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LENS FOR WIDE LATERAL-ANGLE DISTRIBUTION

FIELD OF THE INVENTION
The invention relates generally to the field of lighting systems and, more
particularly, to apparatus for utilizing LED light sources for illuminating areas with a

predefined pattern of light intensity.

BACKGROUND OF THE INVENTION

There is a need for lighting apparatus which is low-cost and energy efficient.
LEDs (light-emitting diodes) provide light sources which are energy efficient, and
advances in LED technology are providing even greater efficiencies over time. Some
typical applications for lighting systems are roadway and parking lot lighting in which
there are performance requirements such as the requirement that light be most
efficiently and uniformly distributed over wide areas which are to be lighted. In
applications such as for illuminating information boards or advertisement billboards,
signs, including transportation signs and the like, as well as building facade lighting,
there is a need to direct light at a widest angle possible in order to draw particular
attention to the wide area to be illuminated while utilizing a minimum number of light
fixtures.

Some efforts have been made to develop LED lenses for directing LED light
into a desired light distribution. Some of such lenses are difficult and expensive to
manufacture, which increases overall cost for LED lighting using such lenses. Yet
such lenses fall short in providing light distribution required for proper illumination of
wide target surfaces.

It would be highly beneficial to provide an improved lighting apparatus which
produces a desired light distribution for illumination of wide target surfaces. It would
be further beneficial that such lighting apparatus have high efficiency with useful
output of maximum emitted light at wide angles and in the desired direction with

improved uniformity of distribution of such light across the illuminated area.
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SUMMARY OF THE INVENTION

One aspect of this invention is an improved lens for distribution of light from
an LED light source on a board and defining an axis.

In certain embodiments, the lens includes an inner surface, an intermediate
surface and an outer output surface which is configured for refracting light received
from the inner and intermediate surfaces.

The inner surface defines a light-receiving cavity. In some embodiments, the
inner surface includes substantially planar front and back surface portions and an end
surface portion spanning the cavity between the front and back surface portions. Each
of the front and back surface portions extends from the opening to terminate at the end
surface portion.

The inner surface may also include a pair of substantially planar lateral surface
portions each extending from the opening between the front and back surface
portions. In some embodiments, the inner front, back and lateral surface portions are
substantially parallel to the axis.

In certain embodiments, the inner front and back surface portions are
substantially orthogonal to the inner lateral surface portion. In some of such
embodiments, the cavity opening is substantially rectangular. The term “substantially
rectangular,” as used herein with respect to the cavity opening, means (1) that the
cavity opening has four sides and (2) that at least about one-third of the cross-
dimension of each side of the cavity opening is straight or that at least about one-third
of the cross-dimension of the longer sides (if there is a pair of longer sides) is
substantially straight. (It should be recognized that the “square” is a subset of *
rectangular.”) It should be noted that while rounded corners of the cavity opening and
of the surrounding inner wall do not impact the distribution of light in a significant
way, such rounding provides advantages during manufacturing of the inventive lens.
In particular, the minimizing of sharpness at corners facilitates accurate molding of
the inventive lens.

In certain embodiments, the end surface portion includes front and back
segments each extending inwardly from the respective front and back surface portions.

Each of the segments may be angled with respect to the other. In some embodiments,

CR-268PCT 2-



WO 2013/169643 PCT/US2013/039688

the back segment extends from the back surface portion in a direction toward the
board, and in some the front segment extends from the front surface portion in a
direction toward the board.

Each of the front and back segments of the end surface portion may extend

5 inwardly from the opposite inner lateral surface portions to positions progressively
farther from the board. The back segment may extend to positions farther from the
board than the front segment.

In certain embodiments, each of the front and back segments includes a
substantially concave middle portion and a pair of opposite substantially convex

10 lateral portions adjoining the substantially convex middle portion. The end surface
portion may extend from the inner lateral surface portions. In some of these
embodiments, the back segment extends from the back surface portion in a direction
toward the board, and in some the front segment extends from the front surface
portion in a direction toward the board.

15 The intermediate surface is positioned and configured for reflecting light
received from the front and back inner surface portions toward the outer output
surface. In some embodiments, the intermediate surface includes front and back
reflective surface portions positioned and configured to reflect light received from the
front and back inner surface portions, respectively. The front and back reflective

20 surface portions extend away from the axis radially outwardly of the front and back
inner surface portions, respectively. The front reflecting surface portion may have a
front curvature configuration which differs from a back curvature configuration of the
back reflecting surface portion. It should be understood that the term “curvature”
refers to a three-dimensional curved surface. The front and back reflecting surface

25 portions may each be bilaterally symmetric.

In some embodiments, the back reflecting surface portion terminates at a
greater distance from the board than the front reflecting surface portion, and in some
the back reflecting surface portion terminates at a greater distance from the axis than
the front reflecting surface portion.

30 The intermediate surface may further include a pair of intermediate lateral

surface portions each adjoining the front and back reflective surface portions such that

CR-268PCT -3-
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the intermediate surface extends continuously around the inner surface. In some of
such embodiments, the front and back reflective surface portions are disposed at
distances from the board which are greatest along the front and back, respectively, and
gradually decrease toward the lateral surface portions. The intermediate lateral
surface portions may be substantially free of receiving light from the inner surface.

The intermediate lateral surface portions may have substantially-identical
lateral curvatures which differ from the configurations of the front and back
curvatures. Another aspect of the rounded corners of the cavity opening and a base
edge of the intermediate surface is that such rounding provides smooth transition from
the lateral curvatures to the front and back curvatures of the intermediate surface.

In certain embodiments, the outer output surface includes a main output
surface portion transverse the axis. In some of such embodiments, the main-output
surface portion defines a pair of substantially convex lateral sectors with a front-to-
back concavity therebetween for refracting lateral light received from the inner surface
laterally away from the axis to facilitate wide lateral-angle distribution. The main
output surface portion may be configured for refracting forward and rearward light
received from the inner front and back surface portions away from the axis to
facilitate uniform distribution of light. To further facilitate uniform distribution of
light, the main output surface may be configured for refracting light received from the
front and back reflecting surface portions toward the axis.

In some embodiments, the outer output surface includes an outer lateral
surface portion which extends from the main output surface portion toward the board.
The outer lateral surface portion may be configured for refracting light received from
the inner surface toward the axis to facilitate uniformity of the illumination pattern.
The outer lateral surface portion may be substantially parallel to the axis.

In certain embodiments, the outer lateral surface portion is defined by an outer
surrounding wall which extends from the main output surface portion and the
intermediate surface toward the board. In some of such embodiments, the outer lateral
surface portion has a substantially right cylindrical shape of substantially circular

cross-sections taken in planes parallel to the board.
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Some versions of the inventive lens may include an outward flange extending
from the outer surrounding wall away from the axis.

In certain embodiments, the inventive lens is bilaterally symmetric in a front-
to-back direction.

Another aspect of this invention involves a lighting apparatus which includes a
plurality of LED light sources spaced along a circuit board, each of the LED light
sources defining an axis. The lighting apparatus includes a plurality of lenses
according to the present invention, each lens over a corresponding one of the LED
light sources.

In some embodiments, the lighting apparatus includes a one-piece lensing
member which includes a plurality of lens portions interconnected by a flange portion.
In such embodiments, each of the lens portions includes one of the plurality of the
lenses.

When the inventive lens is installed for illumination of a surface such as a
billboard of a transportation sign, the configuration of the inner end surface portion in
combination with the configuration of the main output surface facilitates directing
light for an extended lateral distance along the longer dimension of the illuminated
surface. In such applications, the combination of the reflecting surface portions and
the configuration of the main output surface narrows the front-to-back light spread to
provide desirable maximum illumination along substantially the entirety of the shorter
dimension of the illuminated surface. This creates a long and narrow illumination
pattern that meets the needs for sign or billboard illumination, but may also be used
for illuminating facades of buildings and other surfaces.

The light source may include at least one light-emitting diode (LED). Such
light source may be an LED emitter which may include a single LED (or a closely-
spaced group of LEDs) mounted either directly on the board (e.g., a circuit board) or
in the form of an LED package with the LED(s) on a submount on the board. The
LED emitter may include what is commonly referred to as a primary lens over the
LED(s). In some embodiments, the inventive lens is a so-called secondary lens placed
over the primary lens. In some other embodiments, the lens according to the present

invention is the primary lens directly over the LED(s).
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The term “transverse,” as used herein in reference to the main output surface
with respect to the emitter axis, means that this surface intersects the emitter axis.

As used herein in referring to portions of the devices of this invention, the

7% ¢ 7% ¢

terms “upward,” “upwardly,” “upper,” “downward,” “downwardly,”*lower,

upper,”
5 “top,” “bottom” and other like terms assume that the light fixture is in its usual
position of use and do not limit the invention to any particular orientation.

In descriptions of this invention, including in the claims below, the terms
“comprising,” “including” and “having” (each in their various forms) and the term
“with” are each to be understood as being open-ended, rather than limiting, terms.

10
BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 is a transparent perspective view of one embodiment of the lens of
the present invention showing the lens from the light-output side.

FIGURE 2 is a transparent perspective view showing the lens of FIGURE 1

15 from the board side.

FIGURE 3 is a transparent output-side plan view of the embodiment of the
lens of FIGURE 1.

FIGURE 4 is a transparent board-side plan view of the embodiment of the lens
of FIGURE 1.

20 FIGURE 5 is a transparent lateral elevation of the embodiment of the lens of
FIGURE 1.

FIGURE 6 is a transparent front elevation of the embodiment of the lens of
FIGURE 1.

FIGURE 7 is a transparent back elevation of the embodiment of the lens of

25  FIGURE 1.

FIGURE 8 is an opaque perspective view showing the lens of FIGURE 1 from
the light-output side.

FIGURE 9 is an opaque perspective view showing the lens of FIGURE 8 from
the board side.

30 FIGURE 10 is an opaque output-side plan view of the lens of FIGURE 8.

FIGURE 11 is an opaque board-side plan view of the lens of FIGURE 8.

CR-268PCT 6-
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FIGURE 12 is an opaque lateral elevation of the lens of FIGURE 8.

FIGURE 13 is an opaque front elevation of the lens of FIGURE 8.

FIGURE 14 is an opaque back elevation of the lens of FIGURE 8.

FIGURE 15 is a side-to-side sectional view of the lens of FIGURE 1 taken
along section 15-15 shown in FIGURE 3.

FIGURE 16 is a front-to-back sectional view of the lens of FIGURE 1 taken
along section 16-16 shown in FIGURE 4.

FIGURE 17 is another side-to-side sectional view schematically illustrating
lateral aspects of the near-field light distribution of the lens.

FIGURE 18 is a ray-trace schematically illustrating far-field lateral light
distribution of the lens as shown in FIGURE 17.

FIGURE 19 is another front-to-back sectional view schematically illustrating
aspects of the near-field forward and rearward light distribution of the lens.

FIGURE 20 is a ray-trace schematically illustrating far-field forward and
rearward light distribution of the lens as shown in FIGURE 19.

FIGURE 21 is a front view of a three-dimensional polar intensity distribution
by a lens according to the present invention.

FIGURE 22 is a side view of a three-dimensional polar intensity distribution
by a lens according to the present invention.

FIGURE 23 is another transparent perspective view of the embodiment of the
lens of FIGURE 1 showing the lens from the back side.

FIGURE 24 is a two-dimensional top view ISO plot of luminance intensity by
a lens according to the present invention on an illuminated surface.

FIGURE 25 is a photographic luminance rendering of a 14" x 48’ billboard.

FIGURE 26 is a schematic illuminance view of a 14' x 48' billboard.

FIGURE 27 is an enlarged perspective view of one example of an LED
package and including an array of eight LEDs on a submount and an asymmetric
primary lens overmolded over the LED array.

FIGURE 28 is an enlarged perspective view of another example of an LED
package and including an array of forty-eight LEDs on a submount and an asymmetric

primary lens overmolded over the LED array.
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FIGURE 29 is an enlarged perspective of yet another example of an LED
package which has a single LED on a submount with a hemispheric primary lens
overmolded over the LED.

FIGURE 30 is an enlarged side view of the LED package of FIGURE 29.

FIGURE 31 is an enlarged top view of the LED package of FIGURE 29.

FIGURE 32 is an enlarged top view of another exemplary LED package
including an array of four LEDs on a submount and a hemispheric primary lens
overmolded over the LED array such that the axis of the primary lens is offset from
the axis of the LED array.

FIGURE 33 is a side-to-side sectional view of one embodiment of a lighting
apparatus including a plurality of lenses over a plurality of light sources and
schematically illustrating lateral aspects of the near-field light distribution of such
lighting apparatus.

FIGURE 34 is a side-to-side sectional view of another embodiment of the
lighting apparatus including a one-piece lensing member incorporating a plurality of

the lenses each according to the present invention.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

FIGURES 1-26 show aspects of an exemplary embodiment of a lens 10 in
accordance with this invention. Lens 10 is configured for directing light from a light
source 20 on a board and defining an axis 6. The light source may be an LED emitter
which includes a single LED (or a closely-spaced group of LEDs) mounted either
directly on the board or in the form of an LED package with the LED(s) on a
submount on the board. A primary lens may be disposed over the LED(s). In such
embodiments, lens 10 is a secondary lens placed over the primary lens as seen in
FIGURES 17 and 19.

FIGURES 1-7, 15 and 17 illustrate lens 10 which includes a board-adjacent
base 11 spaced from and around axis 6, an inner surface 30, an intermediate surface
40 and an outer output surface 50. As seen in FIGURES 17 and 19, outer output

surface 50 is configured for refracting light received from inner surface 30 and
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intermediate surface 40. As best seen in FIGURES 2, 9, 15 and 16, base 11 forms an
opening 12 into a light-receiving cavity 13 defined by inner surface 30.

FIGURES 3-7 show lens 10 being bilaterally symmetric in a front-to-back
direction.

It is best seen in FIGURES 1, 2, 9, 16 and 23 that inner surface 30 includes
substantially planar front and back surface portions 31 and 32 and an end surface
portion 33 spanning cavity 13 between front and back surface portions 31 and 32.
FIGURES 2 and 23 best illustrate each of front and back surface portions 31 and 32
extending from opening 12 to terminate at end surface portion 33.

As seen in FIGURES 1, 2, 5-7 and 23, inner surface 30 also includes a pair of
substantially planar lateral surface portions 34 each extending from opening 12
between front and back surface portions 31 and 32. FIGURES 5-7, 15-17 and 19 best
show, each being substantially parallel to axis 6. FIGURES 1-4 and 23 show that
inner front and back surface portions 31 ad 32 are substantially orthogonal to inner
lateral surface portion 34.

FIGURES 4 and 11 illustrate cavity opening 12 substantially rectangular with
inner front, back and lateral surface portions 31, 32 and 34, respectively, each
extending from one of four sides of opening 12. Rounded corners 120 of opening 12
and 130 of cavity 13 provide advantages during manufacturing of lens 10 by
facilitating accurate molding of the lens surfaces.

As best seen in FIGURES 1, 2, 16 and 23, end surface portion 33 includes
front and back segments 35 and 36 each extending inwardly from front and back
surface portions 31 and 32, respectively. Back segment 36 extends from back surface
portion 32 in a direction toward base 11, and front segment 35 extends from front
surface portion 31 in a direction toward base 11.

FIGURES 1, 6, 7 and 23 show each of front and back segments 35 and 36 of
end surface portion 33 extending inwardly from the opposite inner lateral surface
portions 34 to positions progressively farther from base 11. Back segment 36 extends
to positions farther from base 11 than front segment 35, as best seen in FIGURE 16.
Each of segments 35 and 36 are angled with respect to the other, as seen FIGURES 16

and 23. Such angled configuration provides initial spreading of high concentration of
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light emitted within about 30° angle around axis 6 by spreading the light away from
the hot spot location immediately about axis 6 and removing so-called hot spots along
axis 6 by refracting the light away from the hot spot location immediately about axis
6, as seen in FIGURE 19.

As best seen in FIGURES 1, 2, 6, 7 and 15, front segment 35 includes a
substantially concave middle portion 351 and a pair of opposite substantially convex
lateral portions 352 and adjoining substantially concave middle portion 351. Back
segment 36 also includes a substantially concave middle portion 361 and a pair of
opposite substantially convex lateral portions 362 and adjoining substantially convex
middle portion 361. The concave shape of middle portions 351 and 361 end surface
portion 33 provides lateral spread of light emitted within about 50° angle around
emitter axis 6, thereby providing broad light distribution (schematically shown in
FIGURE 17) beneficial for wide-lateral angle illumination patterns. The convex
shape of lateral portions 352 and 362 provides initial direction of light emitted along
angles close to board 21 toward useful angles between board 21 and axis 6.

FIGURE 19 also shows that intermediate surface 40 is positioned and
configured for total internal reflection (TIR) of light received from front and back
inner surface portions 32 and 33 toward outer output surface 50. It is best seen in
FIGURES 16, 19 and 23 that intermediate surface includes front and back reflective
surface portions 41 and 42. FIGURE 19 shows that front and back reflective surface
portions 41 and 42 are positioned and configured to receive light from front and back
inner surface portions 31 and 32, respectively, and reflect such light through TIR
toward outer output surface 50. As best seen in FIGURES 2, 9 and 23, front and back
reflective surface portions 41 and 42 extend from base 11 away from axis 6 radially
outwardly of front and back inner surface portions 31 and 32, respectively. It is
further seen in FIGURES 5, 16 and 23 that front reflecting surface portion 41 has a
front curvature configuration 410 which differs from a back curvature configuration
420 of back reflecting surface portion 42. FIGURES 4, 6, 7 and 11 show that front
and back reflecting surface portions 41 and 42 are bilaterally symmetric.

As illustrated in FIGURES 5, 6, 16, 19 and 23, back reflecting surface portion

42 terminates at a greater distance 43 from base 11 than front reflecting surface
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portion 41. It is best seen in FIGURE 16 that back reflecting surface portion 42 also
terminates at a greater distance 442 from axis 6 than distance 441 at which front
reflecting surface portion 41 terminates from axis 6 .

FIGURES 2, 9, 11 and 15 show intermediate surface 40 further includes a pair
of intermediate lateral surface portions 45 each adjoining front and back reflective
surface portions 41 and 42 such that intermediate surface 40 extends continuously
around inner surface 30. Front and back reflective surface portions 41 and 42 are at
distances from base 11 which are greatest along front and back 1 and 2, respectively,
and gradually decrease toward lateral surface portions 45. FIGURE 17 shows
intermediate lateral surface portions 45 positioned and configured to be substantially
free of receiving light from inner surface 30.

As best seen in FIGURES 11 and 15, intermediate lateral surface portions 45
have substantially identical lateral curvatures 450 which differ from configurations of
front and back curvatures 410 and 420. FIGURES 2, 4, 9 and 11 also show that
rounded corners 140 of a base edge 14 of intermediate surface 40 provide smooth
transition from lateral curvatures 450 to front and back curvatures 410 and 420 of
intermediate surface 40.

FIGURES 1, 5-8, 13-17, 19 and 23 show outer output surface 50 including a
main output surface portion 51 transverse axis 6. It is best shown in FIGURES 6, 7,
13-15, 19 and 23 that main-output surface portion 51 defines a pair of substantially
convex lateral sectors 52 with a front-to-back concavity 53 therebetween for refracting
lateral light received from inner surface 30 further laterally away from axis 6, as seen
in FIGURE 17, to facilitate wide lateral-angle light distribution as illustrated in
FIGURES 18 and 21.

FIGURE 19 shows main output surface portion 51 configured for refracting
forward and rearward light received from inner front and back surface portions 31 and
32 further away from axis 6 to facilitate uniform distribution of light, as seen in
FIGURES 20 and 22.

As also seen in FIGURE 19, to further facilitate uniform distribution of light,
main output surface 51 is also configured for refracting light received from front and

back reflecting surface portions 41 and 42 toward axis 6.

CR-268PCT -11-



10

15

20

25

30

WO 2013/169643 PCT/US2013/039688

It is also seen in FIGURES 1, 5-8, 15-17, 19 and 23 that outer output surface
50 includes an outer lateral surface portion 54 which extends from main output
surface portion 51 toward base 11. FIGURE 17 illustrates outer lateral surface portion
54 configured for refracting light received from inner surface 30 toward axis 6 to
facilitate uniformity of the illumination pattern seen in FIGURES 25 and 26. As seen
in FIGURES 5-7 and 15-17, outer lateral surface portion 54 is substantially parallel to
axis 6.

FIGURES 5, 15-17 and 19 show that outer lateral surface portion 54 is defined
by an outer surrounding wall 15 which extends from main output surface portion 51
and intermediate surface 40 toward board 21. As seen in FIGURES 3 and 10, outer
lateral surface portion 54 has a substantially right cylindrical shape of substantially
circular cross-sections taken in planes parallel to base 11. It should be understood that
many other configurations for the outer surrounding wall are possible, including
without limitation surfaces generated by movement of a line which is other than
straight. In some examples, the outer lateral surface may have various annular shapes,
including shapes having different cross-sectional configurations at different positions
therealong or shapes angled with respect to the emitter axis.

FIGURES 1-17 also show lens 10 including an outward flange 16 extending
from outer surrounding wall 15 away from axis 16. Outward flange 16 is shown as
having octagonal perimeter which facilitates mounting of the lens during light-fixture
assembly. Flange 16, best shown in FIGURES 3, 4, 10 and 11, also has a lens-type-
identifying marking 18 and a locator label 17 which references the lens location in an
LED-array module. An orientation between marking 18 and label 17 indicates front 1
and back 2 of the light distribution shown in FIGURE 22. These markings are
preferably readable by robotic equipment for correct lens placement and orientation
during light-fixture assembly. FIGURES 15 and 16 show flange 15 extending beyond
a plane 110 of base 11 with respect to emitter axis 6 in a direction opposite the light
emission. FIGURES 17 and 19 show that such spacing allows positioning of plane
110 at the same level with the LED(s) of light source 20 for most efficient capturing
of emitted light by inner surface 30.

CR-268PCT -12-
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Another aspect of this invention involves a lighting apparatus which includes a
plurality of LED light sources spaced along a circuit board, each of the LED light
sources defining an axis. The lighting apparatus includes a plurality of the inventive
lenses according to the present invention, each lens over a corresponding one of the
LED light sources.

In some embodiments, the lighting apparatus includes a one-piece lensing
member which includes a plurality of lens portions interconnected by a flange portion.
In such embodiments, each of the lens portions includes one of the plurality of the
lenses.

It should be noted that inventive lens 10 has the configuration which is
described above and which allows for molding of lens 10 in a single-piece mold. In
other words, the lens configuration preferably permits easy removal of the lens from
the mold without the need for separating the mold pieces as is the case with some
lenses that require multiple-piece molds. The inventive lens can be simply pulled out
of the mold.

FIGURES 33 and 34 show another aspect of this invention which involves a
lighting apparatus 100 including a plurality of LED light sources 20 spaced along a
circuit board 21A. Lighting apparatus 100 includes a plurality of inventive lenses 10
each over a corresponding one of LED light sources 20.

FIGURE 34 shows lighting apparatus 100A which includes a one-piece
lensing member 101 which includes a plurality of lens portions 102 interconnected by
a flange portion 103. Each of lens portions 102 includes one of the plurality of lenses
10.

FIGURES 25 and 26 schematically illustrate lens 10 being used in light
fixtures installed for illumination of a surface 3 such as a billboard of a transportation
sign. These figures show that light directed for an extended lateral distance along the
longer dimension of illuminated surface 3 such that a minimal number of light fixtures
need to be installed. FIGURE 26 shows only two light fixtures illuminating the entire
surface 3.

In fixtures utilizing a plurality of emitters, a plurality of LEDs or LED arrays
may be disposed directly on a common submount in spaced relationship between the

LEDs or LED arrays. This type of LED emitters is sometimes referred to as chip-on-
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board LEDs. In some other embodiments, cach of on a submount and each of the
submounts be mounted on the circuit board. In some of such embodiments, each of
the LEDs or LED arrays may be overmolded with a respective primary lens. Lens 10
according to the present invention may form the primary lens over a respective one of
the LEDs or LED arrays. In some other embodiments, a plurality of inventive lenses
10 form secondary lenses each over a respective one primary lenses. In some of such
embodiments, the plurality of lenses 10 may be molded as a single piece which my
have a single flange surrounding each of the plurality of lenses 10, as seen in FIGURE
34.

FIGURES 27-32 show light source 20 including at least one light-emitting
diode (LED)22. Light source 20 may be a light emitter in the form of an LED
package 23 which has a primary lens 24 over the at least one LED 22. In such
embodiments, lens 10 is a secondary lens placed over primary lens 24. Light emitter
20 may be of the type illustrated in FIGURES 29-31 which show LED package 23D
with single LED 22 on a submount 26 and hemispheric primary lens 24D coaxially
overmolded on submount 26 over LED 22.

FIGURES 27 and 28 illustrate exemplary LED packages 23A and 23B each
including an array of LEDs 22 on an LED-populated area 25 which has an aspect ratio
greater than 1, and primary lens 24 being overmolded on a submount 26 over LED-
populated area 25. It is seen in FIGURE 28 that the array may include LEDs 22
emitting different-wavelength light of different colors such as including red LEDs
along with light green or other colors to achieve natural white light. Light emitters of
the type as LED packages 23A and 23B are described in detail in Application Serial
No. 13/441,558, filed on April 6, 2012, and in Application Serial No. 13/441,620,
filed on April 6,2012. The contents of both applications are incorporated herein by
reference in their entirety.

FIGURES 27, 28 and 32 illustrate versions of LED light emitter 20 configured
to refract LED-emitted light in a forward direction 1 (i.e., toward front 1). In each
LED package 23A, 23B and 23C, each LED array defines an emitter axis. FIGURES
27 and 28 illustrate primary lens 24A configured to refract LED-emitted light forward.
FIGURE 32 shows hemispheric primary lens 24C having a centerline 240 offset from
the emitter axis. It should be understood that for higher efficiency, LED emitter 20
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may have primary lens having both its centerline offset from the emitter axis and also
being shaped for refraction of LED-emitted light toward preferential side 2. In
FIGURES 27 and 28, primary lens 24A is shown as asymmetric.
While the principles of this invention have been described in connection with
5 specific embodiments, it should be understood clearly that these descriptions are made

only by way of example and are not intended to limit the scope of the invention.
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CLAIMS

1. A lens for distribution of light from an LED light source on a board and

defining an axis, the lens comprising:

* an inner surface defining a light-receiving cavity and comprising (a)
substantially planar front and back surface and (b) an end surface portion
spanning the cavity between the front and back surfaces and comprising
front and back segments extending inwardly from the front and back
surface portions, respectively, and each angled with respect to the other;

» an outer output surface configured for refracting light received from the
inner surface; and

» an intermediate surface positioned and configured for reflecting light

received from the inner surface toward the outer output surface.

2. The lens of claim 1 wherein the back segment extends from the back

surface portion in a direction toward the board.

3. The lens of claim 2 wherein the front segment extends from the front

surface portion in a direction toward the board.

4. The lens of claim 1 wherein the inner surface further comprises a pair of
substantially planar lateral surface portions each extending from the opening between

the front and back surface portions.

5. The lens of claim 4 wherein the inner front, back and lateral surface

portions are substantially parallel to the axis.

6. The lens of claim 5 wherein the inner front and back surface portions are

substantially orthogonal to inner lateral surface portion.
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7. The lens of claim 4 wherein each of the front and back segments of the end
surface portion extends inwardly from the opposite inner lateral surface portions to

positions progressively farther from the board.

8. The lens of claim 7 wherein the back segment extending to positions farther

from the board than the front segment.

9. The lens of claim 7 wherein each of the front and back segments comprises
a substantially concave middle portion and a pair of opposite substantially convex
lateral portions, each of the lateral portions extending from one of the inner lateral

surface portions and adjoining the substantially convex middle portion.

10. The lens of claim 9 wherein the back segment extends from the back

surface portion in a direction toward the base plane.

11. The lens of claim 10 wherein the front segment extends from the front

surface portion in a direction toward the board.

12. The lens of claim 9 wherein the intermediate surface comprises front and
back reflective surface portions positioned and configured to reflect light received

from the front and back inner surface portions, respectively.

13. The lens of claim 12 wherein the front and back reflective surface portions
extend from the base away from the axis radially outwardly of the front and back inner

surface portions, respectively.

14. The lens of claim 13 wherein the front reflecting surface portion has a
front curvature configuration which differs from a back curvature configuration of the

back reflecting surface portion.
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15. The lens of claim 14 wherein the front and back reflecting surface

portions are each bilaterally symmetric.

16. The lens of claim 14 wherein the back reflecting surface portion
terminates at a greater distance from the board than the front reflecting surface

portion.

17. The lens of claim 16 wherein the back reflecting surface portion

terminates at a greater distance from the axis than the front reflecting surface portion.

18. The lens of claim 14 wherein the intermediate surface further comprises a
pair of intermediate lateral surface portions each adjoining the front and back
reflective surface portions such that the intermediate surface extends continuously
around the inner surface, the intermediate lateral surface portions being substantially

free of receiving light from the inner surface.

19. The lens of claim 18 wherein the intermediate lateral surface portions
have substantially-identical lateral curvatures which differ from configurations of the

front and back curvatures.

20. The lens of claim 1 wherein the outer output surface comprises a main
output surface portion transverse the axis and defining a pair of substantially convex
lateral sectors with a front-to-back concavity therebetween for refracting lateral light
received from the inner surface laterally away from the axis to facilitate wide lateral-

angle distribution.

21. The lens of claim 20 wherein the main output surface portion is
configured for refracting forward and rearward light received from the inner front and

back surface portions away from the axis to facilitate uniform distribution of light.

22. The lens of claim 21 wherein the main output surface is configured for
refracting light received from the front and back reflecting surface portions toward the

axis to further facilitate uniform distribution of light.
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23. The lens of claim 20 wherein the outer output surface further comprises an
outer lateral surface portion extending from the main output surface portion toward
the board, the outer lateral surface portion being configured for refracting light
received from the inner surface toward the axis to facilitate uniformity of the

illumination pattern.

24. The lens of claim 23 wherein the outer lateral surface portion is

substantially parallel to the axis.

25. The lens of claim 24 wherein the outer lateral surface portion is defined by
an outer surrounding wall which extends from the main output surface portion and the

intermediate surface toward the board.

26. The lens of claim 25 wherein the outer lateral surface portion has a
substantially right cylindrical shape of substantially circular cross-sections taken in

planes parallel to the board.

27. The lens of claim 25 further comprising an outward flange extending from

the outer surrounding wall away from the axis.

28. The lens of claim 1 being bilaterally symmetric in a front-to-back

direction.

29. The lens of claim 1 being a part of a lighting apparatus which comprises:

» aplurality of LED light sources spaced along a circuit board, each of the
LED light sources defining an axis; and

» aplurality of the lenses each over a corresponding one of the LED light

sources.
30. The lens of claim 29 wherein the lighting apparatus includes a one-piece

lensing member comprising a plurality of lens portions interconnected by a common

flange portion, each of the lens portions including one of the plurality of the lenses.
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