 162 is the perspective cross-section of FIG. 161
showing the door in an open position;

FIG. 163 is a perspective cross-sectional view of a shelv-
ing unit showing a door in an open position and a shelf
installed;

FIG. 164 is the perspective cross-section of FIG. 163
showing the shelf removed;

FIG. 165 is a perspective cross-sectional view of a shelv-
ing unit in accordance with another embodiment;

FIG. 166 is a perspective cross-sectional view of the
shelving unit of FIG. 165 showing a door in a closed
position;

FIG. 167 is a perspective cross-sectional view of the
shelving unit of FIG. 165 showing the door in an open
position;

FIG. 168 is a perspective view of a shelving unit in
accordance with an embodiment;

FIG. 169 is a perspective cross-sectional view taken along
line F-F in FIG. 168;

FIG. 170 is a perspective view of a shelving unit in
accordance with another embodiment;

FIG. 171 is a perspective cross-sectional view taken along
line G-G in FIG. 170;

FIG. 172 is a perspective view of a shelving unit in
accordance with another embodiment;

FIG. 173 is a perspective view of a drawer in accordance
with an embodiment;

FIG. 174 is a perspective view of a shelving unit in
accordance with another embodiment;

FIG. 175 is a cross-sectional view taken along line H-H
in FIG. 174,

FIGS. 176-177 are cross-sectional and perspective cross-
sectional views of a LED light source in accordance with an
embodiment;

FIG. 178 is a perspective view of a walkway in accor-
dance with an embodiment;

FIG. 179 is a perspective view of a floor tile in accordance
with an embodiment;

FIG. 180 is a front elevation view of a garage door in
accordance with an embodiment;

FIG. 181 is a perspective view of a window in accordance
with an embodiment;
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FIG. 182 is a partial cross-sectional view taken along line
J-J in FIG. 181;

FIG. 183 is a perspective view of a doorway in accor-
dance with an embodiment;

FIG. 184 is a cross-sectional view taken along line K-K
in FIG. 183;

FIG. 185 is a perspective view of a staircase in accordance
with an embodiment;

FIG. 186 is a partial cross-sectional view taken along line
L-L in FIG. 185;

FIG. 187 is a perspective cross-sectional view of a closet
in accordance with an embodiment;

FIG. 188 is a partial cross-sectional view of a closet in
accordance with another embodiment;

FIG. 189 is a perspective view of a floor mat in accor-
dance with an embodiment;

FIG. 190 is a side elevation view of the floor mat of FIG.
189 in a flat configuration;

FIG. 191 is a side elevation view of the floor mat of FIG.
189 in a partially rolled configuration;

FIG. 192 is a cross-sectional view of a food container
supported on a supporting member, in accordance with an
embodiment;

FIG. 193 is a perspective view of an art display in
accordance with an embodiment;

FIG. 194 is a cross-sectional view taken along line M-M
in FIG. 193;

FIG. 195 is a perspective view of furniture in accordance
with an embodiment;

FIG. 196 is a perspective cross-sectional view taken along
line N-N in FIG. 195, in accordance with an embodiment;

FIG. 197 is a perspective cross-sectional view taken along
line N-N in FIG. 195, in accordance with another embodi-
ment;

FIG. 198 is a perspective view of furniture in accordance
with another embodiment;

FIG. 199 is a perspective cross-sectional view taken along
line P-P in accordance with an embodiment;

FIG. 200 is a perspective view of a bicycle equipped with
an LED light source in accordance with an embodiment;

FIG. 201 is a partial cross-sectional view taken along like
Q-Q in FIG. 200;

FIG. 202 is a perspective view of a bicycle equipped with
an LED light source in accordance with another embodi-
ment;

FIG. 203 is a partial cross-sectional view taken along line
R-R in FIG. 202;

FIG. 204 is a side clevation view of a user wearing a
helmet having an LED light source in accordance with an
embodiment; and,

FIG. 205 is a partial side elevation view of the user
wearing the helmet of FIG. 204, showing a cross-section of
the LED light source.

DESCRIPTION OF VARIOUS EMBODIMENTS

Numerous embodiments are described in this application,
and are presented for illustrative purposes only. The
described embodiments are not intended to be limiting in
any sense. The invention is widely applicable to numerous
embodiments, as is readily apparent from the disclosure
herein. Those skilled in the art will recognize that the present
invention may be practiced with modification and alteration
without departing from the teachings disclosed herein.
Although particular features of the present invention may be
described with reference to one or more particular embodi-
ments or figures, it should be understood that such features
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are not limited to usage in the one or more particular
embodiments or figures with reference to which they are
described.

The terms “an embodiment,” “embodiment,
ments,” “the embodiment,” “the embodiments,
more embodiments,” “some embodiments,” and ‘“one
embodiment” mean “one or more (but not all) embodiments
of the present invention(s),” unless expressly specified oth-
erwise.

The terms “including,” “comprising” and variations
thereof mean “including but not limited to,” unless expressly
specified otherwise. A listing of items does not imply that
any or all of the items are mutually exclusive, unless
expressly specified otherwise. The terms “a,” “an” and “the”
mean “one or more,” unless expressly specified otherwise.

As used herein and in the claims, two or more parts are
said to be “coupled”, “connected”, “attached”, “joined” or
“fastened” where the parts are joined or operate together
either directly or indirectly (i.e., through one or more
intermediate parts), so long as a link occurs. As used herein
and in the claims, two or more parts are said to be “directly
coupled”, “directly connected”, “directly attached”,
“directly joined”, or “directly fastened” where the parts are
connected in physical contact with each other. As used
herein, two or more parts are said to be “rigidly coupled”,
“rigidly connected”, “rigidly attached”, “rigidly joined”, or
“rigidly fastened” where the parts are coupled so as to move
as one while maintaining a constant orientation relative to
each other. None of the terms “coupled”, “connected”,
“attached”, “joined”, and “fastened” distinguish the manner
in which two or more parts are joined together.

General Description of a LED Light Source

The following is a general description of a LED light
source that may use any of the features disclosed herein and
may be of various configurations as disclosed herein.

FIGS. 1 and 2 exemplify a LED light source 100 which
includes a housing 104, a light guide 108 having a light
emitting face 112, and a cartridge 116 having one or more
LEDs. As exemplified herein. housing 104 may be of
various designs which position cartridge 116 so as to emit
light into an end face 144 of light guide 108. Light guide 108
may be any light guide known in the art. The light reflects
internally as it travels longitudinally within light guide 108
and re-emits from light emitting locations 114 on light guide
light emitting face 112 towards a subject to be illuminated,
such as artwork, advertising media, furniture, or an area of
an indoor or outdoor space.

Light emitting locations 114 may be formed in any
manner suitable for causing at least a portion of light that
internally strikes the light emitting locations 114 to emit
from light guide light emitting face 112, or that causes light
emission in response to light internally striking the light
emitting locations 114. In some examples, light emitting
locations 114 may be spaced apart discontinuities (e.g.
bumps or divots) or light scattering material that interrupt
the internal reflection of light within light guide 108, or
photoluminescent spots (e.g. fluorescent or phosphorescent
spots) that absorb internally incident light and then emit
light outwardly.

Unidirectional Light Source

In accordance with one aspect of this disclosure, which
may be used with one or more other aspects disclosed
herein, a LED light source 100 is provided wherein light is
inhibited from being emitted in one or more directions.
Accordingly, in some embodiments, LED light source 100
may preferentially emit light in particular directions. For
example, LED light source 100 may preferentially emit light
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in light emitting directions 120, and emit substantially no
light in non-light emitting directions 124. An advantage of
this design is that it allows the light emitted by the LED light
source 100 to be concentrated towards a subject to be
illuminated.

In one embodiment, light may not be emitted from a rear
surface. Accordingly, as exemplified, light guide 108 may
have a rear face 128 opposed to light emitting face 112, and
an opaque member, which may have a reflective surface,
such as reflector 132, may overlie rear face 128. Reflector
132 may reflect light emitted from light guide rear face 128.
For example, an LED light source 100 may be suspended
from a ceiling to illuminate a room, and have a reflector 132
that prevents the LED light source 100 from illuminating the
ceiling. Reflector 132 may also improve the power efficiency
of LED light source 100 by intensifying the light directed in
light emitting directions 120.

Reflector 132 has a reflective surface 134 that faces light
guide rear face 128 to reflect light escaping light guide rear
face 128. Reflective surface 134 can be made of any
reflective material. In some embodiments, reflective surface
134 includes a white coating. An advantage of this design is
that it allows reflector 132 to provide a neutral reflection
with little or no effect on the color of the reflected light. In
some embodiments, reflective surface 134 is coated with a
highly reflective coating (e.g. greater than 90% reflectivity),
such as titanium oxide. This can reduce light attenuation at
the point of reflection to improve the efficiency of the LED
light source 100. As shown in FIG. 4, reflector 132 may be
positioned with reflective surface 134 abutting light guide
rear face 128. This can allow reflector 132 to reflect all light
emitting from light guide rear face 128. In some embodi-
ments, reflective surface 134 is in physical contact with light
guide rear face 128.

Returning to FIG. 4, reflector 132 may be a component of
housing 104. For example, reflector 132 may provide a rear
wall of housing 104. Alternatively, reflector 132 may be a
discrete component (separate from housing 104) that is
positioned behind light guide rear face 128. In some embodi-
ments, reflector 132 is a reflective coating (e.g. paint)
applied to light guide rear face 128.

In some embodiments, LED light source 100 does not
include reflector 132. An advantage of this design is that it
allows LED light source 100 to emit light in more directions,
which can be desirable in some cases such as to simultane-
ously illuminate a room below and ceiling art above. For
example, light guide 108 may include light emitting loca-
tions 114 on both of faces 112 and 128 so that light is emitted
from both of faces 112 and 128.

Diftuser

In accordance with another aspect of this disclosure,
which may be used with one or more other aspects disclosed
herein, a LED light source 100 may be provided with a
diffuser to soften the point effect of light emitted from light
emitting face 112. While the use of light emitting locations
114 on light emitting face 112 may reduce the point effect of
light provided by a LED (as compared with the LED facing
directly towards the area to be illuminated) a diffuser may
provide a more even distribution of light.

Accordingly, as exemplified in FIG. 2, LED light source
100 may include a light transmitting surface 136 (also
referred to herein as a diffuser) that overlays light guide 108
to further diffuse and soften the light emitted by LED light
source 100. Diffuser 136 is at least translucent (i.e. at least
semi-transparent). In other words, diffuser 136 is not com-
pletely opaque. In the illustrated example, at least a portion
of diffuser 136 is formed as a cover that is spaced apart from
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light guide 108. This can allow the diffuser 136 to be
relatively larger in area than light guide light emitting face
112, which can thereby enhance the light diffusion capability
of diffuser 136. In the illustrated example, diffuser 136 is
shown having a central panel 138 which is spaced apart from
light guide light emitting face 112, and which extends
longitudinally between first and second diffuser ends 142
and 146. Diffuser central panel 138 may be spaced apart
from light guide light emitting face 112 by any distance
sufficient to allow the light from light guide light emitting
face 112 to disperse over central panel 138. For example,
referring to FIG. 4, diffuser central panel 138 may be spaced
apart from light guide light emitting face 112 by a distance
150 of between about 0.25 to 3 inches.

Returning to FIG. 2, in some embodiments, diffuser 136
may be non-planar (e.g. curved or angular) which can
further enhance the light diffusion capability of diffuser 136
with additional surface area and light emitting directions
120. In the illustrated embodiment, diffuser 136 includes
first and second sides 154 and 158 including first and second
diffuser side panels 162 and 170, each of which extends
between the first and second diffuser ends 142 and 146. As
shown, first and second diffuser sides 154 and 158 are
oriented at a (non-zero) angle to diffuser central panel 138.
Together, diffuser central panel 138 and diffuser sides 154
and 158 may form a concave inner diffuser surface 174 that
extends over the light guide light emitting face 112 and over
longitudinally extending light guide sides 178 and 182. An
advantage of this design is that it can allow diffuser 136 to
capture and diffuse light emitted by light guide 108 through
face 112 and light that may escape through light guide sides
178 and 182.

Diffuser 136 can be made of any material suitable for
diffusing light emitted by light guide 108. For example,
diffuser 136 may be made of at least one of acrylic, poly-
propylene, and polycarbonate. In some embodiments, the
diffuser 136 may be white in color. This can reduce or
eliminate the effect the diffuser 136 has on the color of the
diffused light. In other embodiments, diffuser 136 may be
intentionally non-white to provide a desired color effect.

In alternative embodiments, LED light source 100 may
not include a diffuser 136 or other member that overlays
light guide light emitting face 112. An advantage of this
design is that it allows unfiltered light to be focused on an
object to be illuminated. A further advantage of this design
is that it mitigates the light attenuation associated with
diffuser 136, and therefore improves the lighting efficiency
of the LED light source 100.

Light Source with a Removable LED Cartridge

In accordance with another aspect of this disclosure,
which may be used with one or more other aspects disclosed
herein, a LED light source is provided wherein the LEDs are
removable so that they may be replaced when, e.g., one or
more of the LEDs fails. For example, as exemplified herein,
the LED light source may removable receive a cartridge 116
which comprises one or more LEDs.

As exemplified in FIG. 3, cartridge 116 may be removably
receivable in housing 104. An advantage of this design is
that it allows cartridge 116 to be removed, for repair or
disposal, and replaced. This contrasts with traditional light
fixtures in which a disposable light tube is removably
connected to a ceiling ballast. The light tube includes not
only an LED or fluorescent lighting module but also a
diffusing covering, and other components. LED light source
100 provides a reusable light guide 108 (FIG. 2) and
optional diffuser 136 which need not be disposed with
cartridge 116. As a result, cartridge 116 is smaller, lighter,
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less expensive, and more environmentally friendly than the
disposable light tubes of traditional light fixtures. Cartridge
116 also provides greater flexibility to the shape and physi-
cal configuration of LED light source 100 because LED light
source 100 need not be designed around accommodating a
long cylindrical light tube.

Cartridge 116 can be removably receivable in housing 104
in any manner that allows cartridge 116 to be powered and
positioned to emit light into light guide 108 (FIG. 2). In the
illustrated embodiment, housing 104 includes a recess 140
provided on an outer surface of the light source into which
cartridge 116 is slideably receivable. This allows cartridge
116 to be conveniently inserted and removed from LED light
source 100, without the need to disassemble the light source
which can be particularly significant where LED light source
100 is positioned in difficult-to-reach (e.g. high-up) areas or
where there are many (e.g. dozens to thousands) of LED
light sources 100 to maintain in a facility (e.g. an office
building).

Returning to FIG. 2, light guide 108 extends longitudi-
nally from a first end face 144 to a second end face 148.
Light guide 108 has a longitudinal length 152, a transverse
width 156, and a thickness 160. As shown in FIGS. 4 and 5,
cartridge 116 may include a plurality of LEDs 164 which are
positioned and oriented on a first cartridge face 166 that
extends transversely to light guide 108 to emit light into light
guide first face 144 when cartridge 116 is received in
housing 104. The light travels along longitudinal length 152
of light guide 108 and is re-emitted from light guide light
emitting face 112 at light guide light emitting locations. An
advantage of this design is that cartridge 116 may be sized
according to light guide transverse width 156 instead of light
guide longitudinal length 152. This allows cartridge 116 to
be smaller, lighter, and less expensive as compared with
traditional disposable light tubes that are sized to extend
substantially the longitudinal length of the light fixture.

As exemplified in FIGS. 4 and 5, cartridge 116 may be
slideably receivable in housing recess 140. As shown, hous-
ing recess 140 may extend from an insertion end 168
transversely of light guide 108 to an inner end 172, and from
a first side 176 longitudinally away from light guide 108 to
an opposed face 180. Housing recess insertion end 168 may
define an insertion opening 184 sized to receive cartridge
116. In use, cartridge 116 may be moved transversely
relative to the longitudinal length 152 of the light guide 108
from an insertion position (FIG. 6) to an inserted position
(FIG. 5) and vice versa. As shown in FIG. 4, in the inserted
position, light guide first end face 144 and cartridge first face
166 abut housing recess first side 176 and face each other so
that LEDs 164 are oriented and positioned to emit light into
light guide 108. As shown in FIG. 6, in the insertion
position, cartridge first face 166 is at least partially spaced
apart from housing recess first side 176. From the insertion
position (FIG. 6), cartridge 116 can be moved longitudinally
towards light guide 108 to the inserted position (FIG. 5), or
withdrawn from the housing 104 transversely through the
housing insertion opening 184 as seen in FIG. 7. It will be
appreciated that, in the inserted position, the LEDs or the
face of cartridge 116 facing the light guide may contact the
face of the light guide. Alternately, they may be spaced
apart.

Returning to FIGS. 4 and 5, housing 104 may be config-
ured to retain cartridge 116 in the inserted position, whereby
LEDs 164 are positioned in close proximity to light guide
first end face 144 for efficient transmission of light from
LEDs 164 into light guide 108. In some embodiments, when
cartridge 116 is in the insertion position (FIG. 6), housing
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104 may bias cartridge 116 to move to the inserted position
(FIG. 5). For example, housing 104 may include a biasing
member 188 that urges cartridge 116 to move from the
insertion position to the inserted position. An advantage of
this design is that it allows the housing recess 140 to provide
greater clearance for easy insertion of the cartridge 116 into
housing recess 140. For example, housing recess opening
184 may have a longitudinal width 192 that is substantially
wider than the corresponding dimension 196 of cartridge
116, and biasing member 188 may be relied upon to move
cartridge 116 toward housing recess first side 176, away
from housing recess opposed face 180, to close the gap
between LEDs 164 and light guide first end face 144.

Referring to FIGS. 4 and 7, in some embodiments,
housing recess 140 may narrow in longitudinal width
between housing recess insertion opening 184 and housing
recess inner end 172. An advantage of this design is that
allows for a wide housing recess insertion opening 184 for
easy insertion of cartridge 116, and also guides cartridge 116
to move toward the inserted position as the cartridge 116 is
moved inwardly. In the illustrated example, the narrowing
width of housing recess 140 is effected by a cam 204 that
defines a portion of housing recess opposed face 180 and
that rises towards housing recess first side 176 between
housing recess insertion opening 184 and housing recess
inner end 172. It will be appreciated that cartridge 116 may
be moved manually into the inserted position shown in FIG.
5 or alternately a drive member, as discussed hereinafter,
may be used.

As exemplified in FIGS. 5 and 6, cartridge 116 may be
prevented from being withdrawn from housing recess 140
when in the inserted position. Instead, it may be required to
move cartridge 116 to the insertion position to release
cartridge 116 from housing recess 140. An advantage of this
design is that cartridge 116 is prevented from accidental
withdrawal. Biasing member 188 may retain cartridge 116 in
the inserted position, whereby withdrawal of cartridge 116 is
prevented, until a deliberate action (e.g. manual user action)
is taken to move cartridge 116 to the insertion position. In
the insertion position, cartridge 116 can be freely withdrawn.

Cartridge 116 may be prevented from withdrawal when in
the inserted position, in any manner. For example, each of
housing 104 and cartridge 116 may include a locking
member 208, 212. Locking members 208 and 212 can be any
components which interact when cartridge 116 is in the
inserted position to inhibit withdrawal of cartridge 116 from
housing recess 140. As exemplified, locking members 208
and 212 may include faces that abut in the inserted position
to obstruct withdrawal of cartridge 116 from housing recess
140. In the illustrated example, housing locking member 208
is formed as a protrusion including an inner end face 216,
cartridge locking member 212 is formed as a slot including
an inner end face 218, and end faces 216 and 218 abut when
housing locking member 208 is received in cartridge locking
member 208 in the inserted position (FIG. 5) to prevent
withdrawal of cartridge 116 from housing recess 140.

Referring to FIGS. 5 and 6, biasing member 188 can take
any form that urges cartridge 116 from the insertion position
to the inserted position. In the illustrated embodiment,
biasing member 188 is an electrical contact that supplies
electricity from a power source (e.g. an electrical wire 214
connected to an energy storage member or an electrical wall
plug) to cartridge 116 for powering LEDs 164. An advantage
of this design is that the biasing member 188 performs
double duty as a biasing member and electrical conductor
thereby avoiding the complexity, weight, and expense of
having a separate component act as a biasing member.
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Still referring to FIGS. 5 and 6, biasing member 188 can
apply a biasing force to any portion of cartridge 116 that is
suitable for urging cartridge 116 to the inserted position
(FIG. 5). In the illustrated embodiment, biasing member 188
is positioned in housing recess 140 proximate housing recess
inner end 172 to apply a biasing force to an inner end portion
216 of cartridge 116. An advantage of this design is that
biasing member 188 does not act upon cartridge 116 until
cartridge 116 is moved into the insertion position within
housing recess 140. This allows LEDs 164 to align with light
guide first end face 144 (FIG. 4) before biasing member 188
urges cartridge 116 into the inserted position, for example.

In the illustrated example, cartridge 116 is substantially
rigid. For example, cartridge 116 may include a rigid sub-
strate 220 (e.g. a printed circuit board) that defines cartridge
first face 166, on which LEDs 164 are arranged. As shown,
biasing member 188 may urge cartridge first face 166 to lay
flat against housing recess first side 176. As a result, car-
tridge 116 is urged to rotate about cartridge inner end portion
216 towards housing recess first side 176 (and light guide
first end face 144, FI1G. 4). Thus, the rigidity of cartridge 116
may cooperate with biasing member 188 to move cartridge
116 into the inserted position (FIG. 5) by application of the
biasing force to cartridge inner end portion 216. Referring to
FIG. 6, it can be seen that housing recess cam 204 helps to
guide cartridge inner end portion 216 into engagement with
biasing member 188. This helps to prevent misalignment of
cartridge 116 when it is inserted into housing recess 140.

Referring to FIGS. 3 and 4, LED light source 100 can
include any housing 104 suitable for holding light guide 108
and cartridge 116, and optionally hold one or both of a
reflector 132 and a diffuser 136. For example, housing 104
may hold these components in relative positions that allow
for efficient transmission and distribution of light from
cartridge LEDs 164 to light emitting directions 120. In the
illustrated example, housing 104 includes first and second
end members 224 (FIG. 1). Each housing end member 224
may include a light guide retention slot 228 sized to receive
an end portion 232 of light guide 108. In the illustrated
example, retention slot 228 is sized to receive light guide
end portion 232 and a reflector end portion 236. An advan-
tage of this design is that it allows housing 104 to hold
reflector 132 against light guide 108 for efficient light
reflection. In the illustrated example, housing end member
224 includes a transversely extending sidewall 240 and a
transversely extending inner wall 250, which are spaced
apart to define retention slot 228.

Referring to FIG. 2, LED light source 100 can include any
number of cartridges 116. For example, LED light source
100 may include a cartridge 116 removably receivable in
each of the housing end members 224. An advantage of this
design is that it allows cartridges 116 to emit light into both
light guide end faces 144 and 148, which may help to more
evenly distribute light emitted from light guide light emit-
ting face 112, and reduce the average number of internal
reflections in light guide 108 for greater light transmission
efficiency. In other embodiments, LED light source 100
includes just one cartridge 116 that is removably receivable
in just one of housing end members 224. An advantage of
this design is that LED light source 100 has only one
cartridge 116 to replace which can reduce replacement time
and maintenance costs considerably in environments that
have hundreds or thousands of LED light sources 100
installed (e.g. office buildings).

Turning to FIG. 3, housing end member 224 may include
an end wall 248 that defines housing recess opposed face
180. As shown, housing end wall 248 may be connected to
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housing sidewall 240 in opposition to retention slot 228.
Housing end wall 248 may include housing recess cam 204
and biasing member 188. Housing end wall 248 may be
integrally formed with housing sidewall 240, or discretely
formed as shown and then permanently or removably con-
nected to housing sidewall 240. In the illustrated example,
housing end wall 248 is connected to housing sidewall 240
with fasteners 252 (e.g., screws).

In several of the examples, the housing recess 140 is
illustrated as having a housing insertion opening 184 on a
lateral side of housing sidewall 240, which allows cartridge
116 to be inserted and removed in a transverse direction
parallel to light guide light emitting face 112. However, it
will be appreciated that housing insertion opening 184 may
be positioned elsewhere on housing sidewall 240 and that
cartridge 116 may be insertable in different directions. The
position of housing insertion opening 184 and cartridge
insertion direction may be selected based on, for example
the orientation of the LED light source 100 when installed.
For example, in some applications it may be preferable to
position housing insertion opening 184 for easiest user
accessibility (for removing or inserting cartridge 116) or
alternatively to conceal cartridge 116 (for aesthetics or to
avoid tampering).

As exemplified in FIGS. 42-46, insertion opening 184
may be positioned on an upper side 368 of housing sidewall
240. As shown, cartridge 116 is moveable from an inserted
position (FIG. 44) to an insertion position (FIG. 45), and
then withdrawable through housing insertion opening 184 in
a direction normal to light guide light emitting face 112.
Heat Sink

In accordance with another aspect of this disclosure,
which may be used with one or more other aspects disclosed
herein, a heat sink may be provided to assist in withdrawing
head produced by the LEDs. As exemplified in FIG. 7, the
LED light source may include a heat sink 256 thermally
connected to cartridge substrate 220. The heat sink may be
part of the cartridge 116 (see for example the embodiment of
FIG. 7) or, alternately, it may be thermally connected to the
cartridge 116 when the cartridge 116 is in the inserted
position (e.g., it may abut the cartridge 116 when cartridge
116 is in the inserted position). Heat sink 256 can have any
design suitable for dissipating heat generated by cartridge
116, and in particular LEDs 164. In the illustrated example,
heat sink 256 is thermally connected to cartridge second face
260, which is opposed to cartridge first face 166. As shown,
heat sink 256 may have a plurality of fins extending away
from cartridge substrate 220 to increase convective surface
area for efficient heat dissipation.

In the illustrated embodiment, cartridge 116 includes heat
sink 256, such that heat sink 256 is removable from housing
104 with cartridge 116, and optionally disposable with
cartridge 116. For example, heat sink 256 may be integrally
formed with cartridge 116, or discretely formed and perma-
nently or removably attached to cartridge 116. An advantage
of including heat sink 256 in cartridge 116 is that it may
promote better thermal contact between heat sink 256 and
substrate 220 which can lead to better thermal conduction.
This thermal contact may be improved by interposing ther-
mal compound (e.g. high thermal conductivity paste or gel)
between heat sink 256 and substrate 220. By allowing heat
sink 256 to be disposable with cartridge 116, the user may
avoid having to ensure proper thermal contact or reapply
thermal compound between heat sink 256 and substrate 220.

Referring to FIG. 8, heat sink 256 may be a separate
component from cartridge 116 in some embodiments. For
example, heat sink 256 may be a component of housing 104.
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Cartridge 116 may be free of heat sinks. An advantage of this
design is that heat sink 256 may be a reusable non-dispos-
able component that is retained with housing 104 as car-
tridge 116 is removed and replaced. This further reduces
number of components in disposable cartridge 116, which
can make cartridge 116 less expensive, smaller, and lighter
(and consequently less expensive to ship and easier to store).
Turning to FIGS. 9-11, cartridge 116 makes thermal contact
with heat sink 256 in the inserted position (FIG. 9), and is
thermally disconnected and physically separated from heat
sink 256 when removed from housing 104 (FIG. 11).

Referring to FIGS. 9-12, heat sink 256 may be urged into
physical contact with cartridge 116 as cartridge 116 is biased
into the inserted position (FIGS. 9 and 12). An advantage of
this design is that the pressure at the interface of cartridge
116 and heat sink 256 can collapse small particles (e.g. dust
or dirt), and thereby promote better thermal contact between
cartridge 116 and heat sink 256. As exemplified, cartridge
substrate 220 and heat sink 256 have complimentary faces
260 and 264, which make flush physical contact when
cartridge 116 is in the inserted position (FIGS. 9 and 12).
Faces 260 and 264 can have any complimentary surface
profiles that promote efficient heat transfer when in flush
physical contact. In the illustrated example, cartridge sub-
strate face 260 and heat sink face 264 are flat planar surfaces.

Optionally, one or both of faces 260 and 264 includes
thermal compound that accommodate surface defects to
enhance the thermal contact. In some embodiments, the
thermal compound is pre-applied to cartridge substrate face
260 (e.g. in the retail package). An advantage of this design
is that the user is not required to apply the thermal com-
pound, which avoids potential complications associated with
misapplication of the thermal compound. In other embodi-
ments, the thermal compound is user applied to heat sink
face 264. An advantage of this design is that the cartridge
116 can be provided free of thermal compound, and there-
fore at a lower weight and cost. Manufacturing and pack-
aging of cartridge 116 are also simplified. Also, the thermal
compound applied to heat sink face 264 may remain effec-
tive for use in connection with several cartridges 116 before
reapplication is required, such that less thermal compound
may used overall.

Heat sink 256 can be permanently connected or integrally
formed with housing 104, or removably connected to hous-
ing 104. In the illustrated embodiment, heat sink 256 is
positioned in housing recess 140. As shown, heat sink 256
may be connected to housing end wall 248 by biasing
members 1885. Biasing members 1885 urge heat sink 256 in
the longitudinal direction towards cartridge 116 to move
cartridge 116 from the insertion position (FIG. 10) to the
inserted position (FIGS. 9 and 12). To remove cartridge 116,
the user may apply force to cartridge 116 in opposition to
biasing members 188 to move cartridge 116 from the
inserted position (FIGS. 9 and 12) to the insertion position
(FIG. 10), and then pull cartridge 116 transversely out of
housing recess 140 through housing insertion opening 184
(FIG. 11).

Housing 104 can include any number of biasing members
1884, which can be any type of biasing member suitable for
urging heat sink 256 against cartridge 116. In the illustrated
example, housing 104 includes two spaced apart biasing
members 1885, which as shown may take the form of helical
compression springs. This configuration can allow biasing
members 1885 to provide distributed biasing force against
heat sink 256 for more even pressure at the interface of heat
sink 256 and cartridge 116. In alternative embodiments,
housing 104 may include just one biasing member 1885, or
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more than two biasing members 1885. Moreover, biasing
member 1886 may take another form, such as a resiliently
deformable pad for example.

Referring to FIG. 8, in some embodiments, housing end
wall 248 may be removably connected or movably con-
nected (e.g. pivotally connected) to housing 104. An advan-
tage of this design is that it can provide access to heat sink
256 (e.g. for repair or replacement of heat sink 256, or for
application of thermal compound to heat sink 256). Housing
end wall 248 can be removable connected or movably
connected to housing 104 in any manner. For example,
housing end wall fasteners 252 may be removable to release
housing end wall 248 from housing 104.

Driving Member

In accordance with another aspect of this disclosure,
which may be used with one or more other aspects disclosed
herein, a driving member may be provided to assist in
moving, or to move, the cartridge to the inserted position. As
exemplified in FIGS. 13A and 13B, driving member 268
may be movably mounted in housing 104, and operable to
drive cartridge 116 from the insertion position to the inserted
position. The driving member 268 can drive a heat sink 256
against cartridge 116 as shown, or can drive a cartridge 116
including an integrated heat sink.

Referring to FIGS. 14-16, driving member 268 may be
movable between a first position (FIG. 14) in which the
driving member 268 acts to drive and retain cartridge 116 in
the inserted position (FIG. 14), and a second position (FIGS.
15-16) in which driving member 268 releases cartridge 116
from the inserted position, whereby cartridge 116 can move
to the insertion position (FIG. 15) and then be withdrawn
from housing recess 140 (FIG. 16).

Referring to FIGS. 13B and 14, driving member 268 can
have any construction suitable for selectively driving car-
tridge 116 between the insertion position and the inserted
position. In the illustrated embodiment, driving member 268
is formed as a movable shaft having an inner end 272
pivotally mounted to housing 104. Driving member 268 may
also have an outer end 276 which protrudes from housing
104, and provides a handle for a user to grasp to manually
move the driving member 268 between its first and second
positions. As shown, a driving cam 280 may be positioned
between the driving member 268 and the cartridge 116.
Driving cam 280 may include a cam surface 284 that
interacts with driving member 268 as driving member 268
moves to the first position, whereby the driving cam 280 is
moved longitudinally to drive cartridge 116 to the inserted
position.

Driving member inner end 272 may be pivotally con-
nected to housing 104 in any manner. In the illustrated
embodiment, driving member inner end 272 and housing
104 form a ball and socket joint. In other embodiments,
driving member inner and 272 and housing 104 may form
another type of pivotal connection, such as a hinged joint.

Cam surface 284 can have any configuration that allows
driving member 268 to move driving cam 280 towards
cartridge 116 as driving cam 280 is moved to the first
position (FIG. 14). In the illustrated embodiment, cam
surface 284 is planar and sloped relative to vertical and
horizontal, and driving member 268 is vertically movable
between the second and first positions. Driving member 268
rides along cam surface 284 as driving member 268 is
moved upwardly to the first position, which causes driving
cam 280 to slide longitudinally towards cartridge 116. In
other embodiments, cam surface 284 may be non-planar,
which may provide a different movement profile.






