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DESCRIPTION

TECHNICAL FIELD

[0001] Various embodiments relate generally to methods for dynamic LED (light emitting
diode) illumination to promote biological development of chickens.

BACKGROUND

[0002] Lighting can be an important consideration in some applications, such as livestock
production. As an example, so-called "long day" lighting practices have been proposed to
promote increased daily milk production from cows. Some research also suggests, for
example, that poultry development behaviors can be influenced by lighting intensity, color, or
time schedule. For example, infrared lighting may promote aggression in chickens, while too
much darkness might lead to fearfulness.

[0003] In general, "poultry" can refer to domesticated fowl raised for meat or eggs. Typical
examples of poultry can include chickens, turkeys, ducks, geese, emus, ostriches or game
birds. In some cases, poultry are raised in a poultry house. An example poultry house could be
40 feet wide and 600 feet long, with a ceiling that is eleven feet high. For so-called "broilers,"
young chickens raised for their meat, one research study found that a schedule of intermittent
lighting resulted in decreased fat deposition and improved feed conversion efficiency relative to
a continuous lighting environment. {See Rahmi, G., et al., The Effect of Intermittent Lighting
Schedule on Broiler Performance," Int'l. J. Poultry Sci. 4 (6): 396-398 (2005)).

[0004] Various types of lighting have been employed in livestock production facilities. Livestock
lighting systems that have been used include incandescent, fluorescent, and more recently,
LEDs (light emitting diodes).

[0005] LEDs are becoming widely used devices capable of illumination when supplied with
current. Typically, an LED is formed as a semiconductor diode having an anode and a cathode.
In theory, an ideal diode will only conduct current in one direction. When sufficient forward bias
voltage is applied between the anode and cathode, conventional current flows through the
diode. Forward current flow through an LED may cause photons to recombine with holes to
release energy in the form of light.

[0006] The emitted light from some LEDs is in the visible wavelength spectrum. By proper
selection of semiconductor materials, individual LEDs can be constructed to emit certain colors

(e.g., wavelength), such as red, blue, or green, for example.

[0007] In general, an LED may be created on a conventional semiconductor die. An individual



DK/EP 2493723 T3

LED may be integrated with other circuitry on the same die, or packaged as a discrete single
component. Typically, the package that contains the LED semiconductor element will include a
transparent window to permit the light to escape from the package.

[0008] US 2005/241593 A1) discloses a livestock habitat comprising an enclosure providing a
portal for ingress and egress of an animal and an interior environment maintenance system
including a solar electric power supply, an air cleaner, a visible light emitter, an air mover, a
temperature sensor, and a control unit.

[0009] US 6 766 767 B2 discloses a method for enhancing reproductive performance in
poultry, comprising exposing the poultry during one or more photoperiods to light sources so
as to enhance the reproductive performance of the poultry. The light sources emit a first
wavelength of light for a first period of time, which first wavelength of light is stimulatory for
gonadal development of the poultry, and a second wavelength of light for a second period of
time, which second wavelength of light is not stimulatory for gonadal development of the
poultry. The first and the second wavelengths and the first and the second period of time are
different, respectively. The poultry are exposed to both wavelengths of light during the second
period of time.

SUMMARY

[0010] The invention relates to a method of artificially illuminating livestock during a life cycle
having the features disclosed in claim 1, and an apparatus to artificially illuminate livestock
according to claim 15. Preferred embodiments are defined in the dependent claims. The
method may employ a hangable LED light assembly constructed to provide a selected color
output illumination as a function of excitation intensity. In an illustrative example, the color
output may be selected to promote biological development throughout livestock development
stages (e.g., incubation, growth, and reproduction). The light intensity may be controllable, for
example, in response to a light dimmer arranged to modulate AC excitation applied to the LED
downlight. As the light intensity is decreased in response to a simple dimmer control, the
spectral output of the LED downlight may shift its output wavelengths. Accordingly, some
exemplary installations may provide controlled combinations of intensity and color to
substantially optimize lighting conditions for livestock.

[0011] In an illustrative example, a broiler chicken at an early stage of development (e.g., 5
days), may be exposed to relatively high intensity (e.g., about 40 lux) substantially white light
from the LED downlight. As the chicken ages, the AC excitation supplied to the LED downlight
may be progressively reduced, thereby progressively dimming the intensity of the light
exposure. As the light intensity falls, the color output of the LED downlight may progressively
shift. In one example, the LED downlight may smoothly shift color output from substantially
white at high intensity to substantially blue or bluish-green at low intensity (e.g., about 5 lux).

[0012] Various embodiments may achieve one or more advantages. For example, in some
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embodiments a simple dimmer control may modulate a single analog value (e.g., phase angle,
or amplitude) to provide a substantially optimized intensity-wavelength illumination to promote
biological development of livestock. For example, wavelengths for some embodiments may be
selected, for example, to substantially avoid infrared light so as not to stimulate aggressive
(e.g., fighting) behaviors. Moreover, various embodiments may introduce substantially reduced
levels of stress in livestock, for example, by operating without audible vibrations (e.g.,
humming). Moreover, various embodiments may illuminate at twice the AC line frequency to
substantially reduce the amount of flickering perceptible to livestock.

[0013] Some embodiments may provide a desired intensity and one or more corresponding
color shift characteristics. Some embodiments may substantially reduce cost, size, component
count, weight, reliability, and efficiency of a dimmable LED light source. In some embodiments,
the selective current diversion circuitry may operate with reduced harmonic distortion and/or
power factor on the AC input current waveform using, for example, very simple, low cost, and
low power circuitry. Accordingly, some embodiments may reduce energy requirements for
illumination, provide desired illumination intensity and color over a biological cycle using a
simple dimmer control, and avoid illumination with undesired wavelengths. Some embodiments
may advantageously be enclosed in a water-resistant housing to permit cleaning using
pressurized cold water sprays. In several embodiments, the housing may be ruggedized,
require low cost for materials and assembly, and/or provide substantial heat sinking to the LED
light engine during operation. Various examples may include a lens to supply a substantially
uniform, downward-directed illumination pattern. Some embodiments may provide simple and
low cost installation configurations that may include simple connection to a drop cord.

[0014] Various embodiments of the LED downlight may advantageously provide long-lasting
illumination, be water-cleanable, and without potentially hazardous materials. Some
embodiments may advantageously be provided as a kit that includes an LED downlight
assembly in a container. The container may be advantageously arranged to be re-used for
transporting replaced lamps (e.g., compact fluorescent lamps) that may spill hazardous
materials (e.g., mercury) if not handled properly.

[0015] In some embodiments, the additional circuitry to achieve substantially reduced
harmonic distortion may include a single transistor, or may further include a second transistor
and a current sense element. In some examples, a current sensor may include a resistive
element through which a portion of an LED current flows. In some embodiments, significant
size and manufacturing cost reductions may be achieved by integrating the harmonic
improvement circuitry on a die with one or more LEDs controlled by harmonic improvement
circuitry. In certain examples, harmonic improvement circuitry may be integrated with
corresponding controlled LEDs on a common die without increasing the number of process
steps required to manufacture the LEDs alone. In various embodiments, harmonic distortion of
AC input current may be substantially improved for AC-driven LED loads, for example, using
either half-wave or full-wave rectification.

[0016] The details of various embodiments are set forth in the accompanying drawings and the
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description below. Other features and advantages will be apparent from the description and
drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017]

Figure 1 shows an exemplary lighting installation in an agricultural facility.

Figure 2 shows an exemplary LED lamp assembly for illuminating the facility of Figure 1.
Figure 3 shows an exploded view showing construction of the LED lamp assembly of Figure 2.
Figure 4 shows another exemplary LED lamp assembly for illuminating the facility of Figure 1.

Figure 5A shows a schematic of an exemplary circuit for an LED light engine with selective
current diversion to bypass a group of LEDs while AC input excitation is below a predetermined
level.

Figure 5B depicts a schematic of an exemplary circuit for an LED light engine with selective
current diversion to bypass two groups of LEDs while AC input excitation is below two
corresponding predetermined levels.

Figures BA-6C depict exemplary electrical and light performance parameters for the light
engine circuit of Figure 5A.

[0018] Like reference symbols in the various drawings indicate like elements.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0019] To aid understanding, this document is generally organized as follows. First, to help
introduce discussion of various embodiments, an example agricultural environment for an AC
LED lighting system is described with reference to Figure 1. Then, exemplary assemblies,
including an enclosure that serves as a heat sink, an optical lens, and an electrical interface to
resist water penetration, are described with reference to Figures 2-4. With reference to Figures
5-6, this document describes examples of light engine circuits for providing dynamic color
temperature responsive to controlled AC input excitation (e.g., phase control).

[0020] Figure 1 shows an exemplary lighting installation in an agricultural facility. In some
implementations, the facility may be used to grow livestock such as poultry, swine, cows,
horses, goats, or the like. In particular, the lighting is used to promote the development of
chickens such as breeders, broilers, or layers, for example. In various embodiments, the
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lighting may be sourced by one or more LED lamps, each of which may output a color
temperature that is a function of the AC excitation level supplied from the controller. For
different types of livestock, the color shift may be different to optimize the light exposure for
each type. For example, breeders may require some periods of infrared light to promote
sexual activity. Optimal spectral profiles may be developed based on published research
results or empirical data, and appropriate spectral profiles may be provided by appropriate
selection of type, number and color of groups of LEDs, LED light engine architecture with
bypass circuitry, and dimming control profile.

[0021] In the example depicted in Figure 1, a facility 100 includes a circuit breaker panel 105,
a controller 110, an electrical distribution system 115, and a number of LED lamp assemblies
120. A pair of conductors 125 provide single phase AC power (e.g., 120 -240 VAC, at 50-60
Hz) to the facility from a utility transmission system. Upon entering the facility100, the AC
power is routed through the breaker panel 105 to the controller 110. The controller 110 may be
operated (e.g., under control of a programmed processor, or manual input) to provide a
controlled reduction of the AC excitation for transmission to the LED lamp assemblies via the
electrical distribution system 115. The LED lamp assemblies 120 are located within the facility
100 to artificially iluminate the livestock residing in a livestock area.

[0022] The depicted LED lamp assemblies 120 are hanging from electrical cords from an
elevated portion of the facility's electrical distribution system 115. In some implementations, the
LED lamp assemblies 120 may be mounted as fixtures to infrastructure or supports within the
facility 100. The LED lamp assemblies 120 may be located at one or more elevations within the
facility, for example, to provide a high bay and/or low bay lighting.

[0023] The controller 110 may controllably attenuate the AC excitation voltage and/or current
supplied to the LED lamp assemblies 120. By way of example and not limitation, the controller
110 may function as a phase controlled dimmer with leading edge and/or trailing edge phase
cutting, pulse width modulation, or amplitude modulation, for example. Exemplary approaches
for modulating the AC excitation are described in further detail, for example, at least with
reference to Figure 1 of U.S. Provisional Patent Application entitled "Architecture for High
Power Factor and Low Harmonic Distortion LED Lighting," serial number 61/255,491, which
was filed by Z. Grajcar on October 28, 2009. The control may be manual or automatically
controlled, for example, to provide a desired timing and duration of light and dark cycles (with
corresponding color shift provided by operation of examples of the LED light circuit engine).

[0024] In various examples, the controller 110 may include a phase control module to control
what portion of the AC excitation waveform is substantially blocked from supply to a light
engine, where less blockage may correspond to increased excitation level. In other
embodiments, the AC excitation may be modulated using one or more other techniques, either
alone or in combination. For example, pulse-width modulation, alone or in combination with
phase control, may be used to module the AC excitation at modulation frequency that is
substantially higher than the fundamental AC excitation frequency.
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[0025] In some examples, modulation of the AC excitation signal may involve a deenergized
mode in which substantially no excitation is applied to the light engine. Accordingly, some
implementations may include a disconnect switch (e.g., solid state or mechanical relay) in
combination with the excitation modulation control (e.g., phase control module 130). The
disconnect switch may be arranged in series to interrupt the supply connection of AC excitation
to the light engine. A disconnect switch may be included on the circuit breaker panel 105 that
receives AC input from an electrical utility source and distributes the AC excitation to the lamp
assemblies 120. In some examples, the disconnect switch may be arranged at a different node
in the circuit than the node in the circuit breaker panel 105. Some examples may include the
disconnect switch arranged to respond to an automated input signal (e.g., from a
programmable controller) and/or to the user input element being placed into a predetermined
position (e.g., moved to an end of travel position, pushed in to engage a switch, or the like).

[0026] Figure 2 shows an exemplary LED lamp assembly 200 for illuminating the facility of
Figure 1. In the depicted embodiment, the LED lamp assembly 200 may serve as a hangable
downlight. The LED lamp assembly 200 may be substantially sealed to resist the ingress of
water, for example, when sprayed during a hose-down cleaning process within the facility.

[0027] In some embodiments, the lamp assembly 200 may be oriented to illuminate along an
axis substantially directed upward with respect to a horizontal plane. For example, some
implementations may orient the lamp assembly 200 to direct the illumination upward or at an
upward angle, e.g., for sign or uplight illumination.

[0028] Figure 3 shows an exploded view showing construction of one embodiment of the LED
lamp assembly 200 of Figure 2. The depicted LED lamp assembly includes a housing body
305 and an electro-optical sub-assembly 310.

[0029] The electro-optical sub-assembly 310 includes an LED light engine circuit 315.
Examples of schematics for an LED light engine circuit are described in further detail with
reference to Figures 5A-6C. In the depicted example, the pair of conductors (not shown) that
supply AC excitation may be connected to a control module 320 formed on a PCB (printed
circuit board) or flex circuit for assembly in a central cavity of the housing body. In some
examples, the control module 320 includes a rectifier and one or more bypass circuits,
examples of which are described with reference to Figures 5A-5B. In an illustrative example,
an electrical interface may couple a unidirectional output voltage from the rectifier, and a
bypass current path from the control module 320 to an LED module 325. The depicted LED
module 325 includes a number of LEDs distributed on a circular PCB or flex circuit substrate.

[0030] The LEDs on the LED module 325 may include one or more types and colors of LEDs.
In operation, some examples may operate the bypass circuit to substantially shift a color
temperature of the LED light output as a function of the applied AC excitation. As an illustrative
example, a dimmer may reduce the applied AC excitation by phase cutting a portion of the
current waveform through the LED module 325. The bypass circuit may operate to
automatically and smoothly shift color temperature of the LED lamp assembly from a cool white
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or bluish-white at high intensity to a dim blue or blue-green at low intensity.

[0031] In an illustrative example, AC excitation level may be reduced from a rated (e.g., 100%
of nominal voltage, such as 120 V/60 Hz sinusoidal waveform in the United States) excitation
level in a substantially smooth and continuous manner down to about 15%, 10%, 5%, or about
0% of rated excitation level. At some excitation level, an illumination output from illuminants in a
bypass path may cease to conduct substantial current, and go dark, while other illuminants in a
run path may produce substantial illumination. In some examples, a selected wavelength
generated in response to current in the bypass path may not be present in a substantial level
in response to current in the run path. Accordingly, the selected wavelength may be
substantially removed by reducing the excitation level such that substantial current is
conducted only in the run path.

[0032] The housing body 305 may provide a substantial heat capacity and readily receive
conducted and/or radiated heat energy dissipated by the electrical and optical components in
the housing. A low thermal resistance metal, for example, may function to distribute heat
energy substantially throughout the housing body, and tend to make the temperature profile
substantially uniform around an exterior surface of the housing body. At points of contact
between the electro-optical sub-assembly 315 and the housing body 305, some embodiments
may include a low thermal resistance substance (e.g., heat sink compound) or thermally
conductive gasket material to promote conductive heat transfer to the housing body. In the
depicted example, a shoulder 330 formed in the interior of the housing body provides an
annular surface area that may support an LED light engine circuit substrate, which has a
corresponding circular size and shape.

[0033] Thermal resistance may be controlled, in some examples, by screwing in a lens 335
sufficiently to compress the LED light engine circuit substrate against the shoulder 330 in the
housing body. In some embodiments, a spring, coil, or compressible gasket may be provided
as a compressible intermediate interface between the lens and the LED module 325, or
between the LED module 325 and the shoulder 330 of the housing body 305.

[0034] The housing body further includes an open light output end and an open electrical
interface end. The housing body includes a central cavity to receive the active electro-optic
sub-assembly 315. The housing body 305 further includes radial exterior fins 340 with ridges
that may transfer heat to the ambient environment. The central cavity extends from the open
light output end to the open electrical interface end. In some embodiments, the housing body
may be formed initially using an extrusion process. The housing body may be formed by
extruding, stamping, or casting a metal, such as aluminum, nickel, steel, or a combination of
two or more suitable metals.

[0035] In some examples, threads, slots, shoulders, or other features may be formed in the
extruded work piece. Various embodiments of the completed housing may be manufactured
using conventional and/or low cost techniques, such as lathing, milling, etching, drilling, or a
combination of such techniques.
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[0036] The opening at the light output end may be sealed by the lens 335. In this embodiment,
the lens 335 and the opening at the light output end have corresponding threads to permit the
lens 335 to be screwed in place. The lens 335 may be plastic, such as plastic that resists
shattering when sprayed with cold water. In some applications, the lens 335 may be made of
glass or a composite material, such as a lens with a film coating. The lens may be
manufactured (e.g., sand blasted) to substantially diffuse the light from the individual LED
sources.

[0037] The opening at the electrical interface end may be sealed by an electrical interface
subassembly 345 and a gasket 350. The electrical interface subassembly 345 includes a
threaded coupling 355 to screw into mating threads of the opening, and an interior hexagonal-
shaped cavity to receive a threaded nut 360 for connection to an electric cord sealing coupler
365.

[0038] During assembly, a pair of conductors to supply AC excitation may be routed through
the electric cord sealing coupler 365. The electric cord sealing coupler 365 may be installed by
securing a threaded shaft in a central lumen of a threaded coupling 355. The electric cord
sealing coupler 365 may be secured, for example, by a nut 360 in the interior hexagonal-
shaped cavity and an opposing exterior nut on the threaded shaft. After making connection to
the control module 320, the resulting sub-assembly 345 may be screwed into place over the
gasket 350 to secure it to the housing body 305. Some embodiments may thus substantially
seal the opening at the electrical interface end.

[0039] In some embodiments, both ends of the LED lamp assembly may be sufficiently water
tight to substantially resist the ingress of matter, which may promote extended operational life
for the LED lamp assembly. For example, the electrical interface may include a connector the
meets the performance criteria for a protection rating under international standard IEC 60529.
In various examples, the electrical interface may qualify for rating as an |IP-61 (dripping water),
IP-62 (dripping water while tilted at 15 degrees), |IP-63 (spraying water), IP-64 (splashing
water), IP-65 (water jets), IP-66 (powerful water jets), IP-67 (immersion up to 1 meter), or IP-
68 (immersion beyond 1 meter).

[0040] In some examples, the interior cavity of the housing body may be at least partially filled
with a potting compound. For example, after installation of the electro-optical assembly 310
into the body housing 305, potting material may be injected or poured to fill the cavity from the
non-illuminating side of the LED module 325. The potting compound may be filled to
substantially protect the electro-optic assembly 310, seal out contaminants, and or provide
mechanical/vibration support for the LED module 325 and/or the control module 320. In some
embodiments, the potting compound may further reduce thermal impedance between the
electro-optic assembly 310 and the housing body 305. In some embodiments, the potting
compound may be cured to form a resilient strain relief for the electrical interface.

[0041] Figure 4 shows another exemplary LED lamp assembly for illuminating the facility of
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Figure 1. In the depicted assembly 400, a lens 405 includes peripheral tabs 410 for locking in
corresponding slots 415 formed in an interior wall of the housing body. In some examples, an
annular compression spring (not shown) may be provided to provide a friction fit of the
peripheral tabs in the slots.

[0042] To facilitate rotation of the lens during installation, tabs 420 are formed in an exterior
top surface of the lens 405. A tool or fingers may apply a rotational force to the tabs 420 to
rotate the lens 405 during installation or disassembly. Examples of a lens for an LED lamp
assembly are described with reference, for example, at least to Figure 5 of U.S. Design Patent
Application entitled "LED Downlight Assembly,” serial number 29/345,833, which was filed by Z.
Grajcar on October 22, 2009, and published as USD632837S.

[0043] The opening at the electrical interface end may be sealed by an electrical interface
subassembly that includes a coupling 425 with locking tabs 430 to lock into mating slots formed
of the opening (not shown). The coupling 430 further includes a threaded interior cavity to
receive a threaded shaft of an electric cord sealing coupler.

[0044] Figure 5A shows a schematic of an exemplary circuit for an LED light engine with
selective current diversion to bypass a group of LEDs while AC input excitation is below a
predetermined level. Various embodiments may advantageously yield improved power factor
and/or a reduced harmonic distortion for a given peak illumination output from the LEDs.

[0045] The light engine circuit of Figure 5 A includes a bridge rectifier and two groups of LEDs:
LEDs1 and LEDs2 each contain multiple LEDs. In operation, each group of LEDs1, 2 may have
an effective forward voltage that is a substantial fraction of the applied peak excitation voltage.
Their combined forward voltage in combination with a current limiting element may control the
forward current. The current limiting element may include, for example, a fixed resistor, current
controlled semiconductor, temperature-sensitive resistors, or the like.

[0046] The light engine circuit further includes a bypass circuit that operates to reduce the
effective forward turn-on voltage of the circuit. In various embodiments, the bypass circuit may
contribute to expanding the conduction angle at low AC input excitation levels, which may tend
to benefit power factor and/or harmonic factor, e.g., by constructing a more sinusoidally-
shaped current waveform.

[0047] The bypass circuit includes a bypass transistor (e.g., MOSFET, IGBT, bipolar, or the
like) with its channel connected in parallel with the LEDs2. The conductivity of the channel is
modulated by a control terminal (e.g., gate of the MOSFET). In the depicted example, the gate
is pulled up in voltage through a resistor to a positive output terminal of the rectifier, but can be
pulled down to a voltage near a voltage of the source of the MOSFET by a collector of an NPN
transistor. The NPN transistor may pull down the MOSFET gate voltage when a base-emitter
of the NPN transistor is forward biased by sufficient LED current through a sense resistor.

[0048] The depicted example further includes an exemplary protection element to limit the
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gate-to-source voltage of the MOSFET. In this example, a zener diode (e.g., 14V breakdown
voltage) may serve to limit the voltage applied to the gate to a safe level for the MOSFET.

[0049] Figure 5B depicts a schematic of an exemplary circuit for an LED light engine with
selective current diversion to bypass two groups of LEDs while AC input excitation is below two
corresponding predetermined levels. The light engine circuit of Figure 5B adds an additional
group of LEDs and a corresponding additional bypass circuit to the light engine circuit of Figure
5A. Various embodiments may advantageously provide for two or more bypass circuits, for
example, to permit additional degrees of freedom in constructing a more sinusoidally-shaped
current waveform. Additional degrees of freedom may yield further potential improvements to
power factor and further reduced harmonic distortion for a given peak illumination output from
the LEDs.

[0050] Figures 6A-6C depict exemplary electrical and light performance parameters for the
light engine circuit of Figure 5A.

[0051] Figure 6A depicts illustrative voltage and current waveforms for the light engine circuit
of Figure 5A. The graph labeled V plots the AC input excitation voltage, which is depicted as a
sinusoidal waveform. The plot labeled lin = [1 shows an exemplary current waveform for the
input current, which in this circuit, is the same as the current through LEDs1. A plot labeled 12
represents a current through the LEDs2.

[0052] During a typical half-cycle, LEDs1 do not conduct until the AC input excitation voltage
substantially overcomes the effective forward turn on for the diodes in the circuit. VWhen the
phase reaches A in the cycle, current starts to flow through the LEDs1 and the bypass switch.
Input current increase until the bypass circuit begins to turn off the MOSFET at B. In some
examples, the MOSFET may behave in a linear region (e.g., unsaturated, not rapidly switching
between binary states) as the current divides between the MOSFET channel and the LEDs2.
The MOSFET current may fall to zero as the current 12 through LEDs2 approaches the input
current. At the peak input voltage excitation, the peak light output is reached. These steps
occur in reverse after the AC input excitation voltage passes its peak and starts to fall.

[0053] Figure 6B depicts an illustrative plot of exemplary relationships between luminance of
the LEDs1 and LEDs2 in response to phase control (e.g., dimming). The relative behavior of
output luminance of each of LEDs1 and LEDs2 will be reviewed for progressively increasing
phase cutting, which corresponds to dimming.

[0054] At the origin and up to conduction angle A, phase control does not attenuate any
current flow through LEDs1 or LEDs2. Accordingly, the LEDs1 maintains its peak luminance LI,
and the LEDs2 maintains its peak luminance L2.

[0055] When the phase control delays conduction for angles between A and B, an average
luminance of LEDs1 is decreased, but the phase control does not impact the current profile
through LEDs2, so LEDs2 maintains luminance L2.
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[0056] VWhen the phase control delays conduction for angles between B and C, an average
luminance of LEDs1 continues to fall as the increase in phase cutting continues to shorten the
average illumination time of the LEDs1. The phase control also begins to shorten the average
conduction time of the LEDs2, so L2 luminance falls toward zero as the phase control turn-on
delay approaches C.

[0057] When the phase control delays conduction for angles between C and D, the phase
controller completely blocks current during the time the excitation input level is above the
threshold required to turn off the bypass switch. As a consequence, LEDs2 never carries
current and thus outputs no light. LEDs1 output continues to fall toward zero at D.

[0058] At phase cutting beyond D, the light engine puts out substantially no light because the
excitation voltage levels supplied by the phase controller are not sufficient to overcome the
effective forward turn on voltage of the LEDs1 .

[0059] Figure 6C depicts an exemplary composite color temperature characteristic under
phase control for the LED light engine of Figure 6 A. In this example, LEDs1 and LEDs2 that
have different colors, T1 and T2, respectively. The luminance behavior of LEDs1 and LEDs2 as
described with reference to Figure 6B indicates that an exemplary light engine can shift its
output color as it is dimmed. In an illustrative example, the color temperature may shift from a
cool white toward a warmer red or green as the intensity is dimmed by a simple exemplary
phase control. Examples of color temperature are further described with reference to at least
Figure 2, for example, of U.S. Appl. ser. no. 12/914,575, published as US2011109244-A1.

[0060] At the origin and up to conduction angle A, phase control does not attenuate the
illuminance of LEDs1 or LEDs2. Accordingly, the light engine may output a composite color
temperature that is a mix of the component color temperatures according to their relative
intensities.

[0061] When the phase control delays conduction for angles between A and B, an average
color temperature increases as the luminance of the low color temperature LEDs1 is
decreased (see Figure 6B).

[0062] When the phase control delays conduction for angles between B and C, the color
temperature falls relatively rapidly as the increased phase cutting attenuates the higher color
temperature toward zero. In this range, the lower color temperature LEDs1 falls relatively
slowly, but not to zero.

[0063] When the phase control delays conduction for angles between C and D, the only
contributing color temperature is T1, so the color temperature remains constant as the

luminance of LEDs1 falls toward zero at D.

[0064] The example of Figure 6C may cover embodiments in which the different color LEDs
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are spatially oriented and located to yield a composite color output. By way of an example,
multiple colors of LEDs may be arranged to form a beam in which the illumination from each
LED color substantially shares a common orientation and direction with other colors.

[0065] In some other embodiments, different color LEDs may be behave substantially as
described in Figures 6A and 6B, yet may be spatially oriented so that their output illumination
does not form a composite color that responds according to Figure 6C. As an illustration, an
exemplary light fixture may include LEDs1 and LEDs 2 that are spatially oriented to direct their
illumination in orthogonal directions. By way of example and not limitation, one color of LEDs
may be oriented downward from a ceiling toward the floor, and another color of LEDs may be
oriented radially in a plane parallel to the floor. Accordingly, an exemplary shift in light engine
color output may appear to have a spatial component.

[0066] In light of the foregoing, it may be seen that composite color temperature may be
manipulated by controlling current flow through or diverting away from groups of LEDs. In
various examples, manipulation of current flow through groups of LEDs may be automatically
performed by one or more bypass circuits that are configured to be responsive to AC excitation
levels. Moreover, various embodiments have been described that selectively divert current to
improve power factor and/or reduce harmonic distortion, for example, for a given peak output
illumination level. Bypass circuits have been described herein that may be advantageously
implemented with existing LED modules or integrated into an LED module to form an LED light
engine with only a small number of components, with low power, and low overall cost.

[0067] Accordingly, it may be appreciated from the disclosure herein that color temperature
shifting may be implemented or designed based on appropriate selection of LED groups. The
selection of the number of diodes in each group, excitation voltage, phase control range, diode
colors, and peak intensity parameters may be manipulated to yield improved electrical and/or
light output performance for a range of lighting applications.

[0068] Although various embodiments have been described with reference to the figures, other
embodiments are possible. For example, some bypass circuits implementations may be
controlled in response to signals from analog or digital components, which may be discrete,
integrated, or a combination of each. Some embodiments may include programmed and/or
programmable devices (e.g., PLAs, PLDs, ASICs, microcontroller, microprocessor, digital signal
processor (DSP)), and may include one or more data stores (e.g., cell, register, block, page)
that provide single or multi-level digital data storage capability, and which may be volatile
and/or non-volatile. Some control functions may be implemented in hardware, software,
firmware, or a combination of any of them.

[0069] Computer program products may contain a set of instructions that, when executed by a
processor device, cause the processor to perform prescribed functions. These functions may
be performed in conjunction with controlled devices in operable communication with the
processor. Computer program products, which may include software, may be stored in a data
store tangibly embedded on a storage medium, such as an electronic, magnetic, or rotating
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storage device, and may be fixed or removable (e.g., hard disk, floppy disk, thumb drive, CD,
DVD).

[0070] In some embodiments, implementations may be integrated with other elements, such
as packaging and/or thermal management hardware. Examples of thermal other elements that
may be advantageously integrated with the embodiments described herein are described with
reference, for example, to Figure 15 in U.S. Publ. Application 2009/0185373 A1, filed by Z.
Grajcar on November 19, 2008.

[0071] In various embodiments, apparatus and methods may include dynamically varying an
impedance in a bypass path, which may advantageously improve power factor and reduce
total harmonic distortion without introducing substantial resistive dissipation in series with the
LED string (e.g., near peak current amplitude).

[0072] Although some embodiments may advantageously smoothly transition the light fixture
output color from a cool color to a warm color as the AC excitation supplied to the light engine
is reduced, other implementations are possible. For example, reducing AC input excitation may
shift color temperature of an LED fixture from a relatively warm color to a relatively cool color,
for example.

[0073] In accordance with another embodiment, AC input to the rectifier may be modified by
other power processing circuitry. For example, a dimmer module that uses phase-control to
delay turn on and/or interrupt current flow at selected points in each half cycle may be used. In
some cases, harmonic improvement may still advantageously be achieved even when current
is distorted by the dimmer module. Improved power factor may also be achieved where the
rectified sinusoidal voltage waveform is amplitude modulated by a dimmer module, variable
transformer, or rheostat, for example.

[0074] In one example, the excitation voltage may have a substantially sinusoidal waveform,
such as line voltage at about 120VAC at 50 or 60 Hz. In some examples, the excitation voltage
may be a substantially sinusoidal waveform that has been processed by a dimming circuit,
such as a phase-controlled switch that operates to delay turn on or to interrupt turn off at a
selected phase in each half cycle. In some examples, the dimmer may modulate the amplitude
of the AC sinusoidal voltage (e.g., AC-to-AC converter), or modulate an amplitude of the
rectified sinusoidal waveform (e.g., DC-to-DC converter).

[0075] In some implementations, a computer program product may contain instructions that,
when executed by a processor, cause the processor to adjust the color temperature and/or
intensity of lighting, which may include LED lighting. Color temperature may be manipulated by
a composite light apparatus that combines one or more LEDs of one or more color
temperatures with one or more non-LED light sources, each having a unique color temperature
and/or light output characteristic. By way of example and not limitation, multiple color
temperature LEDs may be combined with one or more fluorescent, incandescent, halogen,
and/or mercury lights sources to provide a desired color temperature characteristic over a
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range of excitation conditions.

[0076] In some embodiments, materials selection and processing may be controlled to
manipulate the LED color temperature and other light output parameters (e.g., intensity,
direction) so as to provide LEDs that will produce a desired composite characteristic.
Appropriate selection of LEDs to provide a desired color temperature, in combination with
appropriate application and threshold determination for the bypass circuit, can advantageously
permit tailoring of color temperature variation over a range of input excitation.

[0077] In an illustrative embodiment, a rectifier may receive an AC (e.g., sinusoidal) voltage
and deliver substantially unidirectional current to LED modules arranged in series. An effective
turn-on voltage of the LED load may be reduced by diverting current around at least one of the
diodes in the string while the AC input voltage is below a predetermined level. In various
examples, selective current diversion within the LED string may extend the input current
conduction angle and thereby substantially reduce harmonic distortion for AC LED lighting
systems.

[0078] Various embodiments may provide reduced perceptible flicker to humans or animals by
operating the LEDs to carry unidirectional current at twice the AC input excitation frequency.
For example, a full-wave rectifier may supply 100 or 120 Hz load current (rectified sine wave),
respectively, in response to 50 or 60 Hz sinusoidal input voltage excitation. The increased load
frequency produces a corresponding increase in the flicker frequency of the illumination, which
tends to push the flicker energy toward or beyond the level at which it can be perceived by
humans or some animals (e.g., above a critical fusion frequency). This may advantageously
reduce stress related to flickering light.

[0079] In some embodiments, implementations may be integrated with other elements, such
as packaging and/or thermal management hardware. Examples of other thermal elements that
may be advantageously integrated with the embodiments described herein are described with
reference, for example, to Figure 15 in U.S. Publ. Application 2009/0185373 A1, filed by Z.
Grajcar on November 19, 2008.

[0080] In accordance with another embodiment, additional components may be included, for
example, to reduce reverse leakage current through the diodes. For example, a low reverse
leakage rectifier that is not an LED may be included in series with both branches of the rectifier
to minimize reverse leakage in the positive and negative current paths in the rectifier.

[0081] In some implementations, the amplitude of the excitation voltage may be modulated, for
example, by controlled switching of transformer taps. In general, some combinations of taps
may be associated with a number of different turns ratios. For example, solid state or
mechanical relays may be used to select from among a number of available taps on the
primary and/or secondary of a transformer so as to provide a turns ratio nearest to a desired
AC excitation voltage.
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[0082] In some examples, AC excitation amplitude may be dynamically adjusted by a variable
transformer (e.g., variac) that can provide a smooth continuous adjustment of AC excitation
voltage over an operating range. In some embodiments, AC excitation may be generated by a
variable speed/voltage electro-mechanical generator (e.g., diesel powered). A generator may
be operated with controlled speed and/or current parameters to supply a desired AC excitation
to an LED-based light engine, such as the light engine 105 of Figure 1, for example. In some
implementations, AC excitation to the light engine may be provided using well-known solid
state and/or electro-mechanical methods that may combine AC-DC rectification, DC-DC
conversion (e.g., buck-boost, boost, buck, flyback), DC-AC inversion (e.g., half- or full-bridge,
transformer coupled), and/or direct AC-AC conversion. Solid state switching techniques may
use, for example, resonant (e.g., quasi-resonant, resonant), zero-cross (e.g., zero-current,
zero-voltage) switching techniques, alone or in combination with appropriate modulation
strategies (e.g., pulse density, pulse width, pulse-skipping, demand, or the like).

[0083] Certain implementations may be arranged to illuminate livestock during selected
portions of the livestock lifecycle. In some applications, embodiments may provide artificially
illuminate avian fowl, for example, during several developmental stages. In an illustrative
example, a system may include AC LED light assemblies to provide substantially uniform
illumination at chicken-eye level. The intensity of the illumination may be initialized to a high
level for newborn chicks to promote, for example, myofiber growth, organ (e.g., eye pigment)
development, and reduce risk of not finding food. For example, red light wavelengths may be
important for some newborns to quickly find their food supply. An exemplary light program may
provide relatively high excitation levels (e.g., little or no dimming) or about 100% of rated light
intensity for a light engine. As the chicks develop and mature, a light program may include
lower peak intensities (e.g., partial dimming). Some programs may take advantage of the
natural dimming capabilities of LED light engines and simulate slowly increasing light (e.g., sun
rising) and slowly decreasing light intensity (e.g., sunset) on a selected wake/sleep program
schedule. As the subject animals mature, the peak intensity (e.g., noon) level of illumination
may be gradually reduced to follow a desired program by controlling the excitation level via a
single control parameter (e.g., maximum phase cut angle). In accordance with various
examples described herein, one or more selected wavelengths may be substantially reduced
or removed from the spectral output by merely reducing the excitation level below a threshold.

[0084] Some embodiments may only output selected wavelengths in response to the excitation
level (e.g., phase-cutting, amplitude modulation) exceeding a threshold level associated with
current conduction in a second set of LEDs (e.g., LEDs that are bypassed at an excitation level
below the threshold). Accordingly, spectral output may be controlled by a single analog variable
over a continuous range of applied AC excitation level, which is already applied to directly drive
the LEDs (e.g., without auxiliary logical elements).

[0085] In an illustrative example, an egg-layer facilty may promote sexual activity by
modulating an electrical excitation level (e.g., dimming level) to provide a dose of red light, for
example. In an embodiment, reducing a dimming control input signal may produce increasing
luminous intensity as a function of excitation level (e.g., less dimming). In a light engine
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configured to provide a substantial (e.g., above a negligible threshold) amount of red and/or
infrared flux substantially only at excitation levels above a threshold, peak excitation amplitude
may be increased above the threshold to activate a group of LEDs that are bypassed at lower
amplitude. More generally, a light engine configured with an LED that produces a selected
wavelength in the bypass LED path may allow controllable spectral response with respect to
that selected wavelength as a function of applied AC voltage. In various embodiments, the
selected wavelength may be produced by wavelength selection, for example, using phosphors
and/or nanocrystals as wavelength selective processes. Examples of suitable sources for
achieving selected wavelengths for use in either the bypass or run paths, as described herein,
are described in further detail with reference to at least Figures 7-10 of U.S. Provisional Patent
Application entitled "Light Sources Adapted to Spectral Sensitivity of Diurnal Avians" serial
number 61/314,617, which was filed by Z. Grajcar on March 17, 2010.

[0086] In another example, a broiler facility may gradually reduce peak intensity as the fowl
matures and requires less light for healthy development. At excitation levels transition to levels
below a threshold (e.g., bypass LED path remains inactive), the spectral content may shift from
a relatively white or broadband light to a light with substantially reduced or negligible red or
infrared. Absent the red spectrum, the more mature fowl may advantageously exhibit less
aggression and reduced mortality (e.g., due to fighting).

[0087] In another illustrative example, turkey farms may advantageously be able use a single
lamp to provide white color illumination under high electrical excitation, but dim to a
substantially monochromatic blue light for milking operations. By adjusting the electrical
excitation level to dim the lights from, for example, a substantially white, and de-activate all but
those LEDs needed to produce a substantially or primarily monochromatic blue light. It is
believed that monochromatic blue spectrum may tend to dramatically calm the turkeys so that
they can be quickly, safely, and easily milked.

[0088] This document discloses technology relating to architecture for high power factor and
low harmonic distortion of LED lighting systems. Related examples may be found in previously-
filed disclosures that have common inventorship with this disclosure.

[0089] Examples of technology for dimming and color-shifting LEDs with AC excitation are
described with reference, for example, to the various figures of U.S. Provisional Patent
Application entitled "Color Temperature Shift Control for Dimmable AC LED Lighting,” serial
number 61/234,094, which was filed by Z. Grajcar on August 14, 2009, and to U.S. Patent
Application entitled "Spectral Shift Control for Dimmable AC LED Lighting," serial number
12/824,215, which was filed by Z. Grajcar on June 27, 2010, and published as US2011210678-
Al

[0090] Examples of technology for improved power factor and reduced harmonic distortion for
color-shifting LED lighting under AC excitation are described with reference, for example, to
Figures 20A-20C of U.S. Provisional Patent Application entitled "Reduction of Harmonic
Distortion for LED Loads," serial number 61/233,829, which was filed by Z. Grajcar on August
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14, 2009.

[0091] Further embodiments of LED light engines are described with reference, for example,
at least to Figures 1, 2, 5A-5B, 7A-7B, and 10A-10B of U.S. Provisional Patent Application
entitled "Architecture for High Power Factor and Low Harmonic Distortion LED Lighting," serial
number 61/255,491, which was filed by Z. Grajcar on October 28, 2009, and to at least the
various schematics figures, for example, of U.S. Patent Application of the same title, with serial
number 12/914 575, which was filed by Z. Grajcar on October 28, 2010, published as
US2011109244-A1.

[0092] Examples of a LED lamp assembly are described with reference, for example, to the
various figures of U.S. Design Patent Application entitled "LED Downlight Assembly,” serial
number 29/345,833, which was filed by Z. Grajcar on October 22, 2009, and published as
USD632837S.

[0093] A number of implementations have been described. Nevertheless, it will be understood
that various modification may be made. For example, advantageous results may be achieved if
the steps of the disclosed techniques were performed in a different sequence, or if
components of the disclosed systems were combined in a different manner, or if the
components were supplemented with other components. Accordingly, other implementations
are within the scope of the claims.

REFERENCES CITED IN THE DESCRIPTION

Cited references

This list of references cited by the applicant is for the reader's convenience only. It does not
form part of the European patent document. Even though great care has been taken in
compiling the references, errors or omissions cannot be excluded and the EPO disclaims all
liability in this regard.

Patent documents cited in the description

o USZ005241503A1 0608}

o USBT66767EZ [000ST

o LGH1255451H [0023] D081}
o LIGEG3458330 [8042] [8082]
o USDBI2B378 [0042] 10082]




DK/EP 2493723 T3

o USQ14575A 100551

o US2011100244A1 [G059] [0081]
o USZO00018537340 [04701 0079}
o USB13146178 [GO8E]

o US812340048 [B08Y]

o US128242158 [0GRY]

o USZ011210678A1 108881

o USBI23382590 [0080]

o USTZ9145758 [0081]

Non-patent literature cited in the description

» RAHMI, G. et al.The Effect of Intermittent Lighting Schedule on Broiler Performancelnt'l.
J. Poultry Sci., 2005, vol. 4, 6396-398 [§8831



10

15

20

25

30

DK/EP 2493723 T3

Patentkrav

1. Fremgangsmade til kunstig belysning af husdyr i Igbet af en livscyklus, hvilken
fremgangsmade omfatter:
tilvejebringelse af en elektrisk lampe konfigureret til at belyse et
husdyromrade, hvor husdyr opdreettes;
tilvejebringelse af et strgmsignal til lampen ved et fgrste excitationsniveau;
belysning af husdyromradet med en fgrste flerhed af spektrale
komponenter genereret af lampen som reaktion pa strgmsignalet ved det
fgrste excitationsniveau, hvor den fgrste flerhed af spektrale komponenter
omfatter en spektral komponent ved en valgt bglgeleengde;
kendetegnet ved:
&ndring af strgmsignalet fra det fgrste excitationsniveau til et andet
excitationsniveau som er i alt vaesentligt forskelligt fra det farste
excitationsniveau;
forsyning af strgmsignalet til lampen ved det andet excitationsniveau; og,
belysning af husdyromradet med en anden flerhed af spektrale
komponenter genereret af lampen som reaktion pa strgmsignalet ved det
andet excitationsniveau, hvor den valgte bglgeleengde er i alt vaesentligt

fjernet fra den anden flerhed af spektrale komponenter.

2. Fremgangsmaden ifglge krav 1, hvor den valgte bglgelsengde omfatter en rgd

farve.

3. Fremgangsmaden ifglge krav 1, hvor den valgte bglgelaengde omfatter en

infrargd farve.

4. Fremgangsmaden ifglge krav 1, hvor den valgte bglgelaangde omfatter en bla

farve.

5. Fremgangsmaden ifglge krav 1, hvor lampen omfatter et lysapparat
konfigureret til at producere en farvetemperatur, som er en funktion af

excitationsniveauet af strgmsignalet.
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6. Fremgangsmaden ifglge krav 5, hvor lysapparatet er konfigureret til at
producere en farvetemperatur, som er en i alt vaesentligt glat og kontinuerlig
funktion af excitationsniveauet af strgamsignalet.

7. Fremgangsmaden ifglge krav 6, hvor farvetemperaturen er en i alt vaesentligt
kontinuerlig funktion fra mindst ca. 5% til mindst 100% af det vurderede

excitationsniveau af strgmsignalet.

8. Fremgangsmaden ifglge krav 1, fastholdelse af strgmsignalet over det andet
excitationsniveau pa basis af et topbelysningsprogram, indtil husdyr i
husdyromradet har ndet et forudbestemt udviklingsniveau.

9. Fremgangsmaden ifglge krav 1, yderligere omfattende selektiv generering af
strgmsignalet ved det andet excitationsniveau for i alt vaesentligt at afslutte
belysning af husdyrene med den valgte bglgelaengde.

10. Fremgangsmaden ifglge krav 1, hvor strgmsignalet omfatter forsyning af et
elektrisk signal med skiftende polaritet.

11. Fremgangsmaden ifglge krav 1, hvor den lysende intensitet af lampen ved det
andet excitationsniveau er mindst 5% af den vurderede lysende intensitet, nar

lampen forsynes med strgmsignalet ved et vurderet excitationsniveau.

12. Fremgangsmaden ifglge krav 1, hvor den fgrste flerhed af spektrale
komponenter inkluderer alle bglgelaengderne, som er til stede i den anden flerhed
af spektrale komponenter.

13. Fremgangsmaden ifglge krav 1, hvor aendring af stremsignalet fra det fgrste
excitationsniveau til et andet excitationsniveau omfatter modulering af

ledningsvinklen under anvendelse af en forkant faseskaering.

14. Fremgangsmaden ifglge krav 1, hvor aendring af stremsignalet fra det fgrste
excitationsniveau til et andet excitationsniveau omfatter modulering af

ledningsvinklen under anvendelse af en bagkant faseskaering.
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15. Apparat til kunstig belysning af husdyr under deres livscyklus, hvilket apparat
omfatter:
et lysapparatmodul konfigureret til at belyse et husdyromrade med en
farste flerhed af spektrale komponenter som reaktion pa et stremsignal ved
et fagrste excitationsniveau,
hvor den fagrste flerhed af spektrale komponenter omfatter en spektral
komponent ved en valgt bglgelzengde,
kendetegnet ved, at apparatet er yderligere konfigureret til at belyse
husdyromradet med en anden flerhed af spektrale komponenter genereret
som reaktion pa strgmsignalet ved et andet excitationsniveau,
hvor den valgte bglgelaengde fjernes i alt vaesentligt fra den anden flerhed
af spektrale komponenter, og hvor det andet excitationsniveau er i alt
vaesentligt forskelligt fra det forste excitationsniveau.
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FIG. 3
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