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Description

TECHNICAL FIELD

[0001] The present disclosure relates generally to solid
state-based light guide illumination devices, for example
to light guide illumination devices including an optical ex-
tractor with an output surface having portions shaped to
reflect, via total internal reflection (TIR), guided light in-
cident thereon.

BACKGROUND

[0002] Light sources are used in a variety of applica-
tions, such as providing general illumination and provid-
ing light for electronic displays (e.g., LCDs). Historically,
incandescent light sources have been widely used for
general illumination purposes. Incandescent light sourc-
es produce light by heating a filament wire to a high tem-
perature until it glows. The hot filament is protected from
oxidation in the air with a glass enclosure that is filled
with inert gas or evacuated. Incandescent light sources
are gradually being replaced in many applications by oth-
er types of electric lights, such as fluorescent lamps, com-
pact fluorescent lamps (CFL), cold cathode fluorescent
lamps (CCFL), high-intensity discharge lamps, and solid
state light sources, such as light-emitting diodes (LEDs).
[0003] US 2013/0201715 A1 discloses an illumination
device including a second reflector that reflects at least
some of the light from the first reflector. In certain em-
bodiments, the illumination device includes a light guide
that guides light from the collector to the first reflector.
The components of the illumination device can be con-
figured to provide illumination devices that can provide
a variety of intensity distributions. Such illumination de-
vices can be configured to provide light for particular light-
ing applications, including office lighting, task lighting,
cabinet lighting, garage lighting, wall wash, stack lighting,
and downlighting. US 2004/0208019 A1 discloses a ve-
hicular lamp including, within its lamp chamber, a reflec-
tor, a led disposed behind the reflector and a mushroom-
shaped light guide that extends coaxially with the led and
guides light emitted from the led to the reflector. The light
guide has an umbrella portion at its front end and a plane
of incidence, which guides light from the led into the light
guide, at its rear end. The umbrella portion has a first
light emitting surface for emitting light guided into the light
guide in the forward direction, reflection surfaces for in-
ternally reflecting the guided light in the rearward direc-
tion and radially outward direction, and a second light
emitting surface for emitting the internally reflected light
toward the reflector.

SUMMARY

[0004] The present invention relates an illumination
device as set out in claim 1. Other embodiments are de-
scribed in the dependent claims.

[0005] The present disclosure relates to illumination
devices that include an optical extractor with an output
surface having portions shaped to reflect, via TIR, guided
light incident thereon. In general, innovative aspects of
the technologies described herein can be implemented
in an illumination device that includes one or more of the
following aspects: In one aspect, an illumination device
includes a plurality of light-emitting elements (LEEs); a
light guide extending in a forward direction from a first
end of the light guide to a second end of the light guide,
the light guide being positioned to receive at the first end
light emitted by the LEEs and configured to guide the
received light to the second end via total internal reflec-
tion (TIR); and an optical extractor optically coupled to
the light guide at the second end to receive the guided
light. Here, the optical extractor is formed from a trans-
parent, solid material and includes a first output surface
including a transmissive portion arranged and shaped to
transmit a first portion of the guided light to the ambient
environment in a forward angular range and a reflective
portion arranged and shaped to reflect via TIR all the
guided light incident on the reflective portion; and a sec-
ond output surface having a curvilinear profile in a cross-
section that includes the forward direction, the second
output surface arranged to transmit, to the ambient en-
vironment in a backward angular range, light reflected
by the reflective portion of the first output surface.
[0006] The foregoing and other embodiments can
each optionally include one or more of the following fea-
tures, alone or in combination.
[0007] In some implementations, the reflective portion
of the first output surface has a first end and a second
end and can be arranged to intersect the transmissive
portion of the first output surface at the first end and the
second output surface at the second end. In some cases,
at least one of the transmissive portion or the reflective
portion can be flat. In some cases, at least one of the
transmissive portion or the reflective portion can be
curved. In some cases, at least one of the transmissive
portion or the reflective portion can include a step. In
some cases, the transmissive portion can intersect the
reflective portion at the first end with common surface
slope.
[0008] In some implementations, the transmissive por-
tion of the first output surface has a first end and a second
end and can be arranged to intersect the reflective portion
of the first output surface at the first end and the second
output surface at the second end. In some cases, at least
one of the transmissive portion or the reflective portion
can be flat. In some cases, at least one of the transmissive
portion or the reflective portion can be curved. In some
cases, at least one of the transmissive portion or the re-
flective portion can include a step. In some cases, an
intersection of the transmissive portion and the reflective
portion at the first end can form a kink.
[0009] In some implementations, a relative arrange-
ment of the first and second output surfaces causes light
that propagates within the optical extractor to undergo
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multiple reflections between the first and second output
surfaces such that light output into the ambient in the
forward angular range and/or in the backward angular
range can have a more uniform intensity distribution or
a more uniform color distribution than the guided light at
the second end of the light guide.
[0010] In some implementations, the reflective portion
of the first output surface is arranged and shaped to re-
flect via TIR all the guided light incident thereon in a first
angular range having a direction with a component an-
tiparallel to the forward direction and a first component
orthogonal to the forward direction. Here, the first output
surface further includes a second transmissive portion
arranged and shaped to transmit a second portion of the
guided light to the ambient environment in another for-
ward angular range and a second reflective portion ar-
ranged and shaped to reflect via TIR all the guided light
incident on the second reflective portion; the optical ex-
tractor further includes a third output surface having a
curvilinear profile in the cross-section that includes the
forward direction, the third output surface arranged to
transmit, to the ambient environment in another back-
ward angular range, light reflected by the second reflec-
tive portion of the first output surface; and the second
reflective portion of the first output surface is arranged
and shaped to reflect via TIR all the guided light incident
thereof in a second angular range having a direction with
a component antiparallel to the forward direction and an-
tiparallel to the first component of the first direction.
[0011] In some implementations, the light guide and
the optical extractor can be bonded together or integrally
formed. In some implementations, the disclosed illumi-
nation device can further include one or more optical cou-
plers. Here, the light provided by the LEEs is in an emis-
sion angular range, the optical couplers are arranged to
receive the light provided by the LEEs and redirect it to
the first end of the light guide a collimated angular range,
and a numerical aperture of the light guide is such that
the light received from the optical couplers in the colli-
mated angular range can be guided by the light guide
through TIR.
[0012] In some implementations, the light guide can
have two parallel side surfaces.
[0013] In some implementations, the disclosed illumi-
nation device can extend orthogonally to the forward di-
rection. Here, the LEEs can be arranged orthogonally to
the forward direction. In some implementations, the LEEs
can be LEDs that emit white light.
[0014] The details of one or more implementations of
the technologies described herein are set forth in the ac-
companying drawings and the description below. Other
features, aspects, and advantages of the disclosed tech-
nologies will become apparent from the description, the
drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]

FIG. 1A shows a light guide illumination device that
includes an optical extractor with an output surface
having portions shaped to reflect, via TIR, guided
light incident thereon.
FIG. 1B is an intensity profile of the luminaire module
shown in FIG. 1A.
FIGS. 2A-2F show aspects of light guide luminaire
modules.
FIGS. 3A-3D show aspects of light guide luminaire
modules that include an optical extractor with an out-
put surface having portions shaped to reflect, via
TIR, guided light incident thereon.

[0016] Reference numbers and designations in the
various drawings indicate exemplary aspects, implemen-
tations of particular features of the present disclosure.

DETAILED DESCRIPTION

[0017] The present disclosure relates to illumination
devices for providing direct and/or indirect illumination.
The disclosed illumination devices can efficiently guide
and distribute light emitted by solid-state light sources
towards work surfaces and/or towards background re-
gions. Various luminous surfaces of the disclosed illumi-
nation devices and their respective intensity vectors can
be manipulated within an illuminated environment to pro-
vide good utility of the light distribution output by the dis-
closed illumination devices. The present technology can
harness the collective output of a plurality of solid-state
light sources and create a virtual light source with unique
properties that can result in compact luminaires with a
small physical footprint relative to the illuminated envi-
ronment.
[0018] Here, the light from the solid-state light sources
is received at an input end of a light guide and guided to
an output end thereof. The guided light is received by an
optical extractor with an output surface having reflective
portions shaped to reflect, via TIR, guided light incident
thereon. In this manner, the reflected light is directed to-
wards the background regions, while guided light incident
on the output surface outside of the reflective portions is
transmitted through the output surface and directed to-
wards the work surfaces.

(i) Light guide illumination device that includes an 
optical extractor with an output surface having por-
tions shaped to reflect, via TIR, guided light incident 
thereon

[0019] FIG. 1A illustrates a block diagram of an illumi-
nation device 100 that includes an optical extractor 140
with an output surface 143 having one or more light re-
flecting portions shaped to reflect, via TIR, light incident
thereon. Such light reflecting portions are referred to as
TIR portions of the output surface 143. Additionally, the
output surface 143 also has one or more light transmitting
portions. The latter are referred to as transmissive por-
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tions. The illumination device 100 further includes a sub-
strate 105, one or more light emitting elements (LEEs)
110 and a light guide 130. As such, the illumination device
100 is also referred to as a light guide illumination device
100. The light guide 130 guides the light provided by the
LEEs 110 along a length D (e.g., along the z-axis of the
Cartesian reference system shown in FIG. 1A) Option-
ally, the light guide illumination device 100 further in-
cludes one or more optical couplers 120, such that the
light guide 130 is coupled at its input end to the optical
coupler(s) 120 and at its output end to the optical extrac-
tor 140.
[0020] In general, a LEE, also referred to as a light
emitter, is a device that emits radiation in one or more
regions of the electromagnetic spectrum from among the
visible region, the infrared region and/or the ultraviolet
region, when activated. Activation of a LEE can be
achieved by applying a potential difference across com-
ponents of the LEE or passing a current through compo-
nents of the LEE, for example. A LEE can have mono-
chromatic, quasi-monochromatic, polychromatic or
broadband spectral emission characteristics. Examples
of LEEs include semiconductor, organic, polymer/poly-
meric light-emitting diodes, other monochromatic, quasi-
monochromatic or other light-emitting elements. In some
implementations, a LEE is a specific device that emits
the radiation, for example a LED die. In other implemen-
tations, the LEE includes a combination of the specific
device that emits the radiation (e.g., a LED die) together
with a housing or package within which the specific de-
vice or devices are placed. Examples of LEEs include
also lasers and more specifically semiconductor lasers,
such as vertical cavity surface emitting lasers (VCSELs)
and edge emitting lasers. Further examples of LEEs in-
clude superluminescent diodes and other superlumines-
cent devices.
[0021] During operation, the LEEs 110 provide light
within a first angular range 115. Such light can have a
Lambertian distribution relative to the optical axes of the
one or more LEEs 110 (e.g., the z-axis.) As used herein,
providing light in an "angular range" refers to providing
light that propagates in one or more prevalent directions
in which each has a divergence with respect to the cor-
responding prevalent direction. In this context, the term
"prevalent direction of propagation" refers to a direction
along which a portion of an intensity distribution of the
propagating light has a maximum. For example, the prev-
alent direction of propagation associated with the angular
range can be an orientation of a lobe of the intensity dis-
tribution. (See, e.g., FIG. 1B.) Also in this context, the
term "divergence" refers to a solid angle outside of which
the intensity distribution of the propagating light drops
below a predefined fraction of a maximum of the intensity
distribution. For example, the divergence associated with
the angular range can be the width of the lobe of the
intensity distribution. The predefined fraction can be
10%, 5%, 1%, or other values, depending on the lighting
application.

[0022] The light guide 130 can be made from a solid,
transparent material. For example, the material can be
glass with a refractive index of about 1.5. As another
example, the material can be plastic with a refractive in-
dex of about 1.5-1.6. Here, the light guide 130 is arranged
to receive the light provided by the LEEs 110 at one end
of the light guide 130 and to guide the received light in a
forward direction, e.g., along the z-axis, from the receiv-
ing end to an opposing end of the light guide 130. Here,
the distance D between the receiving end of the light
guide 130 and its opposing end can be 5, 10, 20, 50 or
100cm, for instance. A combination of (i) an angular
range in which the light is received by the light guide 130
at the receiving end and (ii) a numerical aperture of the
light guide 130 is configured such that the received light
is guided from the receiving end to the opposing end
through reflection off of light guide side surfaces 132a,
132b of the light guide 130. Depending on the implemen-
tation, at least some, if not all, of this reflection is via total
internal reflection (TIR). In some implementations, the
numerical aperture of the light guide 130 is such that all
light provided by the LEEs 110 in the angular range 115
can be injected directly into the light guide 130 at its re-
ceiving end.
[0023] In the implementations when the one or more
optical couplers 120 are part of the light guide illumination
device 100, the one or more optical couplers 120 receive
the light from the LEEs 110 within the first angular range
115 and collimate the received light within a second an-
gular range 125 in the forward direction. The one or more
optical couplers 120 are shaped to transform the first
angular range 115 into the second angular range 125 via
total internal reflection, specular reflection or both. More-
over, the one or more optical couplers 120 can include
a solid transparent material for propagating light from an
input end to an output end of each of the one or more
optical couplers 120. Here, the divergence of the second
angular range 125 is smaller than the divergence of the
first angular range 115. As such, the divergence of the
second angular range 125 is selected such that all light
provided by the coupler(s) 120 in the angular range 125
can be injected into the light guide 130 at its receiving end.
[0024] One or more of the light guide side surfaces
132a, 132b can be planar, curved or otherwise shaped.
The light guide side surfaces 132a, 132b can be parallel
or non-parallel. In embodiments with non-parallel light
guide side surfaces 132a, 132b, a third angular range
135 of the guided light at the opposing end of the light
guide 130 is different than the angular range 115 (when
the light guide 130 receives the light directly from the
LEEs 110) or 125 (when the light guide 130 receives the
light from the couplers 120) of the light received at the
receiving end. Here, the light guide side surfaces 132a,
132b can be optically smooth to allow for the guided light
to propagate forward (e.g., in the positive direction of the
z-axis) inside the light guide 130 through TIR. In this case,
the light guide side surfaces 132a, 132b are shaped and
arranged with respect to the z-axis and each other such
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that the guided light impinges on the light guide side sur-
faces 132a, 132b at incident angles larger than a critical
angle over the entire distance D from the input end the
output end of the light guide 130. In embodiments with
parallel light guide side surfaces 132a, 132b, whether
the light guide 130 is solid or hollow, the third angular
range 135 of the guided light at the opposing end of the
light guide 130 has at least substantially the same diver-
gence as the angular range 115 (when the light guide
130 receives the light directly from the LEEs 110) or 125
(when the light guide 130 receives the light directly from
the couplers 120) of the light received at the receiving
end.
[0025] Additionally, the length D of the light guide 130
(along the z-axis), a width L of the light guide 130 (along
the y-axis) and a thickness T of the light guide 130 (along
the x-axis) are designed to homogenize the light emitted
by the discrete LEEs 110 - which are distributed along
the y-axis - as it is guided from the receiving end to the
opposing end of the light guide 130. In this manner, the
homogenizing of the emitted light - as it is guided through
the light guide 130 - causes a change of a discrete profile
along the y-axis of the first angular range 115 (when the
light guide 130 receives the light directly from the LEEs
110) or the second angular range 125 (when the light
guide 130 receives the light from the couplers 120) to a
continuous profile along the y-axis of the third angular
range 135 in which the discrete profile is partially or fully
blurred.
[0026] Here, the optical extractor 140 is made from a
solid, transparent material. For example, the material can
be glass with a refractive index of about 1.5. As another
example, the material can be plastic with a refractive in-
dex of about 1.5-1.6. The optical extractor 140 has an
input aperture that is coupled to the output end of the
light guide 130 to receive the guided light. Moreover, the
optical extractor 140 includes an output surface 143 and
one or more lateral output surfaces.
[0027] The output surface 143 is spaced apart from
and opposite to the input aperture. Further, the output
surface 143 has one or more TIR portions and one or
more transmissive portions. Here, a TIR portion is a re-
gion of the output surface 143 that is arranged relative
to the input aperture and shaped to reflect, via TIR, all
guided light received from the light guide 130. In this man-
ner, a shape and/or orientation of the TIR portion are
such that the guided light impinges thereon at an angle
of incidence larger than a critical angle associated with
an optical interface between the optical extractor 140 and
the ambient environment (e.g., air). As such, all the guid-
ed light impinging on the TIR portion(s) is reflected, via
TIR, back into the optical extractor 140. A transmissive
portion is another region of the output surface 143 that
is arranged relative to the input aperture and shaped to
transmit the guided light. In this manner, a shape and/or
orientation of the transmissive portion are such that the
guided light impinges thereon at an angle of incidence
smaller than a critical angle associated with an optical

interface between the optical extractor 140 and the am-
bient environment (e.g., air). As such, substantially all
light impinging on the transmissive portion(s) is transmit-
ted there through into the ambient environment as for-
ward output light, except for a small fraction of the im-
pinging light, e.g., 4% or less, that is reflected via Fresnel
reflection.
[0028] The light reflected, via TIR, by the TIR portions
of the output surface 143 is directed towards the one or
more lateral output surfaces of the optical extractor 140.
Light that reaches the lateral output surface(s) is then
transmitted at least in part into the ambient environment
as backward output light. Furthermore, the optical ex-
tractor 140 can output into the ambient environment out-
put light in one or more backward angular ranges. As
such, the light transmitted through a first lateral output
surface is output by the extractor 140 within a first output
angular range 145’. The backward output angular range
145’ can be substantially continuous along the y-axis and
has a first output propagation direction with a component
along a backward direction (or opposite to the forward
direction, e.g., antiparallel to the z-axis.) Additionally, the
light transmitted through the transmissive portions of the
output surface 143 is output by the optical extractor 140
within a forward output angular range 145"’. The forward
output angular range 145’" can be substantially continu-
ous along the y-axis and has a second output propagation
direction with a component along the forward direction
(e.g., along the z-axis.) In some implementations, some
of the light reflected via TIR by the TIR portions of the
output surface 143 is transmitted through a second lateral
output surface within a second backward output angular
range 145". The second backward output angular range
145" can be substantially continuous along the y-axis
and has a second output propagation direction with a
component along the backward direction. In this case,
the first output propagation direction and the second out-
put propagation direction have respective components
orthogonal to the forward direction that are opposite (an-
tiparallel) to each other (antiparallel and parallel to the x-
axis.)
[0029] Note that a relative arrangement of the output
surface 143 and the lateral output surface(s) may causes
light that propagates within the optical extractor 140 to
undergo multiple reflections between the output surface
143 and the lateral output surface(s) such that light output
into the ambient environment in the forward output an-
gular range 145’" and/or in the backward angular
range(s) 145’ (and/or 145") has a more uniform intensity
distribution or a more uniform color distribution than the
guided light at the second end of the light guide 130.
[0030] As described above in connection with FIG. 1A,
the one or more optical couplers 120, light guide 130 and
the optical extractor 140 of illumination device 100 are
arranged and configured to translate and redirect light
emitted by LEEs 110 away from the LEEs before the light
is output into the ambient environment. The spatial sep-
aration of the place of generation of the light, also referred
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to as the physical (light) source, from the place of extrac-
tion of the light, also referred to as a virtual light source
or a virtual filament, can facilitate design of the illumina-
tion device 100. In this manner, a virtual filament can be
configured to provide substantially non-isotropic light
emission with respect to planes parallel to an optical axis
of the illumination device (for example the z-axis.) In con-
trast, a typical incandescent filament generally emits sub-
stantially isotropically distributed amounts of light. The
virtual filament(s) may be viewed as one or more portions
of space from which substantial amounts of light appear
to emanate. Furthermore, separating the LEEs 110, with
their predetermined optical, thermal, electrical and me-
chanical constraints, from the place of light extraction,
may facilitate a greater degree of design freedom of the
illumination device 100 and allows for an extended optical
path, which can permit a predetermined level of light mix-
ing before light is output from the illumination device 100.
[0031] FIG. 1B shows an x-z cross-section of far-field
light intensity profile 101 of the illumination device 100
that is elongated along the y-axis (perpendicular to the
sectional plane of FIG. 1A). In some implementations,
the far-field light intensity profile 101 includes a first out-
put lobe 145a representing light output by the illumination
device 100 in the first backward output angular range
145’ and a second output lobe 145c representing modi-
fied light output by the illumination device 100 in the for-
ward output angular range 145"’.
[0032] For example, the first output lobe 145a is a rep-
resentation of the intensity, divergence and propagation
direction of light output by the optical extractor 140 in the
first backward output angular range 145’ when this output
light reaches a target located far from the optical extractor
140. Here, the light output in the backward output angular
range 145’ originates as a portion of the guided light in
the angular range 135 that impinges on at least some of
the one or more TIR portions of the output surface 143
where it is reflected, via TIR, towards a first lateral output
surface, and where it is transmitted there through to the
ambient environment. In this case, a propagation direc-
tion of the first backward output angular range 145’ is
along the about -130° bisector of the first output lobe
145a.
[0033] As another example, the second output lobe
145c is a representation of the intensity, divergence and
propagation direction of light output by the optical extrac-
tor 140 in the forward output angular range 145"’ when
this light reaches a target located far from the optical
extractor 140. Here, the light output in the forward output
angular range 145"’ originates as a portion of the guided
light in the angular range 135 that impinges on the one
or more transmissive portions of the output surface 143,
and where it is transmitted there through to the ambient
environment. In this case, a propagation direction of the
forward output angular range 145’" is along the about 0°
bisector of the second output lobe 145c. Further in this
case, a divergence of the first backward output angular
range 145’ (represented by a width of the first output lobe

145a) is smaller than a divergence of the forward output
angular range 145’" (represented by a width of the sec-
ond output lobe 145c).
[0034] In some implementations, in addition to the first
output lobe 145a and the second output lobe 145c, the
far-field light intensity profile 101 includes a third output
lobe 145b representing light output by the illumination
device 100 in the second backward output angular range
145". For example, the third output lobe 145b is a repre-
sentation of the intensity, divergence and propagation
direction of light output by the optical extractor 140 in a
second output angular range 145" when this output light
reaches a target located far from the optical extractor
140. Here, the light output in the second backward output
angular range 145" originates as a portion of the guided
light in the angular range 135 that impinges on the at
least some of the TIR portions of the output surface 143
where it is reflected, via TIR, towards a second lateral
output surface (e.g., mirrored relative to an optical axis
of the light guide), and where it is transmitted through the
second lateral output surface to the ambient environ-
ment. In this case, a propagation direction of the second
backward output angular range 145" is along the about
+130° bisector of the third output lobe 145b. Further in
this case, a divergence of the second backward output
angular range 145" (represented by a width of the third
output lobe 145b) is smaller than the divergence of the
forward angular range 145’" (represented by the width of
the second output lobe 145c) and about the same as the
divergence of the first backward output angular range
145’ (represented by the width of the first output lobe
145a).
[0035] Notably, the far-field light intensity profile 101
of the illumination device 100 includes a range of angles
between +40° and +120° and between -40° and -120°
where the emission of light from the optical extractor 140
is minimized. In this region the apparent luminance of
the illumination device 100 also is minimized such that
luminous intensity and what is often called "glare" into
the space would be well managed. In many popular prior
art luminaire designs the overall radiation pattern is often
a derivative of a typical Lambertian profile such that there
are usually emitting surfaces of Lambertian luminance
that are in plain view within the users’ field of view. One
of the primary advantages of the illumination device 100
is that the ratio between the peak intensity of a lobe 145a,
145b or 145c and the minimum intensity between two
adjacent lobes (145a and 145c; or 145b and 145c) of the
far-field light intensity profile 101 can be very high and
readily exceed 5 to 1.
[0036] As described in detail below, composition and
geometry of the couplers 120, the light guide 130 and
the extractor 140 of the illumination device 100 can affect
the far-field light intensity profile 101, e.g., the propaga-
tion direction and divergence associated with the first out-
put lobe 145a and the second output lobe 145c, and,
optionally, of the third output lobe 145b.
[0037] Prior to describing multiple embodiments of the
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illumination device 100 that includes an optical extractor
with an output surface having portions shaped to reflect,
via TIR, guided light incident thereon, various aspects of
light guide illumination devices are described below.

(ii) Light guide illumination devices

[0038] Referring to FIG. 2A, in which a Cartesian co-
ordinate system is shown for reference, a luminaire mod-
ule 200 includes a mount 212 having a plurality of LEEs
210 distributed along a first surface of the mount 212.
The mount with the LEEs 210 is disposed at a first (e.g.,
upper) edge 231 of a light guide 230. Once again, the
positive z-direction is referred to as the "forward" direction
and the negative z-direction is the "backward" direction.
Sections through the luminaire module 200 parallel to
the x-z plane are referred to as the "cross-section" or
"cross-sectional plane" of the luminaire module. Also, lu-
minaire module 200 extends along the y-direction, so this
direction is referred to as the "longitudinal" direction of
the luminaire module. Implementations of luminaire mod-
ules can have a plane of symmetry parallel to the y-z
plane, be curved or otherwise shaped. This is referred
to as the "symmetry plane" of the luminaire module.
[0039] Multiple LEEs 210 are disposed on the first sur-
face of the mount 212, although only one of the multiple
LEEs 210 is shown in FIG. 2A. For example, the plurality
of LEEs 210 can include multiple white LEDs. The LEEs
210 are optically coupled with one or more optical cou-
plers 220 (only one of which is shown in FIG. 2A). An
optical extractor 240 is disposed at second (e.g., lower)
edge 232 of light guide 230.
[0040] Mount 212, light guide 230, and optical extractor
240 extend a length L along the y-direction, so that the
luminaire module is an elongated luminaire module with
an elongation of L that may be about parallel to a wall of
a room (e.g., a ceiling of the room). Generally, L can vary
as desired. Typically, L is in a range from about 1 cm to
about 200 cm (e.g., 20 cm or more, 30 cm or more, 40
cm or more, 50 cm or more, 60 cm or more, 70 cm or
more, 80 cm or more, 100 cm or more, 125 cm or more,
or, 150 cm or more).
[0041] The number of LEEs 210 on the mount 212 will
generally depend, inter alia, on the length L, where more
LEEs are used for longer luminaire modules. In some
implementations, the plurality of LEEs 210 can include
between 10 and 1,000 LEEs (e.g., about 50 LEEs, about
100 LEEs, about 200 LEEs, about 500 LEEs). Generally,
the density of LEEs (e.g., number of LEEs per unit length)
will also depend on the nominal power of the LEEs and
illuminance desired from the luminaire module. For ex-
ample, a relatively high density of LEEs can be used in
applications where high illuminance is desired or where
low power LEEs are used. In some implementations, the
luminaire module 200 has LEE density along its length
of 0.1 LEE per centimeter or more (e.g., 0.2 per centim-
eter or more, 0.5 per centimeter or more, 1 per centimeter
or more, 2 per centimeter or more). The density of LEEs

may also be based on a desired amount of mixing of light
emitted by the multiple LEEs. In implementations, LEEs
can be evenly spaced along the length, L, of the luminaire
module. In some implementations, a heat-sink 205 can
be attached to the mount 212 to extract heat emitted by
the plurality of LEEs 210. The heat-sink 205 can be dis-
posed on a surface of the mount 212 opposing the side
of the mount 212 on which the LEEs 210 are disposed.
The luminaire module 200 can include one or multiple
types of LEEs, for example one or more subsets of LEEs
in which each subset can have different color or color
temperature.
[0042] Optical coupler 220 includes one or more solid
pieces of transparent optical material (e.g., a glass ma-
terial or a transparent plastic, such as polycarbonate or
acrylic) having surfaces 221 and 222 positioned to reflect
light from the LEEs 210 towards the light guide 230. In
general, surfaces 221 and 222 are shaped to collect and
at least partially collimate light emitted from the LEEs. In
the x-z cross-sectional plane, surfaces 221 and 222 can
be straight or curved. Examples of curved surfaces in-
clude surfaces having a constant radius of curvature, par-
abolic or hyperbolic shapes. In some implementations,
surfaces 221 and 222 are coated with a highly reflective
material (e.g., a reflective metal, such as aluminum or
silver), to provide a highly reflective optical interface. The
cross-sectional profile of optical coupler 220 can be uni-
form along the length L of luminaire module 200. Alter-
natively, the cross-sectional profile can vary. For exam-
ple, surfaces 221 and/or 222 can be curved out of the x-
z plane.
[0043] The exit aperture of the optical coupler 220 ad-
jacent upper edge of light guide 231 is optically coupled
to edge 231 to facilitate efficient coupling of light from the
optical coupler 220 into light guide 230. For example, the
surfaces of a solid coupler and a solid light guide can be
attached using a material that substantially matches the
refractive index of the material forming the optical coupler
220 or light guide 230 or both (e.g., refractive indices
across the interface are different by 2% or less.) The
optical coupler 220 can be affixed to light guide 230 using
an index matching fluid, grease, or adhesive. In some
implementations, optical coupler 220 is fused to light
guide 230 or they are integrally formed from a single piece
of material (e.g., coupler and light guide may be mono-
lithic and may be made of a solid transparent optical ma-
terial).
[0044] Light guide 230 is formed from a piece of trans-
parent material (e.g., glass material such as BK7, fused
silica or quartz glass, or a transparent plastic, such as
polycarbonate or acrylic) that can be the same or different
from the material forming optical couplers 220. Light
guide 230 extends length L in the y-direction, has a uni-
form thickness T in the x-direction, and a uniform depth
D in the z-direction. The dimensions D and T are gener-
ally selected based on the desired optical properties of
the light guide (e.g., which spatial modes are supported)
and/or the direct/indirect intensity distribution. During op-
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eration, light coupled into the light guide 230 from optical
coupler 220 (with an angular range 125) reflects off the
planar surfaces of the light guide by TIR and spatially
mixes within the light guide. The mixing can help achieve
illuminance and/or color uniformity, along the y-axis, at
the distal portion of the light guide 232 at optical extractor
240. The depth, D, of light guide 230 can be selected to
achieve adequate uniformity at the exit aperture (i.e., at
end 232) of the light guide. In some implementations, D
is in a range from about 1 cm to about 20 cm (e.g., 2 cm
or more, 4 cm or more, 6 cm or more, 8 cm or more, 10
cm or more, 12 cm or more).
[0045] In general, optical couplers 220 are designed
to restrict the angular range of light entering the light
guide 230 (e.g., to within +/-40 degrees) so that at least
a substantial amount of the light (e.g., 95% or more of
the light) is optically coupled into spatial modes in the
light guide 230 that undergoes TIR at the planar surfaces.
Light guide 230 can have a uniform thickness T, which
is the distance separating two planar opposing surfaces
of the light guide. Generally, T is sufficiently large so the
light guide has an aperture at first (e.g., upper) surface
231 sufficiently large to approximately match (or exceed)
the exit aperture of optical coupler 220. In some imple-
mentations, T is in a range from about 0.05 cm to about
2 cm (e.g., about 0.1 cm or more, about 0.2 cm or more,
about 0.5 cm or more, about 0.8 cm or more, about 1 cm
or more, about 1.5 cm or more). Depending on the im-
plementation, the narrower the light guide the better it
may spatially mix light. A narrow light guide also provides
a narrow exit aperture. As such light emitted from the
light guide can be considered to resemble the light emit-
ted from a one-dimensional linear light source, also re-
ferred to as an elongate virtual filament.
[0046] While optical coupler 220 and light guide 230
are formed from solid pieces of transparent optical ma-
terial, hollow structures are also possible. For example,
the optical coupler 220 or the light guide 230 or both may
be hollow with reflective inner surfaces rather than being
solid. As such, material cost can be reduced and absorp-
tion in the light guide can be mitigated. A number of spec-
ular reflective materials may be suitable for this purpose
including materials such as 3M Vikuiti™ or Miro IV™
sheet from Alanod Corporation where greater than 90%
of the incident light can be efficiently guided to the optical
extractor.
[0047] Optical extractor 240 is also composed of a solid
piece of transparent optical material (e.g., a glass mate-
rial or a transparent plastic, such as polycarbonate or
acrylic) that can be the same as or different from the
material forming light guide 230. In the example imple-
mentation shown in FIG. 2A, the optical extractor 240
includes redirecting (e.g., flat) surfaces 242 and 244 and
curved surfaces 246 and 248. The flat surfaces 242 and
244 represent first and second portions of a redirecting
surface 243, while the curved surfaces 246 and 248 rep-
resent first and second output surfaces of the luminaire
module 200.

[0048] Surfaces 242 and 244 are coated with a reflec-
tive material (e.g., a highly reflective metal such as alu-
minum or silver) over which a protective coating may be
disposed. For example, the material forming such a coat-
ing may reflect about 95% or more of light incident ther-
eon at appropriate (e.g., visible) wavelengths. Here, sur-
faces 242 and 244 provide a highly reflective optical in-
terface for light having the angular range 125 entering
an input end of the optical extractor 232’ from light guide
230. As another example, the surfaces 242 and 244 in-
clude portions that are transparent to the light entering
at the input end 232’ of the optical extractor 240. Here,
these portions can be uncoated regions (e.g., partially
silvered regions) or discontinuities (e.g., slots, slits, ap-
ertures) of the surfaces 242 and 244. In general, different
cross-sections of a redirecting surface 243 can have dif-
ferent combinations of disjoint or joined piecewise differ-
entiable curves. As such, some light is transmitted in the
forward direction (along the z-axis) through surfaces 242
and 244 of the optical extractor 240 in a forward output
angular range 145’". In the example illustrated in FIG.
2A, the light transmitted in the forward output angular
range145’" is refracted. In this way, the redirecting sur-
face 243 acts as a beam splitter rather than a mirror, and
transmits in the output angular range 145’" a desired por-
tion of incident light, while reflecting the remaining light
in angular ranges 138’ and 138".
[0049] In the x-z cross-sectional plane, the lines cor-
responding to surfaces 242 and 244 have the same
length and form an apex or vertex 241, e.g. a v-shape
that meets at the apex 241. In general, an included angle
(e.g., the smallest included angle between the surfaces
244 and 242) of the redirecting surfaces 242, 244 can
vary as desired. For example, in some implementations,
the included angle can be relatively small (e.g., from 30°
to 60°). In certain implementations, the included angle is
in a range from 60° to 120° (e.g., about 90°). The included
angle can also be relatively large (e.g., in a range from
120° to 150° or more). In the example implementation
shown in FIG. 2A, the output surfaces 246, 248 of the
optical extractor 240 are curved with a constant radius
of curvature that is the same for both. In an aspect, the
output surfaces 246, 248 may have optical power (e.g.,
may focus or defocus light.) Accordingly, luminaire mod-
ule 200 has a plane of symmetry intersecting apex 241
parallel to the y-z plane.
[0050] The surface of optical extractor 240 adjacent to
the lower edge 232 of light guide 230 is optically coupled
to edge 232. For example, optical extractor 240 can be
affixed to light guide 230 using an index matching fluid,
grease, or adhesive. In some implementations, optical
extractor 240 is fused to light guide 230 or they are inte-
grally formed from a single piece of material.
[0051] The emission spectrum of the luminaire module
200 corresponds to the emission spectrum of the LEEs
210. However, in some implementations, a wavelength-
conversion material may be positioned in the luminaire
module, for example remote from the LEEs, so that the
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wavelength spectrum of the luminaire module is depend-
ent both on the emission spectrum of the LEEs and the
composition of the wavelength-conversion material. In
general, a wavelength-conversion material can be
placed in a variety of different locations in luminaire mod-
ule 200. For example, a wavelength-conversion material
may be disposed proximate the LEEs 210, adjacent sur-
faces 242 and 244 of optical extractor 240, on the exit
surfaces 246 and 248 of optical extractor 240, and/or at
other locations.
[0052] The layer of wavelength-conversion material
(e.g., phosphor) may be attached to light guide 230 held
in place via a suitable support structure (not illustrated),
disposed within the extractor (also not illustrated) or oth-
erwise arranged, for example. Wavelength-conversion
material that is disposed within the extractor may be con-
figured as a shell or other object and disposed within a
notional area that is circumscribed between R/n and
R*(1+n2)(-1/2), where R is the radius of curvature of the
light-exit surfaces (246 and 248 in FIG. 2A) of the extrac-
tor 240 and n is the index of refraction of the portion of
the extractor that is opposite of the wavelength-conver-
sion material as viewed from the reflective surfaces (242
and 244 in FIG. 2A). The support structure may be a
transparent self-supporting structure. The wavelength-
conversion material diffuses light as it converts the wave-
lengths, provides mixing of the light and can help uni-
formly illuminate a surface of the ambient environment.
[0053] During operation, light exiting light guide 230
through end 232 impinges on the reflective interfaces at
portions of the redirecting surface 242 and 244 and is
reflected outwardly towards output surfaces 246 and 248,
respectively, away from the symmetry plane of the lumi-
naire module. The first portion of the redirecting surface
242 provides light having an angular distribution
138" towards the output surface 246, the second portion
of the redirecting surface 244 provides light having an
angular distribution 138’ towards the output surface 248.
The light exits optical extractor through output surfaces
246 and 248. In general, the output surfaces 246 and
248 have optical power, to redirect the light exiting the
optical extractor 240 in angular ranges 145’ and 145",
respectively. For example, optical extractor 240 may be
configured to emit light upwards (i.e., towards the plane
intersecting the LEEs and parallel to the x-y plane), down-
wards (i.e., away from that plane) or both upwards and
downwards. In general, the direction of light exiting the
luminaire module through surfaces 246 and 248 depends
on the divergence of the light exiting light guide 230 and
the orientation of surfaces 242 and 244.
[0054] Surfaces 242 and 244 may be oriented so that
little or no light from light guide 230 is output by optical
extractor 240 in certain directions. In implementations
where the luminaire module 200 is attached to a ceiling
of a room (e.g., the forward direction is towards the floor)
such configurations can help avoid glare and an appear-
ance of non-uniform illuminance.
[0055] In general, the light intensity distribution provid-

ed by luminaire module 200 reflects the symmetry of the
luminaire module’s structure about the y-z plane. For ex-
ample, referring to FIG. 1B, light output in angular range
145’ corresponds to the first output lobe 145a of the far-
field light intensity distribution 101, light output (leaked)
in forward angular range 145’" corresponds to the sec-
ond output lobe 145c of the far-field light intensity distri-
bution 101, and light output in angular range 145" corre-
sponds to the third output lobe 145b of the far-field light
intensity distribution 101. In general, an intensity profile
of luminaire module 200 will depend on the configuration
of the optical coupler 220, the light guide 230 and the
optical extractor 240. For instance, the interplay between
the shape of the optical coupler 220, the shape of the
redirecting surface 243 of the optical extractor 240 and
the shapes of the output surfaces 246, 248 of the optical
extractor 240 can be used to control the angular width
and prevalent direction (orientation) of the output first
145a and third 145b lobes in the far-field light intensity
profile 101. Additionally, a ratio of an amount of light in
the combination of first 145a and third 145b output lobes
and light in the second output lobe 145c is controlled by
reflectivity and transmissivity of the redirecting surfaces
242 and 244. For example, for a reflectivity of 90% and
transmissivity of 10% of the redirecting surfaces 242,
244, 45% of light can be output in the output angular
range 145’ corresponding to the first output lobe 145a,
45% light can be output in the output angular range
145" corresponding to the third output lobe 145b, and
10% of light can be output in the forward angular range
145’" corresponding to the second output lobe 145c.
[0056] In some implementations, the orientation of the
output lobes 145a, 145b can be adjusted based on the
included angle of the v-shaped groove 241 formed by
the portions of the redirecting surface 242 and 244. For
example, a first included angle results in a far-field light
intensity distribution 101 with output lobes 145a, 145b
located at relatively smaller angles compared to output
lobes 145a, 145b of the far-field light intensity distribution
101 that results for a second included angle larger than
the first angle. In this manner, light can be extracted from
the luminaire module 200 in a more forward direction for
the smaller of two included angles formed by the portions
242, 244 of the redirecting surface 243.
[0057] Furthermore, while surfaces 242 and 244 are
depicted as planar surfaces, other shapes are also pos-
sible. For example, these surfaces can be curved or fac-
eted. Curved redirecting surfaces 242 and 244 can be
used to narrow or widen the output lobes 145a, 145b.
Depending of the divergence of the angular range 125
of the light that is received at the input end of the optical
extractor 232’, concave reflective surfaces 242, 244 can
narrow the lobes 145a, 145b output by the optical extrac-
tor 240 (and illustrated in FIG. 1B), while convex reflective
surfaces 242, 244 can widen the lobes 145a, 145b output
by the optical extractor 240. As such, suitably configured
redirecting surfaces 242, 244 may introduce conver-
gence or divergence into the light. Such surfaces can
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have a constant radius of curvature, can be parabolic,
hyperbolic, or have some other curvature.
[0058] In general, the geometry of the elements can
be established using a variety of methods. For example,
the geometry can be established empirically. Alternative-
ly, or additionally, the geometry can be established using
optical simulation software, such as Lighttools™, Trace-
pro™, FRED™ or Zemax™, for example.
[0059] In general, luminaire module 200 can be de-
signed to output light into different output angular ranges
145’, 145" from those shown in FIG. 2A. In some imple-
mentations, illumination devices can output light into
lobes 145a, 145b that have a different divergence or
propagation direction than those shown in FIG. 1B. For
example, in general, the output lobes 145a, 145b can
have a width of up to about 90° (e.g., 80° or less, 70° or
less, 60° or less, 50° or less, 40° or less, 30° or less, 20°
or less). In general, the direction in which the output lobes
145a, 145b are oriented can also differ from the directions
shown in FIG. 1B. The "direction" refers to the direction
at which a lobe is brightest. In FIG. 1B, for example, the
output lobes 145a, 145b are oriented at approx. -130°
and approximately +130°. In general, output lobes 145a,
145b can be directed more towards the horizontal (e.g.,
at an angle in the ranges from -90° to -135°, such as at
approx. -90°, approx. -100°, approx. -110°, approx.
-120°, approx. -130°, and from +90° to +135°, such as
at approx. +90°, approx. +100°, approx. +110°, approx.
+120°, approx. +130°.
[0060] The luminaire modules can include other fea-
tures useful for tailoring the intensity profile. For example,
in some implementations, luminaire modules can include
an optically diffuse material that can diffuse light in a con-
trolled manner to aid homogenizing the luminaire mod-
ule’s intensity profile. For example, surfaces 242 and 244
can be roughened or a diffusely reflecting material, rather
than a specular reflective material, can be coated on
these surfaces. Accordingly, the optical interfaces at sur-
faces 242 and 244 can diffusely reflect light, scattering
light into broader lobes than would be provided by similar
structures utilizing specular reflection at these interfaces.
In some implementations these surfaces can include
structure that facilitates various intensity distributions.
For example, surfaces 242 and 244 can each have mul-
tiple planar facets at differing orientations. Accordingly,
each facet will reflect light into different directions. In
some implementations, surfaces 242 and 244 can have
structure thereon (e.g., structural features that scatter or
diffract light).
[0061] Surfaces 246 and 248 need not be surfaces
having a constant radius of curvature. For example, sur-
faces 246 and 248 can include portions having differing
curvature and/or can have structure thereon (e.g., struc-
tural features that scatter or diffract light). In certain im-
plementations, a light scattering material can be dis-
posed on surfaces 246 and 248 of optical extractor 240.
[0062] In some implementations, optical extractor 240
is structured so that a negligible amount (e.g., less than

1%) of the light propagating within at least one plane
(e.g., the x-z cross-sectional plane) that is reflected by
surface 242 or 244 experiences TIR at light-exit surface
246 or 248. For certain spherical or cylindrical structures,
a so-called Weierstrass condition can avoid TIR. A
Weierstrass condition is illustrated for a circular structure
(i.e., a cross section through a cylinder or sphere) having
a surface of radius R and a concentric notional circle
having a radius R/n, where n is the refractive index of the
structure. Any light ray that passes through the notional
circle within the cross-sectional plane is incident on sur-
face of the circular structure and has an angle of inci-
dence less than the critical angle and will exit the circular
structure without experiencing TIR. Light rays propagat-
ing within the spherical structure in the plane but not em-
anating from within notional surface can impinge on the
surface of radius R at the critical angle or greater angles
of incidence. Accordingly, such light may be subject to
TIR and won’t exit the circular structure. Furthermore,
rays of p-polarized light that pass through a notional
space circumscribed by an area with a radius of curvature
that is smaller than R/(1+n2)(-1/2), which is smaller than
R/n, will be subject to small Fresnel reflection at the sur-
face of radius R when exiting the circular structure. This
condition may be referred to as Brewster geometry. Im-
plementations may be configured accordingly.
[0063] Referring again to FIG. 2A, in some implemen-
tations, all or part of surfaces 242 and 244 may be located
within a notional Weierstrass surface defined by surfaces
246 and 248. For example, the portions of surfaces 242
and 244 that receive light exiting light guide 230 through
end 232 can reside within this surface so that light within
the x-z plane reflected from surfaces 242 and 244 exits
through surfaces 246 and 248, respectively, without ex-
periencing TIR.
[0064] FIG. 2B shows an embodiment 200’ of the lu-
minaire module 200 that also is elongated along an axis
(e.g., y-axis) perpendicular to the forward direction (e.g.,
along the z-axis.) In this case, a length L of the light guide
230 along the elongated dimension of the luminaire mod-
ule 200’ can be 2’, 4’ or 8’, for instance. A thickness T of
the light guide 230 orthogonal to the elongated dimension
L (e.g., along the x-axis) is chosen to be a fraction of the
distance D traveled by the guided light from the receiving
end to the opposing end of the light guide 230. For T =
0.05D, 0.1D or 0.2D, for instance, light from multiple,
point-like LEEs 210 - distributed along the elongated di-
mension L - that is edge-coupled into the light guide 230
at the receiving end can efficiently mix and become uni-
form (quasi-continuous) along the y-axis by the time it
propagates to the opposing end.
[0065] FIG. 2C shows a luminaire module 200" that
has (e.g., continuous or discrete) rotational symmetry
about the forward direction (e.g., z-axis.) Here, a diam-
eter T of the light guide 230 is a fraction of the distance
D traveled by the guided light from the receiving end to
the opposing end of the light guide 230. For example,
the diameter of the light guide 230 can be T = 0.05D,
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0.1D or 0.2D, for instance.
[0066] Other open and closed shapes of the luminaire
module 200 are possible. FIGS. 2D and 2E show a per-
spective view and a bottom view, respectively, of a lumi-
naire module 200"’ for which the light guide 230 has two
opposing side surfaces 232a, 232b that form a closed
cylinder shell of thickness T. In the example illustrated in
FIGS. 2D and 2E, the x-y cross-section of the cylinder
shell formed by the opposing side surfaces 232a, 232b
is oval. In other cases, the x-y cross-section of the cylin-
der shell can be circular or can have other shapes. Some
implementations of the example luminaire module 200’"
may include a specular reflective coating on the side sur-
face 232a of the light guide 230. For T = 0.05D, 0.1D or
0.2D, for instance, light from multiple, point-like LEEs 210
- distributed along an elliptical path of length L - that is
edge-coupled into the light guide 230 at the receiving end
can efficiently mix and become uniform (quasi-continu-
ous) along such an elliptical path by the time it propagates
to the opposing end.
[0067] In the example implementations described
above in connection with FIG. 2A, the luminaire module
200 is configured to output light into output angular rang-
es 145’ and 145". In other implementations (e.g., see
FIG. 2F), the light guide-based luminaire module is mod-
ified to output light into a single output angular range
145’. Such light guide-based luminaire module config-
ured to output light on a single side of the light guide is
referred to as a single-sided luminaire module and is de-
noted 200*. The single-sided luminaire module 200* is
elongated along the y-axis like the luminaire module 200
shown in FIG. 2A. Also like the luminaire module 200,
the single-sided luminaire module 200* includes a mount
212 and LEEs 210 disposed on a surface of the mount
212 along the y-axis to emit light in a first angular range.
The single-sided luminaire module 200* further includes
optical couplers 220 arranged and configured to redirect
the light emitted by the LEEs 210 in the first angular range
into a second angular range 125 that has a divergence
smaller than the divergence of the first angular range at
least in the x-z cross-section. Also, the single-sided lu-
minaire module 200* includes a light guide 230 to guide
the light redirected by the optical couplers 220 in the sec-
ond angular range 125 from a first end 231 of the light
guide to a second end 232 of the light guide. Additionally,
the single-sided luminaire module 200* includes a single-
sided extractor (denoted 240*) to receive the light guided
by the light guide 230. The single-sided extractor 240*
includes a redirecting surface 244 to redirect the light
received from the light guide 230 into a third angular
range 138’, like described for luminaire module 200 with
reference to FIG. 2A, and an output surface 248 to output
the light redirected by the redirecting surface 244 in the
third angular range 138’ into a fourth angular range 145’.
[0068] A light intensity profile of the single-sided lumi-
naire module 200* is represented in FIG. 1B as a first
output lobe 145a and the second output lobe 145c. The
first output lobe 145a corresponds to light output by the

single-sided luminaire module 200* in the fourth angular
range 145’ and the second output lobe 145c corresponds
to light transmitted (leaked) by the single-sided luminaire
module 200* in the forward direction (along the z-axis.)
[0069] Luminaire modules like the ones described in
this section can be used to obtain luminaire modules for
which the optical extractor has an output surface with
portions shaped to reflect, via TIR, guided light incident
thereon.

(iii) Light guide luminaire module that includes an 
optical extractor with an output surface having por-
tions shaped to reflect, via TIR, guided light incident 
thereon

[0070] FIGS. 3A-3D show aspects of an illumination
device 300 that includes an optical extractor 340-j with
an output surface 343-j having one or more light reflecting
portions 342-j shaped to reflect, via TIR, light incident
thereon, where j={a, b, c, d}. Such light reflecting portions
are referred to as TIR portions 342-j of the output surface
343-j. Additionally, the output surface 343-j also has one
or more light transmitting portions 346-j. The latter are
referred to as transmissive portions 346-j. In this exam-
ple, the illumination device 300 also includes LEEs (not
shown in FIGS. 3A-3D) and a light guide 230. As such,
the illumination device 300 is referred to, interchangea-
bly, as a light guide luminaire module 300. Here, the il-
lumination device 300 has an elongated configuration,
e.g., with a longitudinal dimension L along the y-axis,
perpendicular to the page, as illustrated in FIGS. 3D. In
this case, L can be 1’, 2’ or 4’, for instance. In other im-
plementations, the illumination device 300 can have an-
other elongated configuration, as illustrated in FIGS. 2D-
2E. In some other implementations, the illumination de-
vice 300 can have a non-elongated configuration, e.g.,
with rotational symmetry around the z-axis, as illustrated
in FIG. 2C. In some implementations, the illumination de-
vice 300 also includes one or more couplers (not shown
in FIGS. 3A-3D) to collimate the light emitted by the LEEs
prior to injection into the light guide 230.
[0071] The LEEs are disposed on a substrate and have
a structure similar to a structure of the LEEs 110 of the
illumination device 100 described above in connection
with FIG. 1A or a structure of the LEEs 210 of the lumi-
naire modules 200, 200’, 200", 200"’, 200* described
above in connection with FIGS. 2A-2F. Further, the op-
tical couplers - included in some implementations of the
illumination device 300 - have a structure similar to a
structure of the optical couplers 120 of the illumination
device 100 described above in connection with FIG. 1A
or a structure of the optical couplers 220 of the luminaire
modules 200, 200’, 200", 200’", 200* described above in
connection with FIGS. 2A-2F. Furthermore, the light
guide 230 is the same light guide of the luminaire modules
200, 200’, 200", 200"’, 200* described above in connec-
tion with FIGS. 2A-2F or has a structure similar to a struc-
ture of the light guide 130 of the illumination device 100
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described above in connection with FIG. 1A. Here, the
light guide 230 has a length D along the z-axis, e.g., D
= 10, 20, 50cm, from a receiving end to an opposing end,
and a thickness T along the x-axis that can be much
smaller than the length D, e.g., T ≈ 5%D, 10%D or 20%D.
When part of the illumination device 300, the optical cou-
plers are optically coupled to the input end of the light
guide 230. In some implementations, the optical couplers
are bonded to the input end of the light guide 230. In
other implementations, the optical couplers and the light
guide 230 are integrally formed.
[0072] The optical extractor 340-j, where j={a, b, c, d},
is made from a solid, transparent material. For example,
the material can be glass with a refractive index of about
1.5. As another example, the material can be plastic with
a refractive index of about 1.5-1.6. The optical extractor
340-j has an input aperture 232’ that is coupled to the
output end of the light guide 230 to receive the guided
light. Note that here, the guided light received by the op-
tical extractor 340-j has an angular range 125 with a for-
ward direction of propagation (e.g., along the z-axis.)
[0073] Moreover, the optical extractor 340-j illustrated
in FIGS. 3A-3D includes an output surface 343-j and one
or more lateral output surfaces 246 and 248. The output
surface 343-j is spaced apart from and opposite to the
input aperture 232’. In these examples, the output sur-
face 343-j is configured as various modifications of a "v-
groove" design. As such, the lateral output surface 246
is disposed to the right side of the optical axis 302 and
extends from a right end of the output surface 343-j to a
right lateral face 232-b of the light guide 230. Further, the
lateral surface 248 is disposed to the left side of the optical
axis 302 and extends from a left end of the output surface
343-j to a left lateral face 232-a of the light guide 230.
[0074] Moreover, the output surface 343-j has one or
more TIR portions 342-j and one or more transmissive
portions 346-j, where j={a, b, c, d}. Here, a TIR portion
342-j is a region of the output surface 343-j that is ar-
ranged relative to the input aperture 232’ and shaped to
reflect, via TIR, all guided light with angular range 125
received from the light guide 230. In this manner, a shape
and/or orientation of the TIR portion 342-j are such that
the guided light impinges thereon at an angle of incidence
larger than a critical angle associated with an optical in-
terface between the optical extractor 340-j and the am-
bient environment (e.g., air). As such, all the guided light
impinging on the TIR portion(s) 343-j is reflected, via TIR,
back into the optical extractor 340-j with a reflective an-
gular range 138’ or 138". A transmissive portion 346-j is
another region of the output surface 143 that is arranged
relative to the input aperture 232’ and shaped to transmit
the guided light. In this manner, a shape and/or orienta-
tion of the transmissive portion 346-j are such that the
guided light impinges thereon at an angle of incidence
smaller than a critical angle associated with an optical
interface between the optical extractor 340-j and the am-
bient environment (e.g., air). As such, substantially all
light impinging on the transmissive portion(s) 346-j is

transmitted there through into the ambient environment
as forward output light, except for a small fraction of the
impinging light, e.g., 4% or less, that is reflected via Fres-
nel reflection. The output light transmitted through the
transmissive portion(s) 346-j of the output surface 343-j
has a forward output angular range 145’".
[0075] The light reflected, via TIR, by the TIR portions
342-j of the output surface 343-j has an angular range
138’ or 138" and is directed towards the one or more
lateral output surfaces 246, 248 of the optical extractor
340-j. Light that reaches the lateral output surface(s) 246,
248 is transmitted there through into the ambient envi-
ronment as backward output light. The backward output
light has a backward output angular range 145’ or 145".
In the examples illustrated in FIGS. 3A-4B, each of the
lateral output surfaces 246, 248 is curved so the angular
range 138’ or 138" of the light incident on the lateral out-
put surfaces 246 or 248 is controllably modified to the
backward output angular range 145’ or 145" upon trans-
mission there through.
[0076] Various embodiments of the output surface
343-j of the optical extractor 340-j, where j={a, b, c, d},
are illustrated in FIGS. 3A-3D.
[0077] FIG. 3A shows a portion of the illumination de-
vice 300 with the optical extractor 340-a. The remaining
portion of the illumination device 300, which is not shown
in FIG. 3A, can have mirror-symmetry relative the optical
axis 302, for instance. Referring now to the output surface
343-a of the optical extractor 340-a illustrated in FIG. 3A,
the transmissive portion 346-a of the output surface 343-
a is disposed adjacent to the optical axis 302. The TIR
portion 342-a of the output surface 343-a is displaced
laterally from the optical axis 302. Here, the TIR portion
342-a intersects the transmissive portion 346-a at one
end and the curved lateral output surface 248 at the op-
posing end. In this example, the TIR portion 342-a is a
flat facet and is tilted relative to the optical axis 302, such
that guided light - from an outer portion of the angular
range 125 - that impinges anywhere on the TIR portion
342-a forms an incidence angle that is larger than the
critical angle. As such, the TIR portion 342-a reflects, via
TIR, the guided light incident thereon within a reflective
angular range 138’. Further in this example, the trans-
missive portion 346-a is a flat facet, is oriented normal
to the optical axis 302 and has a transverse size (e.g.,
along the x-axis), such that guided light - from an inner
portion of the angular range 125 - that impinges anywhere
on the transmissive facet 346-a forms an incidence angle
that is smaller than the critical angle. As such, the trans-
missive facet 346-a transmits the guided light incident
thereon to the ambient environment in a forward angular
range 145"’. Here, an intersection of the TIR facet 342-
a and the transmissive facet 346-a forms a kink.
[0078] FIG. 3B shows a portion of the illumination de-
vice 300 with the optical extractor 340-b. The remaining
portion of the illumination device 300, which is not shown
in FIG. 3B, can have mirror-symmetry relative the optical
axis 302, for instance. Referring now to the output surface
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343-b of the optical extractor 340-b illustrated in FIG. 3B,
the transmissive portion 346-b of the output surface 343-
b is disposed adjacent to the optical axis 302. In this case
an apex 341 of the output surface 340b is located on the
transmissive portion 346-b. The TIR portion 342-b of the
output surface 343-b is displaced laterally from the optical
axis 302. Here, the TIR portion 342-b intersects the trans-
missive portion 346-b at one end and the curved lateral
output surface 246 at the opposing end. In this example,
the TIR portion 342-b has a smoothly curved surface with
an overall tilt relative to the optical axis 302, such that
guided light - from an outer portion of the angular range
125 - that impinges anywhere on the TIR portion 342-b
forms an incidence angle that is larger than the critical
angle. As such, the TIR portion 342-b reflects, via TIR,
the guided light incident thereon within a reflective angu-
lar range 138". Further in this example, the transmissive
portion 346-b is has another smoothly curved surface
(except for a single kink at the apex 341) with another
overall tilt relative to the optical axis 302, such that guided
light - from an inner portion of the angular range 125 -
that impinges anywhere on the transmissive portion 346-
b forms an incidence angle that is smaller than the critical
angle. As such, the transmissive portion 346-b transmits
the guided light incident thereon to the ambient environ-
ment in a forward angular range 145"’. Here, an intersec-
tion of the TIR portion 342-b and the transmissive portion
346-b is smooth, because a slope of the TIR portion 342-
b matches a slope of the transmissive portion 346-b at
the intersection.
[0079] FIG. 3C shows a portion of the illumination de-
vice 300 with the optical extractor 340-c. The remaining
portion of the illumination device 300, which is not shown
in FIG. 3C, can have mirror-symmetry relative the optical
axis 302, for instance. Referring now to the output surface
343-c of the optical extractor 340-c illustrated in FIG. 3C,
the transmissive portion 346-c of the output surface 343-
c is disposed adjacent to the optical axis 302. In this case
an apex 341 of the output surface 340c is located on the
transmissive portion 346-c. The TIR portion 342-c of the
output surface 343-c is displaced laterally from the optical
axis 302. Here, the TIR portion 342-c intersects the trans-
missive portion 346-c at one end and the curved lateral
output surface 246 at the opposing end. In this example,
the TIR portion 342-c has a faceted curved surface with
an overall tilt relative to the optical axis 302, such that
guided light - from an outer portion of the angular range
125 - that impinges anywhere on the TIR portion 342-c
forms an incidence angle that is larger than the critical
angle. As such, the TIR portion 342-c reflects, via TIR,
the guided light incident thereon within a reflective angu-
lar range 138". Note that here, in contrast to the example
illustrated in FIG. 3A, the TIR portion 342-c includes two
or more facets, and at least some of the facets of the TIR
portion 342-c are curved. Further in the example illus-
trated in FIG. 3C, the transmissive portion 346-c is has
another faceted curved surface with another overall tilt
relative to the optical axis 302, such that guided light -

from an inner portion of the angular range 125 - that im-
pinges anywhere on any of the facets of the transmissive
portion 346-c forms an incidence angle that is smaller
than the critical angle. As such, the transmissive portion
346-c transmits the guided light incident thereon to the
ambient environment in a forward angular range 145"’.
In some implementations, an intersection of the TIR por-
tion 342-c and the transmissive portion 346-c is discon-
tinuous, when a facet of the TIR portion 342-c and a facet
of the transmissive portion 346-c meet to form a step or
a kink. In other implementations, an intersection of the
TIR portion 342-c and the transmissive portion 346-c is
smooth, when a facet of the TIR portion 342-c and a facet
of the transmissive portion 346-c meet with matching
heights and slopes.
[0080] FIG. 3D shows a portion of the illumination de-
vice 300 with the optical extractor 340-d. Here, the TIR
portion 342-d of the output surface 343-d is disposed
adjacent to the optical axis 302. In this case an apex 341
of the output surface 343-d is located on the TIR portion
342-d. The transmissive portions 346-d of the output sur-
face 343-d are displaced laterally from the optical axis
302. Here, a first one of the transmissive portions 346-d
intersects the TIR portion 342-d at one end and the first
curved lateral output surface 248 at the opposing end.
Also, the second one of the transmissive portions 346-d
intersects the TIR portion 342-d at one end and the sec-
ond curved lateral output surface 248 at the opposing
end. In this example, the TIR portion 342-a is formed as
a v-groove with flat facets that meet at the apex 341 and
form a particular angle, such that guided light - from an
inner portion of the angular range 125 - that impinges
anywhere on the TIR portion 342-d forms an incidence
angle that is larger than the critical angle. As such, the
TIR v-groove 342-d reflects, via TIR, the guided light in-
cident thereon within reflective angular ranges 138’ and
138". Further in this example, each of the transmissive
portions 346-d is a flat facet, is oriented normal to and
has a displacement from the optical axis 302, and has a
transverse size (e.g., along the x-axis), such that guided
light - from outer portions of the angular range 125 - that
impinges anywhere on the transmissive facets 346-d
forms an incidence angle that is smaller than the critical
angle. As such, the transmissive facets 346-d transmit
the guided light incident thereon to the ambient environ-
ment in a forward angular range 145"’. Here, intersec-
tions of the TIR v-groove 342-d and the transmissive fac-
ets 346-a form respective kinks.
[0081] In this manner, regardless of the optical extrac-
tor 340-j illustrated in FIGS. 3A-3D the light reflected, via
TIR, by the TIR portions 342-j of the output surface 343-
j is directed towards the lateral output surfaces 246, 248
of the optical extractor 340-j. Light that reaches the lateral
output surfaces 246, 248 is transmitted there through into
the ambient environment as backward output light. As
such, the light transmitted through a first lateral output
surface 248 is output by the extractor 340-j within a first
backward output angular range 145’. The first backward
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output angular range 145’ can be substantially continu-
ous along the y-axis and has a first output propagation
direction with a component along a backward direction
(or opposite to the forward direction, e.g., antiparallel to
the z-axis.) Further, the light transmitted through a sec-
ond lateral output surface 246 is output by the extractor
340-j within a second backward output angular range
145". The second backward output angular range 145"
can be substantially continuous along the y-axis and has
a third output propagation direction with a component
along the backward direction. Here, the first output prop-
agation direction and the third output propagation direc-
tion have respective components orthogonal to the for-
ward direction that are opposite (antiparallel) to each oth-
er (antiparallel and parallel to the x-axis.) Additionally,
the light transmitted through the transmissive portions
346-j of the output surface 343-j is output by the optical
extractor 340-j within a forward output angular range
145"’. The forward output angular range 145’" can be
substantially continuous along the y-axis and has a sec-
ond output propagation direction with a component along
the forward direction (e.g., along the z-axis.)
[0082] Note that a brightness of forward illumination
(e.g., "downward" illumination when the illumination de-
vice 300 is attached to the ceiling of a room) provided by
the illumination device 300 with optical extractor 340-j,
where j={a, b, c, d}, is controlled by adjusting a combi-
nation of the amount of light output by the optical extractor
340-j in the forward angular range 145"’ and an area over
which that forward light is provided. As such, a parameter
that controls the brightness of the forward illumination for
the illumination device 300 with optical extractor 340-j is
a ratio between a total area A342 of the TIR portions 342-
j of the output surface 343-j and a total area A346 of the
transmissive portions 346-j of the output surface 343-j.
As such, when a person looks directly to the output sur-
face 343-j of the extractor 340-j, the output surface 343-
j will appear more bright for configurations of the output
surface 343-j with large values of the ratio of A342/A346,
or less bright for configurations of the output surface 343-
j with small values of the ratio of A342/A346.
[0083] In other implementations of the technologies
described herein in connection with FIG. 1A, the output
surface 143 and the one or more lateral output surfaces
are shaped to refract and reflect impinging rays into re-
fracted and reflected rays in such proportions and direc-
tions that forward (or downward) light output through the
output surface 143 can provide direct illumination and
backward (or side or up) light output through the lateral
output surface(s) can provide indirect illumination via a
ceiling or other surface, for example. A particular utility
of the direct and indirect light distributions (e.g., repre-
sented in terms of forward angular range 145’" and back-
ward angular ranges 145’, 145") for space illumination
applications will be determined by the particular config-
uration of the output surface 143 and lateral output sur-
face(s) in combination with the distribution of light (e.g.,
represented in terms of forward angular range 125) that

the light guide 130 provides to the extractor 140. As de-
scribed above, the shapes of the output surface 143 and
lateral output surface(s) in combination per se do not
necessarily require coatings or fine geometrical struc-
tures. TIR at the output surface 143 is neither required
nor excluded. Depending on the rays impinging on output
surface 143, some TIR may occur for some rays within
some regions or no TIR may occur at all. If TIR occurs
for some rays at some portions of the output surface 143,
other rays at those portions or other portions of the output
surface 143 should transmit some incoming light. For ef-
ficiency reasons, light that does TIR at some portions of
the output surface 143, particularly in response to "pri-
mary", or "first order" rays from the light guide 130, should
impinge the lateral output surface(s) preferably at shallow
incidence angles (rather than propagate back up the light
guide 130).
[0084] The preceding figures and accompanying de-
scription illustrate example methods, systems and devic-
es for illumination. It will be understood that these meth-
ods, systems, and devices are for illustration purposes
only and that the described or similar techniques may be
performed at any appropriate time, including concurrent-
ly, individually, or in combination. In addition, many of
the steps in these processes may take place simultane-
ously, concurrently, and/or in different orders than as
shown. Moreover, the described methods/devices may
use additional steps/parts, fewer steps/parts, and/or dif-
ferent steps/parts, as long as the methods/devices re-
main appropriate.
[0085] In other words, although this disclosure has
been described in terms of certain aspects or implemen-
tations and generally associated methods, alterations
and permutations of these aspects or implementations
will be apparent to those skilled in the art. Accordingly,
the above description of example implementations does
not define or constrain this disclosure. Further implemen-
tations are described in the following claims.

Claims

1. An illumination device (100) comprising:

a plurality of light-emitting elements (LEEs)
(210);
a light guide (130) extending in a forward direc-
tion from a first end of the light guide to a second
end of the light guide, the light guide (130) being
positioned to receive at the first end light emitted
by the LEEs and configured to guide the re-
ceived light to the second end via total internal
reflection (TIR); and
an optical extractor (140) optically coupled to
the light guide (130, 230) at the second end to
receive the guided light, the optical extractor
(140, 240) being formed from a transparent, sol-
id material and comprising:
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a redirecting surface (243) acting as a beam
splitter configured to transmit a predeter-
mined portion of incident light in a forward
output angular range (145’"), while reflect-
ing the remaining light in first and second
backward angular ranges (145’, 145"),
a first output surface (248) having a curvi-
linear profile in a cross-section that includes
the forward direction, the first output surface
arranged to transmit, to the ambient envi-
ronment in a first output backward angular
range (145’), light reflected by the redirect-
ing surface (243) in the first backward an-
gular range (145’), and
a second output surface (246) having a cur-
vilinear profile in a cross-section that in-
cludes the forward direction, the second
output surface (246) arranged to transmit,
to the ambient environment in a second out-
put backward angular range (145"), light re-
flected by the redirecting surface (243) in
the second backward angular range (145"),

characterized in that the illumination device
(100) is configured to output light having a far-
field light intensity profile with (i) a forward output
lobe (145c) in the forward angular range and (ii)
first and second backward output lobes (145a,
145b) in the first and second output backward
angular ranges (145’, 145"), respectively, and
wherein a ratio between a peak intensity of any
of the lobes (145a, 145b, 145c) and a minimum
intensity between two adjacent ones of the lobes
(145a, 145c) of the far-field light intensity profile
exceeds 5 to 1.

2. The illumination device (100) of claim 1, wherein the
far-field light intensity profile of the illumination de-
vice includes a range of angles between +40° and
+120° and between -40° and -120° relative to the
forward direction where the emission of light from
the optical extractor is minimized.

3. The illumination device (100) of any one of claims 1
to 2, wherein the redirecting surface (243) includes
first and second portions (242, 244).

4. The illumination device (100) of claim 3, wherein the
first and second portions (242, 244) are flat.

5. The illumination device (100) of claim 3 or claim 4,
wherein the first portion (242) of the redirecting sur-
face (243) provides light in the first backward angular
range (145’) and wherein the second portion (244)
of the redirecting surface (243) provides light in the
second backward angular range (145").

6. The illumination device (100) of any one of claims 3

to 5, wherein the first and second portions (242, 244)
of the redirecting surface have the same length and
form an apex or vertex (241).

7. The illumination device (100) of claim 6, wherein the
first and second portions of the redirecting surface
(242, 244) form a v-shape section that meets at the
apex.

8. The illumination device (100) of claim 6 or claim 7,
wherein an included angle subtended by the vertex
ranges from 30° to 60°, from 60° to 120° or from 120°
to 150°.

9. The illumination device (100) of any one of the pre-
ceding claims, wherein the first and second output
surfaces (248, 246) of the optical extractor are
curved with a constant radius of curvature that is the
same for both.

10. The illumination device (100) of any one of claims 1
to 8, wherein the first and second output surfaces
(248, 246) of the optical extractor (140, 240) include
portions having differing curvature.

11. The illumination device (100) of any one of claims 1
to 10, wherein the first and second output surfaces
(248, 246) of the optical extractor (140, 240) include
portions having structural features that scatter or dif-
fract light.

12. The illumination device (100) of any one of the pre-
ceding claims, wherein a light scattering material can
be disposed on the first and second output surfaces
(248, 246) of the optical extractor (140, 240).

13. The illumination device (100) of any one of the pre-
ceding claims, wherein the optical coupler (120, 220)
is fused to the light guide (130, 230) or they are in-
tegrally formed from a single piece of material.

14. The illumination device (100) of any one of the pre-
ceding claims, wherein each of the first and second
backward output lobes (145a, 145b) has a full-width
half maximum of up to 90°.

Patentansprüche

1. Beleuchtungsvorrichtung (100), umfassend:

eine Vielzahl von Licht emittierenden Elementen
(LEEs) (210);
einen Lichtleiter (130), der sich in einer Vor-
wärtsrichtung von einem ersten Ende des Licht-
leiters zu einem zweiten Ende des Lichtleiters
erstreckt, wobei der Lichtleiter (130) positioniert
ist, um an dem ersten Ende Licht zu empfangen,
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das von den LEEs emittiert wird, und ausgestal-
tet ist, um das empfangene Licht mittels totaler
innerer Reflexion (TIR) an das zweite Ende zu
leiten; und
einen optischen Extraktor (140), der optisch an
dem zweiten Ende an den Lichtleiter (130, 230)
gekoppelt ist, wobei der optische Extraktor (140,
240) aus einem transparenten festen Material
gebildet ist, und umfasst:

eine Umlenkoberfläche (243), die als
Strahlteiler wirkt, der ausgestaltet ist, um ei-
nen vorbestimmten Anteil des einfallenden
Lichts in einen vorwärtigen Ausgabewinkel-
bereich (145"’) zu übermitteln, während das
restliche Licht in erste und zweite rückwär-
tige Winkelbereiche (145’, 145") reflektiert
wird,
eine erste Ausgabeoberfläche (248) mit ei-
nem kurvenförmigen Profil in einem Quer-
schnitt, das die Vorwärtsrichtung ein-
schließt, wobei die erste Ausgabeoberflä-
che vorgesehen ist, um Licht, welches
durch die Umlenkoberfläche (243) in den
ersten rückwärtigen Winkelbereich (145’)
reflektiert wird, in einem ersten rückwärti-
gen Ausgabewinkelbereich (145’) an die
umliegende Umgebung zu übermitteln, und
eine zweite Ausgabeoberfläche (246) mit
einem kurvenförmigen Profil in einem Quer-
schnitt, das die Vorwärtsrichtung ein-
schließt, wobei die zweite Ausgabeoberflä-
che (246) vorgesehen ist, um Licht, welches
durch die Umlenkoberfläche (243) in den
zweiten rückwärtigen Winkelbereich (145")
reflektiert wird, in einem zweiten rückwärti-
gen Ausgabewinkelbereich (145") an die
umliegende Umgebung zu übermitteln,

dadurch gekennzeichnet, dass die Beleuch-
tungsvorrichtung (100) ausgestaltet ist, um Licht
mit einem Fernfeldlichtintensitätsprofil mit (i) ei-
ner Vorwärtsausgabekeule (145c) in dem vor-
wärtigen Winkelbereich und (ii) ersten bezie-
hungsweise zweiten Rückwärtsausgabekeulen
(145a, 145b) in den ersten beziehungsweise
zweiten rückwärtigen Ausgabewinkelbereichen
(145’, 145") auszugeben, und wobei ein Verhält-
nis zwischen einer Spitzenintensität von jegli-
chen der Keulen (145a, 145b, 145c) und einer
Mindestintensität zwischen zwei benachbarten
der Keulen (145a, 145c) des Fernfeldlichtinten-
sitätsprofils 5 zu 1 überschreitet.

2. Beleuchtungsvorrichtung (100) nach Anspruch 1,
wobei das Fernfeldlichtintensitätsprofil der Beleuch-
tungsvorrichtung einen Bereich von Winkeln zwi-
schen +40° und +120° und zwischen -40° und -120°

relativ zu der Vorwärtsrichtung einschließt, wobei die
Emission von Licht aus dem optischen Extraktor mi-
nimiert wird.

3. Beleuchtungsvorrichtung (100) nach einem der An-
sprüche 1 bis 2, wobei die Umlenkoberfläche (243)
erste und zweite Anteile (242, 244) einschließt.

4. Beleuchtungsvorrichtung (100) nach Anspruch 3,
wobei der erste und der zweite Anteil (242, 244) flach
sind.

5. Beleuchtungsvorrichtung (100) nach Anspruch 3
oder Anspruch 4, wobei der erste Anteil (242) der
Umlenkoberfläche (243) Licht in dem ersten rück-
wärtigen Winkelbereich (145’) bereitstellt, und
wobei der zweite Anteil (244) der Umlenkoberfläche
(243) Licht in dem zweiten rückwärtigen Winkelbe-
reich (145") bereitstellt.

6. Beleuchtungsvorrichtung (100) nach einem der An-
sprüche 3 bis 5, wobei der erste und der zweite Anteil
(242, 244) der Umlenkoberfläche dieselbe Länge
aufweisen und einen Gipfelpunkt oder Scheitelpunkt
(241) bilden.

7. Beleuchtungsvorrichtung (100) nach Anspruch 6,
wobei der erste und der zweite Anteil der Umlenko-
berfläche (242, 244) ein v-förmiges Segment bilden,
welches sich an dem Gipfelpunkt trifft.

8. Beleuchtungsvorrichtung (100) nach Anspruch 6
oder Anspruch 7, wobei ein durch den Scheitelpunkt
begrenzter eingeschlossener Winkel im Bereich von
30° bis 60°, von 60° bis 120° oder von 120° bis 150°
liegt.

9. Beleuchtungsvorrichtung (100) nach einem der vor-
hergehenden Ansprüche, wobei die erste und die
zweite Ausgabeoberfläche (248, 246) des optischen
Extraktors mit einem konstanten Krümmungsradius
gekrümmt sind, welcher für beide derselbe ist.

10. Beleuchtungsvorrichtung (100) nach einem der An-
sprüche 1 bis 8, wobei die erste und die zweite Aus-
gabeoberfläche (248, 246) des optischen Extraktors
(140, 240) Anteile mit unterschiedlicher Krümmung
einschließen.

11. Beleuchtungsvorrichtung (100) nach einem der An-
sprüche 1 bis 10, wobei die erste und zweite Aus-
gabeoberfläche (248, 246) des optischen Extraktors
(140, 240) Anteile mit strukturellen Merkmalen ein-
schließen, die Licht streuen oder beugen.

12. Beleuchtungsvorrichtung (100) nach einem der vor-
hergehenden Ansprüche, wobei ein Lichtstreuungs-
material auf der ersten und der zweiten Ausgabeo-
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berfläche (248, 246) des optischen Extraktors (140,
240) angeordnet werden kann.

13. Beleuchtungsvorrichtung (100) nach einem der vor-
hergehenden Ansprüche, wobei der optische Kopp-
ler (120, 220) an den Lichtleiter (130, 230) geschmol-
zen ist oder sie integral aus einem einzigen Stück
Material gebildet sind.

14. Beleuchtungsvorrichtung (100) nach einem der vor-
hergehenden Ansprüche, wobei jede der ersten und
zweiten rückwärtigen Ausgabekeulen (145a, 145b)
eine Halbwertsbreite bis zu 90° aufweist.

Revendications

1. Dispositif d’éclairage (100) comprenant :

une pluralité d’éléments émetteurs de lumière
(LEE) (210) ;
un guide de lumière (130) s’étendant dans une
direction vers l’avant depuis une première ex-
trémité du guide de lumière jusqu’à une deuxiè-
me extrémité du guide de lumière, le guide de
lumière (130) étant positionné pour recevoir à
la première extrémité de la lumière émise par
les LEE et configuré pour guider la lumière reçue
jusqu’à la deuxième extrémité par réflexion to-
tale interne (TIR) ; et
un extracteur optique (140) optiquement couplé
au guide de lumière (130, 230) à la deuxième
extrémité pour recevoir la lumière guidée, l’ex-
tracteur optique (140, 240) étant formé à partir
d’un matériau plein transparent et comprenant :

une surface de redirection (243) agissant
comme un séparateur de faisceau, configu-
rée pour transmettre une partie prédétermi-
née de la lumière incidente dans une gam-
me angulaire de sortie vers l’avant (145"’),
tout en réfléchissant la lumière restante
dans des première et deuxième gammes
angulaires vers l’arrière (145’, 145"),
une première surface de sortie (248) ayant
un profil curviligne en coupe transversale
qui comporte la direction vers l’avant, la pre-
mière surface de sortie étant agencée pour
transmettre, à l’environnement ambiant
dans une première gamme angulaire de
sortie vers l’arrière (145’), la lumière réflé-
chie par la surface de redirection (243) dans
la première gamme angulaire vers l’arrière
(145’), et
une deuxième surface de sortie (246) ayant
un profil curviligne en coupe transversale
qui comporte la direction vers l’avant, la
deuxième surface de sortie (246) étant

agencée pour transmettre, à l’environne-
ment ambiant dans une deuxième gamme
angulaire de sortie vers l’arrière (145"), la
lumière réfléchie par la surface de redirec-
tion (243) dans la deuxième gamme angu-
laire vers l’arrière (145"),

caractérisé en ce que le dispositif d’éclairage
(100) est configuré pour délivrer de la lumière
ayant un profil d’intensité de lumière en champ
lointain avec (i) un lobe de sortie vers l’avant
(145c) dans la gamme angulaire vers l’avant et
(ii) des premier et deuxième lobes de sortie vers
l’arrière (145a, 145b) dans les première et
deuxième gammes angulaires de sortie vers
l’arrière (145’, 145"), respectivement, et dans le-
quel un rapport entre une intensité maximale de
l’un quelconque des lobes (145a, 145b, 145c)
et une intensité minimale entre deux des lobes
qui sont adjacents (145a, 145c) du profil d’inten-
sité de lumière en champ lointain dépasse 5
pour 1.

2. Dispositif d’éclairage (100) de la revendication 1, le
profil d’intensité de lumière en champ lointain de dis-
positif d’éclairage comportant une gamme d’angles
entre +40° et +120° et entre -40° et -120° par rapport
à la direction vers l’avant où l’émission de lumière
depuis l’extracteur optique est minimisée.

3. Dispositif d’éclairage (100) de l’une quelconque des
revendications 1 à 2, dans lequel la surface de redi-
rection (243) comporte des première et deuxième
parties (242, 244).

4. Dispositif d’éclairage (100) de la revendication 3,
dans lequel les première et deuxième parties (242,
244) sont plates.

5. Dispositif d’éclairage (100) de la revendication 3 ou
la revendication 4, dans lequel la première partie
(242) de la surface de redirection (243) fournit de la
lumière dans la première gamme angulaire vers l’ar-
rière (145’) et dans lequel la deuxième partie (244)
de la surface de redirection (243) fournit de la lumière
dans la deuxième gamme angulaire vers l’arrière
(145").

6. Dispositif d’éclairage (100) de l’une quelconque des
revendications 3 à 5, dans lequel les première et
deuxième parties (242, 244) de la surface de redi-
rection ont la même longueur et forment un apex ou
un vertex (241).

7. Dispositif d’éclairage (100) de la revendication 6,
dans lequel les première et deuxième parties (242,
244) de la surface de redirection forment une section
en forme de V qui se rejoint à l’apex.
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8. Dispositif d’éclairage (100) de la revendication 6 ou
la revendication 7, dans lequel un angle inclus sous-
tendu par le vertex va de 30° à 60°, de 60° à 120°
ou de 120° à 150°.

9. Dispositif d’éclairage (100) de l’une quelconque des
revendications précédentes, dans lequel les premiè-
re et deuxième surfaces de sortie (248, 246) de l’ex-
tracteur optique sont incurvées avec un rayon de
courbure constant qui est le même pour les deux.

10. Dispositif d’éclairage (100) de l’une quelconque des
revendications 1 à 8, dans lequel les première et
deuxième surfaces de sortie (248, 246) de l’extrac-
teur optique (140, 240) comportent des parties ayant
une courbure différente.

11. Dispositif d’éclairage (100) de l’une quelconque des
revendications 1 à 10, dans lequel les première et
deuxième surfaces de sortie (248, 246) de l’extrac-
teur optique (140, 240) comportent des parties ayant
des caractéristiques structurales qui diffusent ou dif-
fractent la lumière.

12. Dispositif d’éclairage (100) de l’une quelconque des
revendications précédentes, dans lequel un maté-
riau diffusant la lumière peut être disposé sur les
première et deuxième surfaces de sortie (248, 246)
de l’extracteur optique (140, 240).

13. Dispositif d’éclairage (100) de l’une quelconque des
revendications précédentes, dans lequel le coupleur
optique (120, 220) est assemblé au guide de lumière
(130, 230), ou bien ils sont formés d’un seul tenant
à partir d’une seule pièce de matière.

14. Dispositif d’éclairage (100) de l’une quelconque des
revendications précédentes, dans lequel chacun
des premier et deuxième lobes de sortie vers l’arrière
(145a, 145b) a une largeur à mi-hauteur allant jus-
qu’à 90°.
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