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(54) Title: BEAM SHAPING SPECTRALLY FILTERING OPTICS AND LIGHTING DEVICES THEREFOR

(57) Abstract: Related to most light-emitting
devices, such as LED luminaires, a filtering,
beam-shaping optic is disclosed that controls
the spectral content of the emitted light and the
shape of the emitted beam. One or more filter-
ing agents is mixed with a non-filtering materi-
al used for making an optic and the optic is
then formed into a desired shape or configura-
tion to control the beam shape. Light waves in
a subrange of the overall wavelength range
emitted from the light source are shifted to
control the spectral content of the emitted light.
Spectral density of the emitted light for various
wavelengths is controlled to achieve a desired
result, such as minimizing the amount of blue
light emitted from outdoor lighting devices,
particularly at night. Further, the color content
of light emitted is controlled, for example, to
minimize damaging effects to light-sensitive
objects such as food products, certain art ma-
terials, etc.
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BEAM SHAPING SPECTRALLY FILTERING OPTICS
AND LIGHTING DEVICES THEREFOR

CROSS-REFERENCE TO PROVISIONAL APPLICATHONS

[6001] This application claims the benefit of priority from provisional Application
No. 617947 890, filed March 4, 2014, entitled BEAM-SHAPING SPECTRALLY
FILTERING OPTIC, provisional Application No. 62/002 645, filed May 23, 2014,
entitled BEAM-SHAPING SPECTRALLY FILTERING OPTIC FOR
ILLUMINATION AND PACKAGING OF FOOD PRODUCTS and provisional
Application No. 62/006,507, filed June 2, 2014, entitled LIGHTING DEVICE
HAVING SPECTRALLY FILTERING OPTICS AND NON-FILTERING OPTICS,
the entwre contents of each of which 15 mcorporated herein by reference for all that 15

tanght.

BACKGROUND

Field of the Disclosure

[6002] The present discloswre relates generally to highting devices. More
particularly, embodiments of the present disclosure are directed to methods and
devices used m connection with the highting device that alter the photometric
distribution of a highi-emitting diode {LED}, mncluding laser-diodes and quantam
LEDs {QLEDS), while simultaneously altering the spectral power distribution (SPD)
of the enutted light. Further embodiments inclnde a highting device that uses both
filtering optics and nop-filtering optics m a controlled manner to provide a desired
lightmg environment. Certain other embodiments consistent with the disclosure are
used to filter harmful wavelengths of hight that adversely affect various food and

beverages.
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Description of Related Ast

{8003} Lununatres, or more specifically, nnmanres utilizing poorly designed
optical systems and/or those nfilizing mefficient legacy light sonrces, are a well-
known example of energy waste within commercial, industrial, municipal and
residential applications. In an attempt to address thus known source of energy wasie
many federal, state and local governments have enacted legislation requining, or at
least mcentivizing, the replacement of older, energv-meflicient highting systems, such
as incandescent, compact fluerescent (CFL) and High Infensity Discharge (HID)
hghting svstems, with newer, more energy-efficient svsteins, suich as those utilizing

LEDs.

[6004] The United States government has even encowraged the use and adoption
of energv-effictent highting svstems by providing federal economuc stimulus funding
fo local and state governments that enact such laws. Additionally, as a means to
merease the reliability of the nation’s aging electric utility mnfrastructure and to
cooperate with federally mandated conservation efforis, public and mvestor-owned
utilities have aggressively meentivized the replacement of legacy hight sowrce
fechnology by providing prescripiive and custom rebates. As a consequence, mdustry
has expeditiously pursued the development and deplovment LED highting technology,
a technology largely econonucally out of reach just a few years ago and, as aresulf, a
number of viable energy-saving LED lighting options has emerged. Of the new and
emerging alternative light sources available, high brightness LED technology has

become recognized as the undisputed mdustry hight source of choice.

[6005] LED technology, however, has not vet been fully adopted on a broad scale
due {o several rematnng economic factors, such as the mnitial purchase cost of new
fuminatres and the cost of mstallation. Additionally, LED luminaires have brought
unexpected conseguences when widely used for outdoor or mdoor highting
applications. For example, contemporary LEDs produce white hight through the
conversion of blue hight emutted from the die witlun the LED package, 1.e., hght
emitted withm a narrow wavelength (typically within 10nm), ocowring approximately
between 450-495nm. This blue light 1s then converted to wlate light though the use of

local or remotely applied phosphors, which absorb some of the blue hight emitied

b



WO 2015/134630 PCT/US2015/018766

from the LED die. These phosphors are responsible for converting the absorbed blue
light mnto bight having longer wavelengths, specifically wavelengths m the green and
red regions of the visible spectrum. The combmation of the nnabsorbed, unconverted,
blue light with the hight of red and green wavelengths is what provides the appearance

of white hight.

[8006] Unfortunately, the blue emussion produced by high brightness LEDs has
been found to have mcreased pegafive effects, for example, m regard to fields such as
astrononty, and more specifically the observation of the “mght sky.” Legacy light
sources, such as High Pressure Sodium (HPS} lamps and Low Pressure Sodimum {LPS)
lamps, are more compatible with astronomy since they emii limited, fo virtually no,
wavelength of light in the blue range. Additionally, relatively recent studies have
correlated the impact of blue-rich Light enutted by LEDs to the disruption of the
circadian thythm of humans, as well as other living organisms. As a result, the
widespread mstallation of white light sources rich m blue emission 1s among the

{argest concerns of the International Dark Sky orgamzation (IDA).

[8007] There 1s little debate that recent technological advances has miade ountdoor
highting more efficient, but at the same tune, as previously mentioned; these newer
highting solutions are far richer m blue light wavelengths than legacy sowrees.
Specitically, the energy-efficient white hights bemg implemented today emif more
blue hght than the most widely used high intensity discharge (HID) sources, such as
Metal Halide (MH), High Pressure Sodium (HPS) and Low Pressure Sodmm {LPS).
Also, recent medical research has shown that exposure to blue-rich light sources; such
as enutied from LEDs, can cause a reduction i naturally occurring human melatonin

(MLT} levels.

[6008] Given the connection between blue-rich hight and human phvsiology,
attempts should be made to sigmificantly reduce, if not elnminate, prolonged exposure
to such sources. This is especially true for humans who are regularly exposed to
extended periods of arfifictal highting durtng nughttime bours and/or nocturnal antmals
which rely on the absence of blue-rich light, e.g.. sunlight. While attempts have been
made to it the amount of blue hight enutted from LED sources, these efforts have

been undertaken as a means to increase the “warmth” of emiited light, or more

-3.
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specifically, to lower the correlated color temperature (CCT) of the hight. That 1s, by
converting a greater amount of enutted blue hight fo the green and red portions of the
vistble spectrum, it 15 possible fo change the appearance of the color of hight enutfted

from the sowree {e.g., #ts CCT) from “cool white™ to “warm white.”

[6009] One knowan device, depicted m FIG. 1, includes a typical packaged LED
{ight sonrce, which 1s comprised of a blue hight LED chip 12 that emuts light 11 with
an enussion peak 1o the blue wavelength range. The blue light LED chip 1s protected
by a resin mold 13 which encapsulates a phosphor material 14 that 1s excited by the
blue light 11 enutted from: the blue hight LED chip. The encapsulated phosphors 14
absorb some of the blue light 11 from the LED and emif green and red hight 15, as
determined by the phosphor chenustry, which is combined with the non-absorbed blue
light 11 emafted from the blue Light LED chup. This resulis m white hight 16 being

enutted with an emmssion peak i the blue wavelength range.

[6010] An mdependent optical filter 17 13 then placed m the path of the enutted
white light 16, which has a bhie emission peak, 1n an attempi to filter some of the blue
fight. Ths results in filtered white light I8, which 1s claimed to have a “warmer™
CCT than unfiltered white Light 16. Such warmer white light 1s necessary for
residential or hospitality indoor applications. However, illumination devices that use
secondary filter media m an atiempt fo control the spectral components of the enutted
fight, such as the one depicted m FIG. 1, are problematic for conunercial applications,
specifically those applications where a greater level of photometric conirol 1s
required. Such proposed solutions result in mereased optical losses, wluch leads to
lower system efficacy and can potentially cause a shift in the photometric pattern of
the emitted light because the light is transmitted through a second surface whose
geonietry and or refractive mdex can prevent light from transmitiing throngh #

without alterations and losses.

[6011] Additionally, 1t 1s known that Light causes photodegradation, or spotlage.
of food. This photodegradation usually oceurs in the constitnents of foedstuils, such
as, pigments, fats, protems and vitanuns. Such spoilage mamifests iself in several
forms. such as, discoloration of the food, inducement of one or more off-Havors and

the loss of vilamins. For example, hight used fo illummate the food m display cases or

4
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within one’s refrigerator 13 absorbed by the food and canses deterioration of one or
more of the mentioned food constifuents. This results m disceloration of the surface

of the food and can negatively affect consumer accepiance of the goods.

[6012] Further, in haguid food products light is able to penetrate even deeper mto
the product, 1.e., bevond the outer layer, and the affected portions of the hiquid are
mixed throughout the product as the higmd is agitated through transport, handling |
etc. This causes an even larger portion of the food product to be negatively affected
by light. The fvpe and extent of the deterioration of the food product depends on
several factors. These factors melude, the specific type of light sowrce including the
particular wavelengths of hight that are absorbed by the food, the distance of the hght
source from the food and the duration of time that the food 15 exposed to the hight, the
packaging of the food, the amount of oxygen within the food and the temperature at

which the food s stored while exposed to the light.

[6013] It 15, thus, desired to provide an energy-efficient lighting solution that
effectively illummates desired targets while ai the same time modifies the spectral
power distribution of the hight source 1o a level at or below a desired threshold. Itis
also desired fo control one or mwore particular speciral components, e.g., by absorbing
visible or non-visible wavelengths, such as blue hight emutted from the device. Each
of these desied affects shonld be accomplished without significant losses in the
fuminous flux delivered to the target and while controlling the desired beam shape. It
18 further desired to provide a Lighting solution for various solid and hquid food

products that will reduce or eliminate the negative effects of light waves on the food.

SUMMARY OF EXEMPLARY EMBODIMENTS

{6014} In consideration of problematic tssues associated with conventional
hghtmg devices, includimg but not linuted to the issues discussed above, a lighting
device m accordance with one or more exemplary embodiments of the present
application generally relates to an LED device having a single beam-shaping optic
coupled thereto. The coupled optic, such as a free-form fotal mternal reflection (TIR})
optic, fransforms the photometric distribution of the light emutted from the LED to the

destred pattern and also provides band-pass filtering to control the spectral power
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distribution of the light enutted from the LED. FIGS. 2A-2C illustrate one type of
LED optic that can be used m connection with embodiments of the present
application. One or more of the LED optical devices consistent with the present
apphication can be ufilized witlun a lonunaire assembly to ilmmnate a desired farget

area with the desired wavelengths of light.

[8015] More particularly, one or more embodiment includes a beanmi-shaping TIR
optic of engimeered resin matenial, referred to herein simply as resin but mcluding
other sustable materials such as glass and sithicone. The optic 1s formed by mixing a
filtering agent with a material suitable for an optic, such as acryhic {(poly{methyl
methacrvlate), or simplv PMMA)), plastic, silicone, glass, polymer, resin and others.
The optic 1s optically coupled with an LED to transform the photometric distribution
of the emutted lLight fo a desired pattern, wlule at the same tnne providing some level
of band-pass filtering. As a result, the overall spectral power distribution of the
umimarre 1s controlied. While the basic use of TIR optics is known, utilizing a resin
that filters and‘or performs a Stokes shift on the light by use of a particular miaterial
within a TIR optic, such as a dye, phosphors, fluorescing materials and quantum dots,
is not. As discussed above, current methods mvelve filtering the emitted light using a
secondary filter media, which causes increased optical losses and potentially shifts the

photometric pattern due to the spectfic geometry and/or refractive index of the lens.

{8016} Light filtering and beam shaping by a single optic m accordance with
rarious embodiments consistent with the disclosure can be used in a variety of
apphications mclhading, but not Hinuted to, general mtertor lighting; general exterior
hghtmg; Hood-lighime, inclading lighting for food processing and display; portable
lightmg, automotive highting: mobile equipment lighting; art ithanunation; retail and
eeneral display lighting; aireraft and aerospace lighting: highting for hight-sensitive
biclogical and pharmaceutical processes, semiconductor processing and other light
sensittve apphications.
[0017] Filtering specific wavelengths of light fo emit a controlled spectral density
and influencing the spectmun in accordance with present application can be used, for
example, to linut or prevent specific frequencies of visible or non-visible light from

bemg projected uio an envirenment, for prefereniial reasons or m an effort {o prevent
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adverse or undesirable environmental. physiological and/or technical consequences.
Improvement of color quality tn vartous lighting applications 1s another result of
carrving out techoiques disclosed heremn, such as, in regard to the hospiiality and retail

highting space.

[6018] In addiiion to providing a highting solution that includes specirally filtering
optics further aspects of a hghting device disclosed herein include both filtered and
non-filtered optics. According to exemplary embodnnents light modules that inchade
one or more filtered optics ave provided 1n a single luminaire along with light modules
that have non-filtering optics. Depending on the hight output deswred, for example,
color temperature and other spectral components, the hight modules are activated in a

controlled manner to achieve the destred effect.

[6019] In accordance with further exemplary embodimenis a dynamic svstem 1s
provided. The dynanue svsiern consists of LED arravs configured with a combmnation
of filtering optics and standard clear, non-filtering, optics, e.g., made of PMMA.
Accordmg to further exemplary embodiments the dvnamic systen 1s combined with a
controller, such as either a wireless or wireline controller, that controls which LED, or
combmations of LEDs, i1s activated. According to these exemplary embodunents any
combination of filtered and non-filtered optics within a smgle lighting device, e.g.,

fluminare, can be aclueved.

[0026] Accordmg to one or more exemplary emboduments, a seli-contained
mtelligent wireless control module. or PCB integrated design, s provided which
confams one or more independently controlled switching outputs and one or more
digital andfor analog ¢-10V outputs, which can be used to switch power and niake
operating current adjustments fo connected LED power supplies and provide full-
range dumnung.

[6021] Each mtelligent wireless, or wireline, control module 1s capable of
controlling one or more fixtures and can be individually controlled or grouped with
other lighting devices. The wireless control module comumnicates, for exanple, via
S00MHzZ radio frequency to other devices within a wireless self-organizing and self-

healing mesh network.
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[8022] Both wireless and non-wireless standalone controller and integrated
designs utilize non-volatile memory where time-based adapiion or conirol can be

programed, stored and autonomously activated.

[6023] Accordmg to one aspect of the invention a lighting device 1s provided that
mcludes a light source emitimg light having a frst bandwidth, and a single optlic
device coupled to the light source, wherein the single optic device filters light having
a preselected subrange of wavelengths within the first bandwidth to generate a first

filtered light and conirols a shape of a beam of said filiered light.

[6024] According to another aspeet of the mvention a bighting device 1s provided
that inchudes a first ight source emnfting light having a first bandwidth, a second Light
source emitting light having a second bandwidth, a first optic device coupled to the
first light source, wherein the first optic device filters hight having a preselected
subrange of wavelengths within the first bandwidth and generates a first filiered Light.
The lnmmaire further mcludes a second optic device coupled fo the second light
source, wherem the second optic device permiis the second bandwidth of light to pass
through it uanfiltered. A control device 1s fimther provided that is operably connected
fo the first and second light sources and is operable to control whether light i1s enutted
from one, both or netther of the first and second light sources.

[0025] Accordmg to yet another aspect of the mvention, a2 method of making a
hiphtmg device 15 provided that mcludes muoong a filtering agent with an optical material,
shapmg the resulf of the mixing operation fo form a filtering optic device and coupling
the filtermg optic device fo at least one LED that enuts ight waves m a first range of
wavelengths. According fo this aspect the filtering agent absorbs hight waves having a
wavelength within a subrange of the fust range of wavelengths and the filtering optic

device controls a beam shape of the highting device.

BRIEF DESCRIPTION OF THE DRAWINGS

[8026] Exemplary embodiments of the disclosed deviee and method are described
m detail below by way of example, with reference to the accompanying drawings, in
which:

[0027] FIG. 1 illusirates a known method of filtering blue light 1 accordance with

a conventional LED highting device;
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[8028] FIG. 2A 13 a perspective view of a TIR optic for an LED lighting device
consistent with an exemplary embodiment of the present disclosure;

[6029] FIG. 2B 15 a side elevation view of the opiic shown m FIG. 24;

16030} FIG. 2C 15 a front elevation view of the optic shown m FIG. 24,

[0031] FIG. 2D 1s a sectional view of the optic shown 1n FIG. 2A;

[8032] FIG. 3 1s a candela plot of a bare LED without a coupled optic;

[6033] FIG. 4 15 a candela plot of an LED with the optic shown m FIGs. 2A-2D
coupled to it;

[0034] FIG. 5 s a spectral chart showing the respective wavelengths for radiation
i the visible and near visible spectrum.

[6035] FIG. & 1s a chromaticity diagram illustratimg the relative mtensities of
different color light waves as observed by the human eve during typical daylight
condifions;

[0036] FIG. 7 is a chart showing the different luminous efficacies of different
color hight waves under photopic, mesopic and scotopic conditions;,

[6037] FIG. 8 15 a graph showing the respective transmission curves of exemplary
long pass filters for various color light waves i accordance with the present
disclosure:

[6038] FIG. A 13 a graph showmg the hanunous flux output, as a function of the
wavelength, of the emiited Light for a lnmunaire with one or LEDs having respective
beam-shaping TIR optics without & wavelength-shifting dye;

[0039] FIG. 9B is a graph showing the hinunons fux output, as a function of the
wavelength, of the emitted light for a lununatre with one or LEDs having respective
beam-shaping TIR optics that have a wavelength-shifting dve, m accordance with one
or more emibodiments of the disclosure;

[6040] FIG. 10 13 a perspective view of a single outdoor huninaire device having a
plurality of both filtered and non-filters optics m accordance with one or more
embodinents;

[6041] FIG. 11 15 a drawing showing a close-np view of a collection of filiered
angd non-filtered optics i the single lnminasre of FIG. 10 i accordance with one or

more embodinents;

-9 -



WO 2015/134630 PCT/US2015/018766

[8042] FIG. 12 15 a table showing a hist of twelve different preset values and their
corresponding ighting parameter values for conirolling the LEDs corresponding to
the filtered and non-filtered optics m the lummaire of FIG. 14

[6043] FIG. 13 13 a graph showing the relative intensities of hight of different

wavelengths corresponding to the preset control values listed in the fable of FIG. 12,

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

[6044] Exemplary embodiments of devices consistent with the present disclosure
mclnde one or more of the novel features described m detat! below. For example, one
or more of the exemplary embodiments disclosed include a TIR optic coupled to an
LED device, the optic being formed with one or more materials for absorbing a band
of visible hight waves and shifting the wavelength of at least a portion of the absorbed

ight bandwidth to one or more wavelengths outside the absorbed bandwidth.

[8045] FIG. 2A 13 a perspective view of a TIR optical lens 200, or optic, for an
LED hightig device in accordance with an exemplary embodiment. FIGs. 2B and 2C
are side and front elevation views, respectively, of optic 200, Optic 200 1s a free-form
optic made of acrvlic, or some other appropriate material, such as plastic, silicone,
glass, polyvmer, resm and others. According to the embodiment shown, free-form
optic 200 mcludes one or more reflective or refractive surfaces 210, 220, 230, 240,
250, 260, 270, the shapes of which are uniquely designed to control and shape the
enutted light to a desired pattern. FIG. 2D 18 a cut-away, or sectional, view of optic
200 cut along the center line. The external refractive swrfaces are shown m FIG. 2D

as well as mternal cavity 225, which houses an LED chip (not shown).

[6046] FIG. 3 15 a candela plot of a bare board LED 1 accordance with the
present application. More particularly, as dlustrated by the dashed hine 305 on plot
300 on the lefi-hand side of FIG. 3, a bare LED {not shown), that 1s, and LED without
a bean: shaping TIR optic coupled to it, provides hight mtensity that 15 a maximwny
about 4,053 candelas in the example shown w FIG. 3, at a point directly below the
LED, te., 0 degrees vertical angle. The light intensity steadily decreases as the

vertical angle mcreases to about 0.0 candelas at a vertical angle of 90 degrees and

- 14 -
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remams at 0.0 candelas at vertical angles greater than 90 degrees, 1.e., above the plane

of the LED.

[6047] By way of example and by no means limttimg, the right-hand side 350 of
FIG. 3 1s a candela plot that shows the relative mtensify of light for the bare LED as
measured from a horizontal plane. As shown by the semm-circular plot 335, a bare
LED postiioned to ttlanunate in a vertical direction and without any optic coupled to
it provides an even maxinm intensity at all horizontal angles. For examiple, the LED
m FIG. 3 15 positioned at the spot labeled “X", and at a given height, e.g., 20 feet,
above the horizontal plane, e.g., the ground. Plot 335 shows that the masxumum
mtensify, 1.e., approxmately 4,035 candelas, 1s lluminated m a consistent carcular
pattern. That is, the same maximum nmmous intensity value, 1.e., 4035 candelas, 15

measured at each lateral angle.

[6048] FIG. 4 15 a candela plot sumilar to the plot shown i FIG. 3, but with one
major difference. Instead of measuring the bare LED, as in FIG. 3, FIG. 4 is the
candela plot when the TIR optic shown m FIGs. 2A-2D 1s coupled o the LED. The
{eft-hand side 400 of FIG. 4 mcludes dotted line plot 405 which has a much more
narrow distribution than the corresponding plot m FIG. 3 for the bare LED.
Spectfically, as shown, the maxinmm hunmous mtensity of the LED with optic s
shown to be approximately 15,719 candelas and tlus maxiomm mtensity occurs at a

vertical angle of approxmmately 67.5 degrees, 1.e., at the point labeled 410

[6049] The right-hand side, 430, of FIG. 4 shows the lnmmnous mtensity
distribution through a plane that mcludes the maxsmum candela value, te.,
approximately 15,719 candelas. As shown, an elongated distribution is achieved
along the maxnnum mtensity plane at a lateral angle of about 72.5 degrees, 1.2, at
point 460,

[8050] Thus, as shown m FIGs. 3 and 4, m accordance with one aspect of the
present application, by coupling a specifically designed optic, such as the one shown
i FIG. 2A-2D, to an LED, 1t is possible to shape the light from the LED to a desired
pattern. The hight pattern shown m FIG. 4, for example, would be usetul for

illumimating an object or objects 1 an open area, such as 1 a parkimg lot or a street.

-11 -
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[8051] Shaping the hight beany such that the light intensity 13 directed i the
precise directions desired for a particular purpose 1s only one aspect of the present
application. Controlling the speciral content of the emifted light i1s another nnportant
aspect. For example, in accordance with one exemplary embodiment the spectral
content of the enutted light 1s controlled such that the amount of blue light emniited

from the lummaire 1s vastly reduced or eliminated.

[60S52] FIG. 3 15 a spectral chart showing the respective wavelengths for radiation
m the visible and near visible spectrum. The human eve recognizes, or “sees,” light
the visible spectrum, which includes light waves with wavelengths ranging from
about 380nm to about 780nm. The porfion of the spectruun with wavelengths below
380nm 1s known as near-ultra-violet to nltra-violet radiation and wavelengths above
740nm are known as mnfra-red radiation. Moreover, within the overall range of visible
hight, each wavelength represents a different color, as seen by the human eve. For
example, blue light has a wavelength that ranges from about 435nm to about 300nm,

and green light is in the range from about 320nm to about 563mn.

[8053] FIG. 6 illustrates the luminosity function or lununous effictency function
which describes the average spectral sensifivity of human visaal perception of
brightness. It 1s based on subjective judgments of which of a pair of different-colored
lights s brighter. to describe relative sensifivity to ight of different wavelengths. I
should not be considered perfectly accurate i every case, but 1t 1s a very good
represenfation of visual sensitivity of the human eve and 1t 1s valuable as a baseline
for experimental purposes. These are referred to as “photopic”™ conditions. Thus, as
lustrated, durimg photopic conditions the human eve 15 most sensitive to green hight,
that is, light with a wavelength of approximately 335nm. As shown i the figure,
vellow and cvan are the next most recognizable colors, e g., from an itensiy
standpoint, followed by blee and orange and then violet and red.

[6034] FIG. 7 shows the relative difference mn the way in which the human eve
responds to hight of different frequencies, or wavelengihs, 1.e., lumunous efficacy,
durmg davhight {photopic), twilight (mesopic) and extremelyv low-light {(scotopic)
conditions, respectively. As shown, when the viewing environment s dark, such ax,

during might time hours when no moon 1s shining, the immnous efficacy curve shifts
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downward, 1.e., to the left in FIG. 7, as compared to the photopic response. Under
these condifions the human eve 1s most sensitive to blue light, e.g., light having a

wavelength of about 507nm or so.

[6035] Accordmgly. when lighting having a significant amount of blue light, such
as the whate light LEDs discussed above, 15 used to illununate targets outdoors at
night, hight m the blue wavelength range that 13 scattered into the environment, e.g.
Ravieigh scaitering, will have the most impact on the might sky. In other words,
hmmans will recognize the scattered blue Light portion of any scattered white hight
more than colors of other wavelengths. Thus, street lights and flood lights that use
bright white LEDs contribute a significant amount of blue light into the sky when the
{ight 1s either reflected off an object or when the light beamn 1s not suffictentdy
confroiled and some of the light 15 directly enutted mto the sky. Such conditions are a

signiftcant cause of light pollution as discussed above.

16056} In accordance with an exemplary embodiment of the application, targeted
blue light wavelengths are absorbed by the physical components of a TIR optic, such
as the one depicted m FIGS. 2A-2D, and the enutted spectral content is shifted. For
example, a dye that is able to absorb light i blue wavelength range is mixed with an
acrylic material used to make the optic. As a result, a band of wavelengths
comprising blue hight, from the overall white light spectram outputted from a white
fight LED, 1s absorbed by the dye, wlhile hight of other wavelengths outside the
absorbed band are permutted to pass through the optic. Any scattered light from, for
examyple, a street light employing one or more LED devices m1 accordance with the
present embodiment, that would otherwise contribute to light pollution as discussed

above would not be enmitted into the night sky.

[8057] According to a further exemplary embodiment, filtered optics in
accordance with the mvention are used to filter harmful ight wavelengths before light
of these wavelengths are permitted to come into contact and/or be absorbed by
vartous food products. According to these and other emboduments, specific
wavelengths of light, e.z., blue light 1o the 400-500 nanometer range, 15 filtered from

the emutted hight of one or more LEDs. Such LEDs provide sllummation of the food
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or beverage, such as meat, cheese, nulk, and other datry products, as well as soft

drinks, fruit juices and even beer, just to name a few.

[60S8] The method by which the specific hight waves are filtered from the enutted
hght mehuade a filtering optic at the light source, such as one or more of the optics
desciibed above and illustrated in the drawings. Another method for filtering the
appropriate wavelengths of light prior to it being absorbed by solid or hquid food,
meludes providing packaging for the food that filters the appropriate wavelengths.
For example, a bottle for packaging mulk, beer or some other beverage that is readily

affected by light waves, 13 produced having a hight filtering property.

[0059] The present embodiment would be appealing, for example, to
owners/operators of nuli/dawy farms and processing facihities which, like others, are
very interested, compelied even, to reduce the energy consumption at thew facilities as

a means to oifset elecirical hghting and related HVAC costs.

[6060] Unfortunately, as mentioned above, milk 1s susceptible to “hight activated”
Hlavors and nuirient reduction, specifically to wavelengths of hght below 500nm,
which some producers have attempted to somewhat mitigate through the use of
colored packaging (e.g., vellow and/or UV coated). The costs associated with opague
angd light-blocking packaging, however, are difficult to recover from the consumer.
Addittonally, the production, processing, refrigeration and related transportation
facilities utilize hight sources, such as mefficient Metal Halide & Fluorescent lights,
which are targets for more energy-efficient LED lighting technology. Wle these
legacy sources produce UV which has also been shown to affect the quality of the
food product, they produce substantially much less blue light m the 400-500nm range,

m comparison to LEDs.

[0061] LED light sources were not available when the bulk of the research was
conducted for the developnment of the packing and coating systems used on dany
products. In view of the advancement to LED tllumination, therefore, a resin
consistent with embodiments disclosed herem offer a suitable mmprovement over
current packaging. Specifically, the cuirent resin used by the dawy and other beverage
mdustries m therr bottling processes do not filter or up-shift nnwanted wavelengths of

hight, such as damaging blue light. Resins and other materials made in accordance

- 14 -
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with embodiments disclosed heremn, however, perform such filtering and shittin

1}

, s

=

!

described above.

[0062] Thus, as the grocery mdustry shufts towards the use of LED refrigeration
case highting, that 1s, lighting that contains more bhue content than traditional light
sources, dauy products packaged in white and/or clear packing will experience far
ereater spotlage rates. To reduge or eliminate such increased spoilage, filtering optics
at the light source and/or packaging made fron: a restn or other material that absorbs
and/or shifts the blue light wavelengths i accordance with one or more embodiments

of the mvention will overcome the problen:.

[0063] Other exemplary embodunents of the present invention that uiilize the
filtered optics include, but are not hinuted to, (1} general ambient or task illununation
used i food production, processing, refrigerated storage and related trapsportation
{e.g.. source to shelf), {2) reftigeration lighis used m consumer and professional
apphiances, (3} refrigeration hights used in professional retail case apphances, {4}
mterior cargo lights used by dairy, meat, and agricultural fransportation mdustry, and
{3) mdustrial/conumercial hanumaires utilized m related
production/processing/refrigeration/fransportation of dairvimeat/produce (1.e., food).
Moreover, potential new nses for filtered optics materials that are narelated to

dlumination melude, (1) product packaging and (2) display case windows.

[0064] Beer, for example, is typically bottled and packaged i areas illuminated
with High Pressure Sodmum (HPS) lights. This 15 because HPS lights donotemit a
significant amount of hght having wavelengths i the critical range of around 350-
500nm. If during the bottding process, and through to the case packing operation
where the bottles are no longer exposed to the light, the bottles are exposed to hight
for an mordinate amount of tine, such as when a machine breaks down, ete., the

confent of all of the exposed bottles must be disposed of.

[60635] An exemplary LED that can be used m accordance with one or more
embodiments 1s a bright white hight LED such as the Nichia 2198 LED by Nichia
Corporation. As mentioned above, such white light LEDs tend to emut a significant
amount of blue hight which ideally should be filtered or Stokes-shifted, to provide a

more acceptable spectral content. In accordance with an exemplary embodiment of

-15-
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the disclosure, a dve for absorbung blue hight 15 mixed nto the plastic or acrylic

material used fo form the TIR opiic.

[6066] Oune known dye that can be mcorporated mto the plastic optic in
accordance with the present embodiment 1s DYE 500nmLP by Adam Gates &
Company, LLC of Hillshorough, New Jersev. This particular dye is a vellow free
Howmg powder material that can be melted and nuxed evendy with the plastic or
acrvilic material used for forming the mam optic structure. One sutiable material s an

acrvlic polyvmer resin material, such as Plexiglas® V823 by Altuglas International.

[6067] FIG. § illustrates the transmission curve for the 300nmLP dve. More
particularly, curve 810 shows the relative transmission levels for radiation that
unpinges on the dye. As shown, 100% of radiation having a wavelength above
500nm 1s transmitied and 0% of radiation baving wavelength below aboutf 480mm 15
fransnutted. Radiation with wavelengihs between 480mm and 500nm 1s substantially
absorbed by the dve. In other words, virtually blue hegbt, meluding vielet and ultra-
violet Light, 1s absorbed by the dye and all green, vellow, orange and red hight,
melnding magenta and mifra-red hight, 1s pernutted to pass throngh the dve. Also,
optics tn accordance with embodiments of the present invention, mcluding
embodiments of direct LED optics and embodiments where various packaging is
made of the spectrally filtering resin or other material, are made from one or more
different processes, including various forms of blow-molding, such as, extrusion blow

moldmg, myection blow molding, stretch blow molding and rebeat and blow melding.

[6068] In accordance with an embodiment of the disclosure, at least some of the
hight waves emmtted from the LED and entering the optic 1s Stokes-shifted to a higher
wavelength. That 1s, due to the properties of fluorescent matenial, the light that 1s
absorbed in the dve, Le., 1 the present example, blue hight, 15 re-entted at
wavelengths higher than the absorbed blue light. Thus, not only 1s the amount of blue
hight nltimately enutted from the optic virmally removed, but the luminous flux, 1.e.,
the percetved power of the light ennfted fron: the oplic, i not reduced by a value near
as high as the amount of hight absorbed. In other words, m addition fo light having a
wavelength of abowt 455nm, or so, t.e., blue hight, being removed from the emiited

spectrum, additional light baving wavelengths above 455nm 15 also emifted.
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[8069] FIG. A 13 a graph showmg the hanunous flux output as a function of the
wavelength of the emutted light for a laminaire 1 accordance with one or more
embodiments of the disclosare. In thus exemplary embodiment, TIR optics stmular to
the optic of FIGS. 2A-2D were coupled to each LED but no dve was nuxed into the
acrylic material nsed o form the TIR optic. Specifically, a flood light lununame
having 72 mdividual broad-spectrum white hght LEDs coupled to respective optic
devices was configured and various test measurements were observed. As shown i
FIG. 94 the light enutted from the lnmmaire has a first maxima 910 at wavelengths

of about $501um and a secoud maxima 820 at about 560un

[0076] FIG. 9B is a graph that shows the laminous flux for the same luonnare as
the one used in connection with FIG. 9A, but with one major difference. The
fluorescent dye discussed above 1s mixed 1 with the acrvlic matenial when fornung
the TIR optic. As shown i FIG. 9B, the spectral content of the light emitted from the
himmaire 1s deverd of radiation wavelengths less than about 435am, e.g.,
corresponding to the first maxima 910 m FIG. 9A. Moreover, the spectrum of the
emitied Light has shifted towards higher wavelengths. For example, the peak
wavelength i FIG. 9B 1s abowt 560nm, 1.e., which corresponds to the second maxiima
i FIG. 9A. However, the peak luminous flux m FIG. 9B, 1e., at 560nm, 13 greater m
magntiude than the value corresponding to the second maxima tn 9A. This mdicates
that at least some of the absorbed blue light, e.g., arownd 435nm, has been shifted to

green light, e.g., 560nm.

[6071] While various embodiments have been chosen to tHustrate the disclosed
method and device, 1t will be understood by those skilled i the art that other
modifications may be made without departing from the scope of the disclosure as
defined by the appended clauns. For example, the exemplary embodiment described
above for removing blue light from the spectrum of enutted light and conirolling the
beam shape for iflummating an outdoor object, such as a road, etc., 15 merely one
practical application of the present disclosure. Specifically, i is confernplated that
other wavelengths of radiation can be absorbed and used to shuft the spectral content,
and other beam shapes as defined by the configuration of the optic and are withmn the

spirtt and scope of the disclosure.

1
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[8072] For example, 1t has been found that at might. artificial hght disrupts the
human body’s biological clock, 1e., the circadian thvthim and, thus, humans exposed
fo mordinate amounis of light experience higher rates of sleep dysfunction.
Moreover, research has shown that excess hight, particularly at night, may contribute
to the causation of cancer, diabetes, heart disease, and obesity. Blue light tends to be

the most disruptive on the huinan body, especially at mght.

[6073] Independent experiments have found that blue light suppressed melatonin
for about twice as long as green hight and shifted circadian thythms by twice as nmch.
Thus, various lighting applications would benefit from reducing the amount of
enutted blue light and possibly shifting some of the blue light to green or red hight and

suich applications are mtended to be within the scope of this disclosure.

[6074] i should be understood that the method and device disclosed herem 1s not
Iimted to any one or limited range of wavelengths of radiaied beam shapes. More
particularly, another application, by way of example, for the beam-shapmg and
spectral content controllmg nature of the disclosure related to tHumination of artwork.
That 1s, all light causes irreversible damage to artworks. The extent of the
deterioration depends on the type of light source, its intensity and the length of
exposure the artwork 15 subjected to. Because light damage to artwork is

accumulative, the longer the artwork 1s exposed, the more extensive the damage.

[0075] Natural light 1s an intense source of energy and contams ultra-violet {UV)
radiation. Because most artworks are composed of organic matertals, for example, as
found in various paint, artworks are particularly vulnerable fo UV wavelengths. This
causes different forms of damage, mcluding discoloration. Radiation in the visible
spectrum also canses a large amount of damage and discoloration to artworks. Thus,
controthng the spectral content of the emitted radiation when iHluminating artworks
and also confrolling the beam shape fo provide an efficient illumination pattern can be
a useful tool for effectively displaving artwork and simulianeounsly protecting the

artwork from nndue radiation damage.

[0076] FIGS. 10 and 11 tllusirate a lummaire i accordance with a further
exemplary embodiment where both filtered and non-filtered optics, each

corresponding to one or more LEDs, are utilized to achieve a custonuzed highting
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solution. According to this embodiment, a controller ungt (not shown) 1s used to
activate the LEDs corresponding to the filtered and non-filtered optics m a controlled
manner. For example, a number of preset confrol values are used to alter which
particular LEDs are activated at a particular timne of dav, thus achieving a deswred
highting effect depending on the particular preset values used. An exemplary wireless
controller consistent with the embodiments disclosed herem 1s disclosed m US.
published patent application number 2012-0136485, the entive confents of which are
mcorporated herein by reference. Although the controlier disclosed m this 1.8,
published application can be used, other controllers, either wireless or wireline, can

also be used consistent with thes and other embodiments.

{6077} According to one aspect of these exemplary embodiments, the wireless
confrols provide programmable LED highting which reduces and filters the
wavelengths i traditional light sources that emulate dayvhght. A lunmunawe with
filtered and non-filtered oplics according to this embodiment 18 progranumed with
presets to provide varving degrees of light “adaption”™ from, for example. dusk-to-
dawn or custonuzed for the particular application. Preset modes allow desired
reduction of the “blue hight” wavelengths of light during the might time operation of

the lummaire.

[0078] FIG. 12 is a chart providing twelve (12) exemplary “presets,” 1-12, listed
i the left-hand column. Corresponding to each preset value are respective power,
CCT, illummnance and CRI valoes. Accordimg to a tine-of-day fimmer or some other
pre-programined set of controls, varving amounts of “blue hght” 13 filtered from the
overall enutted hight from the luminaire. As illustrated, different contrel values can
be used depending on whether the highting device, e.g., hununaire, 1s focated in an
wrban or mixed use setting, a low population density area, or an area such as a

national park or other protecied environment.

[6079] FIG. 13 shows a sertes of spectral distributions enutted from a given
himmaire equipped with both filtered and non-filtered optics m accordance with the
present embodiment. According to this embodment the individual LEDs
corresponding to the optics are controlled in accordance with the presets, 1-12, histed

m the table of FIG. 12. As shown, as different combinations of LEDs corresponding
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to filtered and non-filtered optics are operated m accordance with the preset values,
the amoust of “blue hight™ in the wavelength band near 430 nm i< altered. More
particular, i the embodiment of FIG. 13 the relative mtensity of the “blue light”
enutted from the lnnunaire 1s reduced from about 23.0 when preset value 1 1s used
down to about 1.0 when the preset value 12 15 used. This enables a deswred spectral
content to be achieved 1n a controliable manner using the same luminaire populated

with both filtered and non-filtered optics.
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WHAT IS CLAIMED IS:

1. A highting device comprising:

a hight source eputting light having a first bandwidihy; and

a single optic device coupled to saud hight source, wheremn saud single optic device
filters light having a preselected subrange of wavelengths within said first bandwidth to

generate a furst filtered light and controls a shape of a beam of said filtered hight.

2. The highting device recited m clamm 1, wherein said subrange of wavelengths
comprises light having wavelengths m the range from 43 5mmn to 300nm.

3. The highting device recited m clamm 1, wherein said single optic device shifts hight
from within a first predeternuned wavelength range to hight within a second
predetermined wavelength range and said first predeternmined wavelength range mchudes

light having wavelengths within said preselected subrange of wavelengths.

4. The highting device recited in claim 1, wheremn said single optic device 1s a free-
form optic made of a material into wluch a filtering agent is disposed prior to fornung the
single optic device and said filtering agent filters said light baving a preselected subrange

of wavelengths.

5. A hghting device comprising:

a first light source enmttmg hight having a fust bandwidth;

a second light source enutting light baving a second bandwidth;

a first optic device coupled to said first light source, wherein said first optic device
filters light having a preselected subrange of wavelengths within said first bandwidth and
generates a first filtered hight;

a second ophic device coupled to said second light source, wherein said second optic
device permits said second bandwidth of light o pass through 1t unfiltered: and

a confrol device operably coanected to said first and second hight sources and
operable 1o control whether hight s enuitied from one, both or nesther of said first and

second hght sowrces.
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6. The hghtmg device recited m claim §, wherein said control device 1s a wireless
control device operable to control each of said first and second light sources via wireless

confrol signals.

7. The hghting device recited i claim 1, wherein said preselected subrange of
wavelengths corresponds to a range of wavelengths that damage or otherwise deteniorate

o

one or properties of a food product when absorbed by said food product.

&, A hght-filtering material used for packaging a food product, wherem said light-
filtering material includes a substance that recerves ilummation light from a hght source
and filters light baving a preselected subrange of wavelengths from said illimination light
to generate a first filtered hight that causes less photodegradation on said food product

than said lummation hight.

9. A method of making a lighting device comprising:

mixing a filtering agent with an optical material;

shaping the result of said mixing to form a filtering optic device;

couphing said filtening optic device to atf least one LED that emuts hight waves m a first
range of wavelengths, wheremn said filtering agent absorbs hight waves having a
wavelength within a subrange of said first range of wavelengths and said filtering optic

device controls a beam shape of said hghting device.

10. The method recited in claim 9 wherein said filtering optic device 15 a TIR optic.

11. The methods of claum 9 wherem said subrange of said frst range of wavelengths

mciudes light baving wavelengths in the range of 404 to 500 nanometers.

12. The method recited in clamm 9 further comprising combining xaid filtering optic
device with a noa-filtering optic device within a lummatre device, wherein said

non-filfering optic device does not mclade said filtening agent.

(o]
g

3. The method recited in claim 9 wherein said filtering agent inchudes one or mwore of

a dye, phosphors, fluorescing material and quantum dots.
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14, The method recited m claim 9 wheremn said optical material includes one or more

of aresin, glass, polymer and silicone.

15 A bmubpaire comprising:

at least one LED that enuts light 1o a first range of wavelengths;

at least one fillering optic coupled to said at least one LED, wherein said filtering
optic shifts light in a first subrange of said first range of wavelengths to hight having
wavelengths in a second subrange of wavelengths different than said first subrange and

said filtening optic further controls a shape of a beam of said hight enutfed from said LED.

16, The lumnaire recited i claim 15 wherem an amount of lnndnous flux i said
second subrange 15 greater after said light m s1ad first subrange 1s shifted fo said second

subrange.

17. The lununaire rectted in clamm 15 wherem said first subrange of wavelengths s
between 400 and 500 panaomenters and each wavelength 15 xaud second subrange ix

greater than or equal to 500 nanometers.

14. The huminaire recited m claim 15 wherein sand lnnunatre 1 wstalled 1o dlununate

food products.

19. The lununaire recited 1 claim 15 further comprising:

at least one non-filtering optic coupled to said at least one LED, wherein said non-
filtering optic enuts hght i said first range of wavelengths; and

a controller configured fo contril which LEDs corresponding to each respeetive

filtering and non-filtermg optics is energized fo emit hght,

20. The lummneue recited m claim 19 wherein said bmuname 15 mstalled to idlununate
one or more objects that are sensitive to spectfic wavelengths of hight and said controller
1s contigured to minimmize an amounnt of hght enntted by said filtermg and non-filtering

opticx nt saud specific wavelengths.
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1. I:' Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. I:' Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet
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As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:' As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
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Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the

payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-4

relate to a lighting device wherein a light source emitting
1light having a first bandwidth and an optic device coupled
to said Tight source, wherein said single optic device
filters light having a preselected sub-range of wavelengths
from 435nm to 500nm within said first bandwidth to generate
a first filtered Tight.

2. claims: 5-7

relate to a Tighting device having a first and a second
1ight source for emitting light in a second bandwidth.

3. claim: 8

relates to a light filtering material used for packaging a
food product.

4. claims: 9-20

relate to a method for fabricating a Tighting device
including a TIR optic and a luminaire comprising a
wavelength shifter for shifting the emission wavelength of a
LED Tight from a range between 400nm and 500nm to a range of
equal or greater than 500nm.
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