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DESCRIPTION

FIELD OF THE INVENTION

[0001] This invention pertains generally to lighting, and, more particularly, to electrical lighting.

BACKGROUND OF THE INVENTION

[0002] Every year, billions of kilowatt-hours of electricity are consumed throughout the world
for lighting purposes. Unfortunately, not all of the energy contained in that electricity becomes
light. In fact, much of the energy is wasted. For example, it is not uncommon for incandescent
lighting to have a luminous efficiency in the 2-3% range. Of course, different lighting
technologies can have different energy conversion efficiencies, and several lighting
technologies improve upon basic incandescent lighting. For example, practical light-emitting
diode (LED) based lighting can have luminous efficiencies over 20%. A high luminous efficiency
provides a good base to work from, but there are other factors that influence the overall
efficiency of practical LED-based lighting systems ("LED lighting systems").

[0003] Electric power is supplied for use in many different forms. For example, a basic
difference is between direct current (DC) and alternating current (AC). Light-emitting diodes
are typically designed to be powered by direct current. However, electric power is commonly
distributed as alternating current. Consequently, conversion between the two forms (i.e.,
rectification) is a common feature of LED lighting systems. Losses during rectification, and
power management in general, can be significant. In the context of the scale of the application,
even small improvements are sought after.

[0004] Further efficiencies are possible if a lighting system is dimmable. For example, a user of
the lighting system may adjust the output, and therefore the power consumption, of the lighting
system in response to changing needs and, in particular, may dim the output when peak output
is unnecessary. The lighting system may even be configured to dim automatically in response
to ambient light conditions, for example, as part of a daylight harvesting system. However, not
all power conditioning equipment is compatible with dimming functionality and/or conventional
dimming components such as TRIAC-based dimmers.

[0005] Conventional solutions to efficiently powering a dimmable LED-based lighting system
have shortcomings beyond energy losses. Some conventional solutions generate relatively
high levels of electro-magnetic interference (EMI) including radio frequency (RF) noise. Some
conventional solutions are impractically expensive and/or economically uncompetitive. Some
conventional solutions behave poorly in contexts where relatively small form factors are
desirable. Some conventional solutions scale poorly to smaller form factors. Some
conventional solutions have relatively short operational lifetimes and/or a relatively high chance
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of failure, for example, because they use a relatively high number of components and/or use
relatively low quality components to remain economically competitive.

[0006] US 4,298,869 A discloses a light-emitting diode display according to the preamble of
Claim 1. US 7,211,967 B2 discloses a strip light with constant current including a plurality of
iluminators (e.g., LEDs) directly and electrically coupled in series, and a constant current
stabilization unit for supplying a constant current to each illuminator. US 2008/018261 A1
discloses a LED power supply with options for dimming. US 2006/082332 A1 discloses
supplying a predetermined current to LEDs by using series regulators in a lighting control
circuits for vehicle lamps. WO 2008/068705 A1 relates to an electronic device for driving a light
emitting semiconductor device, which includes controling means adapted for controlling a
switch mode power supply for supplying the light emitting semiconductor device in response to
a sensing value indicative of a voltage across a current source for determining a current
through the light emitting semiconductor device. US 2009/251068 A1 relates to a solid state
lighting circuit and controls. US 6,600,274 B1 discloses an improved LED current regulation
circuit for providing continuous electrical current to one or more Light Emitting Diodes (LEDSs) in
an aircraft illumination system. US 2005/0281030 A1 discloses a power saving device for a
LED lamp, wherein the use of electrical power can be reduced or eliminated automatically
during periods of non-use. Means for controlling the delivery of the electrical power to the
LEDs include means for detecting the level of daylight in the illumination area of said least LED,
in particular a light level photosensor, which can be used in operative association with an on-off
switch in power connection to the LEDs, or with a computer or logic gate array in operative
association with a dimmer that controls the power to the LEDs.

BRIEF SUMMARY OF THE INVENTION

[0007] An LED lighting system is described. The LED lighting system may include one or more
light-emitting diodes and one or more power management modules. Components of the LED
lighting system may be selected and arranged, for example, to match a load voltage to an
operating voltage. Matching the load voltage to the operating voltage may enable efficient use
of power by the LED lighting system. A method of selecting components of the LED lighting
system is described. The components may be selected based on a target luminance and a
given operating voltage. The method may be facilitated and/or implemented with a computer.

[0008] This Brief Summary of the Invention is provided to introduce a selection of concepts in a
simplified form that are further described below in the Detailed Description of the Invention.
This Brief Summary of the Invention is not intended to identify key or essential features of the
claimed subject matter, nor is it intended to be used as an aid in determining the scope of the
claimed subject matter.

The present invention relates to an LED lighting system having the features referred to in
Claim 1.

BRIEF DESCRIPTION OF THE DRAWINGS
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[0009]

Figure 1 is a schematic diagram depicting an example LED lighting system in accordance with
an embodiment of the invention.

Figure 2 is a schematic diagram depicting an example LED load in accordance with an
embodiment of the invention.

Figure 3 is a schematic diagram depicting an example power conditioning module in
accordance with an embodiment of the invention.

Figure 4 is a schematic diagram depicting an example power management module in
accordance with an embodiment of the invention.

Figure 5 is a schematic diagram depicting an example active dimmer load in accordance with
an embodiment of the invention.

Figure 6 is a schematic diagram depicting an example power management module
incorporating a lifetime optimization module in accordance with an embodiment of the
invention.

Figure 7 is a flowchart depicting example steps for effecting an LED lighting system in
accordance with an example.

Figure 8 is a flowchart depicting further example steps for effecting an LED lighting system in
accordance with an example.

Figure 9 is a schematic diagram depicting another example power conditioning module in
accordance with an embodiment of the invention.

[0010] Same numbers are used throughout the disclosure and figures to reference like
components and features.

DETAILED DESCRIPTION OF THE INVENTION

[0011] In an embodiment of the invention, an LED lighting system may include a set of light-
emitting diodes and one or more power management modules. The power management
module(s) may be supplied with electric power by any suitable electric power source including
direct current and alternating current. Alternating current power may be rectified. A direct
current operating voltage may established. The power management module(s) may be
adapted to any suitable operating voltage.
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[0012] The LED lighting system may be designed to output a target luminance. For example,
the LED lighting system may be designed to replace an existing lighting system that generates
a particular luminance. The set of light-emitting diodes may be chosen based on, for example,
the target luminance and the established operating voltage. The choice of the set of light-
emitting diodes may establish an LED load for the power management module(s). The power
management module(s) may be adapted to the LED load. Adaptation of the power
management module(s) to the LED load may enhance a power use efficiency of the LED
lighting system.

[0013] A number of components in the power management module(s) may be optimized, for
example, minimized. Optimizing the number and/or type of components in the power
management module(s) may lower a pecuniary cost of the LED lighting system, for example, a
cost at installation, a cost to own over a time period and/or an operating cost. Optimizing the
number and/or type of components in the power management module(s) may reduce levels of
electro-magnetic interference generated by the power management module(s). Optimizing the
number and/or type of components in the power management module(s) may enhance an
operational lifetime of the LED lighting system. Optimizing the number and/or type of
components in the power management module(s) may enable adaptation of the LED lighting
system to small form factors.

[0014] In an embodiment of the invention, the LED lighting system may be dimmable. Dimming
of the LED lighting system may be controlled with conventional dimming components such as
TRIAC-based dimmers. The power management module(s) may incorporate automatic
dimming functionality such as daylight harvesting functionality.

[0015] Before describing an LED lighting system in accordance with an embodiment of the
invention in more detail, it will be helpful to have reference to an example. Figure 1 depicts an
example LED lighting system 100 in accordance with an embodiment of the invention. The LED
lighting system 100 may include an LED load 102 and a power management module 104. The
power management module 104 may receive electric power from a power source 106, and
may supply electric power to the LED load 102. The power management module 104 may
include a power conditioning module 108 and a dimmer load 110. The power conditioning
module 108 may incorporate automatic dimming functionality such as a daylight harvesting
module 112. In Figure 1, the daylight harvesting module 112 is depicted with a dashed line to
indicate that, in this example, the daylight harvesting module 112 is integrated into the power
conditioning module 108. The circuit connecting the power source 106 to the power
management module 104 may include a fusible 114.

[0016] The LED load 102, the power management module 104, the power conditioning module
108, the dimmer load 110 and the daylight harvesting module 112 are each examples of circuit
modules. Circuit modules in accordance with an embodiment of the invention may include any
suitable number and/or type of electronic components. Examples of suitable electronic
components include resistors, capacitors, inductive devices, transistors including bipolar
junction transistors (BJTs), field effect transistors (FETs), thyristors and phototransistors,
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diodes including Zener diodes, light-emitting diodes (LEDs) and photodiodes, triodes,
integrated circuits (ICs) including analog ICs and digital ICs such as processors and
programmable logic devices, switches, excessive current and/or voltage protection devices,
piezoelectric devices, transducers, and optoelectronic devices. Electronic components are
examples of circuit module components. Circuit modules are examples of LED lighting system
modules.

[0017] The power source 106 may be any suitable electric power source including direct
current power sources and alternating current power sources. United States alternating current
mains power of 120 volts at 60 hertz is an example of a suitable alternating current power
source. The power management module 104 may be configured to convert the electric power
supplied by the power source 106 to a form suitable for the LED load 102. For example, the
power management module 104 may convert alternating current electric power supplied by the
power source 106 to direct current electric power suitable for the LED load 102. In the example
depicted in Figure 1, the direct current output from the power management module 104 to the
LED load 102 has a particular associated polarity as indicated by '+' and '-' symbols.

[0018] The power management module 104 may utilize the power conditioning module 108 to
condition the electric power supplied by the power source 106. Power conditioning performed
by the power conditioning module 108 may include rectification, frequency filtering, current
control, dimming response including linear dimming response and nonlinear dimming
response, and daylight harvesting including automatic dimming in response to ambient,
sampled, sensed and/or detected light levels. The power conditioning module 108 may utilize
the daylight harvesting module 112 to provide automatic dimming functionality including
daylight harvesting functionality. The daylight harvesting module 112 may sample, sense
and/or detect ("sense") light levels such as an amount of light contributed to a particular
physical environment by ambient daylight. Responsive to sensed light levels, the daylight
harvesting module 112 may automatically dim the output of the power management module
104. For example, power supplied by the power management module 104 to the LED load 102
may be reduced in voltage and/or current.

[0019] The power source 106 may be influenced by one or more conventional dimming
components (not shown in Figure 1). The power management module 104 may adapt to
dimmed power supplied by the power source 106. For example, the power management
module 104 may adapt to reduced voltage, current and/or frequency supplied by the power
source 106. The conventional dimming component(s) may include a TRIAC-based dimmer well
known to those of skill in the art. The conventional dimming component(s) may be designed to
influence the power source 106 to dim the output of conventional lighting such as incandescent
lighting. For example, the conventional dimming component(s) may be designed to dim a
conventional lighting load. The dimmer load 110 may respond to conventional dimming of the
power source 106 such that the power management module 104 appears to the conventional
dimming component(s) as the conventional lighting load.

[0020] The fusible 114 may be any suitable excessive current and/or voltage protection device.
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For example, the fusible 114 may be configured to break the electric circuit connecting the
power source 106 to the power management module 104 if a voltage level and/or a current
flow exceeds one or more thresholds. The threshold(s) may be set to be less than maximum
voltage and/or current level ratings of one or more components of the power management
module 104.

[0021] The LED load 102 may incorporate one or more light-emitting diodes. Electric power
supplied by the power management module 104 may be routed through the light-emitting
diode(s) of the LED load 102 to cause them to emit light. Figure 2 depicts an example LED
load 202 in accordance with an embodiment of the invention. The LED load 202 includes
multiple light-emitting diodes 204, 206, 208, 210. Figure 2 includes a "..." symbol between the
light-emitting diode 208 and the light-emitting diode 210 to indicate that the LED load 202 may
include any suitable number of light-emitting diodes 204, 206, 208, 210. The LED load 202 is
connected to a power management module 212 that supplies the LED load 202 with direct
current electric power. The LED load 202 is an example of the LED load 102 of Figure 1. The
power management module 104 of Figure 1 is an example of the power management module
212.

[0022] The light-emitting diodes 204, 206, 208, 210 may be of any suitable type including
miniature LEDs, high power LEDs and multicolor LEDs. In an embodiment of the invention, the
light-emitting diodes 204, 206, 208, 210 may be considered to be of a same type if they have
at least one matching attribute. Light-emitting diode 204, 206, 208, 210 attributes may be
considered to match if they have values within a manufacturing tolerance. The light-emitting
diodes 204, 206, 208, 210 may each be of a same type. However, each embodiment of the
invention is not so limited. The LED load 202 may include any suitable variety of types of light-
emitting diode. In the LED load 202, the light-emitting diodes 204, 206, 208, 210 are connected
in series. However, each embodiment of the invention is not so limited. The light-emitting
diodes 204, 206, 208, 210 may be connected in any suitable configuration.

[0023] In an embodiment of the invention, a number and/or type of components in the power
management module 104 (Figure 1) may be optimized. In particular, a number and/or type of
components in the power conditioning module 108 may be optimized. Figure 3 depicts an
example power conditioning module 302 in accordance with an embodiment of the invention.
The power conditioning module 302 is an example of the power conditioning module 108 of
Figure 1.

[0024] The power conditioning module 302 may receive electric power at a bridge 304. For
example, the power conditioning module 302 may receive an alternating current from the
power source 106 of Figure 1. The bridge 304 may be any suitable bridge rectifier including a
diode bridge rectifier. The output of the bridge 304 may be rectified electric power. In particular,
the bridge 304 may output a rectified voltage waveform dependent on the input voltage
waveform. The operation and performance of bridge circuit modules such as the bridge 304 is
well understood by those of skill in the art, so it need not be detailed here.
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[0025] The bridge 304 may be connected in parallel to a capacitor 306. The capacitor 306 may
smooth the rectified voltage waveform output by the bridge 304 to more closely approximate a
pure direct current voltage. The bridge 304 and the capacitor 306 may together be considered
a rectifying circuit module, and the voltage across the capacitor 306 may be considered as an
output of the rectifying circuit module. The voltage across the capacitor 306 may be considered
as establishing an operating voltage for other components of the power conditioning module
302 and/or for other modules to which the power conditioning module 302 supplies power such
as the LED load 102 of Figure 1. The rectifying circuit module may be considered to maintain
the operating voltage. For example, mains power of 120 volts at 60 hertz supplied to the bridge
304 may result in a nominal 151 volts direct current operating voltage across the capacitor 306
with a capacitance value of 47 microfarads. The capacitor 306 may be a long life capacitor
such as an aluminum electrolytic capacitor. In an embodiment of the invention, selecting a long
life capacitor for the capacitor 306 extends a lifetime of the power conditioning module 302.

[0026] A flow of current through the power conditioning module 302, and/or a load such as the
LED load 102 (Figure 1) connected to the power condition module 302, may be controlled
and/or regulated with a set of one or more transistors. The set of transistors may include a
current control transistor 308. For example, the current control transistor 308 may maintain the
current flow below a threshold value such as a safe, maximum and/or optimum value of current
flow for the LED load 102 and/or one or more of the light-emitting diodes 204, 206, 208, 210
(Figure 2) therein. As depicted in Figure 3, the current control transistor 308 may be a field
effect transistor such as a MOSFET. However, each embodiment of the invention is not so
limited. For example, the current control transistor 308 may be a bipolar junction transistor.
The set of transistors may further include a current sensing transistor 312. For example, the
current sensing transistor 312 may be a bipolar junction transistor. A voltage at the gate of the
current control transistor 308 may be influenced by a pull-up resistor 310 and the current
sensing transistor 312. A collector of the current sensing transistor 312 may be connected to
the gate of the current control transistor 308. The pull-up resistor 310 may separate the gate of
the current sensing transistor 308 from the positive polarity of the operating voltage. For
example, a resistance of 100 kilohms may be a suitable value for the pull-up resistor 310 when
the operating voltage is 151 volts. The voltage at the gate of the current control transistor 308
may be controlled, for example, kept below a threshold, with a Zener diode 314.

[0027] A set of current sensing resistors 316, 318 may be connected between an emitter and a
base of the current sensing transistor 312. Although the power conditioning module 302
includes two current sensing resistors 316, 318, connected in parallel, each embodiment of the
invention is not so limited. The set of current sensing resistors 316, 318 may include any
suitable number of resistors arranged in any suitable configuration. The set of current sensing
resistors 316, 318 may be further connected between the negative polarity of the operating
voltage and a source of the current control transistor 308. A load, such as the LED load 102
(Figure 1), for the power conditioning module 302 may be connected between a drain of the
current control transistor 308 and the positive polarity of the operating voltage. Hence the set
of current sensing resistors 316, 318, the current control transistor 308 and the load may be
connected in series between the negative and positive polarities of the operating voltage.
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[0028] Hence the set of current sensing resistors 316, 318 may play a dual role in influencing
the operation of the current sensing transistor 312 as well as influencing a load that consumes
electric power delivered at the operating voltage. In an embodiment of the invention, power
dissipated by the set of current sensing resistors 316, 318 may be significant. Hence it may be
desirable to optimize, for example, minimize, an effective resistance value of the set of current
sensing resistors 316, 318.

[0029] Components 308, 310, 312, 314, 316 and 318 of the power conditioning module 302
may be considered as participating in a circuit module that regulates and/or limits current. In an
embodiment of the invention, the power condition module 302 may consist essentially of the
components 304, 306, 308, 310, 312, 314, 316, 318 arranged as depicted in Figure 3.
Alternatively, the power conditioning module 302 may further include a daylight harvesting
module 320. In Figure 3, the daylight harvesting module 320 is delineated with a dashed line to
indicate that its components are integrated into a circuit module providing functionality of the
power conditioning module 302.

[0030] The daylight harvesting module 320 may be implemented with as few as two
components: a phototransistor 322 and a resistor 324 connected in series. An emitter of the
phototransistor 322 may be connected to the negative polarity of the operating voltage. The
resistor 324 may be connected between a collector of the phototransistor 322 and the gate of
the current control transistor 308. Light incident on the phototransistor 322 may cause a
current to flow through the resistor 324, thus influencing the voltage at the gate of the current
control transistor 308. Hence more light received at the phototransistor 322 may result in less
current flowing through the current control transistor 308 to a load connected to the power
conditioning module 302 such as the LED load 102 (Figure 1). Hence more light received at
the phototransistor 322 may result in an automatic dimming of light generated by the LED load
102. A resistance value of the resistor 324 may be chosen to adjust this effect to suit an
environment being lit by the LED lighting system 100 and/or aesthetic preferences.

[0031] Figure 9 depicts another example power conditioning module 902 in accordance with
an embodiment of the invention. The power conditioning module 902 is also an example of the
power conditioning module 108 of Figure 1. The power conditioning module 902 may include
components 904, 906, 908, 910, 912 and 914 corresponding to components 304, 306, 308,
310, 312 and 314 of Figure 3, respectively. The power conditioning module 902 may further
include a daylight harvesting module 920 and components 922, 924 corresponding to the
daylight harvesting module 320 and the components 322, 324 of Figure 3, respectively. In an
embodiment of the invention, the power conditioning module 902 may include a thermistor 916
and a resistor 918 instead of the current sensing resistors 316, 318 of Figure 3.

[0032] The thermistor 916 and the resistor 918 may be connected in series between an
emitter and a base of the current sensing transistor 912. In an embodiment of the invention,
the thermistor 916 is a positive temperature coefficient (PTC) thermistor. Although Figure 9
depicts a single thermistor 916 and a single resistor 918 connected in series, each
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embodiment of the invention is not so limited. Any suitable number of thermistors and resistors
in any suitable configuration, including in parallel, may be substituted for the depicted
thermistor 916 and the resistor 918. In an embodiment of the invention, the resistor 918 may
be omitted.

[0033] The thermistor 916 and the resistor 918 may play a role in the power conditioning
module 902 corresponding to that of the current sensing resistors 316, 318 of Figure 3.
Alternatively, or in addition, the thermistor 916 and the resistor 918 may act to regulate
temperature in a load such as the LED load 102 (Figure 1). For example, the thermistor 916
and the resistor 918 may be selected and configured with respect to the current sensing
transistor 912 and the current control transistor 908 such that an increase in a temperature of
the thermistor 916 results in a decrease in current flowing to the load. Current flowing through
the load may be correlated with the temperature of the load. Accordingly, the temperature of
the load may be regulated based at least in part on the temperature of the thermistor 916. For
some loads, such as the LED load 102, regulating (e.g., limiting) the load temperature can
improve an operational lifetime of the load.

[0034] As described above, the power management module 104 of Figure 1 may include a
dimmer load 110. Figure 4 depicts an example power management module 402 including a
dimmer load 404 in accordance with an embodiment of the invention. The power management
module 402 further includes a power conditioning module 406. The power management
module 402, the dimmer load 404 and the power conditioning module 406 are examples of the
power management module 104, the dimmer load 110 and the power conditioning module 108
of Figure 1, respectively.

[0035] In the power management module 402 of Figure 4, the power conditioning module 406
is connected to a power source such as the power source 106, as well as to a load such as the
LED load 102. The dimmer load 404 is also connected to the power source, in parallel with the
power conditioning module 406. The dimmer load 404 may be an active dimmer load or a
passive dimmer load. For example, a resistor (not shown in Figure 4) may serve as a passive
dimmer load. However, in an embodiment of the invention, energy losses to a passive dimmer
load are significant. Hence an active dimmer load may be desirable. Figure 5 depicts an
example active dimmer load 502 in accordance with an embodiment of the invention.

[0036] The active dimmer load 502 may receive electric power from the power source at a
bridge 504. The bridge 504 may be any suitable bridge rectifier including a diode bridge
rectifier. The rectified output of the bridge 504 may be smoothed with a power factor correction
(PFC) capacitor 506. The PFC capacitor 506 may be connected in parallel with a resistor 508
between the negative polarity of the bridge 504 output and a base of a transistor 510. For
example, the resistor 508 may have a resistance value on the order of 10 kilohms. The
transistor 510 may be any suitable transistor such as a bipolar junction transistor. The base of
the transistor 510 may be separated from the positive polarity of the bridge 504 output by a
resistor 512. For example, the resistor 512 may have a resistance value on the order of 1
megohm.
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[0037] A collector of the transistor 510 may be connected to a gate of a transistor 514. The
transistor 514 may be any suitable transistor such as a field effect transistor. A resistor 516
may connect a source of the transistor 514 to the negative polarity of the bridge 504 output. A
set of resistors 518, 520, connected in parallel, may connect a drain of the transistor 514 to the
positive polarity of the bridge 504 output. Resistance values may be chosen for the resistor
516 and the set of resistors 518, 520 so as to present a suitable load to conventional dimmer
components, reduce and/or minimize flickering during significant dimming, and/or optimize, for
example, minimize, power dissipation due to current flow through the transistor 514.

[0038] A resistor 522 may separate the collector of the transistor 510 and the gate of the
transistor 514 from the positive polarity of the bridge 504 output. For example, the resistor 522
may have a resistance value on the order of 1 megohm. The voltage at the gate of the
transistor 514 may be controlled, for example, kept below a threshold, with a Zener diode 524.
A resistor 526 may separate an emitter of the transistor 510 from the negative polarity of the
bridge 504 output. For example, the resistor 526 may have a resistance value on the order of
2 kilohm.

[0039] As described above, the power management module 104 (Figure 1) may include
multiple power conditioning modules corresponding to the power condition module 302 (Figure
3) each providing power to an LED load corresponding to the LED load 202 (Figure 2). Figure
6 depicts an example power management module 602 including multiple power conditioning
modules 604, 606, 608 in accordance with an embodiment of the invention. In Figure 6, the
power conditioning module 606 and the power conditioning module 608 are separated by a
"..." symbol to indicate that the power management module 602 may include any suitable
number of power conditioning modules 604, 606, 608.

[0040] Each power conditioning module 604, 606, 608 may power a corresponding LED load
610, 612, 614. Power conditioning module and LED load pairs (e.g., 604 and 610, 606 and
612, 608 and 614) may be considered an LED string. The set of power condition modules 604,
606, 608 may be collectively controlled by a lifetime optimization module 616.

[0041] The lifetime optimization module 616 may cause each LED string 604 and 610, 606 and
612, 608 and 614 to be active or inactive. The lifetime optimization module 616 may set a
dimming level for each LED string 604 and 610, 606 and 612, 608 and 614. The lifetime
optimization module 616 may activate a portion of the LED strings 604 and 610, 606 and 612,
608 and 614 during a time period. The lifetime optimization module 616 may randomly and/or
pseudorandomly select which of the LED strings 604 and 610, 606 and 612, 608 and 614 are
active during a time period. The lifetime optimization module 616 may track one or more
operational ages of the LED strings 604 and 610, 606 and 612, 608 and 614. The lifetime
optimization module 616 may adjust a proportion of the LED strings 604 and 610, 606 and
612, 608 and 614 active during a time period based on operational ages of the LED strings
604 and 610, 606 and 612, 608 and 614. For example, the lifetime optimization module 616
may adjust the proportion of the LED strings 604 and 610, 606 and 612, 608 and 614 active
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during a time period so as to maintain a target luminance as the light-emitting diodes in the
LED loads 610, 612, 614 age, e.g., to compensate for a reduced performance.

[0042] To achieve optimum performance for the LED lighting system 100 (Figure 1), it will be
helpful to set forth procedures for selecting components thereof. Figure 7 depicts example
steps for effecting the LED lighting system 100 in accordance with an example. At step 702, an
LED wattage may be determined. For example, the LED wattage may be determined as a
product of a target luminance and a specified watts per lumen figure. The target luminance
may correspond to a luminance of an existing system, a value specified by a standard, and/or
an aesthetic preference. The specified watts per lumen figure may be derived statistically from
attributes of a set of available types of light-emitting diode. For example, the watts per lumen
figure may be an optimum, a maximum, an average and/or an economically weighted average
of watts per lumen figures of types of light-emitting diode in the set. As one example, a same
luminance provided by 60 watt incandescent lighting may be provided by approximately 8 watt
LED lighting (due to the higher luminous efficiency of LED lighting).

[0043] At step 704, an operating voltage may be determined. For example, the operating
voltage may be determined based on a supply voltage such as the output of the power source
106 (Figure 1). The operating voltage determined at step 704 may correspond to the voltage
across the capacitor 306 in the power conditioning module 302 of Figure 3. The operating
voltage across the capacitor 306 may be derived from the voltage supplied to the bridge 304 in
a manner well known to those of skill in the art. As described above, 120 volt alternating
current mains power supplied to the bridge 304 may result in a 151 volts direct current
operating voltage across the capacitor 306.

[0044] At step 706, an operating current may be determined. For example, the operating
current may be calculated as the LED wattage divided by the operating voltage. As one
example, 8 watts divided by 151 volts is approximately 53 milliamps. The operating current
thus determined may be a maximum or peak operating current.

[0045] At step 708, one or more types of light-emitting diode (LED) may be selected. For
example, a type of light-emitting diode may be selected from the set of available types of light-
emitting diode based on the operating current and/or the operating voltage in accordance with
current and/or voltage ratings of the type. At step 710, a number of light-emitting diodes may
be determined. For example, the type of light-emitting diode selected at step 708 may have an
associated voltage drop when operated at the operating current, and the number of light-
emitting diodes may be calculated as the greatest integer multiple of that voltage drop that is
less than the operating voltage. Continuing the one example, the voltage drop may be 3.1
volts, hence the number of light-emitting diodes determined is 48. Where more than one type
of light-emitting diode is selected at step 708, a sum of integer multiples of voltage drops
associated with each type may be found so that the sum is less than the operating voltage.

[0046] Together, steps 708 and 710 may determine a set of light-emitting diodes. For example,
the steps 708 and 710 may be utilized to determine the set of light-emitting diodes to be
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incorporated into the LED load 202 of Figure 2. This is indicated in Figure 7 with a dashed line
712. To continue the example, suppose the LED load 202 is supplied with power by the power
conditioning module 302 of Figure 3. At the operating current, a load voltage may be
understood as developing across the LED load 202, the current control transistor 308 and the
set of current sensing resistors 316, 318. Since the LED load 202 includes an integer number
of light-emitting diodes, the component of the load voltage across the LED load 202 alone may
not match the operating voltage (e.g., as determined at step 704). In an embodiment of the
invention, power losses are optimized, for example, minimized, when the load voltage matches
the operating voltage.

[0047] At step 714, the load voltage may be matched to the operating voltage. For example,
the current control transistor 308 and/or the set of current sensing resistors 316, 318 (Figure
3) may be chosen so that the load voltage matches the operating voltage. The load voltage
may be considered to match the operating voltage if an absolute value of a difference between
them is less than a threshold. Alternatively, the load voltage may match the operating voltage if
a difference between them lies between a lower threshold and an upper threshold. Since both
the load voltage and the operating voltage may vary over time, statistical attributes of the
respective time series may be utilized to determine a match. For example, a difference
between peak values, average values, standard deviation values, etc, may be required to lie
between associated thresholds.

[0048] As described above, the set of current sensing resistors 316, 318 may perform a dual
role in the power conditioning module 302 of Figure 3. Consequently, selection of the set of
current sensing resistors 316, 318 may depend on one or more factors other than a goal of
matching the load voltage to the operating voltage. Figure 8 depicts further example steps for
effecting the LED lighting system 100 (Figure 1) in accordance with an example.

[0049] At step 802, a current control transistor may be selected. For example, the current
control transistor 308 of Figure 3 may be selected based on an operating current such as the
operating current determined at step 706 of Figure 7 and/or an operating voltage such as the
operating voltage determined at step 704. The current control transistor 308 may be chosen to
have an optimal, for example, minimal, economic cost while being able to safely, for example,
continuously, handle the operating current and/or the operating voltage. At step 804, a current
sensing transistor may be selected. For example, the current sensing transistor 312 may be
selected based on the current control transistor selected at step 802.

[0050] At step 806, a pull-up resistor may be selected. For example, the pull-up resistor 310
(Figure 3) may be selected based on the current control transistor selected at step 802 and/or
the operating voltage determined at step 704 of Figure 7. The pull-up resistor may also be
selected to minimize noise, e.g., electro-magnetic noise generated by rectification. At step 808,
a Zener diode may be selected. For example, the Zener diode 314 may be selected based on
one or more attributes of the current control transistor selected at step 802 such as a safe, for
example, maximum, operating voltage for a gate of the current control transistor.
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[0051] At step 810, a resistance value may be determined that will enable the load voltage to
be matched to the operating voltage. For example, given the set of light-emitting diodes
selected at step 712 of Figure 7, a corresponding load voltage component may be calculated
from attributes of the light-emitting diodes in the set assuming that they are powered by the
operating current. Another such load voltage component may be calculated for the current
control transistor 308. Call the difference between the sum of these load voltage components
and the operating voltage (e.g., as determined at step 704) the residual voltage. Then the
looked-for resistance value may be determined as the residual voltage divided by the operating
current. Continuing the one example, the resistance value might be 0.7 volts / 53 milliamps to
yield 13 ohms.

[0052] At step 812, a set of current sensing resistors may be selected. For example, the set of
current sensing resistors 316, 318 of Figure 3 may be selected and arranged so as to yield the
resistance value determined at step 810. In an example, a minimum wattage for the set of
current sensing resistors may be determined as three times the product of the residual voltage
and the operating current.

[0053] When the thermistor 916 and resistor 918 of Figure 9 are utilized in place of, or in
addition to, the set of current sensing resistors 316, 318 of Figure 3, a suitable thermistor 916
may be selected at step 814. The thermistor 916 may be selected such that its temperature-
resistance characteristic, modified by the resistor 918, regulates the operating current in
accordance with a desired temperature compensation curve and/or decreases the operating
current at a specified rate with respect to temperature over a specified range of temperatures.
For example, the thermistor 916 and resistor 918 may be selected to collectively provide 13
ohms of electrical resistance at ambient temperature. Given a particular thermistor 916, the
value of the resistor 918 may be selected to yield the desired temperature compensation curve
over the specified range of temperatures. For example, a 10 ohm thermistor 916 and a 10
ohm resistor 918 in series may yield a more gradual decrease in operating current over the
specified range of temperatures than a 20 ohm thermistor alone. When the thermistor 916 and
resistor 918 also play the role of the set of current sensing resistors 316, 318, step 812 and
step 814 may be integrated and/or iterative, as indicated by dashed line 816.

[0054] Steps described with reference to Figure 7 and Figure 8, and like steps, may be
implemented with and/or facilitated by one or more suitable computing devices. A computer is
an example of a suitable computing device. Suitable computing devices may include one or
more processing units (e.g., CPUs) capable of executing instructions to perform tasks, as well
as one or more types of computer-readable media such as volatile memory and nonvolatile
memory capable of storing data, computer programs and/or computer program components.
Such computer programs and components may include executable instructions, structured
data and/or unstructured data organized into program modules, routines and/or any suitable
programmatic object. Such computer programs and program components may be created by
and/or incorporate any suitable computer programming language. In an embodiment of the
invention, each computing device may be a special purpose computer.
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[0055] Examples of computer-readable media suitable for reading by computing devices
include any one or more of magnetic media (such as hard disks and flash drives), optical
media such as compact disks (CDs) and communication media. Communication media may
include any one or more of wired communication media such as copper wire, coaxial cable and
optical fiber, as well as wireless communication media such as electro-magnetic media
including radio, microwave, infra-red and laser light. In an example, each computer-readable
medium may be tangible. In an example, each computer-readable medium may be non-
transitory in time, for example, data stored in the computer-readable medium may persist for a
perceptible and/or measurable amount of time.

[0056] Unless otherwise indicated, or clearly implied by context, component types and/or
attribute values of components in circuit modules described herein may be selected according
to methods and/or formulae well known to those of skill in the art.

[0057] The use of the terms "a" and "an" and "the" and similar referents in the specification
and in the following claims are to be construed to cover both the singular and the plural, unless
otherwise indicated herein or clearly contradicted by context. The terms "having," "including,"
"containing" and similar referents in the specification and in the following claims are to be
construed as open-ended terms (e.g., meaning "including, but not limited to,") unless otherwise
noted. Recitation of ranges of values herein are merely indented to serve as a shorthand
method of referring individually to each separate value inclusively falling within the range,
unless otherwise indicated herein, and each separate value is incorporated into the
specification as if it were individually recited herein. The use of any and all examples, or
exemplary language (e.g., "such as") provided herein, is intended merely to better illuminate
embodiments of the invention and does not pose a limitation to the scope of the invention
unless otherwise claimed. No language in the specification should be construed as indicating

any non-claimed element as essential to an embodiment of the invention.

[0058] Preferred embodiments of the invention are described herein, including the best mode
known to the inventors for carrying out the invention.
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PATENTKRAV

1. LED-belysningssystem (100) konfigureret til at udsende en malluminans
omfattende:

et set lysdioder (204-210);

et fgrste kredslgbsmodul (304-306; 904, 906) konfigureret i det mindste til at
opretholde en driftsspaending for LED-belysningssystemet (100), hvor driftsspendingen etableres
mellem en positiv polaritet og en negativ polaritet; og

et andet kredslgbsmodul omfattende et st transistorer, der omfatter en
strgmfglende transistor (312; 912) og i det mindste en strgmfglende modstand (316, 318; 916,
918),

hvor det andet kredslgbsmodul er konfigureret til i det mindste at forsyne strgm til
settet af lysdioder (204-210); og regulere en strgm, der stremmer gennem sttet af lysdioder (204-
210),

kendetegnet ved at:

settet af transistorer endvidere omfatter en strgmstyringstransistor (308; 908) og en
pull-up-modstand (310; 910);

en strgmaftager pa den strgmfglende transistor (312; 912) er forbundet til porten pa
strgmstyringstransistoren (308; 908) og pull-up-modstanden (310; 910) er forbundet mellem
porten pa strgmstyringstransistoren (308; 908) og den positive polaritet i driftsspeendingen,

idet 1 det mindste en strgmfglende modstand (316, 318; 916, 918) omfatter en forste
terminal, der er forbundet til en kilde til den strgmfglende transistor (312; 912) og en anden
terminal, der er forbundet til en base pa den strgmfglende transistor (312; 912), hvor den fgrste
terminal ogsa er forbundet til den negative polaritet i driftsspendingen og den anden terminal ogsa
er forbundet til en kilde til strgmstyringstransistoren (308; 908),

det andet kredslgbsmodul er endvidere konfigureret til at:

parre en belastningsspending pa tvaers af mindst settet af lysdioder (204-

210), strgmstyringstransistoren (308; 908) og i det mindste en strgmfglende modstand (316, 318;
916, 918) med driftsspendingen,

settet af lysdioder (204-210) er forbundet mellem en kanal mellem et aflgb til

strgmstyringstransistoren (308; 908) og den positive polaritet 1 driftsspendingen
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det andet kredslgbsmodal omfatter endvidere en fototransistor (322; 922) og en
modstand (324; 924) til hest af dagslys, hvor:

fototransistoren (322; 922) og modstanden (324; 924) til hgst af dagslys er
serieforbundne; og

kilden til fototransistoren (322; 922) er forbundet til den negative polaritet i
driftsspendingen og modstanden (324; 924) til hgst af dagslys er forbundet mellem en
strgmaftager pa fototransistoren (322; 922) og porten pa strgmstyringstransistoren (308; 908).

2. System (100) ifplge krav 1, hvor sattet af lysdioder (204-210) omfatter en

flerhed af lysdioder med mindst én tilsvarende egenskab.

3. System (100) ifglge krav 1, hvor mindst en strgmfglende modstand omfatter
en flerhed af parallelforbundne strgmfglende modstande (316, 318).

4. System (100) ifplge krav 1, hvor strgmstyringstransistoren (308; 908) er en

felteffekttransistor.

5. System (100) ifglge krav 1, hvor en verdi af modstanden (324; 924) til hgst
af dagslys svarer til en maengde af dempning af s@ttet af lysdioder (204-210) som reaktion pé lys
modtaget ved fototransistoren (322; 922).

6. System (100) ifplge krav 1, hvor:

seettet af lysdioder er en flerhed af szt af lysdioder (610, 612, ..., 614); og

systemet endvidere omfatter:

et kredslebsmodul (604, 606, ... 608) svarende til det andet kredslgbsmodul for
hver af flerheden af st lysdioder (610, 612, ... 614); og

et levetidsoptimeringsmodul (616), der 1 det mindste er konfigureret til at velge

hvilken flerhed af s&t lysdioder (610, 612, ... 614), der skal stromforsynes i labet af en periode.

7. System (100) ifglge krav 1, hvor mindst en strgmfglende modstand (918)
envidere omfatter en positiv temperaturkoefficienttermistor (916), og det andet kredslgbsmodul
endvidere er konfigureret til at regulere en temperatur i s@ttet af lysdioder (204-210), der mindst

delvis er baseret pa en temperatur i den positive temperaturkoefficienttermistor (916).
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