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ABSTRACT

A lighting system, comprising: a plurality of light emitting diode (LED)
luminaires, wherein the plurality of LED luminaires is electrically connected in
series, wherein each one of the plurality of LED luminaires comprises a circuit

configured to provide a constant input impedance.
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LIGHT EMITTING DIODE LUMINAIRE FOR CONNECTION IN SERIES

This is a division of Canadian Patent Application No. 2,843,591 from
PCT/US2012/049205, filed August 1, 2012, and published February 7, 2013.

BACKGROUND

[0001] Presently, much lighting used for applications such as rail lighting, for
example, still uses incandescent light bulbs. However, incandescent light bulbs are
inefficient and need to be replaced regularly. Some applications may use a very large
number of incandescent light bulbs. As a result, if the light bulbs regularly fail, having
a large number of incandescent light bulbs creates a high cost due to both the cost of
the new bulb and labor associated with its replacement.

[0002] In addition, some lighting systems require the incandescent light bulbs
to be electrically connected in series. Traditional incandescent light bulbs can be
connected in series across an AC or DC power supply. This allows lights to be used
where the only supply available may be much higher than the voltage rating of the
lights. Since the impedance of the incandescent light bulbs is constant, each receives
an equal share of the total voltage and so operate predictably. Furthermore, since a
filament bulb is a resistive load when connected in a serial string across an AC
supply, power factor is unity.

[0003] However, other types of light sources may not behave as a traditional
incandescent light buib behaves when connected in series. As a result, simply
replacing an incandescent light bulb with another type of light source is not trivial. For
example, other types of light sources may have features of their behavior that prevent

proper operation if electrically connected in series.



-1a-

SUMMARY
[0004] The present disclosure relates generally to a light emitting diode (LED)
luminaire.
[0004a] -Certain exemplary embodiments can provide a lighting system,

comprising: a plurality of light emitting diode (LED) luminaires, wherein the plurality of
LED luminaires is electrically connected in series and powered by an alternating current
source wherein an LED current varies in proportion to a supply voltage that‘ varies,
wherein each one of the plurality of LED luminaires comprises a circuit configured to
provide a constant input impedance and the circuit comprises a power factor correction
integrated circuit, wherein the circuit does not include a current regulator.

[0004b] In another embodiment, the LED luminaire comprises a base, a heat sink
coupled to the base, a power supply coupled to an interior volume of the heat sink, one
or more LEDs coupled to the power supply, wherein the one or more LEDs are coupled
to a circuit configured to provide a constant input impedance and a lens coupled to the

heat sink and enclosing the one or more LEDs.
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[0005] The present disclosure also provides a lighting system. In one
embodiment, lighting system comprises a plurality of light emitting diode (LED)
luminaires, wherein the plurality of light emitting diode luminaires is electrically
connected in series, wherein each one of the plurality of LED luminaires
comprise a circuit configured to provide a constant input impedance.
[0006] The present disclosure also provides a circuit for an light emitting
diode (LED) luminaire. In one embodiment, the circuit for the LED luminaire
comprises a power factor correction control integrated circuit (IC), wherein the
power factor correction control IC has a plurality of pins and wherein a first one
of the plurality of pins is connected to one or more resistors that set a current

based upon a varying supply voltage.

BRIEF DESCRIPTION OF THE DRAWINGS

{0007] So that the manner in which the above recited features of the

present invention can be understood in detail, a more particular description of

the invention may be had by reference to embodiments, some of which are

ilustrated in the appended drawings. It is to be noted, however, that the

appended drawings illustrate only typical embodiments of this invention and are
~ therefore not to be considered limiting of its scope, for the invention may admit

to other equally effective embodiments.

[0008] FIGs. 1A-1C depict a circuit diagram of a traditional light emitting

diode (LED) circuit;

[0009] FIGs. 2A-2C depict a circuit diagram of an LED circuit without a

current control loop;

[0010] FIG. 3 depicts an exploded isometric view of the LED luminaire

having an LED circuit without the current control loop;

[0o11} FIG. 4 depicts a top view of the power supply coupled to a heat sink

of the LED luminaire;

[0012} FIG. 5 depicts a top view of a light engine of the LED luminaire:

[0013) FIG. 6 depicts a top view of a vibration damper;

[0014) FIG. 7 depicts a cross-sectional side view of the vibration damper;

[0015] FIG. 8 depicts a bottom view of the vibration damper: and
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[0016] FIG. 9 depicts a block diagram of a plurality of LED luminaires

connected in series.
[0017] To facilitate understanding, identical reference numerals have been

used, where paossible, to designate identical elements that are common to the

figures.

DETAILED DESCRIPTION
[0018] Embodiments of the present disclosure are directed towards a light

emitting diode (LED) luminaire for connection in series. As noted above, some
light sources have behavior that prevents proper operation if electrically
connected in series. LED luminaires with power factor corrected drivers are
one example of such a light source.

[0019] Traditional LED circuits include a current control loop, also referred to
as a current regulator. The current control loop adjusts the current delivered to |
the LED as it detects changes in voltages within the circuit. When the
luminaires having LEDs are simply connected in series, across an alternating
current (AC) supply, the load will have poor power factor due to the non-linear
nature of the LEDs. Furthermore, simple resistance current limiting for LEDs is
very inefficient.

[oo20] More sophisticated LED luminaires generally utilize switch mode
topologies for maximum efficiency along with power factor correction circuits
and circuitry to control the LED current. But such circuitry has the effect of
changing the input impedance to the LED luminaire as the supply voltage
changes. As the supply voltage reduces, the LED luminaire draws more current
to maintain a constant output power, so reducing the input impedance. If the
supply voltage increases the input current is reduced, so raising the input
impedance.

[0021] As a result, if two or more such LED luminaires were to be connected
in series across either an AC or DC supply, a situation will arise whereby cne or
more luminaires reduce their input impedance to a minimum to try and maintain
output power, while another lurninaire goes to its maximum. This results in a

severe voltage imbalance. This imbalance will not only result in improper
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operation, but likely in failure of one or more of the luminaires if connected
across a supply greater than the rating of an individual luminaire.

[0022] FIG. 1 illustrates a diagram of a circuit 100 of a typical LED light
source. The circuit diagram 100 includes various portions or modules that
comprise the current control loops, e.g., an LED-current control loop. For
example, a portion 102 provides over voltage protection that includes a zener
diode ZD1. A portion 104 provides a current feedback that includes a resistor
R13 and an amplifier U2:A. A portion 106 provides an over temperature control
that includes an amplifier U2:B, capacitor C11 and a transistor Q2. These
various portions or modules help to control the current in the LED.

[0023] FIG. 2 illustrates a diagram of a circuit 200 of an LED circuit without a
current controf loop, e.g., an LED-current control loop. 1t should be noted that
the circuit 200 is only one way to achieve constant input impedance to allow
LED luminaires to be connected in series. It should be noted that other designs
may be used to achieve a constant input impedance and are within the scope of
the present disclosure.

[0024] In one embodiment, the circuit 200 is without the current control loop
illustrated in the circuit 100. In other words, the current control loop is absent
from the circuit 200. Said another way, the circuit 200 does not have a current
control loop or any type of current regulator monitoring the LED circuit current.
[0025) The circuit 200 comprises a power factor correction control integrated
circuit (IC) 202 having a plurality of pins labeled 1-8. Notably, the circuit 200
directly connects a feedback pin (pin 1) to the return through a resistor R3, thus,
disabling the current control loop. Unlike the circuit 100, the circuit 200 does
not include the over voltage protection, LED current feedback or the over
temperature control.

[0026] In one embodiment, the LED current (at a given supply voltage) is set
by resistors R1, RZ and VR1, which drive the input-current wave-shape
programming pin, pin 3. Rather than a fixed reference supply voltage, as is
usual when constant LED current is desired, the supply voltage (which can
vary) is the reference determining the LED current in the present circuit 200.
The LED current may now be set by the input voltage, thus, achieving the

desired constant input impedance.
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[0027] The peak current in the switching FET Q1 is limited by means of
current sense resistor R9 and the peak current sense pin, pin 4. This
determines how much power is transferred through the transformer to the
LEDs, so limiting their current.
[6D28] In the embodiment illustrated in FI1G. 2, the pin 1 does not connect
directly to any LEDs. Normally, the pin 1 would be used to sense a voltage
across a current sense resistor, either directly or indirectly, from a current sense
amplifier connected to the LEDs. However, in the present embodiment, pin 1 is
connected to the return so as to disable the constant-LED-current feedback
loop, as well as any over voltage or temperature feedback as noted above.
[0029} As a result, when LED luminaires having the circuit 200 are
electrically connected in series, the LEDs will operate properly due to the
design of the circuit 200 in achieving constant input impedance. In ather words,
the LEDs will no longer malfunction due to one of the jJuminaires attempting to
compensate for changes in voltage, thereby, removing voltage from one
luminaire and putting a large voltage across another.
[0030] FIG. 9 illustrates one embodiment of light system 800 comprising the
LED luminaires 300 connected in series. For example, a plurality of LED
luminaires 300 may be connected in series to a power supply 902.
[0031] Referring back to FIG. 2, to compensate for the removal of the
current control loop, the circuit 200 is under driven with current. 1n other words,
since there is no longer a current regulation mechanism on the circuit 200, a
slightly lower amount of current is driven through the circuit 200 than what the
circuit 100 would typically receive or the LED is rated for.
[0032] The circuit 200 maintains power factor correction. Power factor
correction may be defined as forcing the input current to follow the same shape
as the input voltage. in other words, the input current is corrected to form a
sine wave when driven from an AC supply. Power factor correction is important
for some applications where a company can be penalized by the power
generating companies for bad power factor that can generate harmonics that
can cause problems for the power generation system.
[0033] The circuit 200 illustrated in FIG. 2 allows the LED luminaires to be

connected in series is that the circuit 200 provides a constant input impedance
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necessary for series connection. In other words, the LED current is proportional
to the input voltage. Said another way, the LED current (and hence the input
current) is allowed to vary in proportion to the supply voltage. It should be
noted that although one way to achieve this goal is by removing the current
control loop as iliustrated in FIG. 2, other methods may be employed to achieve
this goal to allow LED luminaires to be connected in series and are within the
scope of the present disclosure.
{0034] FIG. 3 illustrates an exploded isometric view of an LED luminaire 300
having an LED circuit without the current control loop. In one embodiment, the
LED luminaire 300 may have a circuit 200 similar to the one illustrated in FIG. 2.
[0035] in one embodiment, the LED luminaire 300 comprises a housing 302,
a power supply 306, a heat sink 310 and an outer lens 318. In one
embodiment, the power supply 306 may be desighed with the circuit 200
illustrated in FIG. 2. In other words, the power supply 306 does not have a
current control loop and provides a constant input impedence.
[0036] In one embodiment, the housing 302 may be a Edison base. In one
embodiment, the heat sink 310 may include one or more fins 324 to help
dissipate heat away from the LED luminaire 300.
[0037] In one embodiment, the LED luminaire 300 may be assembled by
inserting the power supply 306 into the housing 302. In one embodiment, the
housing 302 may include potting. A gasket 304 may be placed in between the
housing 302 and the heat sink 310. An insulator 308 may be placed on top of
the power supply 306. The insulator 308 may be fabricated from a material
such as Mylar®, for example.
[0038] In one embodiment, the power supply 308 may be aligned and
inserted into the heat sink via slots 322 illustrated in FIG. 4. For example, FIG.
4 illustrates a top view of the power supply 306 inserted into the heat sink 310.
In one embodiment, a semiconductor package 320, e.g., a D2 PAK, of the
power supply 306 is in contact with a protruding portion 330 of the heat sink
310. In one embodiment, the semiconductor package 320 may be bonded to
the heat sink 310 via an adhesive or epoxy. Notably, the power supply 3086 is in

direct contact with multiple points of an interior volume of the heat sink 310.
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This helps to quickly dissipate heat out of the LED luminaire 300 and require
less potting.
[0039] Referring back to FIG. 3, a thermal backing 314 may be placed on
top of the heat sink 310 and under the light engine 316. The light engine 316,
the thermal backing 314, the heat sink 310, the gasket 304 and the housing 302
may be coupled together via one or more screws 312. The outer lens 318 may
be coupled to the heat sink 310.
{0040] FIG. 5 illustrates a top view of the light engine 316. For example, the
light engine 316 may include one or more LEDs 502. The one or more LEDs
502 in the light engine 316 may be connected in series or in parallel. The light
engine 316 may also include one or more alignment slots 504 to properly align
the light engine 316 to the heat sink 310.
o041} FIGs. 6-8 illustrate various views of a vibration damper 600. The
vibration damper 600 may be optional. FIG. 6 illustrates a top view of the
vibration damper 600. The vibration damper 600 may be fabricated from any
type of polymer, e.g., polycarbonate. In one embodiment, the vibration damper
600 may be coupled to the bottom of the housing 302. The threaded end of the
housing 302 may be fed through the opening 602 of the vibration damper 600.
[0042] F1G. 7 illustrates a cross-sectional side view of the vibration damper
600. FIG. 8 illustrates a bottom view of the vibration damper 600. The vibration
damper 600 provides vibration dampening to the LED luminaire 300. In
addition, the vibration damper 600 provides a more sturdy base to support the
weight of the LED Jluminaire 300 when they are installed in series, e.g., as part
of railway lighting system where high vibration levels may occur.
[0043) While various embodiments have been described above, it should be
understood that they have been presented by way of example only, and not
limitation. Thus, the breadth and scope of a preferred embodiment should not
be limited by any of the above-described exemplary embodiments, but should

be defined only in accordance with the following claims and their equivalents.
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CLAIMS

1. A lighting system, comprising:

a plurality of light emitting diode (LED) luminaires, wherein the plurality of LED
luminaires is electrically connected in series and powered by an alternating current
source wherein an LED current varies in proportion to a supply voltage that varies,

wherein each one of the plurality of LED luminaires comprises a circuit
configured to provide a constant input impedance and the circuit comprises a power

factor correction integrated circuit, wherein the circuit does not include a current

regulator.
2. The lighting system of claim 1, wherein the supply voltage varies.
3. The lighting system of claim 1, wherein the constant input impedance is achieved

by the circuit with a current control loop being disabled.

4. The lighting system of claim 1, wherein one or more LEDs of each one of the

plurality of LED luminaires are under driven.

5. The lighting system of claim 1, wherein a power supply providing the alternating

current source is in direct contact with a heat sink.

B. The lighting system of claim 1, wherein the lighting system comprises a railway

lighting system.

CA 2957973 2018-07-06
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