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(57) Abstract: The present invention relates to circuits and methods for controlling one or more LED strings. The circuit compris-
es a programmable controller coupled to one or more detectors, wherein the one or more detectors are configured to detect one or
more measurable parameters of one or more LEDs or LED drivers. The controller is configured to receive information from the
one or more detectors related to the one or more measurable parameters and use that information to determine the desired drive
voltage for the LED strings. The controller is associated with a power supply having power factor correction (PFC) capability. The
controller provides the power supply with a control signal indicative of the desired drive voltage for one or more LED strings. The
power supply also receives ac voltage and current waveforms as inputs and performs power factor correction and rectified wave-
forms related to the ac wavetorms. The power supply generates the desired drive voltage based on the control signal.
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METHOD AND APPARATUS FOR AN INTELLIGENT LIGHT EMITTING
DIODE DRIVER HAVING POWER FACTOR CORRECTION CAPABILITY

Claim of Priority under 35 U.S.C. §120
[0001] The present Application for Patent is a continuation in part of Patent Application
No. 12/409,088 filed March 23, 2009, pending, and assigned to the assignee hereof and

hereby expressly incorporated by reference herein.

Reference to Co-Pending Applications for Patent
[0002] The present Application for Patent is related to the following U.S. Patent
Applications:

U.S. Patent Application No. 12/046,280, filed March 11, 2008, assigned to
the assignee hereof, and expressly incorporated by reference herein; and

U.S. Patent Application No. 12/111,114, filed April 28, 2008, assigned to the

assignee hereof, and expressly incorporated by reference herein.

BACKGROUND

Field

[0003] The present innovation relates to commercial electronic display systems such as
television sets and computers. Specifically, the present innovation relates to techniques
for enhanced and effective power distribution in commercial electronic display systems
including the distribution of power to the light emitting diode (LED) strings for

backlighting purposes.

Background

[0004] Backlights are used to illuminate liquid crystal displays (“LCDs”). LCDs with
backlights are used in small displays for cell phones and personal digital assistants
(“PDAs”) as well as in large displays for computer monitors and televisions. Often, the
light source for the backlight includes one or more cold cathode fluorescent lamps
(“CCFLs™). The light source for the backlight can also be an incandescent light bulb, an
electroluminescent panel (“ELP”), or one or more hot cathode fluorescent lamps

(“HCFLs").
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[0005] The display industry is enthusiastically pursuing the use of LEDs as the light
source in the backlight technology because CCFLs have many shortcomings: they do
not easily ignite in cold temperatures, they require adequate idle time to ignite, and they
require delicate handling. Moreover, LEDs generally have a higher ratio of light
generated to power consumed than the other backlight sources. Because of this,
displays with LED backlights can consume less power than other displays. LED
backlighting has traditionally been used in small, inexpensive LCD panels. However,
LED backlighting is becoming more common in large displays such as those used for
computers and televisions. In large displays, multiple LEDs are required to provide
adequate backlight for the LCD display.

[0006] Circuits for driving multiple LEDs in large displays are typically arranged with
LEDs distributed in multiple strings. Figure 1 shows an exemplary flat panel display 10
with a backlighting system having three independent strings of LEDs 1, 2 and 3. The
first string of LEDs 1 includes seven LEDs 4, 5, 6, 7, 8, 9 and 11 discretely scattered
across the display 10 and connected in series. The first string 1 is controlled by the
drive circuit or driver 12. The second string 2 is controlled by the drive circuit 13 and
the third string 3 is controlled by the drive circuit 14. The LEDs of the LED strings 1, 2
and 3 can be connected in series by wires, traces or other connecting elements.

[0007] Figure 2 shows another exemplary flat panel display 20 with a backlighting
system having three independent strings of LEDs 21, 22 and 23. In this embodiment,
the strings 21, 22 and 23 are arranged in a vertical fashion. The three strings 21, 22 and
23 are parallel to each other. The first string 21 includes seven LEDs 24, 25, 26, 27, 28,
29 and 31 connected in series, and is controlled by the drive circuit, or driver, 32. The
second string 22 is controlled by the drive circuit 33 and the third string 23 is controlled
by the drive circuit 34. One of ordinary skill in the art will appreciate that the LED
strings can also be arranged in a horizontal fashion or in another configuration.

[0008] There are many parameters in an LED string that can be controlled to optimize
the efficiency or/and other operating targets of an LED string and driver, including
temperature, luminous intensity, color, current and voltage. For example, current is an
important feature for displays because the current in the LEDs controls the brightness or
luminous intensity of the LEDs. The intensity of an LED, or luminosity, is a function of
the current flowing through the LED. Figure 3 shows a representative plot of luminous

intensity as a function of forward current for an LED. As the current in the LED
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increases, the intensity of the light produced by the LED increases. The current in the
LEDs must be sufficiently high to meet the desired brightness requirement. The drive
current of the LED string is a function of the drive voltage applied to the LED string. In
conventional displays, the drive voltage for the LED strings is fixed at a higher level
than necessary, often with a large margin referred to as headroom, to ensure the
operation of the LED strings under the worst case physical, electrical and ambient
conditions and to account for the variations in the LEDs made by various
manufacturers. That results in wastage of power.

[0009] Commercial electronic display systems are generally plugged into wall outlets,
which provide around 110 volts alternating current (VAC) in the United States of
America and around 220 VAC in some other countries. Some of the internal electrical
components of the display systems operate with ac voltages and currents, for example,
transformers. However, other internal electrical components of the display systems
operate with direct current (dc) voltages and currents, for example, LED strings used for
backlighting purposes.

[0010] To drive the LED strings, the conventional electronic display systems first
convert the ac voltages and currents received from the wall outlets into dc voltages and
currents by using a rectifier circuit. One of ordinary skill in the art will appreciate that
the rectifier circuit can be a half wave rectifier or a full wave rectifier. Typically, the
output of the rectifier circuit is further processed by a dc to dc converter. The dc to dc
converter can be a switch regulator or a linear regulator. The dc to dc converter can be a
part of a power factor correction circuitry. Next, the output of the dc to dc converter is
scaled, typically by using another dc to dc converter, to obtain the desired drive voltage
for the LED strings. It would be desirable to reduce the number of display system

components by eliminating the dc to dc scaling converter.

SUMMARY
[0011] The following presents a simplified summary of one or more aspects in order to
provide a basic understanding of such aspects. This summary is not an extensive
overview of all contemplated aspects, and is intended to neither identify key or critical
elements of all aspects nor delineate the scope of any or all aspects. Its sole purpose is
to present some concepts of one or more aspects in a simplified form as a prelude to the

more detailed description that is presented later.
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[0012] In accordance with one or more aspects and corresponding disclosure thereof,
various aspects are described in connection with an intelligent light emitting diode
driver having power factor correction capability. According to related aspects, a circuit
for controlling a set of light emitting diode strings is provided. The circuit includes a
programmable controller having one or more associated detectors, the programmable
controller obtains data related to one or more measureable parameters for a set of light
emitting diode strings via the associated detectors, determines a drive value based at
least in part on the measurable parameters, and generates a control signal based on the
drive value, a power supply system, having power factor correction capability, obtains
the control signal as a first input, and an ac waveform voltage as a second input, and
generates a drive voltage based at least in part on at least one of the control signal or the
ac waveform voltage, and a programmable variable resistor included in the power
supply for setting a set of operating conditions for the input current and voltage control
loop that facilitate the power supply in generating the drive voltage.

[0013] Another aspect relates to a method for controlling a set of light emitting diode
strings. 'The method includes determining at least one characteristic for at least one
light emitting diode included in the light emitting diode strings, generating a control
signal for a drive voltage for at least one of the light emitting diode strings based at least
in part on the characteristics, performing a power factor correction related to ac current
and ac voltage waveforms inputs for a power supply, and producing the drive voltage
based at least in part on the control signal, and a value of a programmable variable
resistor located in an input current and voltage control loop.

[0014] Yet another aspect relates to a system facilitating control of a set of light
emitting diode strings. The system includes a programmable controller associated with
a set of detectors that measures data including at least one of an ambient temperature, a
luminous intensity, or a wavelength of light emitted by at least one of the light emitting
diodes in the light emitting diode strings, the controller determines a drive value based
at least in part on the data, and generates a control signal based on the drive value, a
power supply having power factor correction capability that obtains the control signal as
a first input, and an ac waveform voltage as a second input, and generates a drive
voltage based at least in part on the ac voltage, and a programmable variable resistor
included in the power supply that sets a set of input current and voltage control loop

operating conditions that facilitate the power supply in generating the drive voltage,
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wherein a state machine controls the programmable variable resistor based at least in
part on at least one of the following inputs: a zero crossing signal generated via a zero
crossing detector, an input line voltage value obtained via an input voltage controlled
input current loop, a discrete error voltage obtained via an operational amplifier, a limit
triode region signal obtained via a triode region detector, or an input voltage
feedforward correction signal obtained via an input voltage feedforward correction
loop.

[0015] To the accomplishment of the foregoing and related ends, the one or more
aspects comprise the features hereinafter fully described and particularly pointed out in
the claims. The following description and the annexed drawings set forth in detail
certain illustrative features of the one or more aspects. These features are indicative,
however, of but a few of the various ways in which the principles of various aspects
may be employed, and this description is intended to include all such aspects and their

equivalents.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016] The above and other objects and advantages of the present innovation will be
apparent upon consideration of the following detailed description, taken in conjunction
with the accompanying drawings, in which like reference characters refer to like parts
throughout, and in which:
[0017] FIG. 1 illustrates an example display implementing light emitting diode strings
in accordance with an aspect of the subject specification;
[0018] FIG. 2 illustrates an example display implementing light emitting diode strings
in accordance with an aspect of the subject specification;
[0019] FIG. 3 is an example graph illustrating the relationship between current and
luminous intensity in an limiting emitting diode in accordance with an aspect of the
subject specification;
[0020] FIG. 4 is a plot illustrating an exemplary relationship between reactive, apparent
and real power for an electrical power system in accordance with an aspect of the
subject specification;
[0021] FIG. 5 illustrates an example phase lag between ac voltage and current

waveforms in accordance with an aspect of the subject innovation;
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[0022] FIG. 6 illustrates an example embodiment of a controller in accordance with an
aspect of the present specification;

[0023] FIG. 7 illustrates an example embodiment of a controller in accordance with an
aspect of the present specification;

[0024] FIG. 8 illustrates an example embodiment of a controller in accordance with an
aspect of the present specification;

[0025] FIG. 9 illustrates an example embodiment of a controller in accordance with an
aspect of the present specification;

[0026] FIG. 10 illustrates an example embodiment of a controller in accordance with an
aspect of the present specification;

[0027] FIG. 11 illustrates an example system in accordance with an aspect of the
subject specification;

[0028] FIG. 12 illustrates an example system in accordance with an aspect of the
subject specification;

[0029] FIG. 13 illustrates an example system in accordance with an aspect of the
subject specification; and

[0030] FIG. 14 illustrates an example methodolody in accordance with an aspect of the

subject specification.

DETAILED DESCRIPTION
[0031] Various aspects are now described with reference to the drawings. In the
following description, for purposes of explanation, numerous specific details are set
forth in order to provide a thorough understanding of one or more aspects. It may be

evident, however, that such aspect(s) may be practiced without these specific details.

20 Ge N1

[0032] As used in this application, the terms “component,” “module,” “system” and the
like are intended to include a computer-related entity, such as but not limited to
hardware, firmware, a combination of hardware and software, software, or software in
execution. For example, a component may be, but is not limited to being, a process
running on a processor, a processor, an object, an executable, a thread of execution, a
program, and/or a computer. By way of illustration, both an application running on a
computing device and the computing device can be a component. One or more
components can reside within a process and/or thread of execution and a component

may be localized on one computer and/or distributed between two or more computers.
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In addition, these components can execute from various computer readable media
having various data structures stored thereon. The components may communicate by
way of local and/or remote processes such as in accordance with a signal having one or
more data packets, such as data from one component interacting with another
component in a local system, distributed system, and/or across a network such as the
Internet with other systems by way of the signal.

[0033] Moreover, the term “or” is intended to mean an inclusive “or” rather than an
exclusive “or.” That is, unless specified otherwise, or clear from the context, the phrase
“X employs A or B” is intended to mean any of the natural inclusive permutations.
That is, the phrase “X employs A or B” is satisfied by any of the following instances: X
employs A; X employs B; or X employs both A and B. In addition, the articles “a” and
“an” as used in this application and the appended claims should generally be construed
to mean “one or more” unless specified otherwise or clear from the context to be
directed to a singular form.

[0034] Various aspects or features will be presented in terms of systems that may
include a number of devices, components, modules, and the like. It is to be understood
and appreciated that the various systems may include additional devices, components,
modules, etc. and/or may not include all of the devices, components, modules etc.
discussed in connection with the figures. A combination of these approaches may also
be used.

[0035] The present innovation relates to circuits and methods for controlling one or
more light emitting diodes (LEDs) or LED drivers. The luminosity of a LED is a
function of the power generated by the drive voltage applied to the LED and the drive
current flowing through the LED. FIG. 4 illustrates a power components relationship
for an exemplary electrical power system. Specifically, FIG. 4 shows the relationship
between reactive power, apparent power and real power of an electrical power system.
Real power is the capacity of the circuit for performing work in a particular time.
Apparent power is the product of the current and the voltage of the circuit. Due to the
energy stored in the load and returned to the source, or due to a non-linear load that
distorts the wave shape of the current drawn from the source, the apparent power can be
greater than the real power. Power factor (PF) is the ratio of real power to apparent

power and can be mathematically defined as follows:
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PF = Real Power + Apparent Power
PF = (Vs X Lis X Cosine A) + (Vims X Lims)
PF = Cosine A

[0036] Wherein, rms means root mean square, + means division, x means
multiplication, and A is the angle between apparent power and real power as shown in
FIG. 4.

[0037] FIG. 5 illustrates a relationship between sinusoidal current and voltage
waveforms as a function of time (t). In this relationship, the current waveform (I) lags
the voltage waveform (V) by a phase difference denoted by the “Phase Shift.” The
“Phase Shift” shown in FIG. 5 corresponds to the angle “A” shown in FIG. 4. In other
words, where the voltage and current waveforms are purely sinusoidal, the Power Factor
is the cosine of the phase angle (A) between the current and voltage sinusoid
waveforms. The Power Factor equals 1 when the voltage and current waveforms are in
phase and is zero when the current waveform leads or lags the voltage waveform by 90
degrees. Ideally, a Power Factor of 1 is desired in power systems because that provides
maximum power to the load.

[0038] The Power Factor is a number between O and 1 that is frequently expressed as a
percentage, for example. 0.7 PI' means 70 percent power factor. In an electric power
system, a load with low power factor draws more current than a load with high power
factor for the same amount of useful power transferred. The higher currents increase the
energy lost in the distribution system, and require larger wires and other equipment.
Because of the costs of larger equipment and wasted energy, electrical utilities will
usually charge a higher cost to industrial or commercial customers where there is a low
power factor.

[0039] Linear loads with low power factor (such as induction motors) can be corrected
with a passive network of capacitors or inductors. Non-linear loads, such as rectifiers,
distort the current drawn from the system. In such cases, active power factor correction
is used to counteract the distortion and raise the power factor.

[0040] The circuit of the present innovation comprises a programmable decentralized
controller coupled to one or more detectors, wherein the one or more detectors are
configured to detect one or more measurable parameters of one or more LEDs or LED

drivers. The controller is configured to receive information from the one or more
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detectors related to the one or more measurable parameters. The controller is also
configured to adjust one or more controllable parameters until one or more detectors
indicate that one or more measurable parameters in one of the LEDs or LED drivers
meet(s) a reference condition. The controller is configured to then set one or more of
the controllable parameters to operate at a value relative to the value of the controllable
parameters at which the reference condition was met.

[0041] The present innovation also includes a method for controlling one or more LEDs
or LED drivers. The method comprises detecting one or more measurable parameters of
the one or more LEDs or LED drivers, receiving information from the one or more
detectors related to the one or more measurable parameters, adjusting one or more
controllable parameters of the one or more LEDs or LED drivers until the measurable
parameters in the one or more LEDs or LED drivers meet a reference condition, and
setting the controllable parameters to operate at a value relative to the value of the
controllable parameters at which the reference condition was met, wherein the setting is
performed by a programmable decentralized controller.

[0042] FIG. 6 illustrates a configuration in which the circuit 62 for controlling at least
one parameter in a load 63 or load driver 64 of the present innovation can be used. The
load 63 can be a string or array of LEDs and the driver 64 can be a driver for an LED
string or array. In FIG. 6, a detector 61 is coupled to the load 63 and/or the driver 64.
The detector 61 detects measurable parameters in the load 63 and/or driver such as
temperature, voltage, current, luminous intensity, or luminous wavelength distribution
or color. The triode region detector of U.S. Patent Application No. 12/111,114, the full
disclosure of which is herein incorporated by reference, is an example of a detector 61
that can be used with the controller 62 of the present innovation. The load 63 is coupled
to a power supply 60 that provides the drive voltage for the LED string 63. The load 63
is also coupled to a driver 64 that regulates the operation of the load 63. The controller
62 is coupled to the power supply 60 such that the controller 62 can control the drive
voltage from the power supply 60. As shown in FIG. 6, the programmable controller 62
of the present innovation is decentralized. That is, the controller 62 is not a necessary
part of the control loop of the power supply loop, but it can influence the power supply
loop. In the example of FIG. 6, the power supply 60 can be initiated and the driver 64
can bring the load 63 to a set of operating conditions without any interaction from the

programmable decentralized controller 62. Therefore, the driver loop comprising the
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power supply 60, the load 63, and the driver 64 can operate independently of the
controller 62. However, at the occurrence of some event or the passage of some
interval, the programmable decentralized controller can adjust the operation of the
driver loop to calibrate and/or optimize a parameter of the driver loop.

[0043] In the following example, the detector 61 is a triode region detector, for
example, the triode region detector disclosed in U.S. Patent Application No.
12/111,114. However, this is merely exemplary and is not limiting. In the case where
the detector 61 is a triode region detector coupled to an LED driver 64, the controller 62
is configured to control the driver 64 and/or the power supply 60 to step the drive
voltage down until the triode region detector 61 sets the triode region flag. The
controller 62 then causes the power supply 60 and or the driver 64 to operate at a drive
voltage some programmable level above the drive voltage at which the triode flag was
set. The controller 62 causes the power supply 60 and/or the driver 64 to set the drive
voltage sufficiently high to avoid operation in the triode region, thereby optimizing
power dissipation in the circuit and improving circuit efficiency.

[0044] In the above example, the controller 62 causes the power supply 60 and/or the
driver 64 to step down the drive voltage. However, the controller 62 can also cause the
power supply 60 and/or the driver 64 to step up the drive voltage according to the
desired application for the controller 62. Also, the controller 62 can control some other
controllable parameter such as current, power, or resistance depending on the
application. Also, in addition to the controller 62 causing the drive voltage to step up or
step down, the controller 62 can wait until the drive voltage or other controllable
parameter is increased or decreased until a reference condition is met. Moreover, in the
above example, the controller 62 causes the power supply 60 and/or the driver 64 to set
the drive voltage sufficiently high to avoid operating in the triode region. Depending on
the application of the controller 62, the controller 62 can cause the power supply 60
and/or the driver 64 to set the drive voltage at any point relative to drive voltage at
which the reference condition, as detected by the detector 61, is met. The reference
condition can be a constant offset from the detected parameter such that the reference
condition is met when the detected parameter is within a positive or negative constant
from some reference for the detected parameter. The reference condition can be a

function of the detected parameter and a reference parameter. The reference condition
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can also be a function of multiple measured parameters such as a combination of
voltage, wavelength and intensity.

[0045] As show in FIG. 7, the controller 72 can comprise a digital-to-analog converter
(“DAC”) and a state machine in one embodiment. The programmable controller of the
present innovation can be programmable and may be implemented in analog, digital or
some combination of these devices and in hardware, software, firmware, or some
combination of these media. The detector 71, the power supply 70, the load 73 and the
driver 74 can be structurally and functionally same or similar to their counterparts in
FIG. 6 61, 60, 63 and 64 respectively.

[0046] As shown in FIG. 8, the programmable decentralized controller 86 can be
coupled to one or more detectors 83, 84, 85 which are coupled to one or more loads and
drivers 80, 81, 82. In this embodiment, the power supply 87 is coupled to one or more
loads and drivers 80, 81, 82. The controller 86 operates as discussed above, causing the
power supply 87 and/or the drivers 80, 81, 82 to adjust a controllable parameter until at
least one of the detectors 83, 84, 85 detects that a reference condition is met in the loads
and/or drivers 80, 81, 82 to which the detector is coupled. The controller 86 can cause
the power supply 87 and/or drivers 80, 81, 82 to operate at a setting of the controllable
parameter relative to the value of the controllable parameter at which the reference
condition in at least one of the loads or drivers 80, 81, 82 was met. The trigger that the
controller 86 uses to cause the power supply 87 and/or drivers 80, 81, 82 to set the
controllable parameter can be detection that the reference condition is met in one of the
loads or drivers 80, 81, 82 or the trigger can be some combination of the reference
condition being met in more than one of the loads or drivers 80, 81, 82. The controller
86 can be programmed to induce a delay between the time the reference condition in
one or more of the loads or drivers 80, 81, 82 is met and the time the controllable
parameter is set.

[0047] As shown in FIG. 9, the controller 906 of the present innovation can be used in
conjunction with one or more other controllers 909. In the example of FIG. 9, an
integrated circuit chip 910 comprises the controller 906 and detectors 903, 904. The
integrated circuit chip 910 can also comprise the controller 909, a detector 905, and a
driver 902. In an alternate embodiment, a second integrated circuit chip 911 can
comprise the controller 909 and the detector 905. The detectors 903, 904, 905 are
coupled to loads and drivers 900, 901, 902 respectively. The loads and drivers 900,
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901, 902 are coupled to a power supply 907. The controllers 906, 909 can be coupled to
a system for inter-chip communication (“SIC”) 908 such as that disclosed in U.S. Patent
Application No. 12/046,280, the entire disclosure of which is herein incorporated by
reference. When the detectors 903, 904, 905 detect that a reference condition is met in
one of the respective loads and/or drivers 900, 901, 902, or in some combination of the
respective loads and drivers 900, 901, 902, at least one of the controllers 906, 909
causes the power supply 907 to set the controllable parameter in the loads and drivers
900, 901, 902.

[0048] The controller 62, 72, 86 or 906 of the present innovation, which can be
integrated in a liquid crystal display having LEDs, LED lighting system, or LED related
driving system, for example, can set one or more controllable parameters at some
regular or adjustable interval or upon certain events such as at initial start up to or upon
a change in some measurable system parameter. The controller 62, 73, 86 or 906 can
also initiate the adjusting of the controllable parameters relative to a change in an
additional measurable system parameter in at least one of the one or more loads and/or
drivers. 'The additional measurable parameter can be the same as the measurable
parameter that is detected by the detectors, or it can be a different measurable
parameter.

[0049] FIG. 10 illustrates a functional block diagram for an exemplary system 1000 of
the present innovation. The system 1000 can be implemented in a liquid crystal display,
for example, and can be used to control the LED strings used for backlighting.
Additionally or alternatively, the system 1000 can be implemented in a light emitting
diode lighting system, or light emitting diode related driving system. One of ordinary
skill in the art will appreciate that the application of the system 1000 is not limited to
LED loads and that other loads involved in television and lighting applications are also
applicable to the system 1000. One of ordinary skill in the art will also appreciate that
the system 1000 is not limited to display applications and can be used for other
applications, for example, for LED street lighting.

[0050] The system 1000 includes a power supply 1026 having power factor correction
capability. The power supply 1026 provides the drive voltage to multiple strings of
LEDs 1, 2 and n. The power supply 1026 can be implemented by using one or more
integrated circuit (IC) chips. The LEDs 1006 of string 1 are coupled to a LED driver
1012 and a controller 1018. The LEDs 1008 of string 2 are coupled to a LED driver
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1014 and a controller 1020. The LEDs 1010 of string n are coupled to a LED driver
1016 and a controller 1022. The driver 1012, 1014 or 1016 can include a field effect
transistor for controllably providing a current path from the power supply 1002 to the
ground by way of the LED string 1, 2 or n respectively. The controller 1018, 1020 or
1022 can be representative of the controller 42, 53, 66 or 906 and can also be referred to
as an efficiency optimizer because one of its purposes is to optimize the efficiency of
the LED string 1, 2 or n respectively.

[0051] The controller 1018, 1020 or 1022 can be a part of a centralized controller that
controls the operation of the LED strings 1, 2 and n, or an independent de-centralized
controller that can influence the operation of the LED strings 1, 2 and n but is not a part
of the centralized controller. The controllers 1018, 1020 and 1022 can be situated on
the same integrated circuit chip or different integrated circuit chips.

[0052] As discussed above, the controllers 1018, 1020 and 1022 receive inputs from
one or more detectors indicative of the operations of their respective strings 1, 2 and n,
or, of the ambient conditions proximate to their respective strings 1, 2 and n. One such
input can include the triode region voltage detection. The triode region refers to an
operation state of a LED string 1, 2 or n in which the current flowing through the LED
string 1, 2 or n increases as a direct result of an increase in the drive voltage supplied by
the power supply 1026. Outside the triode region, the increase in the drive voltage
supplied by the power supply 1026 does not directly change the current flowing through
a LED string 1, 2 or n. The upper voltage limit of the triode region represents the
minimum drive voltage that is required to drive a LED string 1, 2 or n properly.

[0053] In one embodiment of the present innovation, the controllers 1018, 1020 and
1022 are coupled to the power supply by way of an intelligent multiplexer 1024. In
another embodiment of the present innovation, the controllers 1018 and 1020 and 1022
are coupled to the power supply 1026 without using the intelligent multiplexer 1024. In
the embodiment that uses the intelligent multiplexer 1024, the purpose of the intelligent
multiplexer 1024 is to provide additional flexibility in the interaction between the power
supply 1026 and the controllers 1018, 1020 and 1022. For example, the multiplexer
1024 can sequence the timing of interaction of the various strings 1, 2 and n with the
power supply 1026 or can allow only certain strings 1, 2 or n to interact with the power

supply 1026.
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[0054] 'The power supply 1026 is typically available in power supplies of television sets
and other electronic systems and the system 1000 of the present innovation can
intelligently and adaptively optimize the drive needs of the LED strings 1, 2 and n by
transparently inheriting the benefits of the power supply available in a television set in
which the system 1000 is implemented, for example. The system 1000 can be coupled
to the power supply 1026 at Node A shown in Figure 10. The power supply 1026
receives an AC power input, for example, from a wall outlet, and an input from the
system 1000 at Node A, and provides a DC power output to the LED strings 1, 2 and n.

[0055] In the present innovation, a control signal representative of the desired drive
voltage for the LED string 1, 2 and n is injected at Node A. The control signal can
include, for example, a current signal representative of the limit (e.g., upper or lower)
of the triode region voltage for the lead string. For example, the lead string can include
the LED string 1, 2 or n that has the highest upper limit of the triode region voltages of
all the LED strings 1, 2 and n. The controller 1018, 1020 or 1022 of the present
innovation can monitor the triode region voltage limit for the various LED strings 1, 2
and n from time to time, for example, upon initialization and periodically thereafter.
The present innovation thus provides for efficient power management by allowing the
system 1000 to only provide the necessary drive voltage and by eliminating the need for
any dc to dc scaling of the output voltage of the power supply 1026. In the conventional
systems, drive voltages much higher than the upper limit of the triode region voltage are
typically provided, to provide adequate headroom, to account for worst case LED
manufacturing variations and physical changes in the LED strings that can occur with
time and temperature including replacement of damaged LEDs with different LEDs.
Moreover, in the conventional systems, an intermediate dc to dc power supply is placed
between the power supply 1026 and the LED strings 1, 2 and n to scale the output of the
power supply 1026 into the drive voltage for the LED strings. The present innovation
eliminates the need for the intermediate dc to dc power supply because the power
supply 1026 provides the desired drive voltage based on the control signal provided at
Node A. The controllers 1018, 1020 and 1022 of the present innovation provide for on-
the-fly adjustments to the drive voltages by evaluating the triode region limits from time
to time and by eliminating the intermediate dc to dc scaling converter that is
conventionally placed between the power supply 1026 and the LED strings 1, 2 and n.

The elimination of the intermediate dc to dc scaling converter provides savings in terms
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of circuitry components and power and also provides for adaptive power adjustments to
the LED strings. The present innovation thus reduces the wastage of power and
enhances the effectiveness and efficiency of the power distribution system.

[0056] The intelligent multiplexer 1024 provides the power supply 1026 with a current
signal (or alternately a voltage signal) indicative of the desired power supply voltage for
driving the LED strings 1, 2 and n. Power supplies with built in power factor correction
modules are generally available inside television sets and other consumer display
systems. For example, the UC3854 integrated circuit chip made by the Unitrode
Corporation, and the 1.T1249 integrated circuit chip made by the Linear Technology
Corporation provide power correction circuitry and are used in television sets. Node A
of the system 1000 of the present innovation can be coupled to Pin Number 11 of the
UC3854 chip (Vsense Pin) and Pin Number 6 of the 1.T1249 chip (Vsense Pin).

[0057] FIG. 11 illustrates an example embodiment of the power supply 1026 illustrated
in FIG. 10. The example power supply 1026 shown in FIG. 10 uses a boost regulator
1104. One of ordinary skill in the art will appreciate that power supplies with buck,
boost, flyback forward and other power converters are available in the marketplace and
are applicable to the present innovation. The power supply 1026 of FIG. 11 includes an
input current control loop 1112 consisting of the boost power converters 1104, the
multiplier 1114 and the resistors R8 and R15. An alternate current (AC) voltage line is
coupled to a full wave rectifier 1102 and serves as an input to the power supply 1026.
The full wave rectifier 1102 is coupled to the resistors R8 and R15. The full wave
rectifier 1102 generates a full wave rectified sine wave voltage signal Vin. The boost
switching regulator 1104 can force the line current (Iin) to following the envelope of the
line voltage (Vin) and go in phase with it.

[0058] 'The output of the intelligent multiplexer 1024 can be coupled to the inverting
input of the operational amplifier 1110. In the alternative, the output of the controller
1018, 1020 or 1022 can be coupled to the inverting input of the operational amplifier
1110. The current signal provided by the controller 1018, 1020 or 1022 or the
intelligent multiplexer 1024 at Node A to the inverting input of the operational amplifier
1110 is indicative of the desired drive voltage of the LED strings 1, 2 and n. The non-
inverting input of the operational amplifier 1110 is coupled to a reference voltage.

[0059] The output of the operational amplifier 1110 is coupled to the multiplier 1114.
The operational amplifier 1110 provides the signal Verr to the multiplier 1114. The
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multiplier 1114 multiplies the Verr voltage signal with the Vsine voltage signal. The
Vsine voltage signal is a full wave rectified sine wave voltage signal which results from
drop in voltage of Vin caused by the resistors R§ and R15. The current generated by the
input current control loop 1112 is proportional to the Verr voltage multiplied by Vsine
voltage. The dc to dc converter 1104 provides the load 1108 with a drive voltage Vout
and drive current lout that is generated by using the control signal input received from
the efficiency optimizer 1018, 1020 or 1022. The LED strings 1, 2 and n illustrated in
Figure 10 can be represented by the load 1108 in FIG. 11.

[0060] The present innovation provides an advantage over the conventional power
factor correction systems because it directly uses the output of the efficiency optimizer
1018, 1020 or 1022 to drive the LED strings 1, 2, and n. In conventional power factor
correction systems, an intermediate direct current (dc) to direct current (dc) power
regulator interfaces with the PFC power supply to adjust the output voltage of the PFC
power supply to a higher level to provide the LED strings with the worst case scenario
drive voltage that is high enough drive a wide range of LEDs over production variations
and operations in terms of time, temperature and other factors. In that scenario, the
central controller communicates the desired drive voltages to the regulator. Thus, in the
conventional systems, the output of the power factor correction circuitry is adjusted to
provide the desired drive voltages and currents. In the systems and methods of the
present innovation, the input to the power supply 1026 can be adjusted by the efficiency
optimizer 1018, 1020 or 1022 to provide the desired drive voltages and currents to the
LED strings 1, 2 and n. The resistors R3 and R4 and the square block 1116 and the
division block 1106 form the line variation correction loop. One of ordinary skill in the
art will appreciate that the techniques of the present innovation can be applied to wide
ranging power supplies that are available in commercial display systems and that the
power supply 1026 illustrated in FIG. 11 is merely an exemplary one.

[0061] FIG. 12 illustrates an additional example embodiment of the power supply 1026
illustrated in FIG. 10 in accordance with an aspect of the subject innovation. FIG. 11
shows a fully analog implementation of the power supply 1026, whereas FIG. 12
focuses on a discrete time system implementation. As discussed above, an alternate
current (AC) voltage line is coupled to a full wave rectifier 1102 and serves as an input
to the power supply 1026. However the input analog current control loop 1112 has been

replaced by intelligent calibration techniques. For instance, the analog multiplier 1114
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of FIG. 11 has been substituted in favor of the resistor network including R8 and
Rmulstep, wherein Rmulstep is a programmable variable resistor that is controlled via
the output of a state machine 1204 (discussed below).

[0062] A zero-crossing detector 1202 identifies the zero-crossing of the AC input
waveform, or close to the zero-crossing of the half-sine wave output from the full-
bridge rectifier 1102. The zero-crossing detector 1202 can be a low frequency sampling
zero crossing-detector, because by examining the output voltage at about the same time
every cycle, a substantial amount of the undesirable effects of ripple can be mitigated.
In theory, the output voltage is at the average value when the AC waveform is a zero.
[0063] The output of the zero-crossing detector can be provided as input to the state
machine 1204. In addition, the output of the zero-crossing detector 1202 can be
provided to the operational amplifier 1110 for sampling and hold or other purposes.
The operational amplifier 1110 can also obtain an input from the voltage divider
consisting of a resistor R24 and a resistor R25. The operational amplifier 1110 provides
Verr (discussed supra) as an input to the state machine 1204. In addition, the state
machine 1204 obtains a signal detailing the upper bounds of the triode region from a
triode detector 1206 (disclosed in the incorporated reference U.S. Patent Application
No. 12/111,114).

[0064] In the previous example embodiment of FIG. 11, a multiplier was employed
such that the current generated by the input current control loop 1112 was proportional
to the Verr voltage multiplied by Vsine voltage. In this embodiment, the output of the
state machine 1204 controls the programmable variable resistor Rmulstep that
determines the input current and voltage control loop, wherein the output of the state
machine 1204 is based at least on part the detected zero crossings of the input ac
waveform, the upper triode region determined via the triode region detector 1206,
scaled full rectified line Voltage (e.g., Vsine), and the Verr provided by the operational
amplifier 1110.

[0065] FIG. 13 illustrates yet another embodiment of the power supply 1026 illustrated
in FIG. 10 in accordance with an aspect of the subject innovation. FIG. 13 is similar,
but not identical to the embodiment disclosed in FIG. 12. In particular, the power
supply 1026 of FIG. 13 includes an input voltage feedforward correction loop 1302 that
consist of, by way of example, the resistors R26, R27, and the capacitor C10. The input

voltage feed forward correction loop 1302 can be employed by the state machine 1204



WO 2011/090635 PCT/US2010/061011

18

to militate against possible wide control range variation issues due to the Vi, rms’
changes. For instance, the feedforward input 1302 can be implemented as a vector
which is used by the state machine 1204 for signal processing purposes, such as, to
select a table, a mapping, and so forth that is adaptive to the value of Vj,.

[0066] In view of the example systems described supra, methodologies that may be
implemented in accordance with the disclosed subject matter will be better appreciated
with reference to the flow chart of FIG. 14. While for purposes of simplicity of
explanation, the methodologies are shown and described as a series of blocks, it is to be
understood and appreciated that the claimed subject matter is not limited by the order of
the blocks, as some blocks may occur in different orders and/or concurrently with other
blocks from what is depicted and described herein. Moreover, not all illustrated blocks
may be required to implement the methodologies described hereinafter.

[0067] Turning now to FIG. 14, an example methodology is shown in accordance with
an aspect of the subject innovation. At 1402, a set of characteristics can be determined
for one or more light emitting diodes comprising one or more light emitting diode
strings (see FIG. 1). The characteristics can be any of a plurality of measurable
parameters, including but not limited to, an ambient temperature, a luminous intensity,
or a wavelength of light emitted by at least one of the light emitting diodes. As
discussed previously, the characteristics can be determined via a set of detectors
associated with one or more programmable controllers. Additionally or alternatively,
the programmable controller and/or detector can be included in, contained in, or
otherwise integrated with a power supply.

[0068] At 1404, a control signal can be generated. The control signal can indicate to
one or more receiving devices, such as a power supply, a desired value for a drive
voltage. At 1406, power factor correction can be performed on an input ac voltage by
the power supply. As discussed previously, power factor correction can be used to align
voltage and current waveforms in order to attain optimal efficiency. At 1408, the
desired drive voltage can be produced based at least in part on the control signal, and a
value of a programmable variable resistor located in an input current and voltage control
loop. The value of the programmable variable resistor can be controlled via a state
machine, wherein the state machine controls the programmable variable resistor based
at least in part on at least one of a zero crossing signal, a sample of line voltage Vsine, a

discrete error voltage, a limit triode region signal, or an input voltage feedforward
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correction value. As discussed previously, the zero crossing signal can be determined
via a low frequency zero crossing detector included in the power supply. Similarly, the
limit triode region signal can be determined via a triode region detector included the
power supply.

[0069] As used herein, the term “relative to” means that a value A established relative
to a value B signifies that A is a function of the value B. The functional relationship
between A and B can be established mathematically or by reference to a theoretical or
empirical relationship. As used herein, coupled means directly or indirectly connected
in series by wires, traces or other connecting elements. Coupled elements may receive
signals from each other.

[0070] The various illustrative logics, logical blocks, modules, and circuits described in
connection with the embodiments disclosed herein may be implemented or performed
with a general purpose processor, a digital signal processor (DSP), an application
specific integrated circuit (ASIC), a field programmable gate array (FPGA) or other
programmable logic device, discrete gate or transistor logic, discrete hardware
components, or any combination thereof designed to perform the functions described
herein. A general-purpose processor may be a microprocessor, but, in the alternative,
the processor may be any conventional processor, controller, microcontroller, or state
machine. A processor may also be implemented as a combination of computing
devices, e.g., a combination of a DSP and a microprocessor, a plurality of
MiCroprocessors, one or more microprocessors in conjunction with a DSP core, or any
other such configuration. Additionally, at least one processor may comprise one or
more modules operable to perform one or more of the steps and/or actions described
above.

[0071] Further, the steps and/or actions of a method or algorithm described in
connection with the aspects disclosed herein may be embodied directly in hardware, in a
software module executed by a processor, or in a combination of the two. A software
module may reside in RAM memory, flash memory, ROM memory, EPROM memory,
EEPROM memory, registers, a hard disk, a removable disk, a CD-ROM, or any other
form of storage medium known in the art. An exemplary storage medium may be
coupled to the processor, such that the processor can read information from, and write
information to, the storage medium. In the alternative, the storage medium may be

integral to the processor. Further, in some aspects, the processor and the storage
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medium may reside in an ASIC. Additionally, the ASIC may reside in a user terminal.
In the alternative, the processor and the storage medium may reside as discrete
components in a user terminal. Additionally, in some aspects, the steps and/or actions
of a method or algorithm may reside as one or any combination or set of codes and/or
instructions on a machine readable medium and/or computer readable medium, which
may be incorporated into a computer program product.

[0072] In one or more aspects, the functions described may be implemented in
hardware, software, firmware, or any combination thereof. If implemented in software,
the functions may be stored or transmitted as one or more instructions or code on a
computer-readable medium. Computer-readable media includes both computer storage
media and communication media including any medium that facilitates transfer of a
computer program from one place to another. A storage medium may be any available
media that can be accessed by a computer. By way of example, and not limitation, such
computer-readable media can comprise RAM, ROM, EEPROM, CD-ROM or other
optical disk storage, magnetic disk storage or other magnetic storage devices, or any
other medium that can be used to carry or store desired program code in the form of
instructions or data structures and that can be accessed by a computer. Also, any
connection may be termed a computer-readable medium. For example, if software is
transmitted from a website, server, or other remote source using a coaxial cable, fiber
optic cable, twisted pair, digital subscriber line (DSL), or wireless technologies such as
infrared, radio, and microwave, then the coaxial cable, fiber optic cable, twisted pair,
DSL, or wireless technologies such as infrared, radio, and microwave are included in
the definition of medium. Disk and disc, as used herein, includes compact disc (CD),
laser disc, optical disc, digital versatile disc (DVD), floppy disk and blu-ray disc where
disks usually reproduce data magnetically, while discs usually reproduce data optically
with lasers. Combinations of the above should also be included within the scope of
computer-readable media.

[0073] While the foregoing disclosure discusses illustrative aspects and/or
embodiments, it should be noted that various changes and modifications could be made
herein without departing from the scope of the described aspects and/or embodiments as
defined by the appended claims. Furthermore, although elements of the described
aspects and/or embodiments may be described or claimed in the singular, the plural is

contemplated unless limitation to the singular is explicitly stated. Additionally, all or a
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portion of any aspect and/or embodiment may be utilized with all or a portion of any

other aspect and/or embodiment, unless stated otherwise.
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CLAIMS
WHAT IS CLAIMED IS:
1. A circuit for controlling a set of light emitting diode strings, comprising:

a programmable controller having one or more associated detectors, the
programmable controller obtains data related to one or more measureable parameters for
a set of light emitting diode strings via the associated detectors, determines a drive value
based at least in part on the measurable parameters, and generates a control signal based
on the drive value;

a power supply system, having power factor correction capability, obtains the
control signal as a first input, and an ac waveform voltage as a second input, and
generates a drive voltage based at least in part on at least one of the control signal or the
ac waveform voltage; and

a programmable variable resistor included in the power supply for setting a set
of operating conditions for the input current and voltage control loop that facilitate the

power supply in generating the drive voltage.

2. The circuit of claim 1, wherein the programmable variable resistor is controlled

via a state machine.

3. The circuit of claim 2, wherein the state machine controls the programmable
variable resistor based at least in part on at least one of the following inputs: a zero
crossing signal, an input line voltage value, a discrete error voltage, a limit triode region

value, or an input voltage feedforward correction value.

4. The circuit of claim 3, wherein the zero crossing signals are determined via a

zero crossing detector included in the power supply.

5. The circuit of claim 3, wherein the limit triode region signal is determined via a
triode region detector included in the power supply, wherein the triode region detector

determines at least one of an upper limit triode region, or a lower limit triode region.
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6. The circuit of claim 1, wherein the measurable parameters include at least one of
an ambient temperature of at least one of the light emitting diodes in the light emitting
diode strings, a luminous intensity of at least one of the light emitting diodes in the light
emitting diode strings, or a wavelength of light emitted by at least one of the light

emitting diodes in the light emitting diode strings.

7. The circuit of claim 1, wherein the programmable controller includes at least one
of a digital-to-analog converter, a state machine, digital processing circuitry, or analog

processing circuitry.

8. The circuit of claim 7, wherein the state machine included in the programmable

controller is also the state machine included in the power supply.

9. The circuit of claim 1, wherein the circuit is implemented in at least one of a
liquid crystal display, a light emitting diode lighting system, or light emitting diode

related driving system.

10. A method for controlling a set of light emitting diode strings, comprising:

determining at least one characteristic for at least one light emitting diode
included in the light emitting diode strings;

generating a control signal for a drive voltage for at least one of the light
emitting diode strings based at least in part on the characteristics;

performing a power factor correction related to ac current and ac voltage
waveforms inputs for a power supply; and

producing the drive voltage based at least in part on the control signal, and a
value of a programmable variable resistor located in an input current and voltage control

loop.

11. The method of claim 10, further comprising controlling the programmable variable

resistor via a state machine.
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12. The method of claim 11, wherein the state machine controls the programmable
variable resistor based at least in part on at least one of a zero crossing signal, an input
line voltage value, a discrete error voltage, a limit triode region signal, or an input

voltage feedforward correction value.

13. The method of claim 12, further comprising determining the zero crossing

signals via a zero crossing detector included in a power supply.

14. The method of claim 12, further comprising determining the limit triode region

signal via a triode region detector included in a power supply.

15. The method of claim 12, wherein the characteristics include at least one of an
ambient temperature of at least one of the light emitting diodes in the light emitting
diode strings, a luminous intensity of at least one of the light emitting diodes in the light
emitting diode strings, or a wavelength of light emitted by at least one of the light

emitting diodes in the light emitting diode strings.

16. The method of claim 15, further comprising determining the characteristics via a

detector included in a programmable controller.
17. The method of claim 16, wherein the programmable controller includes at least
one of a digital-to-analog converter, a state machine, digital processing circuitry, or

analog processing circuitry.

18. The method of claim 17, wherein the programmable controller and power supply

share one or more components.

19. The method of claim 18, wherein the components include the state machine.
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20. A system facilitating control of a set of light emitting diode strings, comprising:

a programmable controller associated with a set of detectors that measures data
including at least one of an ambient temperature, a luminous intensity, or a wavelength
of light emitted by at least one of the light emitting diodes in the light emitting diode
strings, the controller determines a drive value based at least in part on the data, and
generates a control signal based on the drive value;

a power supply having power factor correction capability that obtains the control
signal as a first input, and an ac waveform voltage as a second input, and generates a
drive voltage based at least in part on the ac voltage; and

a programmable variable resistor included in the power supply that sets a set of
input current and voltage control loop operating conditions that facilitate the power
supply in generating the drive voltage, wherein a state machine controls the
programmable variable resistor based at least in part on at least one of the following
inputs: a zero crossing signal generated via a zero crossing detector, an input line
voltage value obtained via an input voltage controlled input current loop, a discrete error
voltage obtained via an operational amplifier, a limit triode region signal obtained via a
triode region detector, or an input voltage feedforward correction signal obtained via an

input voltage feedforward correction loop.



WO 2011/090635 PCT/US2010/061011

1/14
=
=0
O O oO——O
- -]
O O
(=)
O————O
O O
\© ~
Q O
O O - :
7 o]
e
o——-O0
O O
o o .

DRIVER 1
DRIVER &
DRIVER &

FIG. 1



WO 2011/090635

PCT/US2010/061011

2/14

—
~
-r
e
en
= Q
E O O O O O O O
a
en
en
o~
= S
Fa Fa Fat raY
E O O O O O O O
a
o
e
= = 0 & ™~ xR = —
= o ~ ~ o (ol ~ en
> e e e Ia I I o
E \ \ 9 \9; \9 \
o
a ~

FIG. 2



WO 2011/090635 PCT/US2010/061011

3/14

A
\
o
%
=)
o
-
Z
S
=
-

ALISNALNI SOONIINAT

FIG. 3



WO 2011/090635

PCT/US2010/061011

4/14

HIMOd FALLDVIA

REAL POWER

FIG. 4



PCT/US2010/061011

WO 2011/090635

5/14

S "OId

LATHS
ASVHd
HNILL
-

INHOATAVM
LNHIAND

INHOJAHAVMA

AIOVLTOA

IA
HANLI'TdINV



WO 2011/090635 PCT/US2010/061011

6/14

POWER
SUPPLY
60

LOAD
63

DETECTOR
61

DRIVER
64

CONTROLLER
62

FIG. 6



WO 2011/090635 PCT/US2010/061011

7/14
700
POWER
SUPPLY
70
LOAD
73
DETECTOR
71
DRIVER
| 74
fm————— L
| CONTROLLER 72 I
ﬁ I
|
|
STATE |
: DAC MACHINE |
| I \J

FIG. 7



PCT/US2010/061011

WO 2011/090635

8/14

8 "OId

43

98
A TTOELNOD

YAARA ¥ AVO'T A

L8
A'1dd1S M O0d

<8
JOoLrod1dd

T8
JIAIId ® AVO'1

8
JOoLrod1dd

08
JIAIId ® AVO'1

€8
JOoLrod1dd




PCT/US2010/061011

WO 2011/090635

9/14

6 "OId

|
|
e papp -
=n7 |
306 _ _ _ —_
Sis _ <06 506 _ “ 906
| | doLrdodLrad FATTIOYINOD | | I TIOYLNOD
_ _ |
_ 116 | _
I J
|
|
706 |
YIATIA ¥ AVOT _
|
|
|
_ 706
_ | MOLOALAA
106 _
MIARA % AVOT _
|
|
|
|
006 _ 06
706 _
ATddNS dAMOd o ___

006 —




WO 2011/090635

10/14

PCT/US2010/061011

e 1000
AC DC
INPUT POWER OUTPUT
e SUPPLY
1026
1 2 N
Node A @ LED LOAD LED LOAD LED LOAD
1006 1008 1010
DRIVER DRIVER DRIVER
1012 1014 1016
CONTROLLER CONTROLLER CONTROLLER
1018 1020 1022
INTELLIGENT
MULTIPLEXOR

1024

FIG. 10




PCT/US2010/061011

WO 2011/090635

11/14

11O

21
NOLLDAII0D
) )] AAVAIOd AadA
AAVNOS ADVLTOA 2.8
LNdNI =
JER YN A
+
>
ST w
—_ (2103
2011 (A>D ——
1A (@D A1a LTAIN QUIS A|
83
(481!
dOO1T
INAAAND
T0TT i LNdNI
avol — <O FOTT T
L 4
AOLVINOAA ,,._.:
mnoj A
INOA

ANI'T



PCT/US2010/061011

12/14

WO 2011/090635

<l O

T0eT
YOLDALAA
0CT ONISSOUD [
YOLDALAA »| FOTT ouaz
NOIOTY ANIHOVIN
AQOIUL ALVLS
1z
g
Zrry 3L \ °
) " ) " do0T  Z8¥
= st e— A9VLTOA
p P » INTHAND
2 ” , LOdNI
8aA'T q 9ad1 3 2344
2 ” 011 L
Laa1 iicl| FOTT -
AOLVINOTA ury
oy A
moA
00z1

o

ANI'T
9) 4



PCT/US2010/061011

13/14

WO 2011/090635

¢l Ol

0T
YOLDALAd
9071 UZ%Wm%NMU
YOLOALAd > Al
NOIOTH ANIHOVIA
aaondL ALVLS
f I |

= - § LTd a
T T JAYW ST |_| >

vy 2rd

- - \ X 97
| ; doOoT 2Z8¥ X
> __._H p> o ADV.LIOA T0€T
J3SA P JSA P ¥ INHLAEND ‘
b P e LOdNI
sad1 % 9adT % b344! |
Vo X 8011 1 ANIT
Vol 7 T
Lad1 + Sad'1 + avort FOTT 0T IV
| JOLVINOTY iy
jnog UIA =
oA
ooct




WO 2011/090635 PCT/US2010/061011

14/14

1400
( START )
DETERMINE — 1402

CHARACTERISTICS

GENERATE CONTROL |— 1404
SIGNAL

PERFORM POWER | 1406
FACTOR CORRECTION

PRODUCE DRIVE | 1408
VOLTAGE

( stop )

FIG. 14



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2010/061011

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO5B33/08
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO5B

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A US 2009/231247 Al (DHAYAGUDE TUSHAR [US] 1-20
ET AL) 17 September 2009 (2009-09-17)
the whole document

A WO 2009/016588 Al (NXP BV [NL]; DEIXLER 1,10,20
PETER [NL]) 5 February 2009 (2009-02-05)
the whole document

A US 2008/224629 Al (MELANSON JOHN L [US]) 1-20
18 September 2008 (2008-09-18)
paragraph [0027] - paragraph [0083];
figures 1-8

D Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents : . . . .

"T" later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

"A" document defining the general state of the art which is not
considered to be of particular relevance

"E" earlier document but published on or after the international "X* document of particular relevance; the claimed invention

filing date cannot be considered novel or cannot be considered to
"L" document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone
which is cited to establish the publication date of another "Y* document of particular relevance; the claimed invention

citation or other special reason (as specified) cannot be considered to involve an inventive step when the

"O" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-
other means ments, such combination being obvious to a person skilled
"P" document published prior to the international filing date but inthe art.
later than the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report

28 June 2011 06/07/2011

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, .
Fax: (+31-70) 340-3016 Henderson, Richard

Form PCT/ISA/210 (second sheet) (April 2005)



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2010/061011
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2009231247 Al 17-09-2009  NONE
WO 2009016588 Al 05-02-2009  CN 101766056 A 30-06-2010
EP 2186381 Al 19-05-2010
US 2010201274 Al 12-08-2010
US 2008224629 Al 18-09-2008  US 7852017 Bl 14-12-2010
US 2008224636 Al 18-09-2008
US 2010308742 Al 09-12-2010

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - wo-search-report
	Page 42 - wo-search-report

