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SOLID STATE LIGHTING PANELS WITH VARIABLE VOLTAGE BOOST CURRENT
SOURCES

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is a continuation of U.S. Application 13/469,188, filed May
11, 2012, entitled “SOLID STATE LIGHTING PANELS WITH VARIABLE BOOST
CURRENT SOURCES” which is a continuation of U.S. Application 12/977,422, filed
December 23, 2010, entitled "SOLID STATE LIGHTING PANELS WITH VARIABLE
VOLTAGE BOOST CURRENT SOURCES" which is a continuation of U.S. Application
11/601,504, filed November 17, 2006, entitled "SOLID STATE LIGHTING PANELS WITH
VARIABLE VOLTAGE BOOST CURRENT SOURCES" which claims priority to U. S.
Provisional Patent Application No. 60/738,305 entitled "SYSTEM AND METHOD FOR
INTERCONNECTION AND INTEGRATION OF LED BACKLIGHTING MODULES"
filed November 18, 2005, the disclosures of which are hereby incorporated herein by

reference as if set forth in its entirety.

FIELD OF THE INVENTION
[0002] The present invention relates to solid state lighting, and more particularly to
adjustable solid state lighting panels and to systems and methods for generating high voltages

for illuminating solid state lighting panels.

BACKGROUND

[0003] Solid state lighting arrays are used for a number of lighting applications.
For example, solid state lighting panels including arrays of solid state lighting devices have
been used as direct illumination sources, for example, in architectural and/or accent lighting.
A solid state lighting device may include, for example, a packaged light emitting device
including one or more light emitting diodes (LEDs). Inorganic LEDs typically include
semiconductor layers forming p-n junctions, Organic LEDs (OLEDs), which include organic
light emission layers, are another type of solid state light emitting device. Typically, a solid
state light emitting device generates light through the recombination of electronic carriers, i.e.
electrons and holes, in a light emitting layer or region.

[0004] Solid state lighting panels are commonly used as backlights for small liquid
crystal display (LCD) display screens, such as LCD display screens used in portable

1
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electronic devices. In addition, there has been increased interest in the use of solid state
lighting panels as backlights for larger displays, such as LCD television displays.

[0005] For smaller LCD screens, backlight assemblies typically employ white LED
lighting devices that include a blue-emitting LED coated with a wavelength conversion
phosphor that converts some of the blue light emitted by the LED into yellow light. The
resulting light, which is a combination of blue light and yellow light, may appear white to an
observer. However, while light generated by such an arrangement may appear white, objects
illuminated by such light may not appear to have a natural coloring, because of the limited
spectrum of the light. For example, because the light may have little energy in the red
portion of the visible spectrum, red colors in an object may not be illuminated well by such
light. As aresult, the object may appear to have an unnatural coloring when viewed under
such a light source.

[0006] The color rendering index of a light source is an objective measure of the
ability of the light generated by the source to accurately illuminate a broad range of colors.
The color rendering index ranges from essentially zero for monochromatic sources to nearly
100 for incandescent sources. Light generated from a phosphor-based solid state light source
may have a relatively low color rendering index.

[0007] For large-scale illumination applications, it is often desirable to provide a
lighting source that generates a white light having a high color rendering index, so that
objects illuminated by the lighting panel may appear more natural. Similarly, for display
backlight applications, it may be desirable to provide a backlight source that permits the
display to have a large range of displayable colors (color gamut). Accordingly, such lighting
sources may typically include an array of solid state lighting devices including red, green and
blue light emitting devices. When red, green and blue light emitting devices are energized
simultaneously, the resulting combined light may appear white, or nearly white, depending
on the relative intensities of the red, green and blue sources, which may provide a high color
rendering index. There are many different hues of light that may be considered "white." For
example, some "white" light, such as light generated by sodium vapor lighting devices, may
appear yellowish in color, while other "white" light, such as light generated by some
fluorescent lighting devices, may appear more bluish in color.  Similarly, a display may
generate a large range of colors by altering the relative intensities of the red, green and blue
light sources of a backlight unit.

[0008] For larger display and/or illumination applications, multiple solid state lighting

tiles may be connected together, for example, in a two dimensional array, to form a larger

2
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lighting panel. Such lighting panels may generate a significant amount of heat, however, due
to the large number of light emitting devices included therein and/or due to the operation of
electronic driver circuitry included in the lighting panel. Heat generated by the lighting panel
must be dissipated or else the lighting panel may overheat, potentially damaging the lighting
panel and/or components thereof, In order to dissipate a large amount of heat, a lighting
panel may be provided with heat sinks and/or other surfaces from which excess heat may be
radiated. Such features may be undesirable for a lighting panel, however, since they may be

bulky, heavy and/or expensive.

SUMMARY

[0009] A lighting system according to some embodiments of the invention includes
a lighting panel having a string of solid state lighting devices and a current supply circuit
having a voltage input terminal, a control input terminal, and first and second output
terminals coupled to the string of solid state lighting devices. The current supply circuit may
be configured to supply an on-state drive current to the string of solid state lighting devices in
response to a control signal. The current supply circuit may include a charging inductor
coupled to the voltage input terminal and an output capacitor coupled to the first output
terminal. The current supply circuit may be configured to operate in continuous conduction
mode in which a varying or constant current continuously flows through the charging
inductor while the on-state drive current is supplied to the string of solid state light emitting
devices.

[0010] The current supply circuit may include a rectifier having an anode coupled
to the charging inductor and a cathode coupled to the storage capacitor, a controller having a
control input and first and second control outputs, and a first control transistor coupled to the
anode of the rectifier and having a control terminal coupled to the first control output of the
controller. The first control transistor may be configured to cause the charging inductor to be
energized in response to a first control signal from the controller and to cause energy stored
in the charging inductor to be discharged through the rectifier and into the output capacitor in
response to the first control signal.

[0011] The lighting system may further include a second control transistor coupled
to the second output terminal of the current supply circuit and having an input coupled to the
second control output of the controller. The second control transistor may be configured to
cause a voltage stored in the output capacitor to be applied to the first output terminal of the

current supply circuit in response to a second control signal from the controller.

3
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[0012] . The current supply circuit may further include a low pass filter between the
second control output and the second control transistor,

[0013] The current supply circuit may further include a sense resistor coupled to the
second output terminal of the current supply circuit, and the controller may further include a
feedback input coupled to the sense resistor. The controller may be configured to activate the
second control signal in response to a feedback signal received on the feedback input.

[0014] The current supply circuit may further include a low pass filter coupled
between the sense resistor and the feedback input of the controller.

[0015] The charging inductor may have an inductance of about 50 uH to about
1.3mH. In particular embodiments, the charging inductor may have an inductance of about
680 nH. The current supply circuit may be a variable voltage boost current supply circuit.

[0016] The lighting system may further include a plurality of strings of solid state
light emitting devices and a plurality of current supply circuits coﬁnected to respective ones
of the strings of solid state light emitting devices and configured to operate in continuous
conduction mode.

[0017] The current supply circuit may be configured to convert at least about 85%
of input power into output power. In some embodiments, the current supply circuit may be
configured to convert at least about 90% of input power into output power.

[0018] Some embodiments of the invention provide methods of generating an on-
state drive current for driving a string of solid state light emitting devices in a lighting
system. The methods include energizing a charging inductor with an input voltage,
discharging energy stored in the charging inductor into an output capacitor, and applying a
voltage on the output capacitor to the string of solid state lighting devices, wherein current
continuously flows through the charging inductor while the on-state drive current is supplied
to the string of solid state light emitting devices.

[0019] Discharging energy stored in the charging inductor into an output capacitor
may include discharging energy stored in the charging inductor through a rectifier.
Energizing the charging inductor with an input voltage may include activating a first control
transistor coupled to the charging inductor with a first control signal.

[0020] The methods may further include detecting an output current and activating
the first control transistor in response to the detected output current. Applying a voltage on
the output capacitor to the string of solid state lighting devices may include activating a

second control transistor coupled to the string with a second control signal.
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[0021] - The methods may further include filtering the second control signal and
applying the filtered second control signal to the second control transistor. The methods may
further include filtering the detected output current using a low pass filter.

[0022] A lighting system according to some embodiments of the invention includes
a lighting panel including a first string of solid state lighting devices configured to emit red
light, a second string of solid state lighting devices configured to emit green light, and a third
string of solid state lighting devices configured to emit blue light, and at least three current
supply circuits coupled to the first, second and third strings, respectively. Each of the current
supply circuits may include a variable voltage boost, constant current power supply circuit
configured to operate in continuous current mode.

[0023] The lighting system may further include a digital control system coupled to
the current supply circuits and configured to generate a plurality of pulse width modulation
(PWM) control signals. Each of the current supply circuits is configured to supply an on-
state drive current to the respective string of solid state lighting devices in response to one of
the plurality of PWM control signals generated by the digital control system.

[0024] The digital control system may include a closed loop digital control system
that is configured to generate the PWM control signals in response to sensor output signals

generated by at least one light sensor in response to light output by the lighting panel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The accompanying drawings, which are included to provide a further
understanding of the invention and are incorporated in and constitute a part of this
application, illustrate certain embodiment(s) of the invention. In the drawings:

[0026] Figure 1 is a front view of a solid state lighting tile in accordance with some
embodiments of the invention;

[0027] Figure 2 is a top view of a packaged solid state lighting device including a
plurality of LEDs in accordance with some embodiments of the invention;

[0028] Figure 3 is a schematic circuit diagram illustrating the electrical
interconnection of LEDs in a solid state lighting tile in accordance with some embodiments
of the invention;

[0029] Figure 4A is a front view of a bar assembly including multiple solid state
lighting tiles in accordance with some embodiments of the invention;

[0030] Figure 4B is a front view of a lighting panel in accordance with some

embodiments of the invention including multiple bar assemblies;
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[0031] Figure 5 is a schematic block diagram illustrating a lighting system in
accordance with some embodiments of the invention;

[0032] Figures 6A-6D are a schematic diagrams illustrating possible configurations
of photosensors on a lighting panel in accordance with some embodiments of the invention;

[0033] Figures 7-8 are schematic diagrams illustrating elements of a lighting
system according to some embodiments of the invention;

[0034] Figure 9 is a schematic circuit diagram of a current supply circuit according
to some embodiments of the invention; and

[0035] Figure 10 is a graph of inductor current versus time for a current supply

circuit according to some embodiments of the invention.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

[0036] Embodiments of the present invention now will be described more fully
hereinafter with reference to the accompanying drawings, in which embodiments of the
invention are shown. This invention may, however, be embodied in many different forms
and should not be construed as limited to the embodiments set forth herein. Rather, these
embodiments are provided so that this disclosure will be thorough and complete, and will
fully convey the scope of the invention to those skilled in the art. Like numbers refer to like
elements throughout.

[0037] It will be understood that, although the terms first, second, etc. may be used
herein to describe various elements, these elements should not be limited by these terms.
These terms are only used to distinguish one element from another. For example, a first
element could be termed a second element, and, similarly, a second element could be termed
a first element, without departing from the scope of the present invention. As used herein,
the term "and/or" includes any and all combinations of one or more of the associated listed
items.

[0038] It will be understood that when an element such as a layer, region or
substrate is referred to as being "on" or extending "onto" another element, it can be directly
on or extend directly onto the other element or intervening elements may also be present. In
contrast, when an element is referred to as being "directly on" or extending "directly onto"
another element, there are no intervening elements present. It will also be understood that
when an element is referred to as being "connected" or "coupled" to another element, it can

be directly connected or coupled to the other element or intervening elements may be present.
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In contrast; when an element is referred to as being "directly connected" or "directly coupled”
to another element, there are no intervening elements present.

[0039] Relative terms such as "below" or "above" or "upper" or "lower" or
"horizontal" or "vertical" may be used herein to describe a relationship of one element, layer
or region to another element, layer or region as illustrated in the figures. It will be
understood that these terms are intended to encompass different orientations of the device in
addition to the orientation depicted in the figures.

[0040] The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of the invention. As used herein, the
singular forms "a", "an" and "the" are intended to include the plural forms as well, unless the
context clearly indicates otherwise. It will be further understood that the terms "comprises,"
"comprising," "includes" and/or "including" when used herein, specify the presence of stated
features, integers, steps, operations, elements, and/or components, but do not preclude the
presence or addition of one or more other features, integers, steps, operations, elements,
components, and/or groups thereof.

[0041] Unless otherwise defined, all terms (including technical and scientific terms)
used herein have the same meaning as commonly understood by one of ordinary skill in the
art to which this invention belongs. It will be further understood that terms used herein
should be interpreted as having a meaning that is consistent with their meaning in the context
of this specification and the relevant art and will not be interpreted in an idealized or overly
formal sense unless expressly so defined herein. ‘

[0042] The present invention is described below with reference to flowchart
illustrations and/or block diagrams of methods, systems and computer program products
according to embodiments of the invention. It will be understood that some blocks of the
flowchart illustrations and/or block diagrams, and combinations of some blocks in the
flowchart illustrations and/or block diagrams, can be implemented by computer program
instructions. These computer program instructions may be stored or implemented in a
microcontroller, microprocessor, digital signal processor (DSP), field programmable gate
array (FPGA), a state machine, programmable logic controller (PLC) or other processing
circuit, general purpose computer, special purpose computer, or other programmable data
processing apparatus such as to produce a machine, such that the instructions, which execute
via the processor of the computer or other programmable data processing apparatus, create

means for implementing the functions/acts specified in the flowchart and/or block diagram

block or blocks.
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[0043] - These computer program instructions may also be stored in a computer
readable memory that can direct a computer or other programmable data processing apparatus
to function in a particular manner, such that the instructions stored in the computer readable
memory produce an article of manufacture including instruction means which implement the
function/act specified in the flowchart and/or block diagram block or blocks.

[0044] The computer program instructions may also be loaded onto a computer or
other programmable data processing apparatus to cause a series of operational steps to be
performed on the computer or other programmable apparatus to produce a computer
implemented process such that the instructions which execute on the computer or other
programmable apparatus provide steps for implementing the functions/acts specified in the
flowchart and/or block diagram block or blocks. It is to be understood that the functions/acts
noted in the blocks may occur out of the order noted in the operational illustrations. For
example, two blocks shown in succession may in fact be executed substantially concurrently
or the blocks may sometimes be executed in the reverse order, depending upon the
functionality/acts involved. Although some of the diagrams include arrows on
communication paths to show a primary direction of communication, it is to be understood
that communication may occur in the opposite direction to the depicted arrows.

[0045] Referring now to Figure 1, a solid state lighting tile 10 may include thereon
a number of solid state lighting elements 12 arranged in a regular and/or irregular two
dimensional array. The tile 10 may include, for example, a printed circuit board (PCB) on
which one or more circuit elements may be mounted. In particular, a tile 10 may include a
metal core PCB (MCPCB) including a metal core having thereon a polymer coating on which
patterned metal traces (not shown) may be formed. MCPCB material, and material similar
thereto, is commercially available from, for example, The Bergquist Company. The PCB
may further include heavy clad (4 oz. copper or more) and/or conventional FR-4 PCB
material with thermal vias. MCPCB material may provide improved thermal performance
compared to conventional PCB material. However, MCPCB material may also be heavier
than conventional PCB material, which may not include a metal core.

[0046] In the embodiments illustrated in Figure 1, the lighting elements 12 are
multi-chip clusters of four solid state emitting devices per cluster. In the tile 10, four lighting
elements 12 are serially arranged in a first path 20, while four lighting elements 12 are
serially arranged in a second path 21. The lighting elements 12 of the first path 20 are
connected, for example via printed circuits, to a set of four anode contacts 22 arranged at a

first end of the tile 10, and a set of four cathode contacts 24 arranged at a second end of the
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tile 10. The lighting elements 12 of the second path 21 are connected to a set of four anode
contacts 26 arranged at the second end of the tile 10, and a set of four cathode contacts 28
arranged at the first end of the tile 10.

[0047] The solid state lighting elements 12 may include, for example, organic
and/or inorganic light emitting devices. An example of a solid state lighting element 12 for
high power illumination applications is illustrated in Figure 2. A solid state lighting element
12 may comprise a packaged discrete electronic component including a carrier substrate 13
on which a plurality of LED chips 16 A-16D are mounted. In other embodiments, one or
more solid state lighting elements 12 may comprise LED chips 16 A-16D mounted directly
onto electrical traces on the surface of the tile 10, forming a multi-chip module or chip on
board assembly. Suitable tiles are disclosed in commonly assigned US Patent Application
Serial No. 11/368,976 entitled "ADAPTIVE ADJUSTMENT OF LIGHT OUTPUT OF
SOLID STATE LIGHTING PANELS" filed March 6, 2006 (Attorney Docket 5308-632), the
disclosure of which is incorporated herein by reference.

[0048] The LED chips 16 A-16D may include at least a red LED 16A, a green LED
16B and a blue LED 16C. The blue and/or green LEDs may be InGaN-based blue and/or
green LED chips available from Cree, Inc., the assignee of the present invention. The red
LEDs may be, for example, AllInGaP LED chips available from Epistar, Osram Opto
Semiconductors and others. The lighting element 12 may include an additional green LED
16D in order to make more green light available.

[0049] In some embodiments, the LEDs 16 may have a square or rectangular
periphery with an edge length of about 900 um or greater (i.e. so-called "power chips."
However, in other embodiments, the LED chips 16 may have an edge length of 500 um or
less (i.e. so-called "small chips™). In particular, small LED chips may operate with better
electrical conversion efficiency than power chips. For example, green LED chips with a
maximum edge dimension less than 500 microns and as small as 260 um, may commonly
have a higher electrical conversion efficiency than 900 um chips, and are known to typically
produce 55 lumens of luminous flux per Watt of dissipated electrical power and as much as
90 lumens or more of luminous flux per Watt of dissipated electrical power.

[0050] As further illustrated in Figure 2, the LEDs 16A-16D may be covered by an
encapsulant 14, which may be clear and/or may include light scattering particles, phosphors,
and/or other elements to achieve a desired emission pattern, color and/or intensity. While not
illustrated in Figure 2, the lighting device 12 may further include a reflector cup surrounding

the LEDs 16A-16D, a lens mounted above the LEDs 16A-16D, one or more heat sinks for
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removing heat from the lighting device, an electrostatic discharge protection chip, and/or
other elements.

[0051] LED chips 16A-16D of the lighting elements 12 in the tile 10 may be
electrically interconnected as shown in the schematic circuit diagram in Figure 3. As shown
therein, the LEDs may be interconnected such that the blue LEDs 16A in the first path 20 are
connected in series to form a string 20A. Likewise, the first green LEDs 16B in the first path
20 may be arranged in series to form a string 20B, while the second green LEDs 16D may be
arranged in series to form a separate string 20D. The red LEDs 16C may be arranged in
series to form a string 20C. Each string 20A-20D may be connected to an anode contact
22A-22D arranged at a first end of the tile 10 and a cathode contact 24A-24D arranged at the
second end of the tile 10, respectively.

[0052] A string 20A-20D may include all, or less than all, of the corresponding
LEDs in the first path 20 or the second path 21. For example, the string 20A may include all
of the blue LEDs from all of the lighting elements 12 in the first path 20. Alternatively, a
string 20A may include only a subset of the corresponding LEDs in the first path 20.
Accordingly the first path 20 may include four serial strings 20A-20D arranged in parallel on
the tile 10.

[0053] The second path 21 on the tile 10 may include four serial strings 21A, 21B,
21C, 21D arranged in parallel. The strings 21A to 21D are connected to anode contacts 26A
to 26D, which are arranged at the second end of the tile 10 and to cathode contacts 28A to
28D, which are arranged at the first end of the tile 10, respectively.

[0054] It will be appreciated that, while the embodiments illustrated in Figures 1-3
include four LED chips 16 per lighting device 12 which are electrically connected to form at
least four strings of LEDs 16 per path 20, 21, more and/or fewer than four LED chips 16 may
be provided per lighting device 12, and more and/or fewer than four LED strings may be
provided per path 20, 21 on the tile 10. For example, a lighting device 12 may include only
one green LED chip 16B, in which case the LEDs may be connected to form three strings per
path 20, 21. Likewise, in some embodiments, the two green LED chips in a lighting device
12 may be connected in serial to one another, in which case there may only be a single string
of green LED chips per path 20, 22. Further, a tile 10 may include only a single path 20
instead of plural paths 20, 21 and/or more than two paths 20, 21 may be provided on a single
tile 10.

[0055] Multiple tiles 10 may be assembled to form a larger lighting bar assembly

30 as illustrated in Figure 4A. As shown therein, a bar assembly 30 may include two or
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more tiles 10, 10°, 10”’ connected end-to-end. Accordingly, referring to Figures 3 and 4, the
cathode contacts 24 of the first path 20 of the leftmost tile 10 may be electrically connected to
the anode contacts 22 of the first path 20 of the central tile 10, and the cathode contacts 24 of
the first path 20 of the central tile 10’ may be electrically connected to the anode contacts 22
of the first path 20 of the rightmost tile 10”’, respectively. Similarly, the anode contacts 26 of
the second path 21 of the leftmost tile 10 may be electrically connected to the cathode
contacts 28 of the second path 21 of the central tile 10°, and the anode contacts 26 of the
second path 21 of the central tile 10’ may be electrically connected to the cathode contacts 28
of the second path 21 of the rightmost tile 10°°, respectively.

[0056] Furthermore, the cathode contacts 24 of the first path 20 of the rightmost tile
10°’ may be electrically connected to the anode contacts 26 of the second path 21 of the
rightmost tile 10’ by a loopback connector 35. For example, the loopback connector 35 may
electrically connect the cathode 24 A of the string 20A of blue LED chips 16A of the first
path 20 of the rightmost tile 10°¢ with the anode 26A of the string 21A of blue LED chips of
the second path 21 of the rightmost tile 10”’. In this manner, the string 20A of the first path
20 may be connected in serial with the string 21 A of the second path 21 by a conductor 35A
of the loopback connector 35 to form a single string 23A of blue LED chips 16. The other
strings of the paths 20, 21 of the tiles 10, 10°, 10°’ may be connected in a similar manner.

[0057] The loopback connector 35 may include an edge connector, a flexible wiring
board, or any other suitable connector. In addition, the loop connector may include printed
traces formed on/in the tile 10.

[0058] While the bar assembly 30 shown in Figure 4A is a one dimensional array
of tiles 10, other configurations are possible. For example, the tiles 10 could be connected in
a two-dimensional array in which the tiles 10 are all located in the same plane, or in a three
dimensional configuration in which the tiles 10 are not all arranged in the same plane.
Furthermore the tiles 10 need not be rectangular or square, but could, for example, be
hexagonal, triangular, or the like.

[0059] Referring to Figure 4B, in some embodiments, a plurality of bar assemblies
30 may be combined to form a lighting panel 40, which may be used, for example, as a
backlighting unit (BLU) for an LCD display. As shown in Figure 4B, a lighting panel 40
may include four bar assemblies 30, each of which includes six tiles 10. The rightmost tile
10 of each bar assembly 30 includes a loopback connector 35. Accordingly, each bar

assembly 30 may include four strings 23 of LEDs (i.e. one red, two green and one blue).
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Alternatively, each bar assembly 30 may include three strings 23 of LEDs (i.e. one red, one
green and one blue).

[0060] In embodiments including four LED strings 23 (one red, two green and one
blue) per bar assembly 30, a lighting panel 40 including nine bar assemblies may have 36
separate strings of LEDs. In embodiments including three LED strings 23 (one red, one
green and one blue) per bar assembly 30, a lighting panel 40 including nine bar assemblies
may have 27 separate strings of LEDs. Moreover, in a bar assembly 30 including six tiles 10
with eight solid state lighting elements 12 each, an LED string 23 may include 48 LEDs
connected in serial.

[0061] For some types of LEDs, in particular blue and/or green LEDs, the forward
voltage (V1) may vary by as much as +/- 0.75V from a nominal value from chip to chip ata
standard drive current of 20 mA. A typical blue or green LED may have a Vfof 3.2 Volts.
Thus, the forward voltage of such chips may vary by as much as 25%. For a string of LEDs
containing 48 LEDs, the total Vf required to operate the string at 20mA may vary by as much
as +/- 36V.

[0062] Accordingly, depending on the particular characteristics of the LEDs in a
bar assembly, a string of one light bar assembly (e.g. the blue string) may require
significantly different operating voltage compared to a corresponding string of another bar
assembly. If the power supply is not designed accordingly, these variations may significantly
affect the color and/or brightness uniformity of a lighting panel that includes multiple tiles 10
and/or bar assemblies 30, as such Vf variations may lead to variations in brightness and/or
hue from tile to tile and/or from bar to bar. For example, current differences from string to
string, which may result from large LED string voltage variations, may lead to large
differences in the flux, peak wavelength, and/or dominant wavelength output by a string.
Variations in LED drive current on the order of 5% or more may result in unacceptable
variations in light output from string to string and/or from tile to tile. Such variations may
significantly affect the overall color gamut, or range of displayable colors, of a lighting panel
and/or may affect the uniformity of color and/or luminance, of a lighting panel.

[0063] In addition, the light output characteristics of LED chips may change during
their operational lifetime. For example, the light output by an LED may change over time
and/or with ambient temperature.

[0064] In order to provide consistent, controllable light output characteristics for a
lighting panel, some embodiments of the invention provide a lighting panel having two or

more serial strings of LED chips. An independent current control circuit is provided for each
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of the strings of LED chips. Furthermore, current to each of the strings may be individually
controlled, for example, by means of pulse width modulation (PWM) and/or pulse frequency
modulation (PFM). The width of pulses applied to a particular string in a PWM scheme (or
the frequency of pulses in a PFM scheme) may be based on a pre-stored pulse width
(frequency) value that may be modified during operation based, for example, on a user input
and/or a sensor input.

[0065] Accordingly, referring to Figure 5, a lighting system 200 is shown. The
lighting system 200, which may be a backlight for an LCD display panel, includes a lighting
panel 40. The lighting panel 40 may include, for example, a plurality of bar assemblies 30,
which, as described above, may include a plurality of tiles 10. However, it will be
appreciated that embodiments of the invention may be employed in conjunction with lighting
panels formed in other configurations. For example, some embodiments of the invention
may be employed with solid state backlight panels that include a single, large area tile.

[0066] In particular embodiments, however, a lighting panel 40 may include a
plurality of bar assemblies 30, each of which may have four cathode conncbctors and four
anode connectors corresponding to the anodes and cathodes of four independent strings 23 of
LEDs each having the same dominant wavelength. For example, each bar assembly 23 may
have a red string 23A, two green strings 23B, 23D, and a blue string 23C, each with a
corresponding pair of anode/cathode contacts on one side of the bar assembly 30. In
particular embodiments, a lighting panel 40 may include nine bar assemblies 30. Thus, a
lighting panel 40 may include 36 separate LED strings (or 27 strings if only one green string
is included per bar assembly).

[0067] A current driver 220 provides independent current control for each of the
LED strings 23 of the lighting panei 40. For example, the current driver 220 may provide
independent current control for 36 (or 27) separate LED strings in the lighting panel 40. The
current driver 220 may provide a constant current source for each of the 36 (or 27) separate
LED strings of the lighting panel 40 under the control of a controller 230. In some
embodiments, the controller 230 may be implemented using an 8-bit microcontroller such as
a PIC18F8722 from Microchip Technology Inc., which may be programmed to provide pulse
width modulation (PWM) control of 36 separate current supply blocks within the driver 220
for the 36 (or 27) LfED strings 23.

[0068] Pulse width information for each of the 36 (or 27) LED strings may be

obtained by the controller 230 from a color management unit 260, which may in some
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embodiments include a color management controller such as the Avago HDJD-J822-SCR00
color management controller.

[0069] The color management unit 260 may be connected to the controller 230
through an I2C (Inter-Integrated Circuit) communication link 235. The color management
unit 260 may be configured as a slave device on an 12C communication link 235, while the
controller 230 may be configured as a master device on the link 235. 12C communication
links provide a low-speed signaling protocol for communication between integrated circuit
devices. The controller 230, the color management unit 260 and the communication link 235
may together form a feedback control system configured to control the light output from the
lighting panel 40. The registers R1-R9, etc., may correspond to internal registers in the
controller 230 and/or may correspond to memory locations in a memory device (not shown)
accessible by the controller 230.

[0070] The controller 230 may include a register, e.g. registers R1-R9, G1A-G9A,
B1-B9, G1B-G9B, for each LED string 23, i.e. for a lighting unit with 36 LED strings 23, the
color management unit 260 may include at least 36 registers. Each of the registers is
configured to store pulse width information for one of the LED strings 23. The initial values
in the registers may be determined by an initialization/calibration process. However, the
register values may be adaptively changed over time based on user input 250 and/or input
from one or more sensors 240 coupled to the lighting panel 40.

[0071] The sensors 240 may include, for example, a temperature sensor 240A, one
or more photosensors 240B, and/or one or more other sensors 240C. In particular
embodiments, a lighting panel 40 may include one photosensor 240B for each bar assembly
30 in the lighting panel. However, in other embodiments, one photosensor 240B could be
provided for each LED string 30 in the lighting panel. In other embodiments, each tile 10 in
the lighting panel 40 may include one or more photosensors 240B.

[0072] In some embodiments, the photosensor 240B may include photo-sensitive
regions that are configured to be preferentially responsive to light having different dominant
wavelengths. Thus, wavelengths of light generated by different LED strings 23, for example
ared LED string 23A and a blue LED string 23C, may generate separate outputs from the
photosensor 240B. In some embodiments, the photosensor 240B may be configured to
independently sense light having dominant wavelengths in the red, green and blue portions of
the visible spectrum. The photosensor 240B may include one or more photosensitive
devices, such as photodiodes. The photosensor 240B may include, for example, an Avago

HDJD-S831-QT333 tricolor photo sensor.
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[0073] - Sensor outputs from the photosensors 240B may be provided to the color
management unit 260, which may be configured to sample such outputs and to provide the
sampled values to the controller 230 in order to adjust the register values for corresponding
LED strings 23 in order to correct variations in light output on a string-by-string basis. In
some embodiments, an application specific integrated circuit (ASIC) may be provided on
each tile 10 along with one or more photosensors 240B in order to pre-process sensor data
before it is provided to the color management unit 260, Furthermore, in some embodiments,
the sensor output and/or ASIC output may be sampled directly by the controller 230.

[0074] The photosensors 240B may be arranged at various locations within the
lighting panel 40 in order to obtain representative sample data. Alternatively and/or
additionally, light guides such as optical fibers may be provided in the lighting panel 40 to
collect light from desired locations. In that case, the photosensors 240B need not be arranged
within an optical display region of the lighting panel 40, but could be provided, for example,
on the back side of the lighting panel 40. Further, an optical switch may be provided to
switch light from different light guides which collect light from different areas of the lighting
panel 40 to a photosensor 240B. Thus, a single photosensor 240B may be used to
sequentially collect light from various locations on the lighting panel 40.

[0075] The user input 250 may be configured to permit a user to selectively adjust
attributes of the lighting panel 40, such as color temperature, brightness, hue, etc., by means
of user controls such as manual input controls on an LCD panel and/or software-based input
controls if, for example, the LCD panel is a computer monitor.

[0076] The temperature sensor 240A may provide temperature information to the
color management unit 260 and/or the controller 230, which may adjust the light output from
the lighting panel on a string-to-string and/or color-to-color basis based on known/predicted
brightness vs. temperature operating characteristics of the LED chips 16 in the strings 23.

[0077] Various configurations of photosensors 240B are shown in Figures 6A-6D.
For example, in the embodiments of Figure 6A, a single photosensor 240B is provided in the
lighting panel 40. The photosensor 240B may be provided at a location where it may receive
an average amount of light from more than one tile/string in the lighting panel.

[0078] In order to provide more extensive data regarding light output characteristics
of the lighting panel 40, more than one photosensor 240B may be used. For example, as
shown in Figure 6B, there may be one photosensor 240B per bar assembly 30. In that case,

the photosensors 240B may be located at ends of the bar assemblies 30 and may be arranged
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to receive an average/combined amount of light emitted from the bar assembly 30 with which
they are associated.

[0079] As shown in Figure 6C, photosensors 240B may be arranged at one or more
locations within a periphery of the light emitting region of the lighting panel 40. However in
some embodiments, the photosensors 240B may be located away from the light emitting
region of the lighting panel 40, and light from various locations within the light emitting
region of the lighting panel 40 may be transmitted to the sensors 240B through one or more
light guides. For example, as shown in Figure 6D, light from one or more locations 249
within the light emitting region of the lighting panel 40 is transmitted away from the light
emitting region via light guides 247, which may be optical fibers that may extend through
and/or across the tiles 10.

[0080] In the embodiments illustrated in Figure 6D, the light guides 247 terminate
at an optical switch 245, which selects a particular guide 247 to connect to the photosensor
240B based on control signals from the controller 230 and/or from the color management unit
260. It will be appreciated, however, that the optical switch 245 is optional, and that each of
the light guides 245 may terminate at a respective photosensor 240B. In further
embodiments, instead of an optical switch 245, the light guides 247 may terminate at a light
combiner, which combines the light received over the light guides 247 and provides the
combined light to a photosensor 240B. The light guides 247 may extend across partially
across, and/or through the tiles 10. For example, in some embodiments, the light guides 247
may run behind the panel 40 to various light collection locations and then run through the
panel at such locations. Furthermore, the photosensor 240B may be mounted on a front side
of the panel (i.e. on the side of the panel 40 on which the lighting devices 16 are mounted) or
on a reverse side of the panel 40 and/or a tile 10 and/or bar assembly 30.

[0081] Referring now to Figure 7, a current driver 220 may include a plurality of
bar driver circuits 320A - 320D. One bar driver circuit 320A-320D may be provided for each
bar assembly 30 in a lighting panel 40. In the embodiments shown in Figure 7, the lighting
panel 40 includes four bar assemblies 30. However, in some embodiments the lighting panel
40 may include nine bar assemblies 30, in which case the current driver 220 may include nine
bar driver circuits 320. As shown in Figure 8, in some embodiments, each bar driver circuit
320 may include four current supply circuits 400A-400D, i.e., one current supply circuit
400A-400D for each LED string 23A-23D of the corresponding bar assembly 30. Operation
of the current supply circuits 400A-400B may be controlled by control signals 342 from the
controller 230.
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[0082] A current supply circuit 406 according to some embodiments of the
invention is illustrated in more detail in Figure 9. As shown therein, a current supply circuit
400 may have a variable voltage boost converter configuration including a PWM controller
410, a charging inductor 420, a diode 430, an output capacitor 440, first and second control
transistors 450, 460, and a sense resistor 470. The current supply circuit 400 receives an
input voltage VIN, which may be 34V in some embodiments. The current supply circuit 400
also receives a pulse width modulation signal PWM from the controller 230. The current
supply circuit 400 is configured to provide a substantially constant current to a corresponding
LED string 23 via output terminals DIODE+ and DIODE-, which are connected to the anode
and cathode of the corresponding LED string, respectively. The current supply circuit may
act as a voltage boost converter to provide the high voltage that may be required to drive an
LED string 23. For example, an LED string 23 may require a forward voltage of about 170 V
or more. Furthermore, the constant current may be supplied with a variable voltage boost to
account for differences in average forward voltage from string to string. The PWM controller
410 may include, for example, an HV9911NG current mode PWM controller from Supertex.

[0083] The current supply circuit 400 is configured to supply current to the
corresponding LED string 23 while the PWM input is a logic HIGH. Accordingly, for each
timing loop, the PWM input of each current supply circuit 400 in the driver 220 is set to logic
HIGH at the first clock cycle of the timing loop. The PWM input of a particular current
supply circuit 400 is set to logic LOW, thereby turning off current to the corresponding LED
string 23, when a counter in the controller 230 reaches the value stored in a register of the
controller 230 corresponding to the LED string 23. Thus, while each LED string 23 in the
lighting panel 40 may be turned on simultaneously, the strings may be turned off at different
times during a given timing loop, which would give the LED strings different pulse widths
within the timing loop. The apparent brightness of an LED string 23 may be approximately
proportional to the duty cycle of the LED string 23, i.e., the fraction of the timing loop in
which the LED string 23 is being supplied with current.

[0084] An LED string 23 may be supplied with a substantially constant current
during the period in which it is turned on. By manipulating the pulse width of the current
signal, the average current passing through the LED string 23 may be altered even while
maintaining the on-state current at a substantially constant value. Thus, the dominant
wavelength of the LEDs 16 in the LED string 23, which may vary with applied current, may
remain substantially stable even though the average current passing through the LEDs 16 is

being altered. Similarly, the luminous flux per unit power dissipated by the LED string 23
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may remain more constant at various average current levels than, for example, if the average
current of the LED string 23 was being manipulated using a variable current source.

[0085] The value stored in a register of the controller 230 corresponding to a
particular LED string may be based on a value received from the color management unit 260
over the communication link 235, Alternatively and/or additionally, the register value may
be based on a value and/or voltage level directly sampled by the controller 230 from a sensor
240.

[0086] In some embodiments, the color management unit 260 may provide a value
corresponding to a duty cycle (i.e. a value from 0 to 100), which may be translated by the
controller 230 into a register value based on the number of cycles in a timing loop. For
example, the color management unit 260 indicates to the controller 230 via the
communication link 235 that a particular LED string 23 should have a duty cycle of 50%. If
a timing loop includes 10,000 clock cycles, then assuming the controller increments the
counter with each clock cycle, the controller 230 may store a value of 5000 in the register
corresponding to the LED string in question. Thus, in a particular timing loop, the counter is
reset to zero at the beginning of the loop and the LED string 23 is turned on by sending an
appropriate PWM signal to the current supply circuit 400 serving the LED string 23. When
the counter has counted to a value of 5000, the PWM signal for the current supply circuit 400
is reset, turning the LED string off.

[0087] In some embodiments, the pulse repetition frequency (i.e. pulse repetition
rate) of the PWM signal may be in excess of 60 Hz. In particular embodiments, the PWM
period may be 5 ms or less, for an overall PWM pulse repetition frequency of 200 Hz or
greater. A delay may be included in the loop, such that the counter may be incremented only
100 times in a single timing loop. Thus, the register value for a given LED string 23 may
correspond directly to the duty cycle for the LED string 23. However, any suitable counting
process may be used provided that the brightness of the LED string 23 is appropriately
controlled.

[0088] The register values of the controller 230 may be updated from time to time
to take into account changing sensor values. In some embodiments, updated register values
may be obtained from the color management unit 260 multiple times per second.

[0089] Furthermore, the data read from the color management unit 260 by the
controller 230 may be filtered to limit the amount of change that occurs in a given cycle. For
example, when a changed value is read from the color management unit 260, an error value

may be calculated and scaled to provide proportional control ("P"), as in a conventional PID
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(Proportional-Integral-Derivative) feedback controller. Further, the error signal may be
scaled in an integral and/or derivative manner as in a PID feedback loop. Filtering and/or
scaling of the changed values may be performed in the color management unit 260 and/or in
the controller 230.

[0090] The configuration and operation of a variable voltage boost current supply
circuit 400 according to some embodiments of the invention will now be described in greater
detail. As noted above, a current supply circuit 400 may include a PWM controller 410 that
is configured to control the operation of a first transistor 450 and a second transistor 460 to
provide a constant current to the output terminals DIODE+ and DIODE-. When the first
transistor 450 is turned on by the control signal CTRL1 from the PWM controller 410, the
charging inductor 420 is energized by the input voltage VIN. In some embodiments, the
input voltage VIN may be about 34 VDC (compared to 24 VDC for a typical voltage
converter operating in discontinuous conduction mode, as explained in more detail below).

[0091] When the first transistor 450 is turned off, magnetic energy stored in the
charging inductor 420 is discharged as a current through the rectifier diode 430 and is stored
in the output capacitor 440. By repeatedly charging and discharging the magnetic field of the
charging inductor 420, a high voltage can be built up in the output capacitor 440. When the
second transistor 460 is activated by the control signal CTRL2 from the PWM controller 410,
the voltage stored in the output capacitor 440 is applied to the output terminal DIODE+. The
control signal CTRL2 may be filtered by a low pass filter 480 to remove sharp edges from the
control signal CTRL?2 that may cause ringing or oscillation of the transistor 460.

[0092] The current through the output terminals is monitored by the PWM
controller 410 as a feedback signal FDBK which corresponds toa voltage on the sense
resistor 470. The feedback signal FDBK may be filtered by a low pass filter 490, which may
be, for example an RC filter including a series resistor 485 and a shunt capacitor 475, in order
to suppress transient currents that may arise when the LED string 23 is turned on.

[0093] The voltage stored on the output capacitor 440 is adjusted by the PWM
controller 410 in response to the feedback signal FDBK to provide a constant current through
the output terminals.

[0094] A conventional current driver may operate in discontinuous conduction
mode (DCM) , in which current does not flow continuously through the charging inductor
420. In some embodiments of the present invention, the current supply circuits 400 in the
driver circuits 320 are configured to operate in continuous conduction mode (CCM), in which

current flows continuously through the charging inductor 420.
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[0095] . Representative inductor current waveforms for continuous conduction mode
and discontinuous conduction mode are shown in Figure 10. The waveforms shown in
Figure 10 are illustrative only and do not represent actual or simulated waveforms. In
particular, the inductor current of a current supply circuit operating in discontinuous
conduction mode (DCM) has a series of peaks followed by periods of zero current. In the
continuous conduction mode (CCM), the inductor current has peaks. However, the peak
currents may be lower than in DCM, and the inductor current may not return to zero between
the peaks.

[0096] Since the power dissipated by the current supply circuit 400 is dependent on
the square of the inductor current (P = I*R), DCM operation may consume more electric
power than CCM operation, even though there are periods of no current conduction between
the peaks of the DCM output current, because the peaks of the DCM output current may
result in significant average power dissipation.

[0097] A circuit configured for CCM operation may have a similar topology as a
circuit configured for DCM operation. However, in a circuit configured for CCM operation
according to some embodiments of the invention, the charging inductor 420 may have a
larger inductance value than an inductor used for DCM operation. For example, in a current
supply circuit 400 configured according to some embodiments of the invention, the charging
inductor 420 may have an inductance of about 50 pH to about 1.3mH. In particular
embodiments, the charging inductor 420 may have an inductance of about 680 pH.

[0098] The value of the charging inductor 420 that results in CCM operation may
depend on a number of factors, including the type of PWM controller IC used, the boost ratio
(i.e. the ratio of output voltage to input voltage), and/or the number of LEDs in the string
being driven. In some cases, if the boost ratio is too high, an inductance that would otherwise
result in CCM operation may instead result in DCM operation.

[0099] In some embodiments according to the invention, a current supply circuit
400 operating in CCM may achieve greater than 85% conversion efficiency, and in some
cases may achieve greater than 90% conversion efficiency, compared to a typical DCM
converter, which may be capable of only about 80% conversion efficiency (defined as power
out/power in x 100). The difference between 80% efficiency and 90% efficiency may
represent a reduction in the amount of energy wasted (and hence heat produced) of 50% (i.e.,
20% to 10%). A fifty percent reduction in heat dissipation may allow the lighting panel to

run cooler and/or for the LEDs thereon to operate more efficiently, and/or may enable the
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production. of lighting panel systems having smaller heat sinks and/or that require less
cooling. Accordingly, a lighting system including a current supply circuit 400 according to
embodiments of the invention may be made smaller, thinner, lighter, and/or less expensively.
[00100] In the drawings and specification, there have been disclosed typical
embodiments of the invention and, although specific terms are employed, they are used in a
generic and descriptive sense only and not for purposes of limitation, the scope of the

invention being set forth in the following claims.
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That which is claimed is:

1. A lighting system, comprising:

at least three strings of solid state lighting devices that are respectively configured to
emit at least a first light, a second light and a third light, respectively; and

a digital control system that is configured to generate a first pulse width modulation
(PWM) control signal and a second PWM control signal and that includes a closed loop
control system that is configured to generate the first and second PWM control signals in
response to sensor output signals generated by at least one sensor, the first and second PWM
control signals operative to cause an on-state drive current to be supplied to ones of the at

least three strings of solid state lighting devices.

2. The lighting system according to Claim 1, further comprising at least three
current supply circuits coupled to the first, second and third strings, respectively, wherein
each of the current supply circuits is configured to supply the on-state drive current to a
respective string of the at least three solid state lighting devices in response to the first and

second PWM control signals.

3. The lighting system according to Claim 2, wherein ones of the at least three
current supply circuits comprise a variable voltage boost, constant current power supply

circuit configured to operate in continuous current mode.

4. The lighting system according to Claim 2, wherein ones of the at least three
current supply circuits comprise a voltage input terminal, a control input terminal, and first

and second output terminals coupled to the string of solid state lighting devices.

5. The lighting system according to Claim 2, wherein the at least three current
supply circuits are configured to supply the on-state drive current to the at least three first

strings of solid state lighting devices, respectively.

6. The lighting system according to Claim 2, wherein ones of the at least three
current supply circuits comprise a charging inductor coupled to the voltage input terminal and

an output capacitor coupled to the first output terminal.
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7. - The lighting system according to Claim 6, wherein the current supply circuits
are each configured to operate in continuous conduction mode in which current continuously
flows through the charging inductor while the on-state drive current is supplied to the first,

second and third strings, respectively.

8. The lighting system according to Claim 6, wherein each of the current supply
circuits comprises:

a rectifier having an anode coupled to the charging inductor and a cathode coupled to
the output capacitor;

a controller having a control input and first and second control outputs; and

a first control transistor coupled to the anode of the rectifier and having a control
terminal coupled to the first control output of the controller,

wherein the first control transistor is configured to cause the charging inductor to be
energized in response to a first control signal from the controller and to cause energy stored
in the charging inductor to be discharged through the rectifier and into the output capacitor in

response to the first control signal.

9. The lighting system according to Claim 8, further comprising a second control
transistor coupled to the second output terminal of the current supply circuit and having an
input coupled to the second control output of the controller;

wherein the second control transistor is configured to cause a voltage stored in the
output capacitor to be applied to the first output terminal of the current supply circuit in

response to a second control signal from the controller.

10. The lighting system according to Claim 9, wherein the current supply circuit
further comprises:

a low pass filter between the second control output and the second control transistor.

11. The lighting system according to Claim 9, wherein the current supply circuit
further comprises a sense resistor coupled to the second output terminal of the current supply
circuit, and wherein the controller further comprises a feedback input coupled to the sense
resistor; and

wherein the controller is configured to activate the second control signal in response

to a feedback signal received on the feedback input.
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12. The lighting system according to Claim 11, wherein the current supply circuit
further comprises a low pass filter coupled between the sense resistor and the feedback input

of the controller.

13. The lighting system according to Claim 8, wherein the charging inductor has

an inductance of about 50 pH to about 1.3 mH.

14. The lighting system according to Claim 8, wherein the charging inductor has
an inductance of about 680 pH.

15. The lighting system according to Claim 1, wherein the at least one sensor
comprises a temperature sensor that generates a sensor output signal corresponding to

temperature information.

16. The lighting system according to Claim 1, wherein the at least one sensor
comprises a light sensor that generates sensor output signal responsive to light output by the

lighting system.

17. The lighting system according to Claim 1, wherein the current supply circuit is

configured to convert at least about 85% of input power into output power.

18. The lighting system according to Claim 1, wherein the current supply circuit is

configured to convert at least about 90% of input power into output power.

19. A lighting system, comprising:

a lighting panel including at least three strings of solid state lighting devices that are
each configured to emit light;

at least three current supply circuits coupled to the at least three strings, respectively,
wherein each of the current supply circuits comprises a variable voltage boost, constant
current power supply circuit configured to operate in continuous current mode; and

a pulse width modulation (PWM) controller that is coupled to the current supply

circuits and that is configured to generate, for ones of the current supply circuits, a first PWM
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control signal and a second PWM control signal that are supplied to the at least three strings,
respectively, |

wherein each of the current supply circuits comprises:

a first control transistor including a control terminal coupled to a first control output
of the PWM controller, and

a second control transistor coupled to an output terminal of the current supply circuit

and having an input coupled to a second control output of the PWM controller.
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SOLID STATE LIGHTING PANELS WITH VARIABLE VOLTAGE BOOST CURRENT
SOURCES

ABSTRACT OF THE DISCLOSURE

A lighting system includes a lighting panel having a string of solid state lighting
devices and a current supply circuit having a voltage input terminal, a control input terminal,
and first and second output terminals coupled to the string of solid state lighting devices. The
current supply circuit is configured to supply an on-state drive current to the string of solid
state lighting devices in response to a control signal. The current supply circuit includes a
charging inductor coupled to the voltage input terminal and an output capacitor coupled to the
first output terminal. The current supply circuit is configured to operate in continuous
conduction mode in which current continuously flows through the charging inductor while

the on-state drive current is supplied to the string of solid state light emitting devices.
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Filing Date: May 17,2013
For; SOLID STATE LIGHTING PANELS WITH VARIABLE VOLTAGE BOOST
' CURRENT SOURCES

Date: May 24, 2013
Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

PRELIMINARY AMENDMENT

Sir:

Prior to the examination of the above-referenced application, please enter the
following amendments and consider the remarks below.

Amendments to the Claims are reflected in the listing of claims which begins on
page 2 of this paper,

Remarks begin on page 9 of this paper.
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Amendments to the Claims:

This listing of claims will replace all prior versions, and listings, of claims in the application.

Listing of Claims:

1-19, Canceled

20. (New) A lighting system, comprising:
at least three strings of solid state lighting devices that are respectively configured to
emit at least a first light, a second light and a third light, respectively;
at least three current supply circuits coupled to first, second and third strings of the at
least three strings, respectively, each of the current supply circuits configured to supply an
on-state drive current to a respective string of the at least three strings of solid state lighting
devices in response to at least one control signal generated in response to a sensor output
signal generated by at least one temperature sensor, each of the current supply circuits
comprising:
a controller having a control input, a first control output configured to provide
a first PWM control signal, and a second control output configured to provide a
second PWM control signal; and
first and second output terminals coupled to the respective string of the at least

three strings of solid state lighting devices.

21. (New) The lighting system according to Claim 20, further comprising a sense

resistor coupled to the second output terminal of ones of the current supply circuits.

22. (New) The lighting system according to Claim 21,

wherein the controller further comprises a feedback input coupled to the sense
resistor, and

wherein the controller is configured to activate the second control signal in response

to a feedback signal received on the feedback input.

23, (New) The lighting system according to Claim 20, wherein the controller

comprises a closed loop control system that is configured to generate the first and second

2
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PWM control signals in response to the sensor output signals generated by the at least one

temperature sensor.

24. (New) The lighting system according to Claim 20, wherein ones of the at least
three current supply circuits comprise a variable voltage boost, constant current power supply

circuit configured to operate in continuous current mode.

25. (New) The lighting system according to Claim 20, wherein ones of the at least

three current supply circuits comprise a voltage input terminal, and a control input terminal.

26. (New) The lighting system according to Claim 20, wherein ones of the at least
three current supply circuits comprise a charging inductor coupled to the voltage input

terminal and an output capacitor coupled to the first output terminal.

27. (New) The lighting system according to Claim 26, wherein the ones of the
current supply circuits are each configured to operate in continuous conduction mode in
which current continuously flows through the charging inductor while the on-state drive

current is supplied to the first, second and third strings, respectively.

28. (New) The lighting system according to Claim 26, wherein each of the current
supply circuits comprises:

a rectifier having an anode coupled to the charging inductor and a cathode coupled to
the output capacitor; and

a first control transistor coupled to the anode of the rectifier and having a control
terminal coupled to the first control output of the controller,

wherein the first control transistor is configured to cause the charging inductor to be
energized in response to the first PWM control signal from the controller and to cause energy
stored in the charging inductor to be discharged through the rectifier and into the output

capacitor in response to the first PWM control signal.
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29, (New) The lighting system according to Claim 28, further comprising a
second control transistor coupled to the second output terminal of the current supply circuit
and having an input coupled to the second control output of the controller;

wherein the second control transistor is configured to cause a voltage stored in the
output capacitor to be applied to the first output terminal of the current supply circuit in

response to the second PWM control signal from the controller.

30. (New) The lighting system according to Claim 29, wherein ones of the current
supply circuits further comprise:

a low pass filter between the second control output and the second control transistor.

31. (New) The lighting system according to Claim 26, wherein the charging

inductor has an inductance of about 50 uH to about 1.3 mH.

32. (New) The lighting system according to Claim 26, wherein the charging

inductor has an inductance of about 680 pH.

33. (New) The lighting system according to Claim 20, wherein the sensor output
signal comprises a first sensor output signal, further comprising a light sensor that generates a
second sensor output signal responsive to light output by the lighting system,

wherein the at least one control signal comprises the first sensor output signal and the

second output sensor signal.

34, (New) The lighting system according to Claim 20, wherein ones of the current

supply circuits are configured to convert at least about 85% of input power into output power.

35. (New) The lighting system according to Claim 20, wherein ones of the current

supply circuit is configured to convert at least about 90% of input power into output power.
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36. (New) A lighting system, comprising:

a lighting panel including at least three strings of solid state lighting devices that are
each configured to emit light;

at least three current supply circuits coupled to the at least three strings, respectively,
wherein each of the current supply circuits comprises a variable voltage boost, constant
current power supply circuit configured to operate in continuous current mode; and

a pulse width modulation (PWM) controller that is coupled to the current supply
circuits and that is configured to generate, for ones of the current supply circuits, a first PWM
control signal and a second PWM control signal that are supplied to the at least three strings,
respectively,

wherein each of the current supply circuits comprises:

a temperature sensor that is configured to generate a sensor output signal that the
PWM controller uses to generate the first PWM signal or the second PWM signal, and

a sense resistor that is coupled to an output terminal of the current supply circuit and

that is configured to provide a feedback signal to the PWM controller.

37. (New) A lighting system, comprising:

a plurality of strings of solid state lighting devices that are respectively configured to
emit at least a first light and a second light, respectively;

a digital control system that is configured to generate a first pulse width modulation
(PWM) control signal and a second PWM control signal and that includes a closed loop
control system that is configured to generate the first and second PWM control signals in
response to sensor output signals generated by a temperature sensor, the first and second
PWM control signals operative to cause an on-state drive current to be supplied to ones of the
plurality of strings of solid state lighting devices; and

a plurality of current supply circuits coupled to the plurality of strings of solid state
lighting devices, respectively,

wherein each of the current supply circuits is configured to supply the on-state drive
current to a respective string of the plurality of strings of solid state lighting devices in

response to the first and second PWM control signals, and
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wherein each of the current supply circuits includes a controller having a control
input, a first control output configured to provide the first PWM control signal, and a second

control output configured to provide the second PWM control signal.

38. (New) The lighting system according to Claim 37, wherein each of the current
supply circuits comprises a sense resistor that is coupled to an output terminal of the
respective one of the current supply circuits and that is coupled to a feedback input of the

digital control system to provide the closed loop control.

39. (New) The lighting system according to Claim 38, further comprising a filter
coupled to the sense resistor, the filter configured to filter the feedback input to the digital

control system.

40. (New) The lighting system according to Claim 37,

wherein the plurality of strings of solid state lighting devices comprises a first string
of solid state lighting devices that are coated with a wavelength conversion phosphor and that
are configured to emit the first light that includes a combined light including a dominant
wavelength corresponding to a blue color and a dominant wavelength corresponding to a
yellow color, and

wherein the plurality of strings of solid state lighting devices further comprises a
second string of solid state lighting devices that are configured to emit the second light that

includes a dominant wavelength corresponding to a red color.

41. (New) The lighting system according to Claim 40, wherein the plurality of
current supply circuits include a first current supply circuit coupled to the first string of solid
state lighting devices and a second current supply circuit coupled to the second string of
solid state lighting devices, and

wherein the first current supply circuit provides current control of the first string of
solid state lighting devices that is independent of current control of the second string of solid

state lighting devices provided by the second current supply circuit,
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42. (New) The lighting system according to Claim 37, wherein the plurality of
strings of solid state lighting devices are further configured to emit a third light,

wherein the plurality of strings of solid state lighting devices comprises a first string
of solid state lighting devices that are coated with a wavelength conversion phosphor and that
are configured to emit the first light that includes a combined light including a dominant
wavelength corresponding to a blue color and a dominant wavelength corresponding to a
yellow color,

wherein the plurality of strings of solid state lighting devices comprises a second
string of solid state lighting devices that are coated with a wavelength conversion phosphor
and that are configured to emit the second light that includes a combined light including a
dominant wavelength corresponding to the blue color and a dominant wavelength
corresponding to the yellow color, and

wherein the plurality of strings of solid state lighting devices further comprises a third
string of solid state lighting devices that are configured to emit the third light that includes a

dominant wavelength corresponding to a red color.

43. (New) The lighting system according to Claim 42, wherein the plurality of
current supply circuits include a first current supply circuit coupled to the first string of solid
state lighting devices, a second current supply circuit coupled to the second string of solid
state lighting devices and a third current supply circuit coupled to the third string of solid
state lighting devices, and

wherein the first current supply circuit provides current control of the first string of
solid state lighting devices that is independent of current control of the second string of solid
state lighting devices provided by the second current supply circuit and that is independent of
current control of the third string of solid state lighting devices provided by the third current

supply circuit.

44, (New) The lighting system according to Claim 43, wherein the second supply
circuit provides current control of the second string of solid state lighting devices that is
independent of current control of the third string of solid state lighting devices provided by

the third current supply circuit.
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45. (New) The lighting system according to Claim 44, wherein the first current
supply circuit provides current control of the first string of solid state lighting devices at a
first duty cycle and the second current supply circuit provides current control of the second
string of solid state lighting devices at a second duty cycle that is different from the first duty

cycle.

46. (New) The lighting system according to Claim 45, wherein the first duty cycle

is substantially fixed and the second duty cycle is substantially variable.

Petitioner Hisense USA Corporation
Exhibit 1002 - Page 66 of 321



In re: Roberts et al.

U.S. Serial No. 13/896,977
Filed: May 17, 2013

Page 9 of 9

REMARKS

This Preliminary Amendment is being filed to cancel Claims 1-19 and add Claims 20-
46.

Entry of this Preliminary Amendment, examination of the application, and allowance
of the application is respectfully requested. If, in the opinion of the Examiner, a telephonic
conference would expedite the examination of this matter, the Examiner is invited to call the
undersigned attorney at (919) 854-1400

Respectfully submitted,

~~~~~ B
{//V ”\\ \) :{‘il's \
) Nt \\j\) \

AN
Timothy J. Wall
Registration No. 50,743

Customer Number 65106

Myers Bigel Sibley & Sajovec, P.A.
P.O. Box 37428

Raleigh, NC 27627

919-854-1400

919-854-1401 (Fax)

CERTIFICATION OF TRANSMISSION

1 hereby certify that this correspondence is being transmitted via the Office electronic filing system in accordance
with § 1. 6(a (4) to hc I}S Patent and;fjdﬁ'nark Office on May 24, 2013,

ot i

Michele P, McMahan
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Attorney Docket No.: 5308-706TSCT3 PATENT
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re: John K. Roberts et al. Confirmation No. 9407

U.S. Serial No. 13/896,977

Filing Date: May 17, 2013

For: SOLID STATE LIGHTING PANELS WITH VARIABLE VOLTAGE BOOST
CURRENT SOURCES

Date: June 20, 2013
Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

SUPPLEMENTAL PRELIMINARY AMENDMENT

Sir:

Prior to the examination of the above-referenced application, please enter the
following amendments and consider the remarks below.

Amendments to the Claims are reflected in the listing of claims which begins on
page 2 of this paper.

Remarks begin on page 7 of this paper.
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Amendments to the Claims:

This listing of claims will replace all prior versions, and listings, of claims in the application.

Listing of Claims:
1-46. (Canceled)

47. (New) A lighting system, comprising:
at least two strings of solid state lighting devices that are respectively configured to
emit at least a first light and a second light, respectively;
at least two current supply circuits coupled to first and second strings of the at least
two strings, respectively, each of the current supply circuits configured to supply an on-state
drive current to a respective string of the at least two strings of solid state lighting devices in
response to at least one control signal generated in response to a sensor output signal
generated by at least one temperature sensor, each of the current supply circuits comprising:
a controller having a control input, a first control output configured to provide
a first PWM control signal, and a second control output configured to provide a
second PWM control signal; and
first and second output terminals coupled to the respective string of the at least

two strings of solid state lighting devices.

48. (New) The lighting system according to Claim 47, further comprising a sense

resistor coupled to the second output terminal of ones of the current supply circuits.

49, (New) The lighting system according to Claim 48,

wherein the controller further comprises a feedback input coupled to the sense
resistor, and

wherein the controller is configured to activate the second control signal in response

to a feedback signal received on the feedback input.

50. (New) The lighting system according to Claim 47, wherein the controller

comprises a closed loop control system that is configured to generate the first and second

Petitioner Hisense USA Corporation
Exhibit 1002 - Page 78 of 321




In re: Roberts et al.

U.S. Serial No. 13/896,977
Filed: May 17, 2013

Page 3 of 7

PWM control signals in response to the sensor output signals generated by the at least one

temperature sensor.

51. (New) The lighting system according to Claim 47, wherein ones of the at least
two current supply circuits comprise a variable voltage boost, constant current power supply

circuit configured to operate in continuous current mode.

52. (New) The lighting system according to Claim 47, wherein ones of the at least

two current supply circuits comprise a voltage input terminal, and a control input terminal.

53. (New) The lighting system according to Claim 47, wherein ones of the at least
two current supply circuits comprise a charging inductor coupled to the voltage input

terminal and an output capacitor coupled to the first output terminal.

54. (New) The lighting system according to Claim 53, wherein the ones of the at
least two current supply circuits are each configured to operate in continuous conduction
mode in which current continuously flows through the charging inductor while the on-state

drive current is supplied to the first and second strings, respectively.

55. (New) The lighting system according to Claim 53, wherein each of the current
supply circuits comprises:

a rectifier having an anode coupled to the charging inductor and a cathode coupled to
the output capacitor; and

a first control transistor coupled to the anode of the rectifier and having a control
terminal coupled to the first control output of the controller,

wherein the first control transistor is configured to cause the charging inductor to be
energized in response to the first PWM control signal from the controller and to cause energy
stored in the charging inductor to be discharged through the rectifier and into the output

capacitor in response to the first PWM control signal.
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56. (New) The lighting system according to Claim 55, further comprising a
second control transistor coupled to the second output terminal of the current supply circuit
and having an input coupled to the second control output of the controller;

wherein the second control transistor is configured to cause a voltage stored in the
output capacitor to be applied to the first output terminal of the current supply circuit in

response to the second PWM control signal from the controller.

57. (New) The lighting system according to Claim 56, wherein ones of the current
supply circuits further comprise:

a low pass filter between the second control output and the second control transistor.

58. (New) The lighting system according to Claim 53, wherein the charging

inductor has an inductance of about 50 pH to about 1.3 mH.

59. (New) The lighting system according to Claim 53, wherein the charging

inductor has an inductance of about 680 pH.

60. (New) The lighting system according to Claim 47, wherein the sensor output
signal comprises a first sensor output signal, further comprising a light sensor that generates a
second sensor output signal responsive to light output by the lighting system,

wherein the at least one control signal comprises the first sensor output signal and the

second output sensor signal.

61. (New) The lighting system according to Claim 47, wherein ones of the current

supply circuits are configured to convert at least about 85% of input power into output power.

62. (New) The lighting system according to Claim 47, wherein ones of the current

supply circuits are configured to convert at least about 90% of input power into output power.

63. (New) A lighting system, comprising:
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Exhibit 1002 - Page 80 of 321




In re: Roberts et al.

U.S. Serial No. 13/896,977
Filed: May 17,2013

Page 5 of 7

a lighting panel including at least first and second strings of solid state lighting
devices that are respectively configured to emit at least a first light and a second light,
respectively;

at least first and second current supply circuits coupled to the at least first and second
strings of solid state lighting devices, respectively, and configured to supply an on-state drive
current to a respective one of the first and second strings of solid state lighting devices,
wherein the first current supply circuit is responsive to at least one control signal generated in

response to a feedback signal generated from the second string of solid state devices.

64. (New) The lighting system according to Claim 63,

wherein each of the first and second current supply circuits comprises a variable
voltage boost, constant current power supply circuit configured to operate in continuous
current mode; and

a pulse width modulation (PWM) controller that is coupled to the current supply
circuits and that is configured to generate, for ones of the first and second current supply
circuits, a first PWM control signal and a second PWM control signal that are supplied to the

at least first and second strings, respectively,

65. (New) The lighting system according to Claim 64, wherein each of the first
and second current supply circuits comprises:

a temperature sensor that is configured to generate a sensor output signal that the
PWM controller uses to generate the first PWM signal or the second PWM signal, and

a sense resistor that is coupled to an output terminal of the current supply circuit and

that is configured to provide a feedback signal to the PWM controller.

66. (New) The lighting system according to Claim 63, wherein each of the first
and second current supply circuits comprises a sense resistor that is coupled to an output
terminal of the respective one of the first and second current supply circuits and that is

coupled to a feedback input to provide the feedback signal to provide closed loop control.
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67. (New) The lighting system according to Claim 66, further comprising a filter

coupled to the sense resistor, the filter configured to filter the feedback input.

68. (New) The lighting system according to Claim 63,

wherein the first string of solid state lighting devices are coated with a wavelength
conversion phosphor and are configured to emit the first light that includes a combined light
including a dominant wavelength corresponding to a blue color and a dominant wavelength
corresponding to a yellow color, and

wherein the second string of solid state lighting devices are configured to emit the

second light that includes a dominant wavelength corresponding to a red color.

69. (New) The lighting system according to Claim 68, wherein the first current
supply circuit provides current control of the first string of solid state lighting devices that is
independent of current control of the second string of solid state lighting devices provided by

the second current supply circuit.

70. (New) The lighting system according to Claim 68, further comprising a third
string of solid state lighting devices that are configured to emit a third light that includes a

dominant wavelength corresponding to a red color.

71. (New) The lighting system according to Claim 70, further comprising a third
current supply circuit that is configured to supply an on-state drive current to the third string
of solid state lighting devices, and

wherein the first current supply circuit provides current control of the first string of
solid state lighting devices that is independent of current control of the second string of solid
state lighting devices provided by the second current supply circuit and that is independent of
current control of the third string of solid state lighting devices provided by the third current

supply circuit.

Petitioner Hisense USA Corporation
Exhibit 1002 - Page 82 of 321




In re: Roberts et al.

U.S. Serial No. 13/896,977
Filed: May 17, 2013

Page 7 of 7

REMARKS
This Preliminary Amendment is being filed to cancel Claims 20-46 and add Claims
47-71.
Entry of this Preliminary Amendment, examination of the application, and allowance
of the application is respectfully requested. If, in the opinion of the Examiner, a telephonic
conference would expedite the examination of this matter, the Examiner is invited to call the

undersigned attorney at (919) 854-1400

Respectfully sugidtted,
N
C\ ; R\f \
AN \ AN
Tin TR

Tlmothy J.
Registration No. 50,743

Customer Number 65106

Myers Bigel Sibley & Sajovec, P.A.
P.O. Box 37428

Raleigh, NC 27627

919-854-1400

919-854-1401 (Fax)

CERTIFICATION OF TRANSMISSION

I hereby certify that this correspondence is being transmitted via the Office electronic filing system in accordance

.. with § 1.6(a)(4) to thpUmeark Office on June 20, 2013.
M ~

Michele P, McMahan
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* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a

participating intellectual property office for the corresponding application. For more information, please see
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Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119
12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a)J Al b)[JSome* c)[]None of the:
1.[] Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No.
3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.
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DETAILED ACTION

This is a response to the Applicants' filing on 5/17/13. In virtue of this filing,
claims 1-24 are currently presented in the instant application.

This Office Action is a response to Applicant's Preliminary amendment filed on
5/17/13. By virtue of this amendment, claims 1-46 are cancelled and thus, claims 47-71
are currently presented in the instant application.

Double Patenting
1. The nonstatutory double patenting rejection is based on a judicially created
doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the
unjustified or improper timewise extension of the “right to exclude” granted by a patent
and to prevent possible harassment by multiple assignees. A nonstatutory double
patenting rejection is appropriate where the claims at issue are not identical, but at least
one examined application claim is not patentably distinct from the reference claim(s)
because the examined application claim is either anticipated by, or would have been
obvious over, the reference claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46 USPQ2d
1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. Cir.
1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 1985); In re Van Ornum,
686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164 USPQ 619
(CCPA 1970); and In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d)
may be used to overcome an actual or provisional rejection based on a nonstatutory

double patenting ground provided the reference application or patent either is shown to
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be commonly owned with this application, or claims an invention made as a result of
activities undertaken within the scope of a joint research agreement. A terminal
disclaimer must be signed in compliance with 37 CFR 1.321(b).

The USPTO internet Web site contains terminal disclaimer forms which may be
used. Please visit http://www.uspto.gov/forms/. The filing date of the application will
determine what form should be used. A web-based eTerminal Disclaimer may be filled
out completely online using web-screens. An eTerminal Disclaimer that meets all
requirements is auto-processed and approved immediately upon submission. For more
information about eTerminal Disclaimers, refer to
http://www.uspto.gov/patents/process/file/efs/guidance/eTD-info-I.jsp.

2. Claims 63-71 are rejected on the ground of nonstatutory double patenting as
being unpatentable over claims 1-17 of U.S. Patent No. 7,872,430. Although the claims
at issue are not identical, they are not patentably distinct from each other because of
the below reasons:

All limitations of claim 63 of instant application are similar all limitations of claim 1
of Patent application above. The limitations of claim 63 of the instant application are
broader or similar to compare with the limitation of claim 1 of the Patent application
above.

Claims 64-71 are also rejected on the ground of nonstatutory double patenting
since they are dependent to claim 63.

3. Claims 63-71 are rejected on the ground of nonstatutory double patenting as

being unpatentable over claims 1-15 of U.S. Patent No.8,203,286. Although the claims
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at issue are not identical, they are not patentably distinct from each other because the
below reasons:

All limitations of claim 63 of instant application are similar all limitations of claim 1
of Patent application above. The limitations of claim 63 of the instant application are
broader or similar to compare with the limitation of claim 1 of the Patent application
above.

Claims 64-71 are also rejected on the ground of nonstatutory double patenting
since they are dependent to claim 63.

4. Claims 63-71 are rejected on the ground of nonstatutory double patenting as
being unpatentable over claims 1-27 of U.S. Patent No. 8,461,776. Although the claims
at issue are not identical, they are not patentably distinct from each other because the
below reasons:

All limitations of claim 63 of instant application are similar all limitations of claim
18 of Patent application above. The limitations of claim 63 of the instant application are
broader or similar to compare with the limitation of claim 18 of the Patent application
above.

Claims 64-71 are also rejected on the ground of nonstatutory double patenting
since they are dependent to claim 63.

Claim Rejections - 35 USC § 103
5. The following is a quotation of pre-AlA 35 U.S.C. 103(a) which forms the basis

for all obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described
as set forth in section 102 of this title, if the differences between the subject matter sought to
be patented and the prior art are such that the subject matter as a whole would have been
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obvious at the time the invention was made to a person having ordinary skill in the art to which

said subject matter pertains. Patentability shall not be negatived by the manner in which the

invention was made.

6. Claims 47-54, 60-71 are rejected under pre-AlA 35 U.S.C. 103(a) as being
unpatentable over by Bruning et al (US Patent no: 6,888, 529) in view of Morgan et al
(US Pub. No: 2004/0160199).

Regarding claim 47, Bruning et al disclose in figures 3-4, a lighting system,
comprising: at least two of solid state lighting devices that are respectively configured to
emit at least a first light (Red) and a second light(green), respectively; at least two
current supply circuits(210R, 210G) coupled to first and second of solid state lighting
devices, respectively, each of the current supply circuits(210R, 210G) configured to
supply an on-state drive current to a respective string of the at least two of solid state
lighting devices in response to at least one control signal generated in response to a
sensor output signal generated by at least one temperature sensor(228), each of the
current supply circuits(210R, 210G) comprising: a controller( 232R, 232G) having a
control input, a first control output configured to provide a first PWM control signal, and
a second control output configured to provide a second PWM control signal; and first
and second output terminals coupled to the respective string of the at least two strings
of solid state lighting devices. Col.3, lines 19-29 for independent pulse modulation to the
current supplied to the red, green and blue.

Bruning et al do not clearly disclose that, at least two strings of solid state
lighting devices that are respectively configured to emit at least a first light and a second

light.
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Morgan et al disclose in figure 19 that, at least two strings of solid state lighting
devices that are respectively configured to emit at least a first light and a second light.
Paragraph [0291 to 0292].

It would have been obvious to one of ordinary skill in the art at the time the
invention was made to modify the at least two lighting devices of Bruning et al by
employing at least two strings of solid state lighting devices as taught by Morgan et al
for the purpose of setting a different colors for each string, since this configuration for
the stated purpose would have been deemed obvious as evidenced by the teaching of
Morgan et al.

Regarding claim 48, combination Bruning et al and Morgan et al disclose further
comprising a sense resistor coupled to the second output terminal of ones of the current
supply circuits. See figure 4 of Bruning et al.

Regarding claim 49, combination Bruning et al and Morgan et al disclose wherein
the controller further comprises a feedback input coupled to the sense resistor, and
wherein the controller is configured to activate the second control signal in response to
a feedback signal received on the feedback input. See figure 4 of Bruning et al.

Regarding claim 50, combination Bruning et al and Morgan et al disclose wherein
the controller comprises a closed loop control system that is configured to generate the
first and second PWM control signals in response to the sensor output signals
generated by the at least one temperature sensor. See figure 4 of Bruning et al.

Regarding claim 51, combination Bruning et al and Morgan et al disclose wherein

ones of the at least two current supply circuits comprise a variable voltage boost,
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constant current power supply circuit configured to operate in continuous current mode.
See figures 4A-4D of Bruning et al.

Regarding claim 52, combination Bruning et al and Morgan et al disclose wherein
ones of the at least two current supply circuits comprise a voltage input terminal, and a
control input terminal. Figure 4 of Bruning et al.

Regarding claim 53, combination Bruning et al and Morgan et al disclose wherein
ones of the at least two current supply circuits comprise a charging inductor coupled to
the voltage input terminal and an output capacitor coupled to the first output terminal.
See figure 4 of Bruning et al.

Regarding claim 54, combination Bruning et al and Morgan et al disclose wherein
the ones of the at least two current supply circuits are each configured to operate in
continuous conduction mode in which current continuously flows through the charging
inductor while the on-state drive current is supplied to the first and second strings,
respectively.

Regarding claim 60, combination Bruning et al and Morgan et al disclose wherein
the sensor output signal comprises a first sensor output signal, further comprising a light
sensor that generates a second sensor output signal responsive to light output by the
lighting system, wherein the at least one control signal comprises the first sensor output
signal and the second output sensor signal. Figure 4 of Bruning et al.

Regarding claim 61, combination Bruning et al and Morgan et al disclose wherein
ones of the current supply circuits are configured to convert at least about 85% of input

power into output power.
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Regarding claim 62-62, combination Bruning et al and Morgan et al disclose
wherein ones of the current supply circuits are configured to convert at least about 85%
of input power into output power and wherein ones of the current supply circuits are
configured to convert at least about 90% of input power into output power.

Regarding claim 63 is interpreted and rejected using the (similar/same)
reasoning as claim 47 above that, combination Bruning et al and Morgan et al disclose
a lighting system, comprising: a lighting panel including at least first and second strings
of solid state lighting devices that are respectively configured to emit at least a first light
and a second light, respectively; at least first and second current supply circuits coupled
to the at least first and second strings of solid state lighting devices, respectively, and
configured to supply an on-state drive current to a respective one of the first and second
strings of solid state lighting devices, wherein the first current supply circuit is
responsive to at least one control signal generated in response to a feedback signal
generated from the second string of solid state devices.

Regarding claim 64, combination Bruning et al and Morgan et al disclose wherein
each of the first and second current supply circuits comprises a variable voltage boost,
constant current power supply circuit configured to operate in continuous current mode;
and a pulse width modulation (PWM) controller that is coupled to the current supply
circuits and that is configured to generate, for ones of the first and second current
supply circuits, a first PWM control signal and a second PWM control signal that are

supplied to the at least first and second strings, respectively.
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Regarding claim 65, combination Bruning et al and Morgan et al disclose wherein
each of the first and second current supply circuits comprises: a temperature sensor
that is configured to generate a sensor output signal that the PWM controller uses to
generate the first PWM signal or the second PWM signal, and a sense resistor that is
coupled to an output terminal of the current supply circuit and that is configured to
provide a feedback signal to the PWM controller.

Regarding claim 66, combination Bruning et al and Morgan et al disclose wherein
each of the first and second current supply circuits comprises a sense resistor that is
coupled to an output terminal of the respective one of the first and second current
supply circuits and that is coupled to a feedback input to provide the feedback signal to
provide closed loop control.

Regarding claim 67, combination Bruning et al and Morgan et al disclose further
comprising a filter coupled to the sense resistor, the filter configured to filter the
feedback input.

Regarding claim 68, combination Bruning et al and Morgan et al disclose,
wherein the first string of solid state lighting devices are coated with a wavelength
conversion phosphor and are configured to emit the first light that includes a combined
light including a dominant wavelength corresponding to a blue color and a dominant
wavelength corresponding to a yellow color, and wherein the second string of solid state
lighting devices are configured to emit the second light that includes a dominant

wavelength corresponding to a red color.
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Regarding claim 69, combination Bruning et al and Morgan et al disclose wherein
the first current supply circuit provides current control of the first string of solid state
lighting devices that is independent of current control of the second string of solid state
lighting devices provided by the second current supply circuit.

Regarding claim 70, combination Bruning et al and Morgan et al disclose further
comprising a third string of solid state lighting devices that are configured to emit a third
light that includes a dominant wavelength corresponding to a red color.

Regarding claim 71, combination Bruning et al and Morgan et al disclose further
comprising a third current supply circuit that is configured to supply an on-state drive
current to the third string of solid state lighting devices, and wherein the first current
supply circuit provides current control of the first string of solid state lighting devices that
is independent of current control of the second string of solid state lighting devices
provided by the second current supply circuit and that is independent of current control
of the third string of solid state lighting devices provided by the third current supply
circuit.

7. Claims 58-59 are rejected under pre-AlA 35 U.S.C. 103(a) as being unpatentable
over by Bruning et al (US Patent no: 6,888, 529) in view of Morgan et al (US Pub. No:
2004/0160199) as applied to claim 53 above, and further in view of Pecukonis (US
Patent No: 6,471,716).

Regarding claim 58-59, combination Bruning et al and Morgan et al do not
disclose wherein the charging inductor has an inductance of about 50 uH to about 1.3

mH and wherein the charging inductor has an inductance of about 680 uH.
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Pecukonis disclose in figure 2A that, a transistor is coupled between an inductor
(38) and a rectifier (53) for supply current for an array of LEDs. See figure 2A-2B.

It would have been obvious to one of ordinary skill in the art at the time the
invention was made to modify the inductor of combination Bruning et al and Morgan et
al by employing an inductor as taught by Pecukonis for the purpose of supplying
enough current flow to an array of LEDs, since this configuration for the stated purpose
would have been deemed obvious as evidenced by the teaching of Pecukonis.

Combination Bruning et al and Morgan et al and Pecukonis do not disclose
exactly value of inductor.

The limitations are not of patentable merits since it is directed to a manner of
operating the control device which does not differentiate apparatus claim from the prior
art. A claim containing a recitation with respect to the manner in which a claimed
apparatus is intended to be employed does not differentiate the claimed apparatus from
a prior art apparatus if the prior art apparatus teaches all the structural limitations of the

claim. See MPEP § 2114.

Allowable Subject Matter
8. Claims 55-57 are objected to as being dependent upon a rejected base claim,
but would be allowable if rewritten in independent form including all of the limitations of

the base claim and any intervening claims.
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9. The following is a statement of reasons for the indication of allowable subject
matter:

Prior art of record fails to disclose or fairly suggest, alone or in combination,
wherein each of the current supply circuits comprises: a rectifier having an anode
coupled to the charging inductor and a cathode coupled to the output capacitor; and a
first control transistor coupled to the anode of the rectifier and having a control terminal
coupled to the first control output of the controller, wherein the first control transistor is
configured to cause the charging inductor to be energized in response to the first PWM
control signal from the controller and to cause energy stored in the charging inductor to
be discharged through the rectifier and into the output capacitor in response to the first
PWM control signal as recited in claim 55(claims 56-57 would 6-57 would be allowable
since they are dependent on claim 55).

Citation of pertinent prior art
The prior art made of record and not relied upon is considered pertinent to
applicants' disclosure. See prior arts/references listed on the PTO-892 form attached.
Inquiry

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Minh Dieu A whose telephone number is (571) 272-
1817. The examiner can normally be reached on M-F (8:00AM to 5:00PM).

If attempts to reach the examiner by telephone are unsuccessful, the examiner's

supervisor, Douglas W Owens can be reached on (571) 272-1662. The fax phone
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number for the organization where this application or proceeding is assigned is 571-
273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for published
applications may be obtained from either Private PAIR or Public PAIR. Status
information for unpublished applications is available through Private PAIR only. For
more information about the PAIR system, see http:/pair-direct.uspto.gov. Should you
have questions on access to the Private PAIR system, contact the Electronic Business

Center (EBC) at 866-217-9197 (toll-free).

/Minh D A/
Primary Examiner
Art Unit 2821

Date 8/4/13
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Attorney Docket No.: 5308-706TSCT3 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re: John K. Roberts et al. Confirmation No. 9407

U.S. Serial No. 13/896,977 Examiner: Minh Dieu A

Filing Date: May 17,2013 Group Art Unit; 2821

For: SOLID STATE LIGHTING PANELS WITH VARIABLE VOLTAGE BOOST
CURRENT SOURCES

Date: November 8, 2013
Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

RESPONSE TO AUGUST 8, 2013 OFFICE ACTION

Sir:

This paper is responsive to the Office Action mailed August 8, 2013 regarding the
above-referenced patent application. Please amend this application as follows and reconsider
the rejections of the claims for at least the reasons presented in the following remarks.

If any extension of time for the accompanying response or submission is required,
Applicants request that this be considered a petition therefor. The Commissioner is hereby
authorized to charge any additional fee, which may be required, or credit any refund, to our
Deposit Account No. 50-0220.

Amendments to the Claims are reflected in the listing of claims which begins on
page 2 of this paper.

Remarks begin on page 8 of this paper.
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Amendments to the Claims:;

This listing of claims will replace all prior versions, and listings, of claims in the application.

Listing of Claims:
1-46. (Canceled)

47. (Previously Presented) A lighting system, comprising:
at least two strings of solid state lighting devices that are respectively configured to
emit at least a first light and a second light, respectively;
at least two current supply circuits coupled to first and second strings of the at least
two strings, respectively, each of the current supply circuits configured to supply an on-state
drive current to a respective string of the at least two strings of solid state lighting devices in
response to at least one coﬁtroi signal generated in response to a sensor output signal
generated by at least one temperature sensor, each of the current supply circuits comprising;:
a controller having a control input, a first control output configured to provide
a first PWM control signal, and a second control output configured to provide a
second PWM control signal; and
first and second output terminals coupled to the respective string of the at least

two strings of solid state lighting devices.

48. (Previously Presented) The lighting system according to Claim 47, further
comprising a sense resistor coupled to the second output terminal of ones of the current

supply circuits.

49, (Previously Presented) The lighting system according to Claim 48,

wherein the controller further comprises a feedback input coupled to the sense
resistor, and _

wherein the controller is configured to activate the second control signal in response

to a feedback signal received on the feedback input,
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50. (Previously Presented) The lighting system according to Claim 47, wherein
the controller comprises a closed loop control system that is configured to generate the first
and second PWM control signals in response to the sensor output signals generated by the at

least one temperature sensot.

51. (Previously Presented) The lighting system according to Claim 47, wherein
ones of the at least two current supply circuits comprise a variable voltage boost, constant

current power supply circuit configured to operate in continuous current mode.

52. (Previously Presented) The lighting system according to Claim 47, wherein
ones of the at least two current supply circuits comprise a voltage input terminal, and a

control input terminal.

53. (Previously Presented) The lighting system according to Claim 47, wherein
ones of the at least two current supply circuits comprise a charging inductor coupled to the

voltage input terminal and an output capacitor coupled to the first output terminal.

54. (Previously Presented) The lighting system according to Claim 53, wherein
the ones of the at least two current supply circuits are each configured to operate in
continuous conduction mode in which current continuously flows through the charging
inductor while the on-state drive current is supplied to the first and second strings,

respectively.
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55. (Previously Presented) The lighting system according to Claim 53, wherein
each of the current supply circuits comprises:

a rectifier having an anode coupled to the charging inductor and a cathode coupled to
the output capacitor; and

a first control transistor coupled to the anode of the rectifier and having a control
terminal coupled to the first control output of the controller,

wherein the first control transistor is configured to cause the charging inductor to be
energized in response to the first PWM control signal from the controller and to cause energy
stored in the charging inductor to be discharged through the rectifier and into the output

capacitor in response to the first PWM control signal.

56. (Previously Presented) The lighting system according to Claim 55, further
comprising a second control transistor coupled to the second output terminal of the current
supply circuit and having an input coupled to the second control output of the controller;

wherein the second control transistor is configured to cause a voltage stored in the
output capacitor to be applied to the first output terminal of the current supply circuit in

response to the second PWM control signal from the controller.

57. (Previously Presented) The lighting system according to Claim 56, wherein
ones of the current supply circuits further comprise:

a low pass filter between the second control output and the second control transistor.

58. (Previously Presented) The lighting system according to Claim 53, wherein
the charging inductor has an inductance of about 50 pH to about 1.3 mH.

59. (Previously Presented) The lighting system according to Claim 53, wherein

the charging inductor has an inductance of about 680 puH.
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60. (Previously Presented) The lighting system according to Claim 47, wherein
the sensor output signal comprises a first sensor output signal, further comprising a light
sensor that generates a second sensor output signal responsive to light output by the lighting
system,

wherein the at least one control signal comprises the first sensor output signal and the

second output sensor signal.

61. (Previously Presented) The lighting system according to Claim 47, wherein
ones of the current supply circuits are configured to convert at least about 85% of input

power into output power.

62. (Previously Presented) The lighting system according to Claim 47, wherein
ones of the current supply circuits are configured to convert at least about 90% of input

power into output power.

63. (Currently Amended) A lighting system, comprising:

a lighting panel including at least first and second strings of solid state lighting
devices that are respectively configured to emit at least a first light and a second light,
respectively;

at least first and second current supply circuits coupled to the at least first and second
strings of solid state lighting devices, respectively, and configured to supply an on-state drive
current to a respective one of the first and second strings of solid state lighting devices[[,]];

and w

a pulse width modulation (PWM) controller that is coupled to the current supply

circuits and that is configured to generate, for ones of the first and second current supply

circuits, a first PWM control signal and a second PWM control signal that are supplied to the

at least first and second strings.
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64. (Currently Amended) The lighting system according to Claim 63,
wherein each of the first and second current supply circuits comprises a variable

voltage boost, constant current power supply circuit configured to operate in continuous

current mode.;-and

65. (Previously Presented) The lighting system according to Claim 64, wherein
each of the first and second current supply circuits comprises:

a temperature sensor that is configured to generate a sensor output signal that the
PWM controller uses to generate the first PWM signal or the second PWM signal, and

a sense resistor that is coupled to an output terminal of the current supply circuit and

that is configured to provide a feedback signal to the PWM controller.

66. (Previously Presented) The lighting system according to Claim 63, wherein
each of the first and second current supply circuits comprises a sense resistor that is coupled
to an output terminal of the respective one of the first and second current supply circuits and
that is coupled to a feedback input to provide the feedback signal to provide closed loop

control.

67. (Previously Presented) The lighting system according to Claim 66, further
comprising a filter coupled to the sense resistor, the filter configured to filter the feedback

input.
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68. (Previously Presented) The lighting system according to Claim 63,

wherein the first string of solid state lighting devices are coated with a wavelength
conversion phosphor and are configured to emit the first light that includes a combined light
including a dominant wavelength corresponding to a blue color and a dominant wavelength
corresponding to a yellow color, and

wherein the second string of solid state lighting devices are configured to emit the

second light that includes a dominant wavelength corresponding to a red color.

69. (Previously Presented) The lighting system according to Claim 68, wherein
the first current supply circuit provides current control of the first string of solid state lighting
devices that is independent of current control of the second string of solid state lighting

devices provided by the second current supply circuit.

70. (Previously Presented) The lighting system according to Claim 68, further
comprising a third string of solid state lighting devices that are configured to emit a third light

that includes a dominant wavelength corresponding to a red color. J

71. (Previously Presented) The lighting system according to Claim 70, further ‘
comprising a third current supply circuit that is configured to supply an on-state drive current |
to the third string of solid state lighting devices, and

wherein the first current supply circuit provides current control of the first string of
solid state lighting devices that is independent of current control of the second string of solid
state lighting devices provided by the second current supply circuit and that is independent of
current control of the third string of solid state lighting devices provided by the third current

supply circuit,
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REMARKS

Applicants appreciate the detailed examination evidenced by the Office Action mailed
August 8, 2013 (hereinafter "Office Action"). Applicants appreciate the indication that
Claims 55-57 include allowable subject matter. However, Claims 55-57 have not been
rewritten in independent form as Applicants believe that all claims are patentable over the
cited references for the reasons that will be discussed in detail below.

Claim 63 has been amended to include a portion of the recitations of Claim 64, which
has been amended herein. Additionally, Applicants are filing a terminal disclaimer
concurrently with this Amendment to overcome the double patenting rejections. Applicants
respectfully submit that the pending claims are patentable for at least the reasons provided

herein, the allowance of which is respectfully requested.

Status of the Claims
Claims 47-54 and 60-71 stand rejected under pre-AIA 35 U.S.C. § 103(a) as being

unpatentable over U.S. Patent No. 6,888,529 to Bruning et al. (hereinafter "Bruning") in view
of U.S. Patent Publication No. 2004/0160199 to Morgan et al. (hereinafter "Morgan").
(Office Action, p. 5).

Claims 58-59 stand rejected under pre-AIA 35 U.S.C. 103(a) as being unpatentable
over Bruning, in view of Morgan, and further in view of U.S. Patent No. 6,471,716 to

Pecukonis (hereinafter "Pecukonis"). (Office Action, p. 10).

Double Patenting Rejections

Claims 63-71 stand rejected on the ground of nonstatutory double patenting as being
unpatentable over Claims 1-17 of U.S, Patent No. 7,872,430, (Seé Office Action, page 3.) In
response, Applicants submit herewith a Terminal Disclaimer disclaiming additional term over
United States Patent No. 7,872,430. Applicants' agreement to provide a Terminal Disclaimer
is to expedite issuance of the present case and does not admit that the present invention is not
patentably distinct from United States Patent No. 7,872,430. Withdrawal of the double
patenting rejection is respectfully requested. ,

Claims 63-71 stand rejected on the ground of nonstatutory double patenting as being
unpatentable over Claims 1-15 of U.S. Patent No. 8,203,286. (See Office Action, page 3.) In
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response, Applicants submit herewith a Terminal Disclaimer disclaiming additional term over
United States Patent No. 8,203,286, Applicants' agreement to provide a Terminal Disclaimer
is to expedite issuance of the present case and does not admit that the present invention is not
patentably distinct from United States Patent No. 8,203,286, Withdrawal of the double
patenting rejection is respectfully requested.

Claims 63-71 stand rejected on the ground of nonstatutory double patenting as being
unpatentable over Claims 1-27 of U.S. Patent No. 8,461,776, (See Office Action, page 4.) In
response, Applicants submit herewith a Terminal Disclaimer disclaiming additional term over
United States Patent No. 8,461,776. Applicants' agreement to provide a Terminal Disclaimer
is to expedite issuance of the present case and does not admit that the present invention is not
patentably distinct from United States Patent No. 8,461,776. Withdrawal of the double

patenting rejection is respectfully requested.

Independent Claim 47 is Patentable Over the Cited References
Independent Claim 47 stands rejected under pre-AlIA 35 U.S.C. § 103(a) as being

unpatentable over Bruning in view of Morgan. (Office Action, p. 5). Claim 47 recites:

A lighting system, comprising:

at least two strings of solid state hghtmg devices that are respectively
configured to emit at least a first light and a second light, respectively;

at least two current supply circuits coupled to first and second strings of
the at least two strings, respectively, each of the current supply circuits configured
to supply an on-state drive current to a respective string of the at least two strings
of solid state lighting devices in response to at least one control signal generated
in response to a sensor output signal generated by at least one temperature sensor,
each of the current supply circuits comprising:

a_controller having a contrel input, a first control output

configured to provide a first PWM control signal, and a second

control output configured to provide a second PWM control signal;

and

first and second output terminals coupled to the respective string of
the at least two strings of solid state lighting devices. (Emphasis added.)

Regarding Claim 47, the Office Action alleges:

Regarding claim 47, Bruning et al disclose in figures 3-4, a lighting
system, comprising: at least two of solid state lighting devices that are
respectively configured to emit at least a first light (Red) and a second
light(green), respectively; at least two current supply circuits (210R., 210G)
coupled to first and second of solid state lighting devices, respectively, each of the

9
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current supply circuits (210R, 210G) configured to supply an on-state drive
current to a respective string of the at least two of solid state lighting devices in
response to at least one control signal generated in response to a sensor output
signal generated by at least one temperature sensor (228), each of the current -
supply circuits (210R, 210G) comprising; a controller (232R, 232G) having a
control input, a first control output configured to provide a first PWM control
signal, and a second control output configured to provide a second PWM control
signal; and first and second output terminals coupled to the respective string of the
at least two strings of solid state lighting devices. Col.3, lines 19-29 for
independent pulse modulation to the current supplied to the red, green and blue.
(Office Action, page 5, emphasis added.)

Applicants respectfully disagree. For example, Figure 4 of Bruning is reproduced

below for the Examiner’s convenience:
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FIG. 4 R
. PROTECTION

Figure 4 of Bruning illustrates a circuit diagram of an LED backlight. (Bruning, col. 6, lines
63-64.) The Office Action alleges that sub-arrays 210R and 210G are current supply circuits
and controller R 232R and controller G 232G are controllers. (Office Action, page 5.)
Referring to sub-array 201R, Bruning describes, “[t]he current through red LED 230R and
thus the light output of red LED 230R, may be varied by switching switch Q5 on and off.”
(Bruning, col. 9, lines 8-10.) Bruning continues, “[c]ontroller 232R independently controls
the switching of switch Q5.” (Bruning, col. 9, lines 16-17.) Referring to the other sub-arrays,
Bruning describes, “[i]n like manner, the light output of green and blue LED sub-arrays

210G, 210B are independently controlled by independent controllers 232G, 232B.” (Bruning,

10
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col. 9, lines 45-47.) As illustrated in Figure 4 of Bruning and described by Bruning, each
controller of Bruning has only one control output. As such, Bruning does not disclose or
suggest each controller having two control outputs,

In sharp contrast to Brunin , Claim 47 recites “each of the current supply circuits
P g

(210R, 210G) comprising: a controller (232R, 232G) having a control input, a first control

output configured to provide a first PWM control signal, and a second control output

configured to provide a second PWM control signal.” (Emphasis added.) For at least the
reasons provided above, Bruning fails to disclose or suggest all of the recitations of Claim 47.

The Office Action does not allege and Morgan does not disclose or suggest, “a
controller having a control input, a first control output configured to provide a first PWM
control signal, and a second control output configured to provide a second PWM control
signal,” as recited by Claim 47. As such, Bruning and Morgan, alone or in combination, fail
to disclose or suggest the recitations of Claim 47. Accordingly, at least for these reasons,
Claim 47 is patentable over the cited references, the allowance of which is respectfully

requested.

Independent Claim 63 is Patentable Over the Cited References

Independent Claim 63 has been amended to include a portion of the recitations of
Claim 64. Claims 63 and 64 stand rejected under pre-AIA 35 U.S.C. § 103(a) as beinbg
unpatentable over Bruning in view of Morgan. (Office Action, p. 5). Amended Claim 63
recites, in part, “a pulse width modulation (PWM) controller that is coupled to the current

supply circuits and that is configured to generate, for ones of the first and second current

supply circuits, a first PWM control signal and a second PWM control signal that are

supplied to the at least first and second strings.” (Emphasis added.)
Regarding Claim 64, a portion of which has been included in amended Claim 63, the

Office Action alleges:

Regarding claim 64, combination Bruning et al and Morgan et al disclose
wherein each of the first and second current supply circuits comprises a variable
voltage boost, constant current power supply circuit configured to operate in
continuous current mode; and a pulse width modulation (PWM) controller that is
coupled to the current supply circuits and that is configured to generate, for ones
of the first and second current supply circuits, a first PWM control signal and a
second PWM control signal that are supplied to the at least first and second
strings, respectively. (Office Action, page 8, emphasis added.)

11
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Applicants respectfully disagree. For example, as discussed in reference to Claim 47,

- the sub-arrays 210R and 210G of Bruning each contain an independent controller 232R and

232G which provides a singular control output. Bruning does not disclose or suggest each
controller having two control outputs, For at least these reasons, Bruning does not disclose or
suggest a controller that provides two control outputs to ones of the current supply circuits.

In sharp contrast to Bruning, amended Claim 63 recites, “a pulse width modulation
(PWM) controller that is coupled to the current supply circuits and that is configured to

generate, for ones of the first and second current supply circuits, a first PWM control signal

and a second PWM control signal that are supplied to the at least first and second strings.”

(Emphasis added.) For at least the reasons provided above, Bruning fails to disclose or
suggest all of the recitations of Claim 63.

The Office Action does not allege and Morgan does disclose or suggest, “a pulse
width modulation (PWM) controller that is coupled to the current supply circuits and that is
configured to generate, for ones of the first and second current supply circuits, a first PWM
control signal and a second PWM control signal that are supplied to the at least first and
second strings,” as recited by Claim 63. As such, Bruning and Morgan, alone or in
combination, fail to disclose or suggest the recitations of amended Claim 63. Accordingly, at
least for these reasons, Claim 63 is patentable over the cited references, the allowance of

which is respectfully requested.

Dependent Claim 67 is Separately Patentable Over the Cited References

Claim 67 stands rejected under pre-AIA 35 U.S.C. § 103(a) as being unpatentable
over Bruning in view of Morgan. (Office Action, p. 5). Applicants submits that Claim 67 is
separately patentable over the cited references at least for the reasons that will be discussed
below. For example, Claim 67 recites, “[t]he lighting system according to Claim 66, further

comprising a filter coupled to the sense resistor, the filter configured to filter the feedback

input.” (Emphasis added.)
Regarding Claim 67, the Office Action alleges that the “combination Bruning et al
and Morgan et al disclose further comprising a filter coupled to the sense resistor, the filter

configured to filter the feedback input.” (Office Action, page 9.)

12
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Applicants respectfully disagree. The Office Action alleges that a sense resistor is
illustrated in Figure 4 of Bruning. (Office Action, page 6, in re}eéting Claim 48.) Bruning
describes, “[r]esistor R; has a low resistance to provide current sensing for controller 224.”
(Bruning, col. 7, lines 11-12.) However, Figure 4 of Bruning does not illustrate and Bruning
is wholly silent regarding a filter coupled to resistor Ry of Bruning. For at least these reasons,
Bruning does not disclose or suggest “a filter coupled to the sense resistor” as recited in
Claim 67. |

The Office Action does not allege, and Morgan does not disclose or suggest, “a filter
coupled to the sense resistor,” as recited by Claim 67. As such, Bruning and Morgan, alone
or in combination, fail to disclose or suggest the recitations of Claim 67. Accordingly, at
least for these reasons, Claim 67 is separately patentable over the cited references, the

allowance of which is respectfully requested.

The Remaining Dependent Claims Are Allowable

Applicants traverse the rejection of the remaining dependent claims. However, as
each of these claims depends from a base claim that is believed to be in condition for
allowance, Applicants do not believe that it is necessary to argue the allowability of each
dependent claim individually. Applicants do not necessarily concur with the interpretation of
these claims, nor with the bases for rejection set forth in the Office Action. Applicants
therefore reserve the right to address the patentability of these claims individually as
necessary in the future.

CONCLUSION

As all of the claims are now in condition for allowance, Applicants respectfully
request allowance of the claims and passing of the application to issue in due course.
Applicants urge the Examiner to contact Applicants' undersigned representative at (919) 854-

1400 to resolve any remaining formal issues.
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Date: November 8, 2013
Mail Stop Amendment
Commissioner for Patents
Box 1450
Alexandria, VA 22313-1450

S INFORMATION DISCLOSURE STATEMENT TRANSMITTAL
ir;

Attached is an Information Disclosure Statement listing of documents previously of record in parent
Application No. 13/469,188, filed May 11, 2012. As the benefit of this application is claimed under 35 U.S.C.
§ 120, no copies need to be furnished in accordance with 37 C.F.R. § 1.98(d); however, copies will be
furnished on request. Cite Nos, 157, 158 and 168 are newly cited references and copies are provided
herewith.

[J In accordance with 37 CFR 1.97(b), the information disclosure statement is being filed:

[1(1) within three months of the filing date of a national application other than a continued
prosecution application under §1.53(d);

[1(2) within three months of the date of entry of the national stage as set forth in §1.491 in an
international application;

[1(3) before the mailing of a first Office Action on the merits; or

[] (4) before the mailing of a first Office Action after the filing of a request for continued
examination under §1.114.

X In accordance with 37 CFR 1.97(c), the information disclosure statement is being filed after the
period specified in 37 CFR 1.97(b) above, but before the mailing date of any of a final action under §1.113, a
notice of allowance under §1.311, or an action that otherwise closes prosecution in the application, and is
accompanied by one of the following:

Xl (1) The statement specified under 37 CFR 1.97(e), as follows:

X Each item of information contained in the information disclosure statement was
first cited in any communication from a foreign patent office in a counterpart foreign
application not more than three months prior to the filing of the information disclosure
statement; or

[1 No item of information contained in the information disclosure statement was
cited in a communication from a foreign patent office in a counterpart foreign application,
and, to the knowledge of the person signing the certification after making reasonable inquiry,
no item of information contained in the information disclosure statement was known to any
individual designated in §1.56(c) more than three months prior to the filing of the information
disclosure statement; or

[1(2) The fee set forth in §1.17(p);
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[J In accordance with 37 CFR 1.97(d), the information disclosure statement is being filed after the
period specified in 37 CFR 1.97(c) above, but on or before payment of the issue fee, and is accompanied by
both of the following:

] (1) The statement specified under 37 CFR 1.97(e), as follows:

[] That each item of information contained in the information disclosure statement
was first cited in any communication from a foreign patent office in a counterpart foreign
application not more than three months prior to the filing of the information disclosure
statement; or

[] That no item of information contained in the information disclosure statement was
cited in a communication from a foreign patent office in a counterpart foreign application,
and, to the knowledge of the person signing the certification after making reasonable inquiry,
no item of information contained in the information disclosure statement was known to any
individual designated in §1.56(c) more than three months prior to the filing of the information
disclosure statement; and

[J(2) The fee set forth in §1.17(p);

In accordance with 37 CFR 1.97(g), the information disclosure statement shall not be construed as a
representation that a search has been made.

In accordance with 37 CFR 1.97(h), the information disclosure statement shall not be construed to
be an admission that the information cited in the statement is, or is considered to be, material to patentability
as defined in §1.56(b).

[] The Director is hereby authorized to charge the fee specified in 37 C.F.R. § 1.17(p), and any fee
deficiency or credit any overpayment, to Deposit Account No. 50-0220; or

X No fee is believed due. However, the Director is hereby authorized to charge any deficiency or
credit any overpayment fo Deposit Account No. 50-0220.
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Attorney for Applicants

Customer Number 65106

Myers Bigel Sibley & Sajovec, P.A.
P.O. Box 37428, Raleigh, NC 27627
919-854-1400

919-854-1401 (Fax)

CERTIFICATION OF TRANSMISSION

| hereby certify that this correspondence is being transmitted via the Office electronic filing system in
~accordance with 37 CFR § 1.6(a)(4) to the . Patent and Trademark Office on November 8, 2013.
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An integrated L.ED driving device for . %; Ve s
multiple LED strings which employs a single N b by bw v ¥ M TF
linear regulator or other controller and a e %:‘ f:
multiple-output current mirror which is UL ge be T
almost independent of the DC input voltage L ke oy 9w G §7
source, almost independent of the LN ";'-%-““T"i"jjgﬁ:; """ 7
transistor's or MOSFET's variations from o T~ <fl 7@y @
the semiconductor integration process, and jtu g T = = 5 ”-:":E;T,.m“;:f" "y
almost independent of temperature 5 i e CA ooy

variation. The multiple-output current mirror R LY
includes a plurality of fransistors or T T ‘
MOSFETs each of which are integrated on i -

the same substrate, with identical width-to-

length channel ratios and with identical source and gate connections. The integrated LEC
driving device provides for automatic current sharing in a DC mode and, alternately, with
minimized phase delays in a PWM mode. The mirror-output current mirror may include
mirror-cascade transistor pairs.

http://worldwide.espacenet. com/publicationDetails/bilt?l%tjgggﬁ;dggggﬁ%w . CQBI%%@/EIP n
Exhibit 1002 - Page 134 of 321



JP 2004-538653 A 2004.12.24

(19) B AESEFE (P) R R HF LD HA) (1) i HBARES
1%53%2004-538653
(P2004-538653A)
W) ARE TRISE12E24E (2004, 12.24)

(61) Int.CL." Fl FeTa—- (5%)
HO1L 33/00 HO1L 33/00 J 5F041

SEMR RWT FREETHR RHEL (£ 20 B

1) HEBE 45/2003-520248 (P2003-520249) | (71) HEEA 590000248 ‘

(86) (22) WA SERSI44ETA 1A (2002.7.31)
(8 MIERCIRIAE  PEI6E2RE2H (2004.2.2)
86) EEHEEE  PCT/IB2002/003224

@7 EIRAMEE  W02003/015476

87) BREAMB SERL154E2 208 (2003. 2. 20)
(31) BSEEERE S 09/922,211

(32) &R SERV134E8H 3H (2001.8.3)
(33) (BB RER HKE (US)
@81 5@ EP (AT, BE, BG, CH, CY, CZ, DE, DK, EE,

ES,F1,FR, GB, GR, 1E, 1T, LU, MC, NL, PT, SE, SK, TR) , CN, JP, X
R

A==Vl vwi T4V vIA LV
pomsA TR U4
Koninklijke Philips
Electronics N. V,
AZVEAE 5621 N—F7— T4V
F—Txy TA—3TU7PUYT YN
1
Groenewoudseweg 1,5
621 BA Eindhoven, T
he Netherlands

(749 REA 100072051
fELT Bt HF

BRI

64) (FBEADER] WROIEAA A— PRI LRRAT £178 5 BRILS Weie s 1 A — FRERE

67 (9]

BROFENEZ A A FINCKTT BERBL S NIBAL A
F— FEREEE L, 190V 27 LFa Lb—2EFD
oy ba—S e, VFHABRIS—LEEL,
CORNVFHNBRI TR, EMATEER, P8
ERENFNC K AMOSFET MoV VAZOEERTR
ELINFR AT LR CORNVFHABRI TG
. BBOMOSFET bV YAREHEL, ThHMO
SFETFIUYVRADELRIE, HWCRUIENEE D
Fy FVELE . BORECY — AR — MRS 1
ZE > TRIUER IR T %, COER b3
HEA A — PR, ERE— N TR NEITS
5, BV ER, PWME— R CEAHBEEE RN L
TERDEEITR S, RIVFHHEBRIS X, 35—
~HAA—R RS VVARWERLS 5,

[LRIVR

B

2

Petitioner Hisense USA Corporation
Exhibit 1002 - Page 135 of 321



(2) JP 2004-538653 A 2004.12.24

(R RO HIFA ]

(FFERmE 1]

NEORKEZTA A - R BB T E2HEALAT AL - RBBHEBEBTH> T, TOEMET A4 —
R BY B 35 1@ A,

HEBHRESZHABIIHAETH L.

NEORNEZXA T —PHICESEENTVFHOBERIS— &

FERZ, MBIV FHANERIS—DPNAOIS— SV VAXREET DL LLICHEHA
BERICEAIN, TNENFAOIS— ISV IREAR I DOERLEICERIELEEN, Th
OENOII— SV VREDW, BEVIREERAUCUENEIOF » 2V, HVIKIFIEH
Uy~ bHMEESE, HEVIKBERUY —ABREIAVERETIZ2LII9RCUERELTAF
— R B HEE,

(FEskmE 2]
HEREIKCEROBREA AL - PEHEBICBVT., MERBEERNMVT7EHRLE 2 L
—XEBEZ, COVZTERILFaL—A2, BRRBFE L, fEEEHRLCERLLE N
e/ —RicHhlmEs24Esaryru—S2EL, it/ —FIEHENFEO IS —
FSVVAROT — A EESNTVEENNEA AT - RBHERE,

(k3]
FREIXGZ2CRBOHEAAI AL - FBRHEBETCH-> T, HLHABFENV_TERL
Fal—2%2BZ2, COVZT7ERLVF2 V-2 ERRETFRE, HAOKBESZEL
aviu—orEEL, MENVFHABRII-N, B HIHNEESERZY 3/ —
FE, NEDIS—F S5V YVRAEEEZEBFL, HIZNBEOIS— I Y RAADEZELN, Hi
W/ —FREEENEEY - e, MiANBHORNEEXAFT—FHOMIET S 1DIEASH
ERLVAVE, HEENBRETFRIEES SR LY —XE, BRESOF vy 2NV EREL
CHENBEOIS- RS YVRAEAP I DOEBRECERILIN, BVWIREBERBUF v 2V
Lk HTE2HENAT A4 — FEREEE,

(FERmE4)
MRELI~300VINHh—HIKEHORHKEL AL - FHHEBIIBWT, BB NVFHA
BERIT—DEENBEAOIRAI—-—RIFSYIVRERE L.,

BEAAA—PF S UVIRARZDOY —ZAREFNEFh, BiIZNBAOIST— S VYV AXDHRLT
B1IDOD0RVAVEMBEINT, NADITI— - A AI—FFIYIAEAWZHRL., Hi
ENBEOIWAA—PR S VIAEZADEFSVIRAZDRLAVYRZEREFTN, M NMADOE
HEA A - R OHBTE I DODEEEBEBESEINhTED,
MENFAOARAI—RFSVYIRAEZDZEANANVWIKEERUCEREEOF vy 2V EAL
VCDREHEEOF Yy XNV ENFEOIS— I VYVRAXZDOBHRETIDF v 2V E
LIFERALCTHD,

HENEOAATI - RIS YVRAABHMEBELI DOBERLICEEBELEINTVEIRLE A 4 —
R BR B & 1,

(FERHES5)
FREL~400Fnh—HIKEHORBE A A - FEHEB BV T, MENBOREX
BALZ—FHCERANBEERFREAINATOEIRHAZT A4 — PREIEE,
(FERE6 )
HRAELI~500TNh—HIEHORNEET A - REHEBICBWLW T, MEIVFHA
BHRIT-D, REZH. BRANBEEHRCIF I VIVAXDBELRKHREKRKELEVE
BNAEBRIEETEIEIKE>STVERE_RIT AL — FEHER,

(BERE7]
FREL~40VWINMHh~EBRLERORNX L AT - FEHEB BV, WEENFEOHN X
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— RICHEETNTVEIRET A A — NEFEE,

(FBRES]
HRETKEBORENE AL - FEEEBICBEVT., ENVFHABHEIS—AERE

10

20

30

40

Petitioner Hisense USA Corporation
Exhibit 1002 - Page 136 of 321




(3) JP 2004-538653 A 2004, 12. 24

— R, HORXNWVABEFC-FCRUHEBEARPMCLTCEBHRIAEEZBHNICTE S &
I LERMNET A - PEREERE,

(FHk¥E o]
HRE2ICEBMOBENEL A - FHRBEBICBOVT, MEXIVFHAERIS—MNEICN
BMOIARA— RISV IRAEZEBEL, CNHOHRAA—RPFNIVIRARADBELDY —AN%
nNEh, FIENBAOIS— I VY REZDOSBORIETH1I DD VIV RAEZDRLA Y
KHEESENT, NADIS— - A AA—-F SV IAENEBERLTCED.,
HANBEOAZIA—R IS UYVRARZRDERDR LA VB EFNFN, MENFEORKNET A F
— RFHOWBTBH I DEERERKEI N,

HEN@EOAAI— RIS U IAEZDOZT— D, Bi@NEOIARI—-—R NI VY AEZD
SBOEIDHARAA—R I VIRAD P LA VICERE N,

MENBPOIAA—-—FR I VI AEADBAEADNAENVWIKEIBRERUCENEIDOF Yy 2V E2HL
CZCOEHEEOF Yy XINVEBMMENFEOIS— S VYV RADBERETDOF ¥ 2V &
LEEERUTH D, ‘

HENEOARAI— RS U PARZRBHEB1IOOEREICERELINT VB RS A F —
R OBE B A,

[(FRE1 0]
HRFALDEORELA AL — FREEB BV T., MEFABFRN, SRl DOERE
KWEBEEINEI S-SV IVRXREARUCARA—- RS VY RAEERFL,
CORBFROI SIS VIVRAZDOTF— M HBEEBERUY —ABHI AR, i NE
DIFT— I I VIVAEZDT - HIHEBRCY —ABEEIA YL BERLTHED., TOH
BFROIF—-F+IVYVAZE, HIBNEOIS— VY AEZ2OBEBWMETDOF v 2 VI
DkTDIDERNREZDF vy 2 NELEFL,

Ml EFROIRAA - RIS YYRZOF - HEESR., fIENEOAZRI—-R LS
VIRERDT—FHMESLEBIERUCHED. CORBFROIRAA—-RFRINI VI REI
CZCDRABFEROIS- NI VVRAAOBBRETIOF ¥y XINBECFLVERETDOF v 2
WHEET AR T A4 — PR HEE,

(kmE1 1]

FRELIOKEHOENE A AL - RFEBEBEBICE W T,
HENFEOIS— IV VAROY — AN BHMEES N,

CNBNAOIS— SV IVRADT—H, MERABEROIF—- I VY AXDRL
A VIREEENEEFBRICHEAETATVWERNST AL - REHEE,

[#kmE1 2]
BHRET~11O0O0WThDh—~HERHOEXA LA A - FBPFEBLCEW T, WETVFH
HERIS—B, AEZHRCIFrS VIPARDENNCHREKELEZVERSEZ BB
TR &E3CHE>TVAEMT A A — FEHRBERE,

[P OFEMAEEN]

(B9 %]

(o000 1]

AFEHEG, RAXAA—F (LED) BMBEEICETZ2LEO0THD. ik, HBADLED
L, ERE—-FTERIEZTHRY, HWViEER, PWME-FTREMNEELERZFZ
MNECLUTCTERDEZTES., #BIE UL LEDEHEBECETILEDTH S,

(o000 2]

(BEINDEOTREZVY, BRFLEYVIVEBIAEEHNONY 754 MCBIT 3
37%) LRENDOLEDICHTAAREBEAX LEDREHELHEGH T HICR., HiaE
BRUAMAZaY bR —F (HEXE) "RETH, Fic, BEOHMIC KB &, £
HOLEDHZPWME—-RFRTHEIRIESE, IV o —SHICEBEZELRIBD., °h
WEONMFOLEDHMICELZAMNBREERY LDDZBZNNH S,
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BERERTEDOT, TR 1207 LFal—X5E2HLTWVWS, TOLEDHEZ
VT2 alk—EORBEEREE ] . ZHINEOEERRL., WF3SKERANEE
VyZ EUBPBERANERER (RRET) LEXOVBHTIZONFELY, YT L
Falb—F5F., ~EDLEDERI ) ZHRITILIICHEET S, COV_TLFa
L—2 50— M ABEZM FICHEMICHBET %,

{000 4]

LEDEWRI |,y RBRHEEFAR,;ZNLTHREEINS, R, RUR,; b HHBEDE K
EHBESBU IVBEYZEELZT R, LEDEBWH I ) HHMVBEBEMESRU2 (V7
L¥Falb—20aryiro—95) OART,. 75bbRBHFRBEINS XS KT 5, &
FiR,;id. HEBBEHUIOHANWTFRUCANRT., 7hAbbREGERFHEEIhEZER
W TH 2. LH R, HEBREHBUIOAMTF, ¢hbbREBFRUOAMICHES X
NTW3, HEMENRU 2 OEZBEHE.

(1]

R22 1
R23 1+s-R22.C9

(1)

ELTEDLENDE, TCT, sREELEHTHY, BEH R, IEEMESHRU 2OHBIH T
ECAWMTF, THhDLbREBRFHCEAINEREBERATHDL, Fy v X CoORRBER
TRy, bUFicHEEITh, BRR,,O—F OB FREEHMENRU2O0AEHF. v4hbBR
B FRRHEESh, COBRR,OMAOHFR/ —FALEBEIA TS, HEHIES
U2DOERT, 7AbbEREHFRET2 adb s~ EO0REEREE .., 2% 3,
[o005]
HM1OHBHEEZEICBRT S, Vo7 LbFal—&50/ —FAKKKE, BEHRR, O—
HOWMFRIHEAEIN, CO/—FAR/ —FBIKEBLTVS, HH R, OfHFOMHFIX
LEBBILYAERAERPBR IS VI AEX (MOSFET) XBZFOMOISIVYYRAEQA
IDODRLAVIREEINTWS, MOSFETHFSIVYYREZQALIDF -, F20b
MWo—BORBERES [ ,.¢f 22U 3, MOSFETHFIVYYZXAEZQAL1DOY—RIFK
HOEINTWVWE, /—RBRFY¥yVERCy, O—FHODMWMFEEAL4—RD, O
FLRBEINTWVE, Fy RV 2C, DMADOHFRARMICHEEEINTVWE, A4 —
FDy, OBBIRIEEMERUIOHIBFIESERATV 3,

{0006
FIEMHEARBEERERUZ (Vo7 bFal—20arybiru—5) OHABFEELE S L
T, RCEHBHE7I A NVE2E6ZNLTMOSTFETFSYYVAXQIXRBEDOMD LS5
VARADT— PICHEHBEEN, CARKKDTS—FEEVEMOSFETIIYYRHEQ 1
K5 2%, RCEMBERIANEZEREBEFR R ,EF+ NV XC (2EFLTWVWS, BHR
DB I MTFRIEEEERBU 2O AGTIIESEIN, COBEHRR,,,OE2HTEF v 8
VEACDEIWMTEEAENTVS, F¥ RV XC OB 2WTRRBICEAEhTY
%o

foo007)]

Vo7 bFalb— 25 RBBEREFH R, ZHL, TOEFR,(OP—ADOHWFREEHRR,,OH
Wi FIHEEEIN, TOERRR, OMAFDOHWMFREIMOSFETFIYIAREXXEZDOMD
FSYIRAEZQAZORLVAYEHEAEENTWVWS, MOSTFETFSVYIYRAEZQAZODY
—FEINOTH—-FNGCIOHAWMTFRESEEN, MOSFETFSYYVRAEZQA2DY
—ARARKHMIEHEEEINTVE, NOTH—-FNGC3DOANBMTR. F2bhE—EDH
BERES .. 220 5%,

(0008]

BECH> TR, T4 EELVWMOSFETFSYYARQLIDRLAY -V —XEBER
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5k, ERMXE/NINVARER (PWM) BiETBLEDA I LIED TREFICHKAET S
o LML, SLEDFANEBROLEDAZ#ETAZNBOLEDAABKI TAILENDZES
ik, NEOLEDHWBMTEREZELL BT SADIC, —Bic, N1 OEKBETHICER
LTHWARTERY, RBREMLIZ LS, TOESRKTHBE, Vo7 b¥al—
ZAOEBOBEBERTAY IR —TDMBRIE KT S, Bic, LEDFHEPWME~ RT
BETREIZEAELCE., a2y b —-99) 7 Vb al—X0EEIRETCOBERMEOZE
LtREXONBEOLEDHBMOMEERLZOEZBZENNH B,

{0009]

AFEHE, HEOLEDHKHL, BERE—Fe, NHBEZRNCLEZPWME— RN
THXHECERELPEH IR TS, £ LELEDER#SEBELZRBE TS, AHPOLEEILL
ZLEDHWEIERER, BREREZHET S 120V =7 LFalb—2XRZEOMDIT Y
B—5¢, HEOMOSFETXRZDODMDO NS VY AZBHETEZNVF (HE) LB
HIog—LEFHTS, CNOMOSFETXRZFOMDIFSI VI RAEZDRRIZAE L IR
FeBEBEEN, ThE S YVRAZDOBEBRETOF Yy 2 NVHEREABICT B L ELIC,
HBUY—RABEHEISAVRUOCBULY - EESAVERA VWS, Thickb, R IVFHNER
SS9l BERANEBEV ) ZECAP2ERANZEERS, YEXEHELEICKXBEMOSF
ETOELE®, RELEHIKBEAEFELEZVERIEETZ S,

{00101

AEBHILES, NEOLEDFI 28, , 28, , , 28, KT HEMMILL]ZLEDRK
MEBRBIOD—HMAAEZR2KRT. EBMIALEZLEDKEER L OB, WF2akkBir
5—EOEREBEHRES ], THHIAZ 1207 Fal—K15¢, NEDOLE
DH 28, , 28, , , 28, ZHHTANFHIBRISOS—30E2ETE, &1L
EDFIZ. D LEDEET S, 12DV 7 VLFal—F1 5@3KENCKLIOY =
TLFal—XLAUTHD, foT, M1 ELAUHERZHVTVE, LML, oV =
TLFalb—2E2EHTACLETES,

(o001 1]
SNVFHANERIT—3028BT 31, CONVFHNEHRIS—-I30RNHDI S —
MOSFETWFIVIVAAZDMOD IS VIAEQ,;, Qiz, =, QuZEL. ThbHOD
ErSUVAZE, FELLABRRAULUTERCALUBENESOFy 2V (W L) THU
HBR36 LIKCERBIETS, MOSFETIFIVYIYAEQ,;, Qv y QuDF— 1+ i
FRIZENLTEVEHEEENTWS, COEEERK3I 2. E1OMOSFET S Vv
VAZQWEETE/ —RFCHOENBEEHOMOSFET I VYYREQwOF—+ET
EHEL, Va7 bFab— X1 50BHBRI A NVEZ6DHAEZTZ, chickb, N
TMOIZI—-MOSFETHrFSIVYYRAEQ 1, Qia, s QyDF—1+DHK LXK, HERIE
BUZ2 (Vo7 VbFalb—20oaryitn—5) hoDHEHUHBENIERT S, BREIEKS3 2
RO/ —FCREHI6 LcEHILINhTWVWDE, MOSFETHFS VY RAXQ,,, Qs
L, QDY - ARBEEBIAZNLTHEVWKERIN, —K, COEFBR3I4ZI =T
LFa2b—-2 1 50BRBMHETNR,;KBAITNTVWEE., COERBRBUEMR,,;EMO
SFETFSVYVAEAHLLOBEREMRHTZ, NEDODIZI—MOSFETHFIVYYARAEZQ
11, Quzy vy QOB RFLAYVE., NHOLEDH28, , 28, , «, 28y M3 b
ORIBTBZ1IDO2D0—HIKEATN TS, BEThE, BE1OMOSFET I VY RAXR
QPRLAVYHHEIDLEDY 28, O—HEHEASTHh, HE2OMOSFETIS VY
AZQ,DRUASVYBHE2DODLEDF 28, O—MicEAdIh, UTAKTHL., BB
NFEHOMOSFETHFISVYVARXQ wDODRLAYHINBHDLED 2 8y O—Hilck

BENTWs, NEOLEDH 28, , 28, , =, 28, OD&ADOMMIIMF 1 3 TH
WMANBEV,, BRT %,

{o0o1 2]

BRI UEZLEDRBERBRL 00 ELZHHEIZK, NEOIS—MOSFETHFS VY
AXQyy, Qi vy Qupid, MUFERMELRE (AR, HE, ¥H., 27, F—

Yy, 2w Fry) RHOTHUERELECHEBEEATVES, NEOIFS—-—MOSF

10

20

30

40

50

Petitioner Hisense USA Corporation
Exhibit 1002 - Page 139 of 321



(6) JP 2004-538653 A 2004.12. 24

ETFISVYVRAEQ 1, Quzy vy QB Vps2Vs—Vy ELEBME—-FTEHESR
B, FYRIVEZHNLIZERZ, BRRFLAY -V —-RBEEV s KRERELELIKLS
o Vesld, V= F - V—XEETSHD, V; B, LEVHEETH S, FLAVERIE.
Ly WV ps2Ves—Vy ELEBAEARICBY 3 EEREZEDTRK (2) KLY
—bF-V—ABE (F—FERE) VsieEbilEns,

(# 2]

ID=F-C0%(VGS—VT)Z (2)

TOR (2) KBWT, FRETFOBHETHD, CoRlBMUBEMBYDOBILLY DT v
VEAVATHY, LEFYINVDODEEITHED, WBF Yy NWVIETH B,
(o011 3]

NEDOIZ—MOSFETHFIYYAEQ,, Qipy v QyB3ACHLETHULERS 6
Ec&EHBLEh, /- FCAhLRUHMEESZRZY., /—FDTVYZT7bFal—%15
KHNTBRALY ~AERSAVEALTVEA, NHEOLEDHOBRI 1501, I 1502

o T RE LV RL A VEHRMMOSFET FS Y YRADSE (WL H) i@
L. X® (3) THEbEIN B,
(% 3]

Lgoy dygpa o Doy =W L) W /L), (WIL),  (3)

FHRULEEIIC, NEOIS—MOSFETFSYYAZQ,,, Qip, =, Quui@EUSH
WLl THEBLEENTVE S, SVFHNBRIS—30CED, BEV , &L
CA2BEHANEERY., YEFLEBUBIZLAMOSFETOELR, BELH KR LK
FELEVERIEZEHNECATEZ>DIKAVOMZERIS—HENEBE LN,
o0 1 4]

AHEPEIKLIS, NEOLEDH 128, , 128, , -, 128, KNTHLEMLLREL
EDHBEI%BE 1 OO0ODMOERB AR IICHMRMICTRT, —Mic, £HILLUAELEDEKS
HEE100F, R2DOFHHKBI BN FHAOERIZI—300RbbHic, NEDOLE
D% 128, , t28,, , 128y EWEFTHAINFEAAIAI-FERITI—1 3
0ZFL, BEIS—OHINA VYRV AREDTINLERIS—HBLE—-EDER
BELBEID2ILT B,

[o015]

RNVFHIAAI—-FERITI—130ZLUTEHBETRIC, COXNVFHAIA—FR
BEWMIT— 1301, NAODIS—MOSPFETHIFSVIYRERXIBFDODHMD LS VY AR

QlO]' ngz,"', QlON cl_'.\ Nﬂﬁ@f]x:‘_}“MOSFET}‘E\/?‘)X&Qlll, Q
12, 0, Quuy EZHLTEBY, ThbDHLBRALCENRI 36 LK, FELLE, @
C~TERUMUBHETOFy 2V (W, L) THEEILT S, MOSFETHFI VYR
Q101 Quaz v s Quop OF—t+R., BEE132E2NALTHEVIEHEAEINATVES

o TOWRK1 321, BIOMOSFETIIVYYAEQy, WEETSB./ —KC1O0
OO NBHOMOSFETFSYYVAZRQ gy PV —VFETEHEL, Vo7 LbFal—
X15DEBEBRT o NVE6OM N ERTZ, Chickb, NEOXZI—-MOSFET b

5‘/“/“}(5?(2,01 f QIOZ sty Q]()N 0)/7»'—]‘0)%’/‘?03:\ !ﬁlbﬁ?”/ﬁﬁ]ajjj%é%bj‘%o %ﬁ
B132RC//—FC1OO0OWHEWI I LcERMELENTWVWE, MOSFET S VY
AR Quor s Quoz s 'y Quoy DY —AREFEBI3IAEZNLTEVIEERSN, — 5K

IOERBL34BYV T LFal—2 1 50BRBHBERR, ) KEEIhTVEHE,

10

20

30

40

Petitioner Hisense USA Corporation
Exhibit 1002 - Page 140 of 321



(7 JP 2004-538653 A 2004,.12.24

COBHBEBEFRR,;BCNALODOMOSFETFS VY VRAEDPLDERZRHET S, NM

DIF-MOSFETHIFIVYIRZREQ g1, Qioz » =y Qugg PEFLA VIR, NEOD
HAA—=FRMOSFETHFIVYAZQ 11, Qii2, ', Quy DO>BOXIET S 1D
EMALUCNBEOLEDH 128, , 128, , -, 128, O5b50WET 21 D0D—iH
KHEAIhTWVWS,

{o016]
NEOAHAI—=RMOSFETFIYYRAEQ 1, Qiiz v v Qg KDEHHET 3
., ZTNUEMOSFETFSYYRARQ1; , Qiiz ., s Quuy OF—bPREHEK 1 4

22N UTHEVWEREBEENT VS, COEFBKL 42 3#RB1I 44HEIN, COB
W1 44X, J—PFERBWUBRE1OHNAI—FMOSFET I VYYRXAHQ,1,
DRLVAVEFREINONBEOINRAI—-FMOSFET IS YV RADY—MIREHLT
=+ +BEV 2B 2, E1OHATI—-FMOSFETFSYIRARQ,, DFRLAVE
HWRIBIDOLEDHOERI 4, €5 LV, ThiKED, NEOAZAI—KMOSEET
FPIYVAZQ L, Quiz s vy Qi DEF—FRAEVEHEALHBEESERZR Y 5,
142, 144U/ —-RFERERI 36 LIREREIATYL S,

{oo17]
NFOAATI—=FMOSFETFIYYAEQ 1, Qiiz s s Quig ODFRLA VI
. NEOLEDH128,, 128, , , 128, D5LORNEITS1IDODD—HMicHESE
ThTWVad, BETHhE, F1OHIRAI—-RMOSFETFIVYIYREQ,;; DRLAY
MNELIDODLEDH 128, O—WiKHEAINHh, F2OHAI—FMOSFETRIFIFIVIX
Qi1 PRLAVHE2DOLEDH 128, O—WICHASN, UTEKRTHL., BE
KNHFEEHDOMOSFETFSIYYARQ \y DRLVAYANFHDOLEDS 128y O—

micEasEThTtwsd, NEDOLED® 128, , 128, , -, 128, O&% & DM
WMF 1 13T, ABINIEERANEEV,) 220 %5, NIOHXI—FMOSFETH
SUYVAEQ 11, Qiia s vy Quiy PV—ABRNHEHDOIS—-MOSFET I VIR
ZQyp1 > Quaz » s Qiogy PRLAYREEREFNHEEINTV B,

(001 8]
NHADIFI—-MOSFETHFIYYRAZQi41 5 Qigz » v Qo ROUNHEO A X I~
KRMOSFETHFSYYRAZQi;1 ,» Quiz ., s Quiy B, ACAOEBEUTEUSS®E (W
L) CRUERREECERHRELEN TS, oA, B8IF—-HAT—-FKMOSTE
TS YYRAERMC1, MC2, -, MCNARULY—ARUCF—+EHESAV2EL

CRNVFHAARAA - RBERITS—130kk&D, BEV, ZELCI2ERANEER®R.,
PEKERULBEICLAMOSFETOREY, BELZHIKBERGFLEVERSE 2 B 8)
MIKTESDIKHVWONSAEBRIS—MRIMIELN, LILE, ERIT—OH Ay E—
B/ ARG TLEDREBRES A AEL51CT 3%,

[fo0o19]

AHMPIKELS, NEOLEDH 228, , 228, , , 228, T s#HEMEELLEL
EDBNEEB2000FICMOEMAZK 4 ICHRMWICRT, £HMA UKL EDREME
200TCR. V=7 LbFalb—2150RbHIKIF—-HAA—-FKMOSFETUbHKSV
VAZHMC 10 (Qupg» Qzig ) ZHVW, ZTOIF5—-HAI—-—FKMOSFETUGHLS
VYUAAWMC1ORIS—-HAA—-FMOSFETHFSYIYZEZH/MC1I 1, MC1
2, v, MCIN WBRAEA2W,/LETHUEKR 236 LicEHEILTS, I 5—-Hh A2
—FMOSFETHFIZVIAEZWNMC 10 (Qupp « Qpig ) . EBHEBWW 202050~
EORBEER] ., 2RUIZEFHa2 -5, §hDBEEFR L Fal—X250L0LT
WEET B,

{00201

RVFHAHNAI-PFERIS—230%2FWPTBZC, COXNVFHAAIRATI-FERS
I— 2301, Nﬂﬁ]@i?*‘MOSFETF*}V\‘/‘\Xﬁng v Qazoz2 v v Qaoy &N
{@o)jJZ:*F\MOSFET}";V?\/‘\ngZII ) Q212 y Uty QZIN k%ﬁbfiﬁb\

ChhHoDELXBEAUCEKR236 L, FELLE, ACTERCALCEFREDF v 2V

10

20

30

40

50

Petitioner Hisense USA Corporation
Exhibit 1002 - Page 141 of 321



(8) JP 2004-538653 A 2004, 12. 24

b (W/L) THEHEILT S, MOSFETEFIYYAZ Qa1 5 Qagz v vy Qagy OF
— MR, BEBR232EZENMLTHVWIEHEAENRTWVWS, ZOEREK 2321, NEOIS
~“MOSFETHFIYYRAEQ,u4, +» Qz02 v 'y Qoop PV —FPRUTIF—MOSFE

TrIVVRAZEQyyy DT —rEERIVIA—F, TELBEERILFaL—X2500
HAA—=FMOSFETFSVYYARQ, 1y DYV—ARAWK/—FFTCHEFITLIERK2 3 8
KHEEEINTWVE, ThiRED, TNREDIS—MOSFETIRSVYVREADY—FIEZE
h%“ﬂf‘ﬂ@ﬁﬁ'ﬁﬂ%%?&;ﬁb‘%o N{@@:%*‘MOS FET }‘5:/1\/“;(&(2201 ’ onz '
vy Quoy DYV —ARUIFI—MOSFETHFIIVYIYREQ,py DV —RARENEF N KHM

/

KEBEEINRTWS, NIOIS—MOSFETFIYYRAZQ01 » Q202 + v Quoy
DRUALAYRUIS—MOSFETHFSIYYRAEQ,00 PRLAVENEOHIZATI— KM
OSFET]\E\/:‘/“XQQ211 ) Q212 y Ty QZIN @y“Z&@ﬁXZI*PMOSFE

TrIVVARQ, s DV—ARLEFNREFNHEEENTWVWE, BFEK232, 238KRTU/
— RFFRAUCEKR236 LicHEBLEhTWVS,

{oo21]
NEOAZAI—=—FMOSFETFSVYYRAEZQ,11, Quiz2 0+ s Quipg WDEHBEIT B
7N ZHBMOSFET}‘a\/T\/\\ZgQ211 v Qa1z v oy Qary DF— ik, BRE?2

A2ZNLTHVREAEN TV, COBHK242RBEMB244ITHAENA, T O
BEB2441C&D, /- RELORBW A~ EOEEERT,, . $AbBEHAIT—F
MOSFETHESYYRA2Q,,, OFLAYERE., CAREMOSFET FIYYRAD

F—brlicfiBds s, chickbb, NAEOBAI—-FMOSFETHFIVYYVAEQ,, ., Q
212 0 0y Qay DHBTFT— MR, EVWKHAUCHHAEE 2R %, BHREK24 2, 244K
C/—FEL1OWRHEMK236 LCERLELENATVWE, NEOHIZXI—-FMOSTFETHMS
YUAZ Qa1 o, Qaiz s vy Quuy DRULA YO/ LG, NBOLEDS 228, , 2
28, , v, 228, O3BLOWKTAE1IDO—WEERFEINTWVWSE, NEOLEDYF 2
28, 228, , v, 228, DB/AOMEIF, WMF213KKT, ABIhIEEKAN
BEV, 223 %, NEOARXAI—FMOSFETFSIYYAEQ,1, , Qri2 4 v Q
g1y DY —ARNEOIFI—MOSFETFIYYAZQig: ,» Qioz +» s Qigy OFK

LAYIRENTFNAHEINTVWS, 3 A23—FMOSFETHrIVUYRAEQ,y DRL A
VEIEBWRE202KKEASNHh, ~EORBBEERI . 2R B,

foo0o2 2]
RNVFHAOBEHRIS—230DONEOIFT— - BRAIA—-—FMOSFETISVYYREZWM
C11, MC12, -, MCINKUEBFRaYI—S, T %bbBH L FalL—%25

0ODIT—-HBAI—FMOSFETFSYIREZWAMC10 (Qyup ~ Quig ) BEL
WHETRUERECEE LN, BDOACY —ARUCSTF -V EESAVEET 2%, 85
F, NEOLEDFOBERI 1so1r Lignz, 0 LigmiPREFAFRIKELVLERELAS VER
MMOSFETHFSYIRADHE (WAL WWEHEIL, XX (4) TEDLDETNZER
I5—FBEKNELN DS,

(# 4]

Lo d gy gy i i Dy =1k ik otk (4)

002 3]

EBRULEETADPDL, UEBWLL>THEHAODEREFABBELONMNLEZDZTHALD, o T, &
FEPE, LR UERAHICREENT, FRPOBHANTHELADODEENAELEDZEDT
HB,

Ui oD 8 B A BB )

o0 2 4]

(1] H—~DOLEDHENTEZEROLEDHBHAKEELRIEBBRTS 3,

10

20

30

40

50

Petitioner Hisense USA Corporation
Exhibit 1002 - Page 142 of 321



(9) JP 2004-538653 A 2004.12. 24

(2] AFBEO, EHOLEDIKHTL2EHMELLLEDRHBEED ~RMH 2R T

BERETH 5,
(K3] ARBEO, WHDOLEDF KT H2HEMLLLL EDRBEEODMORAMZ R

THBEHRKTSH 5,
(4] AFHDO, WHOLEDHIKKNT Z2EMILLZL EDREEEDEIC D REH

ZRTEBRMERTS 5,

Petitioner Hisense USA Corporation
Exhibit 1002 - Page 143 of 321




(BRAmE/ Sy 7L v ]

(10) JP 2004-538653 A 2004.12.24

{12) INTERNATIONAL APPLICATION PUDLISHED UNBDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intelicctunt Property Orgnntzation
Tniemationn) Bureau

(43) Tnternntional Publication Date

IR TRTT e TN G ]

(10) Interuational Pubfication Number

20 Fehruary 2003 (20.02.2003) PCT WO 03/015476 Al

{51) Taternational Patent Classification™ HOSK 33/08
{21} Mtermational Application Number:  PCIARN2103224
{22) International Filing Date: 31 Joly 2002 (3).07.20012)
(25) Filing Lauguage: English
{26) Publication Language: English

{30) Priority Diatag
09922,211 3 August 2001 (03.08.2001) TS

{71) Applicant; KONINKLUJKE PHILIPS ELECTRON-
ICS N.Y. INL/NL]; Grocoewoudseweg 1, NL-5621 BA
Lndhoven (NL).

(72) Toventor: CHANG, Chin; Prof. Tlolstlaan 6, NI-5656
AA lindhoven (NL),

(74 Agents: DUSSELDORP, Jan, C. et ul; Intermatfunzad Oc-
trootburcay BV, Prof. Tlolstlazn 6, NL-5656 AA Hind-
hoven (NL).

(81) Designated States fnational)t CN, P, KR,

(84) Beslgaated States (regionaljt Evropcan patent (AT, BE,
B, CIL CY, CZ. DE, DK, EE, ES, Fi, FR, GB, GR, IE, IT,
LU, MC, NL, 171, S8, 8K, TR).

Published:
with international search rport

For hvo-letter codes and other abbreviatians, refer to the "Guid-
ancd Notes ont Codes and Abbreviations” appearing al the begln-
ning of each regulor tssus of the PCT Gazgite.

1]
\

taetasti |4

{54) Title; AN INTEGRATED LED DRIVING DEVICE WIT1I CURRENT SITARING ROR MULTIPLE LED STRINGS

ULy

015476 Al

== (57) Absteact: An integeated LUD driving deviee for multipls LI strings which employs & single linear regulator ot ather cons

= Iroller snd a muliiple-uulput cusrent mirror which is almust {ndependent ol the 1C Inpul yollage source, almosl independent of the

Iransisior's or MOSHFET™s varutions from (ke semicondugtor integration provess, and almosl independent of empemiure vardation.

The multiple-output ¢urrent mirror Inclodes a plurslity of transisters or MOSFELS each of which are interated on the same sob-
sirat, with Jdeatical width-to-length channel ratios and with 1denticel sourco and gete ¢onncetions, The integrated LUD driving
e devica provides for automatic curvent sharing in a 1X2 mode and, altemately, with minimized phase delays fa a PWM made, The
5 mirrr-pulput current miror may include mirror-cascade tnosistor pairs.
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! An integrated led driving device with current sharing for multiple led strings

This invention relates to light-emitting diode (LED) drivers, and more
particularly to an integrated LED driving device with current sharing for multiple LED
strings in a DC mode and, alterately, with minimized phase delays in a PWM mode,

Driving Jarge scalo LED drivers for a large amount N of LED strings (such as,
f S without limitation, in LC-TV direct backlight) requires complex circuitry and expensive
‘ controliers. Moreover, with existing technology, when the multiple LED strings are operated

in a PWM mode, time detay variations are prescnt between the controllers, which could cause
different phases among the N LED strings,

Referring now to Fig. 1, 8 schematic diagram of a conventional LED driving

10 devica 1 for a single LED string 8 is shown and includes a simple linear regulator 5.
Preferably, the LED string is driven with a specified constant current source which follows a
constanl reference current signal Ir at terminal 2a and a regulated DC input voitage source
(NOT SHOWN], which delivers the DC inpul voltage Vi at terminal 3, The linear rogulator '
5 functions in a manner which maintains a constant LED current Iy go. The general operation

15 ofthe linear regulator 5 will now be described in detail below.

The LED current I up is sensed via a sensing resistor R28. Operationat
amplifier (OP-AMP) U1 in combination with resistors R25 and R26 provides proper
amplification so that the LED current I gp information is fed back to the negative or inverting
terminal of the OP-AMP U2, the regulator’s controller. Resistor R25 is a feedback resistor

20 coupled between the output terminal and the negative or inverting terminal of OP-AMP U1,
Resistor R26 is coupled to the negative or inverting terminal of OP-AMP Ul and ground.
‘The transfer function of OP-AMP U2 {s expressed as

oL o)
R23 1+sR22C9
25
wherein s is a complex variable; resistor R22 is a feedback resistor coupled between the ‘
output terminal and the negative or inverting terminal of OP-AMP U2; capacitor C9 is ‘
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coupled in parallel with the feedback resistor R22; and resistor R23 has one terrinal coupled
to the negative or inverting terminal of OP-AMP U2 and the other terminal coupled to

node A. The positive or non-inverting terminal of OP-AMP U2 receives the constant
reference current signal I, from terminal 2a,

Referring still to the schematic diagram, node A ofthe linear regulator 5 aiso
has one terminal of resistor R21 coupled thereto und is adjacent to node B, The other terminal
of resistor R21 is coupled to the drain of transistor or metal-oxide semiconductor field-effect
transistor (MOSFET) QA1 The gate of transistor or MOSFET QAL receives the constant
reference current Ier from terminal 2b, The sourcs of transistor or MOSRET QAL is coupled
to ground, Node B has coupled thereta one tenninal of capacitor C8 and the cathode ferminal
of diode D8, The other inal of the capacitor C8 is coupled to ground. The anode of diode
D8 is coupled to the output terminal of OP-AMP U1,

A control output is generated at the output terminal of OP-AMP U2, the

regulator’s controller, and is coupled to the gate of fransistor or MOSFET Q1 viaaRC
lowpass filter 6 thereby providing the gate voitage Vs to the transistor or MOSFET Ql. The
RC lowpass filter 6 comprises resistor R24 and capacitor C10. The first terminal of resistor
R24 is coupled to the output terminal of OP-AMP U2 and to 4 first terminal of capacitor C10.
The second terminal of capacitor C10 is coupled to ground. :

The linear regulator 5 further includes resistor R20 having one terminal
coupled o the second terminal of resistor R24 and to the drain of transistor or MOSFET
QA2, The gate of transistor or MOSFET QA2 is coupled to the output terminal of NOT gate
NG3 and the source of transistor or MOSFET QA2 is coupled to ground. The input terminal
of NOT gate NG3 receives the constant reference current ILyr from the terminal 26,

In operation, the drain-source current of transistor or MOSFET Q1, which is
equal to I gp, is regulated to follow the constant reference current L. The linear regulator 5
inFIG. 1 works very welt for a DC or a pulse-width modulated (PWM) operated LED string
8. However, when N LED slrings, wherein each string includes a plurality of LEDs, are 1o be
driven, simple duplication of the eircuitry in FIG. 1 is commonly used in order to achieve
equal current sharing among the N LED strings. As can be appreciated, this increases the
complexity of the circuitry and controller costs of the linear regulator. Moreover, if the LED

strings are operated in a PWM mode, time delay variations b n the duplicated 1]
and linear regulators could cause different phases among the N LED strings.

An integrated LED driving device for multiple LED strings with automatic
current sharing in a DC mode and, alternately, with minimized phase delays in a PWM mode.
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The integrated LED driving device employs a single linear regulator or other controlier for
controlling a reference current and a multiple-output current mirror, which includes a
plurality of transistors or MOSFETs, Bach of transistors or MOSFETs are integrated on the
same substrate, with almost identical width-to-length channel ratios and with identical source
and gate connections, Thereby, the multiple-output mirror provides for current sharing which
is almost independent of the DC input voltage source, which provides the DC input voltage
Ve, independent of the MOSFETs varation from the semiconductor integration process,

and almost independent of temperature variation.

Fig. 1 illustrates a schematic diagram of a conventional LED driving device
for a single LED string.

Fig. 2 illustrates a schematic diagram of an infegrated LED driving device for
multiple LED strings of the present invention,

Fig. 3 illustrates a schematic diagram of an alternate embodiment of the
intcgrated LED driving device for multiple LED strings of the present invention,

Fig. 4 illustrates & schematic diagram of an another allemate embodiment of
the integrated LED driving device for multiple LED strings of the present invention,

Referring now to Fig, 2, an plary embodi of the sch ic dings
of an integrated LED driving device 10 for N LED strings 28, 283, ..., 28y according to the
present invention is shown, The integrated LED driving device 10 includes a single linear

regulator 1§ driven with a constant reference current signal Ir at terminal 2a and a multiple-
output current mirror 30 for driving the N LED strings 28, 28, ..., 28y. Each LED string
includes & plurality of LEDs, The single linear regulator 15 is essentially identical to the
linear regulator 5 of FIG, 1 and thus the same reference numerals have been used.
Nevertheless, other linear regulators may be employed.

Referring now to the multiple-output eurrent mirror 30, the multiple-output
mirror 30 includes N-mirror transistors or MOSFETs Q11, Q12, ..., QIN cach of which are
integraied on the same substrate 36 with preferably the same size and with identical width-to-
length channe! (W/L) ratios. The gates of transistor or MOSFET QI 1, transistor or MOSFET
Q!12, ... and transistor or MOSFET QIN are coupled togsther via path 32, Path 32 extends
from node C in close proximity to the gatc of the first transistor or MOSFET Q11 to the gate
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of the N™ transistor or MOSFET QIN and receives the output of the lowpass filter 6 of the
linear regulator 15. Thereby, each of the gates of the N-mirror transistors or MOSFETs Q11,
Q12, ..., Q1IN receive the same control output from OP-AMP U2, the regulator's controller,
Path 32 and node C are integraled on the substrate 36, The sources of transistor or MOSPET
5 Ql1, tmnsistor or MOSFET Q12, ... and transistor or MOSFET Q1N are tied together via
path 34 wherein path 34 is coupled to the sensing resistor R28 of the linear regulator 15 so
that current sensing resistor R28 senses the current therefrom. Bach drain of the N-mirror
transistors or MOSFETs Q11, Q12, ..., QIN is coupled to one end of a respective one of the
N LED strings 281, 283, ..., 28x. In other words, the drain of first transistor or MOSFET Q11
10 js coupled to one end of the fivst LED string 28, the drain of the second transistor or
MOSFET Q12 is coupled to one end of the second LED string 285, s on and so forth, until
the dratn of the N transistor or MOSFET QIN is coupled to the N™ LED string 28, The
other end of each of the N LED strings 28,, 28,, ..., 28y receives a DC input voltage Vpoat

ferminal 13,

15 Referring now 1o the operation of the integrated LED driving device 10, since
the N-mirror transistors or MOSFETs Q11, Q12 and QIN are integrated on the same
substrate 36 using the same semiconductor manufacturing proéess (e.g., temperaturs,
material, mask, doping, ctching) when the N-mirror transistors or MOSFETs Q11, Q12 and
QIN are operated in the saturation mode with Vps 2 Vs =V, the cwrent flowing through the

20 channel almost no longer depends on the drain-source voltage Vs, Vs is the gate-to-source
vollage and V is the threshold level voltage. The drain current is controfled by the gate-to-
source (gate) voltage Vgs via the equation (2) wherein Ip is representative of the transfer

characteristic in the saturation region where Vps 2 Vs -V 2nd is expressed by:
25 I =FCo—¥(v“—vr)’ @

where F is the mobility of the electrons; Co is the oxide capacitance per unit area; L is the
channel length; and W is the channel width,
Since, the N-mirror transistors or MOSFETs Q11, Q12 and QIN are integrated
30  on the same substrate 36 with the same process, receive the same gate control signal from
node C and have the same source tion to the linear lator 15 at node D, the drain

cuyrents, which are equivalent to their respective one of the N LED string currents Iisp,
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T.ep2, -, Tuepn, are scaled by the transistor or MOSFET size (the W/L ratio) and are

expressed as:
Teeor: Trepatonilegon = (W/LN(W/L)2. :(W/L)x 3)

In view of the foregoing, since the N-mirror transistors or MOSFETs Q11, Q12, ..., QIN are
integrated with the same size (W/L ratio), the multiple-output current mirror 30 creates a
current mirror effect which is used to generate automatic current sharing which is almost
independent of the DC input voltege source providing voltage Vpc, almost independent of the
MOSFET’s variation from the semiconductor integration process, and almost independent of
temperature variation.

Referring now to FIG, 3, the schematic diagram of an alternate embodiment of
an integrated LED driving device 100 for N-LED strings 128y, 1283, ..., 128y according to the
present invention is shown, In general, the integrated LED driving device 100 includes a
multiple-output cascode current mirror 130 for driving the N-LED strings 128, 128;, ..,
128y in lieu of the multiple-output current mirror 30, of the embodiment of FIG. 2, 10
Imprave the output impedance of the current mirrors which delivers the atmost constant
current.

Referring now to the multiple-output cascode current mirror 130, the multiple-
outpul cascode current mirror 130 includes N-mirror transistors or MOSFETs Q101, Q102,
..., QION and N-cascode transistors or MOSFETs Q111, 112, ..., Q1IN each of which are
intograted on the same substrate 136 preferably with the same size and with identical width-
to-length channel (W/L) ratios. The gates of transistor or MOSFET Q101, transistor or
MOSFET Q102, ..., and transistor or MOSFET Q10N are coupled together via path 132, Path
132 extends from node C100 in close proximity 1o the gate of the first-mirror transistor or
MOSFET Q101 lo the gate of the N™-mirror transistor or MOSEET Q10N and receives the
output of the lowpass filter 6 of the linear regulator 15, Thereby, ¢ach of the gales of the N-
mirror transistors or MOSFETs Q101, Q102, ..., Q10N receive the same control ousput. Path

132 and node C100 are integrated on the substrate 136, The sources of transistor or MOSFET
QI01, transistor or MOSFET Q102, .., and transistor or MOSFET Q10N are tied together via
path 134 wherein path 134 is coupled to the sensing resistor R28 of the linear regulator 15 so
that current sensing resistor R28 senses the current therefrom. Each drain of the N-mimor
transistors or MOSFETs Q101, Q102, ..., Q10N is coupled 10 one end of a respective one of
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the N LED strings 128y, 128, ..., 128y via a respective one of the N-cascode transistors or
MOSFETs Q111, Q112, ..., Q1IN,.
Referring now to the N-cascode transistors or MOSFETs Q111, Q112, ...,
QLIN, the gates of transistor or MOSFET Q111, transistor or MOSFET Q112, ... and
5 transistor or MOSFET QI IN are coupled together via path 142. Path 142 is coupled to path
144, which connects to the drain curvent of the first-cascode transistor or MOSFET Q111 at
nede B to such gates to provide the gate voltage Vas. The drain current of the first-cascode
transistor or MOSFET Q111 is equivalent to the first LED string current I gn1. Thereby, each
gate of the N-cascode transistors or MOSFETs Q111, Q112, ..., Q1 IN recsive the same
10  control signal, Path 142, path 144 and node E are integrated on the substrate 136,
Bach drain of the N-cascode transistors or MOSFETs Q111,Q112, ..., QtIN
is coupled to one end of a respective one of the N LED strings 128y, 1283, ..., 128. In other
i words, the drain of first-cascode transistor or MOSFET Q111 i8 coupled to one end of the
‘ first LED string 128,, the drain of the second-cascode transistor or MOSFET Q112 is
‘15 coupled to one end of the sccond LED string 128, 50 on and so forth, until the drain of the
N transistor or MOSFET Q11N is coupled to the N* LED string 128x. The other end of
each if the N LED strings 128,, 1283, ..., 128y receives a regulated DC input voltage Voac at
terminal 113, The sources of the N-cascode transistors or MOSFETs Q111, Q112, ..., Q1IN
are coupled to a respective drain of the N-mirror transistors or MOSFETs Q101, Q102, ...,
20 QION,
Since the N-mirror transistors or MOSFETs Q101, Q102, ..., Q10N and the N-
cascode transistors or MOSFETs Q111, Q112, ..., Q1IN are integrated on the same subsirate
136 with the same process and with the same size (W/L ratio) and wherein the each mirror-
cascode transistor or MOSFET pair MC1, MC2, ..., MCN have the same source and gate
25  connections, the multipis-output cascode current mirror 130 creates a current mirror effect
which is used to generate automatic current sharing which is almost independent of the DC
input voltage source Vpc, almost independent of the MOSFET's variation from the
semiconductor integration process, and almost independent of temperature variation whils
also improving the output impedance of the constant current mirror which delivers the
30  constant current in the LEDs,
Referring now to FIG, 4, the schematic diagram of a second alternate
embodiment of an integrated LED driving device 200 for N-LED strings 228), 228y, ..., 228
according fo the present invention is shown, The integrated LED driving device 100
substitutes a mirror-cascode transistor or MOSFET pair MC10 (Q200, Q210) for the linear
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regulator 15 and integrates the mirror-cascode transistor or MOSFET pair MC10 on the same
substrate 236, but with a different W/L ratio as the mirror-cascode transistor or MOSFET
pairs MC11, MC12, ..., MCIN, The mirror-cascode transistor or MOSFET pair MC10
{Q200, Q210) funetions as a current controller or regulator 250 which receives the constant

reference current L from the constant current sowce 202,

Referring now to the multiple-output cascode current mirror 230, the multiple-
output cascode current mirror 230 includes N-mirror transistors or MOSFETs Q201, Q202,
.y Q20N and N-cascode transistors or MOSFETs Q211, 212, ..,, Q21N each of which are
integrated on the same substrate 236 with the same size preferably and identicat width-to-
tength channel (W/L) ratios, The gates of transistor or MOSFET Q201, transistor or
MOSFET Q202, ... and transistor or MOSFET Q20N are coupled together via path 232, Path
232 is coupled to path 238, which connects to the gates of the N-mitror transistors or
MOSFETs Q201, Q202, ..., Q20N und the gate of mirror transistor or MOSFET 200 to the
source of the cascode trangistor or MOSFET Q210, of the current controller or regulator 250,
at node F, Thereby, each of such gates receive the same control signal. Bach source of the N-
mirror transistors or MOSFETs Q201, Q202, ..., Q20N and the source of mirror transistor or
MOSFET 200 are coupled to ground. Each drain of the N-mirror transistors or MOSFETs
Q201, Q202, ..., Q20N and the drain of mitror transistor or MOSFET 200 is coupled lo a
respective source of the N-cascode transistors or MOSFETs Q211, 212, ..., Q21N and the
source of the cascode transistor or MOSFET Q210, respectively. Paths 232, 238 and node F
are integrated on the same substrale 236,

Referring now to the N-cascode transistors or MOSFETs Q211, Q212, ...,
Q21IN, the gates of transistor or MOSFET Q211, transistor or MOSFET Q212, ... and
transistor or MOSTET Q21N are coupled together via path 242, Path 242 is coupled ta path
244, which connects to the constant reference current Ir or the drain current of the cascode
transistor or MOSFET Q210 at node E10 to such gates. Thereby, each gate of the N-cascode
transistors or MOSFETs Q211, Q212, ..., Q21N receive the same control signal. Path 242,
path 244 and node E10 are integrated on the substrate 236, Each drain of the N-cascode
transistors or MOSFETs Q211, Q212, ..., Q2IN Is coupled to one end of a respective one of
the N LED strings 228y, 2283, ..., 228x. The other end of each of the N LED sirings 228,,
228y, ..., 228y receives a regulated DC input voltage Vi at tenminal 213, The sources of the
N-cascode transistors or MOSFETs Q211, Q212, ..., Q21N are coupled to a respective one of

the drains of the N-mirror transistors or MOSFETs Q201, Q202, ..., Q20N. The drain of the
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cascode transistor ot MOSFET Q210 is coupled to constant reference current sourcs 202 and
receives the constant reference current source It

In operation, since the N mirror-caseode transistor or MOSFET pairs MC11,
MC12, ..., MCIN of the multiple-output current mirror 230 and the mirror-cascode transistor
or MOSFET pair MC10 (Q200, Q210) of the current controller or regulator 250 are
integrated on the same substrate 236 with the same process, and have the same source and
gale connections, the drain curvents, which are equivalent to thelr respestive one ofthe N
LED string curvents I gpi, Iigpa, .. ILeon, are scaled by the transistor or MOSFET size (the
W/L ratio) and provide a current mirror gain k which is expressed as:

TeegtTeepy: Tueaten oy = Likekenk (4

N difications to and alt iv bodi of the present

invention will be apparent to those skilled in the art in view of the foregoing description.
Accordingly, this description is to be construed as {llustrative only and is for the purpose of
teaching those skilled in the art the best mode of carrying out the invention. Detuils of the
structure may be varied substantially without departing from the spirit of the invention and
the exclusive use of all modifications which come within the scope of the appended claims is

reserved.
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CLAIMS:

1. An LED driving device for driving N LED strings, comprising:
means for regulating a reference current signal (15); and
a multiple-output urrent mimor (30) coupled to N LED strings (28,-28y), the
current mitror having N-mirror transistors (Q11-QIN) and being coupled to the regulating
5 weans (15), wherein the N-mirror transistors (Q11-Q1N) are integrated on a single subsirate
(36) with substantially identical width-to-length channel (W/L) ratios, with substantially
identical gate conirol signals, and with substantially identical source connections,

2, The device aceording to Claim 1, wherein the regulating means (15) comprises

10 g linear current regulator having a means for sensing current (R28) and a controller (U2) for
producing an outpul control signal to a node integrated on the substrate (36), and wherein
gaies of the N-mirror transistors (Q11-QLN) are coupled to the node.

3. An LED driving device according to claim 1 or 2 for driving N LED strings,
15 comprising:
a linear current regulator (15) having a means for sensing current and a
controtier (U2) having an output control signal; and,
a multiple-output current mirror (30) including a node for receiving said
output control signal, N-mirror transistors (Q11-QIN) each having a gate coupled to said
20 node, a drain coupled o a respective one of the N LED atrings (28,-28y), a source coupled to
the current sensing means and a width-to-length channet (W/L) ratio wherein the N-mirror
transistors (Q11-QIN) are integrated on a single substrate (36) and have substantially
identical W/L ratios.

25 4 The device according to Claim 1, 2 or 3, wherein the multiple-output current
mirror (230) further comprises:
N-cascode transistors (Q211-Q21N) each having a source coupled to a drain of
a respective one of the N-mirror transistors (Q201-Q20N) to form N mirror-cascode

:
‘
;
|
|
|
\
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teansistor pairs (MC11-MC1N), wherein ¢ach transistor of the N-cascode transistors (Q211-
Q21IN) has a drain coupled directly to the respective one of the N LED strings (228,-228y);
: each onc of the N-cascode transistor (Q211-Q21N) have substantially identical
WIL mtios which are also substantially identical to the W/L ratios of the N-mirror transistors
i 5 (Q201-Q20N); and
the N-cascode transistors (Q211-Q21N) are integrated on the single subsirate
(236).

5. The device according to Claim 1, 2, 3 or 4 further comprising a DC input
10 voltage coupled to the N LED strings (28,-28y).

6. The device nccording to Claim 1 or 5, wherein the multiple-output cument

mirror (30) provides automatic current sharing which is almost independent of temperature
variation, DC input voltage variation and transistor vardation,

15
1. The device according to Claim 1, 2, 3 or 4 wherein the gates of the N-cascode
transistors (Qlll-Ql {N) are coupled to a first LED string (128,) of the N LED strings (128~
128y),

20 8. The device according to Claim 7, wherein the multiple-output current mirror

(30) provides automatic cwrrent sharing in a DC niode with minimized phase delays in a
PWM mode.

9. The device according to Claim 2, wherein the multiple-output current mirror
25 (130) further comprises N-cascode transistors (Q111-Q1 IN) each having a source coupled to
a drain of a respective one of the N-mirror transistors (Q101-Q10N) to form N mirror-
cuscode transistor pairs (MC1-MCN), and wherein:
cach one of the N-cascode transistors (Q111-Q1 1N) has a drain coupled
directly to the respective one of the N LED sirings (128,-128y);
30 each gate of the N-cascode transistors (Q111-Q11N) is connccted to a drain of
a first cascode fransistor (Q1 11) of the N-cascode transistors (Q111-Q11NY;
each one of the N-cascode transistors (Q111-Q11N) have substantially
identical W/L ratios which are also substantially identical to the W/L ratios of the N-mirror
transistors (Q101-Q10N); and,

Petitioner Hisense USA Corporation
Exhibit 1002 - Page 154 of 321



20

(21)
W0 03/015476 PCT/B02/03224
1
the N-cascode transistors (Q111-Q11N) are integrated on the single substrate
(136),
10. The device according to Claim 4, wherein the regulating means (250)
includes:

amirror transistor (Q200) integrated on the single substrate (236), the mirror

. 111

transistor (Q200) having a gate control signal and a source jon which are
identical to the gate control signals and the source connections of the N-mirror transistors
(Q201-Q20N) and having a second W/L ratio, wherein the W/L ratio of the N-mirror
transistors (Q201-Q20N) are k times grealer than the second W/L. ratio; and,

a cagcode transistor (Q210) integrated on the single substrate, the cascade
transistor (Q210) having a gate control signal which is substantially identical to the gate
control signals of the N-cascode transistors (Q211-Q21N) and having a second W/L ratio,
wherein the second W/L ratio of the cascode transistor (Q210) is equal to the W/L, ratio of the
mirvor transistor (Q200).

1. The device according to Claim 10, wherein:
the sources of the N-mirror transistors (Q201-Q20N) are coupled to ground:
the gates of the N-mirror transistors (Q201-Q20N) are coupled to u path which
is coupled to the drain of the mirror transistor (Q200) of the regulating means (250).

12. The device according to Claim 7 or 11, wherein the multiple-output current
mirror (230) provides automatic current sharing which is almost independent of temperature

variation and almost independent of transistor variation.
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Abstract of WO02004100612 (A1)

A LED driver circuit (70, 80) employs a power source (1S, V8) for providing power at a
power conversion frequency to a switching LED cell (30-32, 40-42). The switching LED
cell (30-32, 40-42) switches between a radiating mode and a disabled mode at a LED
driving frequency. In the radiating mode, the switching LED cell (30-32, 40-42) controls a
flow of a LED current from the power source (IS, V8) through one or more LEDs (L.11-
LXY) to radiate a color of light from the LEDs (L11-LXY). In the disabled mode, the
switching LED cell (30-32, 40-42) impedes the flow of the LED current from the power
source (IS, VS8) through the LEDs (.11-LXY).
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(64) (BEADER EBORNEA A — FDIdDB—F S A

(57) [HE#]

LEDRSANER (70, 80) @, AALAYFYJLEDYN (303&F32, 4073
B42) KBNEBRBEBCBYZ2ENERRKRTELDOBR (IS, VS) ZHVAS,
AALYFUYFTLEDEN (30ME32, 40ME42) WLEDEBMAKBKLBWLTHK
WE—RLEBEREE— RO TAASYFVIT B, WEHE—REBWT, A4 v FV
FLED®RN (30/F32, 40h%E42) @, LED (L1 13ELXY) b0
HEHRET BEDIC1IDOXBFRULEOLED (L1 1WELXY) 2828 (1S,
VS) oD LEDBHOHENEZHET S, BIETEET—FIKBWT, A4 wvFYFLE
DeN (B3073FE32, 4075 42) B, LED (L1 1MNMELXY) 2@E5%E (1
S. VS) "oDLEDEBHOHNZELR S,
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(R draE ko]
[BRTE 1]

LEDBEIE®ETH > T !
HIABBCBVWTENAEZEZZ2 XS CHETIER . R

HE1 DD L1 DOLEDRE>THNEAE I LEDERIKCKH LU THDE 1 A% K
HE 22X KCEHETAMEBOEIOL B LI DDLEDRETAEIAAvFVIL
ED+®l;

FHTALEDHRBERBRTH D,

WiEBE I ALY F Y LEDENBEZABEBICBVTE LK E—FLH 1 HFETE
E—REDBTRAASAYF Yy TENBEISICHEL

MEE1IMEE— PR, MIRBLILAAYyFYFLEDENREROE 1O PELE 1
DDLEDAZEAHREHILSONMEHE I LEDBERORNAEZRIMEL , 2L T

MEE 1 #EFEE—RFh, MBEIAAYyF Y7 LEDENVEHEOE 1 DDkEL
L1 DOLEDREAHBEREALOMBE I LEDEHOKNEELRE S
CehEMETALEDEHEK,
kI 2]
HBREIICEHOLEDEEGIERB S » T !
H2DLHEL LB IDOLEDRBE>THENAZE2LEDERIKISCTHOE 28X
W 23T HHBO0E 20 5L 1 DOLEDEETHE2AAYF VI L
ED® ) ;

ZEWKETALEDHHGRERKTH V.

MEE2AA4 v F Y LEDENVREIHBERCEOTH 2RHEE—RFEE 2EHERRE
E—REOBMTAAYF T ENBESICHEL

WM E 2B E—RF, IR E2AAYyF Y I LEDYNVEHIREOEZO D HEL LS 1
DOLEDAZEA2HTBELPLONMAEE 2LEDEROMAZHMBEL ) 2L T

MERE 2BMETEE—RFh, FIRE2AAvF Y7 LEDENBRIEZDE2DD KL
CE 1 DOLEDAEAMBEEHRIPLONMETE 2LEDEROMNEZESL S
CLEEBMLEIBLEDRHEK,
FHRHES3]
HRE2KCAHOLEDHSHEHEBTH > T
HI3DHPELLLLIDDODLEDZBE > THNAESILEDERIKIGUTHOE 3 ALK
WETBEII3CHETIMEOEIDAARLLLE1IDDODLEDEETBHEIAAYF VI L
ED &N

FEIETASLEDRIBEEBTH DL,

MEHEIAASL Y F Y7 LEDENVRBEARABRICBVTEIBRFNE— F L 3EFEAGE
E—RLEOMTAAYF VI ENBZXSCHEL

MBEIRHE—FP, MREIAAYyFYFLEDEVEEIROEIOALELLE 1
DDLEDZBEAMEBHRLOLOWEEILEDEROM O ZMHMBEL » 2L T

S IHETEE—Fh, MiZHIAA v F Y7 LEDEIVEREOEIDDKEL
CHE1DOLEDAREANMEBHRLPSOREEILEDEROKNEZEL R S
CTeHREHMEITALEDRBEEE,
FHRIE 4]
HREIKCEROLEDEBEETH > T !
F200LE1DODLEDRE>THNZB I LEDERICK L THOEZAZIN
B3 E3 BT amMEBoE 20 i s 1 DODLEDEETRIE2ALYF /I L
ED¥®JI

FEIWHTALEDHREERBTHY . ‘

MEBIAAYF UV T ENVRUMMEE2AAyF Y7 LEDENVEWEE 2 ARBKE
WTHIEE I MR E— RN R EIBERAET—REOBMTAAYF YT EINB I5IICH
fEL
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Mmoo M e— R, MEBEIAASAYF VY LEDEBNVRUHEHE 2AALvFVFL
EDEVRHTZOE 1 OAKLLE 1 DOLEDRUHIZOEZDODLRLEE1DOLE
DZEAWMEBBEIPOOWMEE I LEDEROFEQZHML 2L T

MRS 2HETETC—RFR, MEH 1A F YT LEDENVNRUMGEE 2Ry F
VYLEDENBHRBOE1IODELLLE1IDOLEDRUHEZDE2D0S KL 1D
DLEDZBAMEERIPSLOHEE I LEDEROENZEDLE 5

CeHEBMETALEDREEE,

[FEREH 5]

HREACEZWOLEDEEGEKTH » T .

HIDHABELALB1IDDLEDERBEBoTHENSZE2LEDBRICKB LU THDOE I AR
BIBEOKCEHETHIRLDOEIDODELLE I DOLEDERETZIHIAASA vF UL
EDv ) ;

FHIKETAHALEDHRERBTH ., ‘

MBI AAYF YV LEDRNVRBREIRABEBRICBVWTH 2T FLE 28 {FXE8
E-REDOMTAAYF VT ENB L3 ICEEL

WMAE2MHE—RF, IAEIRAAYFYFLEDREVREIROEIO» KL LE 1
DOLEDZBAHEBEFR»POOREE 2 LEDEBEROBNERMEL , 2L T

MAE 2HEARAET—RP, MiEH2AA v F Y7 LEDEIVBRHEOHE I DD L
EB1DOLEDRZEAHEBERIODHNAE2 LEDBEROMNEZELR S
CEREEMETALEDEEEEK,

FERIEG ]

HREACEROLEDEHEETH> T !

BH3DAEL L 1 DDLEDA2EBE-oTHNAHE I LEDERICBUTHOEIARK
T ALK ETAMBOEIDOLELLLE LI DODLEDEBEITBHEIRAASA vF /FL
EDx ) ;

EFEICESBLEDEHERTHD.,

MEEI ALYy F Y LEDEN, MIBE2AAYvF Y LEDRNVREUMEBEHEI R A
wFYEFLEDEVERE2ARBIBOTE I NN E—RLBEIHEREC—FREOMT
AAWF VT ENDZXICHEL

M HE 1R E— R, MiZE1 ALYy F Y LEDEN, MIEHFE2AALvF 5 LE
DY IVRUMBEEIRASAYFYZLEDRIVE, MEZOoH100EL LB 1DDLED,
FmOE2OLP AL LE LI DOLEDRUHIEHDOEIDOALLLE I DDODLEDZESH
HEEIPOOMEE I LEDEROFNEZHMEL ;, 2L T

WM E2HEAET— P, MiEBEIRAAvF Y LEDYN, BIEBHE2AASL v F T
LEDENKRUMBEIAAYFYFLEDENVE, OB 10H-ELELE1IDDLE
D, HIZOB2D00 4L L 1 DOLEDRUHMBEOEIDAAELLLE1IDOLEDZH
PHIABEIPOOMBTE I LEDBEFRORNERHET 5

CeEREMETALEDREERK,

[FEkE 7]

AALwvFYHFLEDRIWTH-T !

ANTuF

Whisd . RC

YA LHE I DDODLEDRE > TCHNBLEDBRRISCTHE IO ERF T 32 X9
KHETBHEOPELEB1DDLED ;

EETAHEAALAvF YT LEDRINTHD,

WMELAAyFY7LEDE)NVBLEDRBAFREKRICB Y THRFEE—-FEEIESEE— N
COBMTAAL Y F UV IENBXSICHMEL

MimBEE— R, BESAEANEF LS IM PO AONBLEER VD
TH, WP R I DOLED2BEAHMAETBERLOONMELEDEHROH N 2 HIH
TERHDODE—RTHD ;
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MiEEEERDE—FE, MEBERI WA NE T EMEHN B FLEOBMCHALONS &
FRWVWDTE, B200 K%K 1 DOLEDAZRBAHICBENIOORMEZLEDEROR
NEBOLEDZTZDDE—-—RTH 5 ;

CEEFBHMETBEAALAYF T LEDEN,

FHRES]

FRETEKEBROAAYF Y LEDENTH>T !

MERFE— PRI RETCHA ISR HERETE— RRIHRETHE S &S
KEIET 20 B 1 DDRAL Y F

FHEILHFET B, CEFBETEAALSYF I LEDENL,

[FERTEHO]

ERETWLEBRDODAAYF Y LEDRYNVTH T !

MaEBMHAT— PRI RETHE2 I CRUMEBMEARAET~FPAIMARETHZ X9
KEET 201 DDRAA Y T,

FHILETR, CLERBBMEITBAAVvFYSILEDE N,
HRE10]
FREOKRBBDOAAYF Y LEDENTH > T !
MM E— FREHRETH LS CRUUMEHETEE—-FPRIERETH D &S
KEETZ2E1O0DLELLLE1IDORAA Y F T

MR E—FPRIEARETHZEOCKRUNBHEREE - FPEIBERETH S &
IWHETEZ2E200ELLEBE1IDDRA Y F

EFHEILHET R, CeERFBLIBZAAVYFYILED L,

(FREBOFEMEBHH]

[F 78]

(000 1]

AEHEZ, B, BEEXAA—F (LED) BT %, AEHIZ, M. AEY
BPETHELADBONRDERCEVTEROLED2ZEFEIT A LOORBERBERD T 7
TU—KBET B, ‘

(& B
{000 2]

LHEH s HF W TIAHNTHR LS5, KRBLED, BRALED, FBGLEDRUT
A—LEDH, BLOER (xR, HEONRNYy IS4+, HBXEHIEBVWT, A6
WEHETABLAODEBONEERT A LEDIKAVLENS, ) REOCBOXEEZERTE DI
VBAOEBLEDR., MEOBON (Hlxid, 50%Af, 20%FHB., 20%KFER
C1O%7YN—) PERTZ2IEEDICEYALLOKA, RRE, FARTTUYN—-0OX%EE
BITBE2CHMILLCHBINS, COHIE, BLOEBLEDIZ, K, ZhoBEE
DRESANERICIDEEIATERL, FlzE, XEFHFE6, 507, 1 59F50MB
KBEWT, #BWLED, #BLED., HBBLEDZNFN2HMBITA3DOLED RS
NEDWTHEREATW S,

{588 o BE R )

(FHEPWRLES &9 2 FE]

{000 3]

AFEPEEZ., HBEOLEDDODZDDOHMIU LENHEHBERETAE - RS A NERE MY
T B,

(FEEZMARTZDOFE)

000 4]

ARPO-RUEHEE, BREAASAYFYFLEDREMVERETZLED RS A NEKE
TH>T, FORAvFVYIZTLEDENRERAAOBONXERFN T SH/BHD1 DXREENY
FOLEDZHWVWTWYWS, LEDVFNSIANERTHS, MR, BRIEEIEHEEHC
BWTEBENRZE5Z2, AA4wF Y LEDEINE, LEDEIHEAREILEYWTIHRNE—RE
MERBEE—RLOBMTAASAYF U I T B, WFEE—FH, LEDERNVMLEDZE> T
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BEFRM»68N. Zhickb, LEDRAZHRE TS, BIFARBE—FHR, EERH»SELED
FE-THNLBERIZENR, LEDILDOXOMEZHIT S,

{000 5]

RAEPOE 2 RKMAMLREE, MhOBONRERRN TSI, ATHT. HABMFRC 1
DX ENU LD LEDRHTZ2AALF I LEDYNVTEHE, ALV FYZLED
V., LEDBHABRRLEOTRFEE—RLHBEREET—FLOMTAASAYyF VI T
. MEET—FRA, LEDEWMN., LEDE#TCANBFEHABFLOMIZKEAZ BN
EBEMGHN, FRhiIKCXD, LEDRBEZMH T 2, BI{EREET—Fh, BEH»H6 L E
DEBE->THNZBHREZEN, LEDDOLDONDOKREZET S,

[0006]

AHEBROLEOEMBERTHMOBE, REIETKEFNEALEDDVWTE., BRtRHEEZ SR
LT, UTOHBEREMBEOFMHBEIGERHLIAKLESZ THS S5, TNEOOHEMH
HAERCHEMSREHBRNEZLOTRERAEL, FRPOHEEZBHRTHL, REFHOWHIZ. |
HEHORFFEROERRUTZNS CAFTHAHEHEICLXDEEEIN S,
(RAERRMGET 2 -ODOREROFEE]
fo007]

HITWZESRUTHI2HEL TR, AHEHOEBEHRBEHBEHA A vyF>YFILEDEN (K
178G XREBEEEBEBRNAA Yy F VI LEDENEZTFTY AT EHDON—-ZATF 4V
LEDSYMPUIJRALLIINDELXYERERLTWS, AL DAAL Yy FYSLEDEILVOL
EDFY¥A2 %, (1) LEDRFUZRALIINBELXYADIDXEFNMUEDLE
DO#ERE, (2) LEDRMYVZALIINBELXYDPLOERENWEZZLADLEDIIED
WTOBDOERE, (3) BROLEDOHMEREIINT S, LEDIMIZAL 11T
BELXYDPLBERSNZEHROLEDD IDXRBRFNULOBEIERERLT /XL 85
DEBREEFL, TCT, X21, Y21 TH%. BEODLEDZRAWVWBANADAAL Y F
YYLEDRNOHRBEEBRLT, EUT2HFEBHRAEAZE TS LED R, Mk
B EREND, BEBFER, AKBHOAAYF YT LEDENVDLED FH¥ A4 Viclk
BIBBP W L 2HBTBETHAE9,

{000 8]

M1EOt2@, LEDIYPMUZZALI INBELXYREMICEREENTLZAALA Y F SWI
(Flzal, $EBHAAvyF) &, LEDI PV ZAL 1 I NBLXYREFREHFIAK
AAYFSW2 (FIRAR, YEEZAAYF) EEBERHAVBR—XS A VEREFRRH X
AYFUYITLEDENSIORERLTWVS, VW3 0DHBERRBIT BRI, UTDE
W30WRDWTOHBE, LEDYIMIYIIJALIINBNBELXYRKZELXDLEDEZSEDC
CIEDOVTWVWE, LHLAMNSE, EBICIE., V3 0OREISBHEEHREHA A vF v
SLEDENVOENTHF A VE, YEBCIVDHEWINZ2THAI2 X5, LEDI Y
JALITINELXYD2PLLEDDHMINOEERRUTUMNOKEFE T LRI LENTE S,
(000 9)]

MIKRTEI3 B ENVNIODMHBEE~RRBNVTEB., AAYFSWIREHARETSH D,
AL FSW2HRHBMKRETHDL, ZThicd b, BRI p v & ANDBTFINLE, A7
wFSWI1Ek, LEDRPMUJRALI1IAELXYE, HABMFOUT 1 &2 T HEE
LN, ZhA, BIRENEZLEDDBREELTEOXERH TS, I2KBWVWTHR
ENTVWBENV3I0ODEEREE—RIBVWTIR, A4 v FSWI1XBBERETHD, A
wF SW2R3HHKETHED, ZThit, LEDR U VXL INMBLXYZRE>THNS
BEMipy, TELE, TAKED, LEDRBBOXEZRH LAY, BFR I , v &, L
EDBEBRABH (XA, 200Hz) CBVWTAASAYFSWIRUTSW2 DLk IR
EEUHREDZDENRNVATRBHREZERL, 2O X HRER, YEHHEMINS
THAI &3, MEFHFLIVERINB LR TES,
f0010]

AAYvFYITLEDEWVIOKDWTOEBDOLEDDHEMEIMEIIR. LEDI MY Z A
LIINBLXYDODLEDHBRE-THEENZI DX ZFhUEORNMA Ay F (HlX
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W, ¥ERRAAA v F) FERLFTBCEHTE, ZRICELD, LEDIREOYBMEEINAZ XD
BLARVET,/ X3amER,. M1 R 2KERENTVWEIAAYFSWIKTSW20H
RERUCHRBICHTANMAASA vy FOBRERTCHERBICAELTEADLbNS, T0OX
SHEHOLEDDOHRMBER., HUXBALSLEDBHMABRBIBOTAAL vy FSW
IROCSW2UGRAMAL Yy FREHETEZCENAETH S, BRI p u, &, AR
AV FNRELLEDRGEARMTHENCEHFINI XEELS L E DR EKRHCHEK
OHIELBVWTHEINIEMBERELCBUSELOLEDRBHABRICBY2EHDI VA
LHRBHREETHENAETH B,

[001 1]

M3kUt4E, LEDI MY ZALLIIBELXYREHFINEASAYFSWL INHE
SWI1IY (zxi, ¥ERXKAAvF) ORBEBEREAVEIR-—AIT4 BREBEFRIE A 1
wFYHFLEDENZIIAERLTWS, 231, LEDTFUYZALL IBHELXY
EAAYFSWIITIESWIYOEBBRIECH L TEINKHER I NTZAALAyFSW2 (
Blz i, YEBEASvF) ZBRRHVTWVWS, ¥V3 1 OHEMBEBRRBICTSEHIIC, UT
DENV31OHEE—FIKDODVWTOHBPIZ, LEDI MY ZALIINELXYHADRA
DLEDRUBRADAAYFSWI IHESWIYRBOZLRKESVWTWSE, LHhLE
M, ERICE., V3 1 EDSERBEEBIAALA Y F YT LEDRLVDENTY ALY
B, UEERKIVEBMRINE2THA2S5E95K, LEDIMYJALLIINBELXYDLE
DEUAAYFSWILIDESWIYDANOBBEETANDODEEFET I LNTES,
o001 2]

MI3KRT 25N 1IORBE—-RIBEVTR, AA4AYvyFSWIRBHRETH Y.
AAwFSWIIDHESWIYRBPAREBTHL, Zhickdb, BR i, v B, ANHTF
IN2&, AA4YFSWIIHESWIYE, LEDTMYZALLIIELXYE, H
HEFOUT2 2B TEKELTHNL, Thi, BIRENWZEZLEDOBRKEFELTHD
HEBRETE, HAKBOWTRENTWVEEN3 1 OBEFREE—-FIEBWVWTIE., ALY
FSWIRMBRETHY, AAYvFSWIIHNESWI YRBERETHD, Thit, LE
DR MU SJALIINDNEBELXYRBE>THENSER I py ZEDLR, Thitkb, LE
DREBEDONEHBELEZWV, X, B i1, v, . LEDESE®RE (XX, 200Hz
Y KBVYWTAALAYFSWIINESWIYRUTFSWIOR2AMRERTHEREDZDIC
NRIWVABEFRBEREFBREL, COXIBREBIE, YEFCHMINETHAD LoD, X
HICEDERINZTLENTEL, RELLTOEN3 1 OBEOERMBEILE VLTI
CAALAYFSWILIHESWIYR, B3 LEDBREBABRRICBOTHORETHEX
NXWEELZZ2LEDREABBCBVWTHENCHETh LN TED, 0L 5
VEW i, B, IZLEDRBABBMCBOYTHBOSVAEREREPETSZZ &N
AHETH B,

[001 3]

AAYF YT LEDENLS 1 OHMFEZK, LEDYX NI IJXALILI1INBELXYKKES
THEINI I DOXBETAUEOFMASyF (FIAE, ¥EEIASvF) RELBEELC
ENTE, Zhickh, XD0BLARANVET / XBABAEBER, N3RVIKLREATWVLE X
Ay FSWIITHESWIYRUESW3IOHRERTEHRBINTABSMAAAC Yy FORMIR
EEUHBRECEELTEZILONS, ZOX2REHNOLEDOEMBER, AUXKREA
RHBLEDHBABRBIKEVWTASAYFAALYFSWIIDHESWIYRTFSWIHUTK
RHMAA Y FEMETRCENTAETH S, EMipy, B, WALy FRNEEBSLE
DERBI A RBCHENCHEENEIXRIELZ3LEDRBHARKTEROBICB VW THES
N2ERBEBICBII2BAOLEDRBARBICEBY2ERONNVAEHEREET S C
LA EETH B,

{001 4]

KokUvel, LEDRMNMIZJALIINELXYRREREINTEZEAALSYFSWI1I I HE
SW1Y (A, ¥EERAAYvF) OHBEREZAVIN-—ASAVERBEFERH A A
wF YT LEDEIVIZ2ZERLT WD, IV 20HBEZARBRIBDIL, UTOE L
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320HEE—FRREDODVWTOHMHEZE, LEDXFMIZALLI IBELXYHADODEZELZDLE
DRUBRZRDAALAYFSWIINESWIYREBLZELREDSVWTWS, LALANDL,
EERCE, VI 2REIDSERERBEHAAYF VI LEDELVDELVTY AL E, X
HHEKIVEMEINDZTHAS52E5K, LEDIIMIVZALLIINEBELXYDLEDRTY
AA4wFSWIIHESWIYDANOBBRUCANDOEERET R LENTE S,

o001 5]

M5WWRT LBV 2OMHEE—FRBVWTR, AAYFSWI1IHESWX 1
FIREETH D, Zhickb, BHipn &, AT INZE, LEDR MU ZAL I
IMBLXY S, HWAOBFOUTILEBE-->THELTHN, ZHi, BRINEZLED
DBICKFLTHONEZHHA TS, ME6KBOVWTRENTVBEHEREET— RtV T
EERENEZAAvFSWIIHESWX ILEHIKRETHDY, Fhig, LED MU I X
LI1TBZELXYRE>THENSZER 1, vy, 2ZEOE, ZhIKED, LEDBZREBONE
BMHFELEW, X, BEWip vy, & LEDERBEARE (FXE. 200Hz) KEWVTX
AVvFSWIITHESWX |l DRERHRERNTHREDO DN NVAEFTERZHAL
VCODXIRRER, UEHCHMBINEZTHAI LI, MREMIIbERENBC
EWNTEZ, RBLELTOENI 2OHFOERMBRBLBEVTR, AAYvFSWI1 1HE
SWX 1@, BERZ2LEDHHARBMCBVWTHOKEBTHEINXXIZELRSLEDRH
BAEBCBEOWTHENCEHEINZCLITES, 0L 48F6. BH I . v, . T
LEDBEARBICEOTCHEHBEDORNVALHERZ2E TR LNTAETH S,
{0016]

AAYvF YT LEDENI2OEMEBREIE, BRENTZLEDRKE-> TR ENELLD
XigZEhMUEOoRMAAYyF (FlziE, PEEIA ALY F) EBRGHLTENTE, Fhic
b, ROBULRNVECT/ XBABER, BS5RTBERENTVBAAYFSWI 1
ESWX 1 OBMRERCHRBIANTAAMAAAyFORMRERLTCHERBIRELTEZ
bbb, TOEIREHROLEDORMIBER., AIUXERZZ2LEDEBHABEREL
TAAYVFAAYFSWIIHESWX L ERUNMAA Y F2HFETELNARTH B
o BWipy B, AMAASYFHREZSLLEDBIBARKCHANICEHEINSZ X ERZ
5LEDHBABRK CEBOBICEVWIHESN2ERBREICEITZ2ELADOL EDREE
BHRICBAEBONRNNVAEREREE TR EHAIETH B,

o011 7]

MINWEcHRBRTZIC., BEREHRCERBEEHR#IRASAvFY 7 LEDRIVIONES
2D1DERAVWSE, FEBEHOBEFRBWELED FSANDODERTBRCIHEEI TV, X
THE1I 1R, AHPOEBEFRBEHRLEDFSANRNDEODHOHIRELTOEMPERRL
TW5b,

o001 8]

M7, "9 FUB1, $¥EEALvFQl, 44X —-RDIRUCAVYEI2 2L 1D
MOEBEPEITABUuckBaVYR—2ARKSILBHREHCS Ll E2ZHOTWVWEERE R
LEDRSAN40FZRLT VS, EREHCS 1IE, YEBLREMTEZTHA3 X
Sk, BHZHEER (Mz21X, 100kHz) 8BV THEEIALAYFQ1ODF—1rA
D —rEEOHRBICID, REMLBHETRTWHS,

(001 9]

M8k, "wFVUB2, AVY&Er&L2, ¥EHEAALAvFQ2, aVFUy¥Cl, &4
F—RD2RUAVEIZLIDEMOEEL2ETS CukBayN—-—2ARKHHEN
BRCS2EZEHVWIVAERERLEDRIRS A AN41E2RLT WS, BWEWRCS 2 1.
WEZBICBHEMTESTHAIEIC, BAEBAEK (AWK, 100kHz) Kbw
THYERAASAYFQ2DF— NS —EEOHBICXD, EILHEEINL TV S,
oo 201

Ko, W"vyFUB3, ¥ERERAAYF Q3. AVYEIVRERL4A, aVFr¥Cc2, B4
F—FRD3RCAVEIRZRLSOHANOEB2ET S Ze t aBaryN—25RchH2E
HREBEHECSSIERVWVITVEIERBHRLED RS AN422RLTWVS, BREBEFHC S 3 &
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HEEFBCRBEBTEBRTHA>E5, BHEHRAEE (WA, 100kHz) k&3
WTHERAAYFQ3DT—bNDTF—+EBOHBIC LD, HEELLBETRTVLS
{002 1]

M10i@E. "vFUB4, FIVRT 1, ¥EBHRAAYvFQ4, XA F—RD 4, &A
A —FDSRUCAVEIALEDOHMOBEBRZET S 74+ —RAVAN—R2AREHBE
MBRCSAZHVWTVAERBEBRLED RS ANR43EBRLTWVWS, I 434 313,
32 (H5KRU6) ONXN—Var32aZBIlHVIWVSE, EHBECS 413, M
BRRBHEMTELZTHEAIL9K, EHNEBRBARK (FlxE, 100kHz) KW TH
BEAAYFQA4DT— b N\DOT—~EEOHBIIXD, EXIMLEFHETNTWVWES,
{002 2]

R7H5ZE21028BITBIC. FIAN40NMEA43E, AA4AvFSWI1ITHESWA4 1
CLEDLILIELATIDOHRELTORBHERZET S 2LI32 (I3KT4) ON
—Ygvi32arzBERBEVWTWwWs%, LEDL1 1, LEDL21!, LEDL31RU./X
WLEDL4 13, §MAAvF2ETBCLAAETHAIMNOMEOERERICBIT
ZEBDODLEDE L LTRMEINZ LN TEL, —EMBERKCBVYTE., LEDL 1 11
I DX FNUELEOHKFRBLEDEZAL, LEDL2 1REOALEDZAFL, LEDL 31
BEBGLEDZAL, FLTLEDL41RB12XRBFNAYULELEO7 Y S—LEDERET 3
o002 3]

th32ald3,. 1DODXBEFNUEDODAALA Yy FSWILITHESWAL 1 ORIRWEERERT
5, EN32aDBROMHE—~RB2BETEZ1I5HOMBE—FREAEL, ZThickh, &
Wipuw BIDXRBRFAMULEDLEDLLINZEL4AL1ZE->THIN, Fhickn, &
ODLEDLIINELALIIAERELTCVADIRKELT., BLOXBHE TS, EIU3
2aDHERET—REBVTR., A4y FSWI1IHESWAL L RBERETEHDD, Zh
B, LEDLIIWELA1ZB-THNBER: , v ZBLHE., ZNICED, LED
L117ELAIRBGAOYEBRBLEY, B3 2ald,. A4 v FSWI1IHESWA4 I
KERNICHB NI ROKHEEBKKELT, LEDEHARE (XX, 20 0H
z2) WBWT, MEHE-RDIDEHEAREET—RNRELOBEMTAAMYyF VY IT S, REDL
W32 a0WMEE—FRRBVWTE, AAVYFSWI1I1NHNESW4L 13, BE 5L E DRI
AEBEEOVTHEHMNCBHHEENAXBELRSLEDEHARBICBEVWTHORB T EX
NBETENTES, ORGSR, Bipu . . IZLEDHBHEERCE Y THE
BMONRNVAERERZEITHCEDAETH 5,

(002 4]

11, A4 YyFSW3, AA4wFSWIIHESWI4A4KRUCLEDLLI 1IHBELIL
ADPRELTORBEREZETSZ2EI33 1 (I3RUT4) ONRX—Var31latltBERE
HCS1EEHWTVWAEREBERLEDFSAN442RLTWVWS, LEDL11, LE
DL12, LEDLI3SEU/XELEDL1AK. fMAALYFERETEENETRET
HRZANOHEDOEBRERKBIZEROLEDE LTRGEEhBZCLHITEE, —H
BRIKEVWTE., LEDLI 1RIDXEZFAUEDHFALEDEEL, LEDLI1 2
MEBLEDZEFL, LEDLI3SRHFALEDZFL, ZLULTCLEDL141F1DOXIE*
NYUEOF7PYR—LEDEET S,

(0025]

V3 1alk, 12O2XBZENRULEDOAAYFSWILIHESWI 4A0RIRNWARELE
CSWI3DHKELEET S, V31 aDEROMBRT—FE2ETLZ 1 5@OME T —
FzBHEL, Zhickbh, EBFip vy, B1DOXRBZENYULEDLEDLILI IHELL 4 %#
STHN, Zhic&kb, EOLEDLIIBELLIAREEZRELTWVENCKEL T,
BONEME TS, V31 aDBEREE—-RECEVWTRE, A4 VFSWI ILTHESW
LAEBHERETHEDY, T, LEDLIITMEL1I1A4%2B> CHNBZEBH LI,y 28
bE, Fhickb, LEDLI1INMNELLIABZBBEBONEZRFLEV, V31 akk, 24
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WFSWILITHESWI]I 4 CBRNICEBENI2REORBEESIKKELT, LEDKE
B (2, 200Hz) BBVWT, MHAE—-FDIDEHEREET—FLOBMTX
AwFUETTE, RBEOENLI 1L aDHEE—FRFBWVTRER, AAMAYyFSWI1IHESW
14, B2 LEDMEARBRCBVTHEMNICEEEINS XIEEHZ 2 L E DA LK
KBWTHORETHEINZZLENTER, FOLS5EBE., BHipu, & JEL
EDBMBRABRBICBVWTERORNVAZRAERAETHCLNAETH S,

00 26]

M12KU 13, LEDIPMYZRALIIBELXYRRENKEHEENEZRALYFS
Who (Blzl, ¥EHEA AL vF) &, AAvFSWSEELLEDTIMIZALIIBELX
YOUAEBHICH LU TCHEICEREREALAYFSWE (HIZE, FEEIALYTF) &2
BIAVWRAR—-ASG A VEEBEBEHAASAYyF Y LEDENSORERLTWVWS, ¥V 5
ONHEMEBRBITZ DI, UTORNVE50IKDWVWTOHMBEEFE., LED Y Z AL 1
ITMELXYARBLADLEDES CEIKETVWTWVLE, LhLaPb, EBICIZ. E
WI3OWREDLSEEEEHRIAAvF YT LEDEILORIVTFY LG, YEHEICXOHE
BEINBTHA5E5WK, LEDR PV IJAXLIIBELXYDPLLEDDANDOERK
CHNOBEET RN TE S,

{00271

M12IKRT I3V 0D0REE—REBVWTIR, A4V FSWALRHBRETSHD
VALY FSWERBRETSHD, FhRAICEY, BRipy B, AJTIWTINGE, R
AwvFSW4a4lk, LEDI MV ZAL1I1HELXYSE, HABFOUT 4 L%2E-> TH#
BLTHA, 2R, BRENWLZLEDODABIKKEFELTEONEZRIF TS, M1 3k
TRENTVB LV 0OOBEFREE—RIEBVWTIR, A4V FSWLRBRETH D,
AAYFSWERBHRETHD, Zhik., LEDR MU ZALI IBELXYZRE->TH
NAZBH I py; ZELHE, FRIELD, LEDRAOKXEZRH LAV, B t » v 1 W&
LEDERBIAKBK (Hlxid, 200Hz) TBVWTAAYFSWARTSWsDRER
BRERUCHARBOZDICNSNVAETREREFBE L, COIITREBE, YEHICEREZ
NZTHAI LHIC, REREMITIDERENBZCEHTES,

(00 28]

AAWF VYT LEDENSORDWTOEBDLEDOEMEERE, LEDYFU IR
LI1DBELXYOLEDHBIKEH--TC2EINEZ1DXEBEFhMEOoNMA Ay F (flx
W, YEEAA Y F) ZERRELCENTE, Zhickd, LEDKEOMHEETAZ D
BLULANVEY,/ X3EBREER,. B1 2K 13KRENTVEAALAYFSWALRTSWS
ORREMUTCHREBEEHTZ2AMAA Yy FOBRRERTHRBECEKELTEADONS, *
DES>TEHOLEDDEMPBER., BUXRELZSZLEDBEARBKBVWTASLY F
SWARUGSWSESNCRAMAASA Yy FEMETZCLNARTHS, BRI p v 2 &, T
MAAYFRNRGEADLEDRBARKCHNCHEINZIXIBEZALEDRERAKEKT
BHOBICEVWTHHESNIEMBRECBD2BLOLEDEBSABRKRICET 2EHON
WABHBREETHILNARTH %,

{002 9]

M1 4KO15E, LEDSPYUZALIIDBELXYREBHESNREASAYFSWI 1
THWESWI1Y (JIxiE, YEEZAALwvF) OABEREAVEIN-ZAIS5 4 VELBRKEE
AAVF YT LEDENS1IRZRLTWVWS, V5 1 OEBBBERBHITZIZHIC, UTOD
5 1TOEBMEE—RIKDVWTOSHEEFR., LEDISFYVZAL1IIHELXYHROELD
LEDRUBRDAAYFSWIINHNESWIYZRZEBCRKETVWTWVWS, LHLAEW
5, R, YW 1 KEDLSKEEBHEBHAAS v F ST LEDELDR TV A I
VUEBLIDEBINZTHAS IS5, LEDIXPMYUZXAL1I1I/BELXYDLED
RHUOCAAYFSWIIHESWIYDRNOERRCANOBEEETH N TE B,
[oo0o30]

K14ERT IS5 1 DOREFE—RIEBEVTER, AA4AYFSWI IHESWILY
BHRETHD., Thickb, B Iip vy, 3. AAWMFINSGE, AA4AYvFSWI1I 1Y
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BESWI1YE, LEDRMYZRALIINDNBELXYE, WAMFOUT 2 & %8> THEE
LeHmhn, T, BRENTZLEDOBIREEFELTEBOXEZRGFT T2, K1 5B NT
RENTWVWB NS 1 OBEREE—-REBVWTIER, AAYFSWI IHESWI Y IZH
RETHD, AAYvFSWIIHESWIYRHRKRETHD, hitk, LEDT YU »¥ X
LI 1INBEBELXY2BE-oTHRNAER I py g ZEDYE, Fhitkbh, LEDRBOKE
M LEV, X, B i p v &, LEDHEAEK (FlAE, 200Hz) CBWTA
AwFSWIIHESWI YHRERCHREOZDIK NI NVAZERHERZHERL, COX
SRR, YEFLHBINWETHAI2 XK, REHRCEIDBERINZCEHTE
2, RELLTOENVS | OBEORMEBRERICEVWCTE., A4 YFSWILIHESWIY
B, BERA2LEDHMBEAERCBVWTHEORBTHMAEINIXRZIELS L EDREAHIKIC
BOTHEMWNKEEENDZCLENTES, TOEIEBEE. Bfipy, 3. TZLEDHEK
MEABBECBOYTEHBORVAEHEREETLCENAETH S,

{003 1] ‘

AAwFYTLEDRIVSE 1 OEBHER, LEDIIMIIALIINELXYRE-
ToBEEhElIDODXREEFABEDOAMAALA Yy F (AR, PERIA S v F) BERRLEOLC
EMTE, ZThiKED, XOBUVANWERUT / XE@EamER, B14KRT15CRENTWY
A4y FSWIITHESWIYOHMREBEUTCHRBIEHTEZNMAAS Yy FOMRERT
HMIREBILEELTEAONS, 20X BBDOLEDOEMPBREIR,. HUXREELESL
EDHRBABERIKKBVWTAASAYFSWIIHESWIYRUGSWIMGRAMAAY F%2
BET A2 LMNARETHZ, BRI py .3 WX AyvFHEZZ2LEDBRBAREKT
BACEEINEZXEBEZS LEDEHABRRN THBROBILEOVTHEINEEMBREK
BUZBEADOLEDHHAEBCEBY2EBONNNVAERBEREZETHCLNARETH B
{003 2]

M16KU1 73, LEDRFMYUZALIINBMEBELXYRRERERENEZAAYFSWIL 1
TWESWI1Y (Mlxid, YEEHEXAvF) ORBEREAVIRN-—ASAVEEBRREH
2L wFYFLEDRIVE 2BRLTWVWS, ¥IV521@, AAvFSWI1ITHESWILY
BULEDSPFPUVZALLIIDELXYDORBERICHLTENCZERENEAAL Y FS
W6 (flzid, ¥BERAALvF) PEIKHWVWS, IV 20BBEPAEG TSI, YU
TOoOENS5 20H,EE—RIECDODVWTOFHHEIFZ, LEDYIMVIXLIIHELXYROE
AODLEDRUBADAAYFSWI ITHESWIYZEBLLETVWTWVWE, LHL
R E, HIBIKIE., BV 2KEILSBEEBRBHASAYF Y LEDELVO RV FH A
Vi, MEEBRIVDEREIAZTHAS LK, LEDIYIMYUIALIITHELXYODL
EDRURAAYFSWIIIESWIYDANOBRKNTANWDOHEZE T B LAITES
[0033]

M16IARTI>SBELILE 2OMRHBME—RIEBVWTRE., A4y FSWOoRHRKRETHD
VALY FSWIIESWX 1EHERETHED, Thickb, EF i, v & A7
FIN3¢ ., LEDYFMUZALIIHELXYE, HABMFOUT I LE2F > THEL
THh, zhik, BREINEZLEDOBIKEKFLTAHADKERITZ, M1 7TKBVWTR
TNTVBREELREE—RIBVLTE, BRENWEZAAYFSWIIHESWX 1 EHRK
BETthb, Thit. LEDR MYV ZALIIDPELXYRBE->THNBZER L p w1 28
b, ZNic&D, LEDRBONEMRF LAV, X, BW ip v, & LEDHKSEMN
B WAE, 200Hz) BV TAAYFSWIIHESWX1I1ORELBERERCTH
WEDOHICHNIVALTHEREZEBR L., O RREIR., YEBCHEBIAZTHAS
ok, MERBHLIVERENBZILHITESL, RELLTOENVS 2OHEDCERMGE
BIcBWTER, AMYFSWOERTRAAYFSWIIHESWY LZ, B35 LEDEE
FEBEBEOVTHOREBTHHEINANEBEREZALEDBEHARM S THEMNICEFEX N
BTN TER, FOLILEE, BRI, v B, TELEDRBARBKCB Y THEHK
DNNVABREFREBETHILEHAETH 5,
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{003 4]

ZAYF T LEDENVS 20RGHBREIE, BRENEZLEDIKE-> TR EAELD
X ZnUEDOMNMAAyF (Fl2E, ¥YERX A v F) EBELHEL LN TE, Zhi
SO, OO LARNWEC / XEBEER, R1LE6KRT L TERENTWVWBERALYF SWE
BROEAA v FSWIL ITHESWX 1 OMRERUTHERELRTBNMAA Yy FORRER
UCHRBREELTEALONDS, TOIIBREBOLEDOEMFER., HUXREL S
LEDHRBABHICBEVWTAAYFSWERUTAALAYFSWILIHESWX 1 RUSFMA
AVFEHMETZCLHTETD S, BH 1, vz 3. FMAAL Yy FNELSZLE DS
BEBTHMCHEINEIXBELZS LEDBHARBTHEOBILB Y THHEE NS H
MEBILCETAELOLEDHREARBICBU 2EBONRNNVAEREREAET S 0T
BETH B, ‘

{0035])

K12MmE1LT7%28B 32, EFEERCEEWMEBEERHRA LA vF S LEDRIVEO
TWES52D 12 2HVWE, RFEHOBEEBRL ED T A /30 B K ORI HIENx
VW, M18MEL19R, ARPEOBEEHRLED FSANDODEDIDIOHRELTOERMY
BE2ZRLTWVWS,

{0036]

K181, Nv7FUBS, AR &2LT7, ¥EHEKIXALAYvFQE, A4 —FD6RU
AVF YT C2O0BMOBEBRZETABoos tHaYyRR—2FRICHABEERV S 1
EFRHVWTVW2EEBHLEDFIANBOERLTVS, BEEBHV S 1, H¥EH R
HMTERZTHAD &2, BAEZHBABRE (1A, 100kHz) WBWTAAL Yy F
Q5D —FrN\DOT7—FESOMBICEI D, EDPLEFETH TV S,

{003 7]

RSAN60E, AA4AYvFSWIIHESWIAKRUCLEDLI1IBELL 4005
LTORBHERAZETS ENVE1 (H13KRT14) ON—=Yar51laZBBIRHNTY
5, LEDL11, LEDL12, LEDLI13KRU/XELEDLI1 4, M1
FrRrETRCLHARTHAMTNOFEOEABERICBIZ2EBDOLEDE UTERE L
BN TEB, ~HBEEILEWTIER., LEDL1I 1BIDOXEZFAMULEDFEBLED
#HL., LEDLI1 2lHEBLEDZAL, LEDLI3RERLEDZAFL, Z2LTCL
EDL1ARIDOXNEZENRU LD Y N—LEDERHT 3,

003 8]

51 aldk,. 12XBFhUELEDAALAYyFSWIIHESWI 40RIRNEERET
B, BEV51 aDBADORFPE—REETA1I5HOMHBE—-—REEL, Zhickbh, &
Wilpwm  BIDXRZFNYUEDLEDLIIBELLIAE#E-,THN, Thitkd, &
DLEDLIIDNELLANKEZBRHLTVEDITHKELT, GOXERNT S, ¥V 5
l aDEEFREE—FBEVWTRER, AAMAYFSWILINESW4L41IRBRETH., Zh
., LEDLI I1NMEL1I1A4ZBoTHNZDERLI,, w, ZBLHE, THICEXD, LED
LIIAELIABZBOXZRELEZY, V51 aild, A4 Yy FSWI IHESWIL 4
KBIRNCHRBENIRLOHHEEB ICKEL T, LEDHREEEE (HHIXE., 200H
2) BBVWT, M E—RD I DEHEREE—RLOBMTASAYFVIT B, REDOL
WE1L aDBET—RFRERBVWTE., AAYFSWIINHESWI 4, B2 LEDRH
AEBEEEOVTHNCHHEEINAXBZERSALEDRERAERCBTHORETHFX
NBZZENTES, TODISHEEGEA, BF 1. . TELEDWEBABRICE W THE
BORNWVAEZEREREETZCLENAETH S,

[0039]

1ok, "wsrVUB6, YEEKRAASAYvFQ6, FPIVYAT2RUZAAL—FD7DEL
HMOBEBZHTAF lybackBMaryN—2ARKIZ2BEEERVS2Z2HNTVEE
EFEBWRLEDRFRIANGE1IEZRLTVS, BEBEVS 21, HHEBICBHMHETESTH
29 &5k, BHZHARYE (Hzx1E., 100kHz) EBWTALYF QDY — A
OF—rEEOHRBICLID, EERMLEFETATHS,
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{00 40)

RIANG 1, A4AvFSWE, AAvFSWIITWESWAL4IKRCTLEDLI 1
BFLATIOHFARLLTDEBERZETZELNV52 (1 6KRT1T) ODNR—=Y3 52
aZEICHAWTWS, LEDL11, LEDL21, LEDL31KEKU/XIZLEDL4
1, fMAAYFEETZCLHARETHIZMANOMECHBERICBIZ2HEBOLE
DEULTEMEINBZILENTES, ~EAPRBIKENWTE, LEDLI 1EIDXEFR
Mrtof@aLEDZAL, LEDL2 1EHKEBLEDZAFAL, LEDL31REBLED
FHL, ZLTCLEDL41RX1IDXBEZENAYULEDOT Y N—-LED®REFT 3,
{o04 1]

5 2ald, 12O2XBZENAUEDAALAYyFSWIIESWL 1 OBRRNERELR
UAAYFSWEDHREILZET S, BIV52 aBLOMHE—TFZEFTS1 5D
BMHEHE—REHL, ZRIEED, ERip . BIDOXEFAULEOLEDL I I HEL
41 2BoTHAN, ThiILED, YOLEDLI IBHELA1IPXERZKRELTVSHDICK
BELT, BOXEHE TS, I 52 aDHERETE—-FEVWTIE, A4 v FSWE X
HRETHDD, AAvFSWI1IMHMESWA4 1 3HRETHD., ZhA#. LEDL117Y
BLAITEBE>THNDER i p vy o ZBSLE., FNCED, LEDLI1IHEL41E
BMOHERFLEV, V52ald, AAvFSWIINHESWAL 1LIKBEBRNICEHB S
DRKROHEEBICKFLT, LEDRBAREE (HIXE, 200Hz) KBWT. M4
E—FOIDEHETELC—RLEOMTAASAYFVITE2, REOENV 52 a DEFE—
RicBWTR, A4 vFSWI1 1ITHESWAL 113, BABLEDEEEBREICBYTHE
KBEENAX B RLEALEDHBEARMKBVWTIHORETHEEINABCEHNTE B,
FOEOUGE. B i, v 3. TZLEDWMBAEH KB THEONSVALEHER
ETAHIENAARRETD %,

[004 2]

M20RB,. AHHOBERBHELED RS ANKEDVWTOEL DHEBHEED 1 DR FYP 4
VEBREHICENIT PV ZA30 (11) BE30 (XY) LERERL ; LEHAVWAEAR
— A5 AVEREBEHFRLEDRIFRIANTOERLTWS, ARHEOBEHREEWLED FI 4N
DRISANTEAL I, (1) V=YDV ZZX30 (11) B30 (XY) AD1DX
BEFNULFLOBHEBEFERBHA A Y FYFLEDERNIODRERR, (2) = bPU I A3
0 (11) HE3IO (XY) oBRRENEZELDENZIODLEDTFY ALY, LT (
3) BHEOLINVOERPEBICHLT, LAY Z X300 (11) BE30 (XY) b
BIRENTLEROE VI 00D I DXREZFAULEOBENERRC / XBAUFEREORREE
L. TCTTC, XZ2Z1RUCY21TH32, BEEOELNVIOOEHWVWRE FSANORMERICH
LT, EUTAHBERABAEAETAEN30R, FHEICKE, EFCERESH, BLHT
ZHEBEEEREE T AN 30, FBWICE, EFICEEIN S, YEHIZ, FSA4N
TOREISSEHRBELED RS ANDRSANTH AL VIRBHER RN L 2R T 3
THHA2, M22HFE25 8, FIANTORREISERBHRLED RS ANNOEOIHID
Bl LTORBHEEZRL TV S,

{004 3]

Mz2@, BMEHRI j KMEMNcERINEZARABEILVIOR, RABEILI0OGCRUTFHR
W3 OBRERLTWVD, W23, ERBHEI  CEMNKERE W EHRABEIL 3 0R,
BMBENVIOGCHRUBFTREIVIOBRERLTWVWS, M24F, BRBE I § KEM KB
ENEHROAEIVZIORLEALNVIOGCRUFALNVZIOBOMHMAFEHRLERL TV 3,
K25, BERBEI ( CEFNKEHI A LRBEVI0OCRUFTAEINVI 0B DOET
BEeHRBEIVZOREEZRLTWVSE, M22NE2528R 751, BHREBR (F 21X,
R7ITHBELIORKARLTWBRCS1IHECS 4) X, BLAOLEDHIABER IV TER
Il w  WEHEORNVAEZEHERZETA2 LW TETH S, BADOLEDHBEARKREX
BHMULEDEBHRABRCBYZIZAEFNORFEE—-REHELREE-RBEOSEL D
30R., 30GRUS3B0OBDRAwFyJTItEELT, ¥IW30R, 30GRU30BIC
HUTHRWVAEZERER L, v | BHRBT 3,
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(o0 4 4]
21, AEBAOBEEZBEELED RIANEDODVWTOEZELDEHBRED 1 DEFY A

VT ABEDIRENT R ZA50 (11) MES50 (XY) LBEEEHEV; E2HWAEAN

— A5 A VBEEFEBERLEDFSANSO0RZRLTVS, AHBMOFELEFRLED FS 4N
DREIANRNTFYALE, (1) EAMIFZAS50 (1 1) BHES50 (XY) AD1DX
BERULOBREERE:A A Y FYZLEDEYNVSODER, (2) BV FUFZRAS
0 (1 1) WES50 (XY) hWOERINMEZGLDEIVSEODLEDTY ALY, ZLT (
3) BEOLVOEBEEBICH LT, LAY 2250 (11) BES50 (XY) b
BIRENTZEBOELVS5 0D 1 DXBZFAMLOBEAERLC / XEEFHBEHEOEREE
L, TCT, XZ2Z1RUYZ1THB, HBOEVE0RAVE NI A NNOEMKREICK
LT, BT AHHEBEREEZE TSNV 50@, FEICE, BV CEREIN, HUT
PHMAEBEAREZE T AN 5 0, FHEICE, dHICEHEINS, HEZHE., FIA4N
BOWHDCERERLEDRIANDRGSANTE AL VICREBEN RN L 2HEFET 3
THA5, M26TMEE291E, FSANBOKESCEEEZEBELEDRFRSANDOEDODHD
BIRELUTOERBEZRL TV 3,

{00 45])

K26k, BEBRY KMEFicERI M HRALIVEOR, MEBEEILEOCRUFH
VEO0OBRERLTVS, W27, BEBHV KEMcEREREI N EHRBEELL I O0R,
BEBENV500RUBEBEVSOBERLTWVS, B281, BEBRV, KEFICERK
ENEHBEENESEOREBAELNVEOGCRUTALNVSOBOMINBR EERL TV 3,
M2, EMBEV, CENEERENWERALLVS0CRUTFBELILS 0B OHEF#
BrHRBEIVBEOREERLTVE, H26NME292BR T B3I, BRER (Flz .
M18FKUIOKAMLTWVWSE Vs | MUV ) B, BADODLEDBRBHABBICEWTE
Blpy, DEBORNVAZHERZETHCLHAETH S, EADOLE DS EKK
REZAULEDEBHAKRRCBYAZEAZTHOMB TP LHFEREE-FHOZLDE
WEOR, 50CKRUS50BDAASYF VY TIKEKEFELT, IV50R, 50GCKRT5038
KR UTHRVAERERL p v | ZHBHT 3,

{00 456]

ME, FRUEAREOELMBFERBIGECHILELOND —F, ARPOEXERUTH
EHhS®HTBZC R, BAOEFRECBERHMT I ENTE S, AHEHOMMAK
AREHOREBRCEBINATVT, BFOERRKUVEBRALHSZ2TOERIE ZOH
BAHICARCEHRBEREN TS,

(B oD i B 2 3 ]

{0047]

(K1) BRBEEHA A v F Y LEDEVKDVWTOERFEARKRE > TeH I R—-X T A
VOEMHEOHERANKTH %,

(R2) ERBEBRHRAASA v F Y LEDENEDVWTOARBEE > LB IR—AF A
VOEMBEOEARTH %,

(K3) BRERBHRAA Y F VY FLEDEIKDWTODEAFRHILE > HFE2R—-2A 54
VOERMBEOERNKTH %,

(R4) BREFEBRHAAYF VY LEDEBNVECDWTDAKEBRIE>TEF2X—2F A4
VOEMBEOERXK TS %,

(K5) BREFWEHIAAYFYYLEDENVKDVWTOERKEPIKE 2B IXN—-Z T A4
VOEBBEOERAKTSH %,

[(K6) BHEBBEHYR A F YT LEDENIKDOVWTDERARBPHIK K >HEIRA—-X 54
VOEMBEOERARKTH %,

(7] B—BHHBHA AT YT LEDUENNEHVWEEBREBHRLED FI A4 NEBICD
WTOARPILH KL E I EEREOEARTS %,

(M8)] B—BHEBE#HAASAYFYFLEDENVZRVWALERERLED RS AEKICD
WTORRBPKK B2 EMBEOERARTH 3,
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(KO)] B—BHRHEHRAASA v F Y S LEDEVERHVWEEREBERLED RS ANERICD
WTODARHIKR > LEIRAFREOERARTH 5,

(M10) BH—BHHEHAALAYFYZ LEDEYNVEAVWEEGERLED RS A NEKIC
DVWTHDARPLM > E A RABREOBIARTSH 3,

(M1 1) B—FBREHRASYF YV LEDEYNVEAHVWVEEBHEEHELED RS L NARK
DVTODRFEHRKM > EFE S RBBEOERARTH 5,

(K12 BEEHERBEHIAALSA v F VI LEDEIVEDOVTORKEHIIKE >TEIR—R T
AVOERBEOERKTH 3,

(R13) BEEWBRHXAAYF Y LEDENVEDVWTORRRHIKH >EE I R—2 5
AVDERBREOBEARTH %,

(K1 4] BEEHEBEHAALA Y F VI LEDEILVIKDODVWTOERKEBHICH >TeE2 -2 35
AVORBILEOHMAKTH 3,

(K15) EFEFBEERHRAAYF VI LEDERIVKDOVTORKERHICH >LE2R—2F
A VOERBEOEIARTH %,

(M16) BEEBHERBANAALA vF I LEDEVINIKDOVWTORKEHICH >TEIR—I T
AVOEREEOEAXKTH %,

(M1 7)) BEBEBHALSCYF Y LEDENVIEDWTOARARHICH > HEHIRN—-ZF
AVDERBEEOEARTH %,

[K18] B—BHRHEIHAAYF Y LEDENVNEAHVWEBEEEBEELED FSANERK
DWTDRRBEILH-TH 1 ERFEOERXRKTH 3,

(1 9) B—BREH ALY FYFLEDENVERAWEBREEHRLED RS A NERIC
DVWTDARRARK S BH 2 RNMBREOERARTH %,

(H20) HBOBHREBHAALA v F Y LEDEYNVEZAVEBREBELED R A NEK
KDOWTOEREBPREHE-THEIR—ASAVOEBMBEOBERRTH %,

[(K21) BEOBERBEHAAvF Y LEDENVEHWEBEZBRLED RS A /N0 B
EDOWTOARKERILHK LB IR—AS5A VOEMEEOHEAR TS %,

[H22) M20KRLTVAEBERBRLED FSANRNKDVWTOARP K-> EE 1 =
MEREOBMAETH %,

(M23 M20LRULTVAEBRBELED RS ANEDVWTOARKBARK - E 2R
MEEOHEIAKNTH 3,

[M24) K20RLTCVARERBEBHELED RS ANRNKEDVWTOEARHIKH > H 3 H
MEEOBMRNETH B,

(M2 M20KLRLTCVABRBELED RTANREDWTOAFKRAICHR > EE 4 H
MEEOHRAKNTH S,

(K26 M2 IKRLTCVAREEBBHLED EFSANKCOWTDARPKCH>ZH 1 £
MEEOHMANTH B,

(2 7)) W21KKRLTCVBEEBEBBHRLED RS A NRNKEDVWTOERRHKR > EE 2 H
MEEOBIAKTH %,

(M28) M21KRLTCVWABFEFELED FSANEDWTDOARBHICH>HH3E
MEEOHERAKNTH %,

(29 M2 lKRLTWAEBREBELED FSANEDWTOEAKBICHR >TE4LE
MHREODERXNETH 3,
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PROBLEM TO BE SOLVED: To provide a

lighting circuit capable of making a constant

current flow through fight emitting diodes and the value of the current correctly and easily
SOLUTION: A constant current circuit 2 is connected in series with a light emitting unit 3
consisting of light emitting diodes LED11 to LED1n. The DC power is supplied from a
converter circuit 1 to the series circuit of the light emitting unit 3 and the constant current
circuit 2 while controlling its output voitage so that the voltage across terminals of the
circuit 2 becomes constant. In constitution like this, a current i passing through the unit 3
and the circuit 2 is held at a constant value by the current stabilizing action of the inside
of the circuit 2. As a result, the current passing through the unit 3 is hardly affected by
ripples of the output voltage of the circuit 1 and ambient temperatures as compared with
a case that a resistance R1 is used.

Last updated: 13.03.2013 Worldwide Database 5.8,11.4;: 93p
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6)X] Claim(s) 47-62is/are allowed.
7)X Claim(s) 63-71 is/are rejected.
8)[] Claim(s) _____is/are objected to.
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11)[] The drawing(s) filed on is/are: a)[_] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119
12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a)J Al b)[JSome** c)[] None of the:
1.[] Certified copies of the priority documents have been received.
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application from the International Bureau (PCT Rule 17.2(a)).
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U.S. Patent and Trademark Office

PTOL-326 (Rev. 11-13) Office Action Summary Petltlonel’ H|Sense Ejrgﬁa;@tﬁ./ﬁﬂi)é%ﬁyﬁmw
Exhibit 1002 - Page 206 of 321



Application/Control Number: 13/896,977 Page 2
Art Unit: 2844

DETAILED ACTION

This Office Action is a response to Applicant's amendment filed on11/08/13. By
virtue of this amendment, claims 1-46 are cancelled and thus, claims 47-71 are
currently presented in the instant application.

Double Patenting

1. The nonstatutory double patenting rejection is based on a judicially created
doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the
unjustified or improper timewise extension of the “right to exclude” granted by a patent
and to prevent possible harassment by multiple assignees. A nonstatutory double
patenting rejection is appropriate where the claims at issue are not identical, but at least
one examined application claim is not patentably distinct from the reference claim(s)
because the examined application claim is either anticipated by, or would have been
obvious over, the reference claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46 USPQ2d
1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. Cir.
1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 1985); In re Van Ornum,
686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164 USPQ 619
(CCPA 1970); and In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d)
may be used to overcome an actual or provisional rejection based on a nonstatutory
double patenting ground provided the reference application or patent either is shown to

be commonly owned with this application, or claims an invention made as a result of
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activities undertaken within the scope of a joint research agreement. A terminal
disclaimer must be signed in compliance with 37 CFR 1.321(b).

The USPTO internet Web site contains terminal disclaimer forms which may be
used. Please visit http://www.uspto.gov/forms/. The filing date of the application will
determine what form should be used. A web-based eTerminal Disclaimer may be filled
out completely online using web-screens. An eTerminal Disclaimer that meets all
requirements is auto-processed and approved immediately upon submission. For more
information about eTerminal Disclaimers, refer to
http://www.uspto.gov/patents/process/file/efs/guidance/eTD-info-I.jsp.

2. Claims 63-71 are rejected on the ground of nonstatutory double patenting as
being unpatentable over claims 1 and 15 of U.S. Patent No. 8,203,286. Although the
claims at issue are not identical, they are not patentably distinct from each other
because the below reasons:

All limitations of claim 63 of instant application are similar all limitations of claims
1 and 15 of Patent application above. The limitations of claim 63 of the instant
application are broader or similar to compare with the limitation of claims 1 and 15 of the
Patent application above.

Claims 64-71 are also rejected on the ground of nonstatutory double patenting
since they are dependent to claim 63.

3. Claims 63-71 are rejected on the ground of nonstatutory double patenting as

being unpatentable over claims 18-27 of U.S. Patent No. 8,461,776. Although the
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claims at issue are not identical, they are not patentably distinct from each other
because the below reasons:

All limitations of claim 63 of instant application are similar all limitations of claim
18 of Patent application above. The limitations of claim 63 of the instant application are
broader or similar to compare with the limitation of claim 18 of the Patent application
above.

Claims 64-71 are also rejected on the ground of nonstatutory double patenting

since they are dependent to claim 63.

Claim Rejections - 35 USC § 103
4. The following is a quotation of pre-AlA 35 U.S.C. 103(a) which forms the basis

for all obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described
as set forth in section 102 of this title, if the differences between the subject matter sought to
be patented and the prior art are such that the subject matter as a whole would have been
obvious at the time the invention was made to a person having ordinary skill in the art to which
said subject matter pertains. Patentability shall not be negatived by the manner in which the
invention was made.

5. Claims 63-71 are rejected under pre-AlA 35 U.S.C. 103(a) as being unpatentable
over by Yen (US Patent No: 6,255,786).

Regarding claim 63, Yen discloses light emitting lighting device comprising a
PWM logic, a plurality of current drive for each group of LEDs as shown in figure 1.

Yen does not exactly disclose at least first and second strings of solid state

lighting devices and at least first and second current supply circuits.
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However, a light emitting device of Yen is capable of performing as well, see
figure 1, alighting panel including at least first and second strings of solid state lighting
devices (Group 100, 101) that are respectively configured to emit at least a first light
and a second light, respectively; at least first and second current supply circuits (current
drivers (110 and 111) coupled to the at least first and second strings of solid state
lighting devices(100, 111), respectively, and configured to supply an on-state drive
current to a respective one of the first and second strings of solid state lighting devices,
a pulse width modulation (PWM) controller(PWM logic(120) that is coupled to the
current supply circuits and that is configured to generate, for ones of the first and
second current supply circuits, a first PWM control signal and a second PWM control
signal that are supplied to the at least first and second strings. Col.2, lines 1-67 to col.3,
lines 1-55.

Regarding claim 64, Yen discloses wherein each of the first and second current
supply circuits comprises a variable voltage boost, constant current power supply circuit
configured to operate in continuous current mode; and a pulse width modulation (PWM)
controller that is coupled to the current supply circuits and that is configured to
generate, for ones of the first and second current supply circuits, a first PWM control
signal and a second PWM control signal that are supplied to the at least first and
second strings, respectively.

6. Claims 65-71 are rejected under pre-AlA 35 U.S.C. 103(a) as being unpatentable
over by Yen (US Patent No: 6,255,786) in view of Bruning et al (US Patent No:

6,888,529).
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Regarding claims 65-66, Yen does not disclose wherein each of the first and

second current supply circuits comprises: a temperature sensor that is configured to

generate a sensor output signal that the PWM controller uses to generate the first PWM
signal or the second PWM signal, and a sense resistor that is coupled to an output
terminal of the current supply circuit and that is configured to provide a feedback signal
to the PWM controller and wherein each of the first and second current supply circuits

comprises a sense resistor that is coupled to an output terminal of the respective one

of the first and second current supply circuits and that is coupled to a feedback input to
provide the feedback signal to provide closed loop control.

Bruning et al disclose a temperature sensor (28) and a sense resistor (R2-R3) as
shown in figure 4.

It would have been obvious to one of ordinary skill in the art at the time the
invention was made to modify the light emitting diode lighting device of Yen by
employing a sensor temperature and sensor resistor as taught by Bruning et al for the
purpose of stabilizing current flow the light emitting didoe, since this configuration for the
stated purpose would have been deemed obvious as evidenced by the teaching of
Bruning et al.

Regarding claim 67, combination Yen and Bruning et al disclose further
comprising a filter coupled to the sense resistor, the filter configured to filter the
feedback input.

Regarding claim 68, combination Yen and Bruning et al wherein the first string of

solid state lighting devices are coated with a wavelength conversion phosphor and are
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configured to emit the first light that includes a combined light including a dominant
wavelength corresponding to a blue color and a dominant wavelength corresponding to
a yellow color, and wherein the second string of solid state lighting devices are
configured to emit the second light that includes a dominant wavelength corresponding
to a red color.

Regarding claim 69, combination Yen and Bruning et al disclose wherein the first
current supply circuit provides current control of the first string of solid state lighting
devices that is independent of current control of the second string of solid state lighting
devices provided by the second current supply circuit.

Regarding claim 70, combination Yen and Bruning et al disclose further
comprising a third string of solid state lighting devices that are configured to emit a third
light that includes a dominant wavelength corresponding to a red color.

Regarding claim 71, combination Yen and Bruning et al disclose further
comprising a third current supply circuit that is configured to supply an on-state drive
current to the third string of solid state lighting devices, and wherein the first current
supply circuit provides current control of the first string of solid state lighting devices that
is independent of current control of the second string of solid state lighting devices
provided by the second current supply circuit and that is independent of current control
of the third string of solid state lighting devices provided by the third current supply
circuit.

Allowable Subject Matter

7. Claims 47-62 are allowed.
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The following is a statement of reasons for the indication of allowable subject
matter:

Prior art of record fails to disclose or fairly suggest, alone or in combination, a
lighting system, comprising: at least two strings of solid state lighting devices that are
respectively configured to emit at least a first light and a second light, respectively; at
least two current supply circuits coupled to first and second strings of the at least two
strings, respectively, each of the current supply circuits configured to supply an on-state
drive current to a respective string of the at least two strings of solid state lighting
devices in response to at least one control signal generated in response to a sensor
output signal generated by at least one temperature sensor and particularly including “
a controller having a control input, a first control output configured to provide a first
PWM control signal, and a second control output configured to provide a second PWM
control signal; and first and second output terminals coupled to the respective string of
the at least two strings of solid state lighting devices” as recited in claim 47 (claims 48-
62 would be allowable since they are dependent on claim 47).

Response to Arguments
8. Applicant's arguments filed 11/08/13 have been fully considered but they are not
persuasive.

Regarding claims 63-71 are still rejected on the ground of the non-statutory
double patenting as being un-patentable over claims 1 and 15 of U.S. Patent No.
8,203,286 and claims 18-27 of U.S. Patent No. 8,461,776.

Conclusion
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9. Applicant's amendment necessitated the new ground(s) of rejection presented in
this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP

§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37
CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE
MONTHS from the mailing date of this action. In the event a first reply is filed within
TWO MONTHS of the mailing date of this final action and the advisory action is not
mailed until after the end of the THREE-MONTH shortened statutory period, then the
shortened statutory period will expire on the date the advisory action is mailed, and any
extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of
the advisory action. In no event, however, will the statutory period for reply expire later
than SIX MONTHS from the date of this final action.

Inquiry

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to Minh Dieu A whose telephone number is (571) 272-
1817. The examiner can normally be reached on M-F (8:00AM to 5:00PM).
If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Douglas W Owens can be reached on (571) 272-1662. The fax phone
number for the organization where this application or proceeding is assigned is 571-
273-8300.

Information regarding the status of an application may be obtained from the

Patent Application Information Retrieval (PAIR) system. Status information for published
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applications may be obtained from either Private PAIR or Public PAIR. Status
information for unpublished applications is available through Private PAIR only. For
more information about the PAIR system, see http:/pair-direct.uspto.gov. Should you
have questions on access to the Private PAIR system, contact the Electronic Business

Center (EBC) at 866-217-9197 (toll-free).

/Minh D A/
Primary Examiner
Art Unit 2821

Date 1/7/14
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in 170| Perduijn et al., “Light Output Feedback Solution for RGB LED Backlight Applications”,
MA/ SID Digest (2000).
IMA/ 171] OPTOLED Lighting Gmbh/LED, Product Sheets,
http://www.optoled.de/englisch/products/led.html, pp. 1-7, Last Download: January 16,
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JPO

S21 {1 S13 and S20 us- CR ON 2013/08/04
PGPUB; 07:45
USPAT;
USOCR;
FPRS;
EPC;
JPO

S22 1859 315/185R.ccls. us- OR ON 2013/08/04
PGPUB; 07:46
USPAT;
USOCR;
FPRS;
EPC;
JPO

23 i1 S13 and S22 us- CR ON 2013/08/04
PGPUB; 07:46
USPAT;
USOCR;
FPRS;
EPC;
JPO

S24 §1252  {{315/200R.ccls. us OR ON 2013/08/04
PGPUB; 07:46
USPAT,;
USCCR;
FPRS;
EPQ;
JPO

325 i1 S13 and S24 Us- OR ON 2013/08/04
PGPUB; 07:46

USPAT;
USOCR,;
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FPRS;
EPC;
JPO

S26 #1864  ii315/312.ccls. us- CR ON 2013/08/04
PGPUB; 07:46
USPAT,;
USOCR;
FPRS;
EPC;
JPO

$27 19 S13 and S26 us- OR ON 2013/08/04
PGPUB; 07:46
USPAT;
USOCR;
FPRS;
EPC;
JPO

S28 105675 i{"315"/$7.ccls. us- CR ON 2013/08/04
PGPUB; 07:46
USPAT;
USOCR;
FPRS;
EPC;
JPO

S29 165442 "345"/$7 .ccls. us- CR ON 2013/08/04
PGPUB; 07:46
USPAT;
USOCR;
FPRS;
EPC;
JPO

S30 113 S13 and S28 us- CR ON 2013/08/04
PGPUB; 07:46
USPAT;
USOCR;
FPRS;
EPC;
JPO

S31 40 S13 and S29 us- CR ON 2013/08/04
PGPUB; 07:46
USPAT;
USOCR;
FPRS;
EPC;
JPO

S32 13047 ii(Gree nwith Durham or John with Roberts {US- OR ON 2013/08/04
or Keith with Vadas).inv. PGPUB; 07:48
USPAT;
USOCR,;
FPRS;
EPO;
JPO

S33 {10 S32 and S13 us OR ON 2013/08/04
PGPUB; 07:48
USPAT,;
USCCR;
FPRS;
EPQ;
JPO

S34 126 S32 and S12 Us- OR ON 2013/08/04
PGPUB; 07:48
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USPAT,;
USOCR;
FPRS;
EPC;
JPO

S35 {6163 (string$1 or array or group or solid near4 {US- OR ON 2013/08/04
state) same (light near4 source$1 or PGPUB; 11:02
LED$1 or light near4 emitting or lamps or §USPAT,;
load$1) and ((first and second) or USOCR,;
(plurality or group or each)) same (PWM ori{FPRS;
pulse near4 width near4 modulat$3) EPO;
JPO

S36 {2386 S35 and (constant near4 (current or us- OR ON 2013/08/04
voltage) or variable with (boost or buck or §PGPUB; 11:02
bulk)) USPAT;
USOCR,;
FPRS;
EPC;
JPO

S37 §13047 i{(Cree nwith Durham or John with Roberts §US- CR ON 2013/08/04
or Keith with Vadas).inv. PGPUB; 11:02
USPAT;
USOCR;
FPRS;
EPC;
JPO

S38 {26 S37 and S36 us- OR ON 2013/08/04
PGPUB; 11:02
USPAT;
USOCR;
FPRS;
EPO;
JPO

839 {21 S38 and temperature near4 sensor us- OR ON 2013/08/04
PGPUB; 11:02
USPAT;
USOCR,;
FPRS;
EPC;
JPO

S0 41187 (string$1 or array or group or solid near4 {US- OR ON 2013/08/04
state) same (light near4 source$1 or PGPUB; 11:28
LEDS$1 or light near4 emitting or lamps or {{USPAT;
load$1) and ((first and second) or USOCR,;
(plurality or group or each)) same (PWM oriFPRS;
pulse near4 width near4 modulat$3) and HEPO;
(temperature near4 (sensor or detector)) #JPO

HA1 1203 (string$1 or array or group or solid near4 {US- OR ON 2013/08/04
state) same (light near4 source$1 or PGPUB; 11:29
LEDS$1 or light near4 emitting or lamps or {{USPAT;
load$1) same (temperature near4 (sensor {USOCR,;
or detector)) and $40 FPRS;
EPC;
JPO

A2 132 $41 and @pd<="20051118" us- OR ON 2013/08/04
PGPUB; 11:29
USPAT;
USOCR;
FPRS;
EPO;
JPO
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43 41187 (string$1 or array or group or solid near4 {US- OR ON 2013/08/04
state) same (light near4 source$1 or PGPUB; 18:03
LED$1 or light near4 emitting or lamps or §USPAT,;
load$1) and ((first and second) or USOCR,;

(plurality or group or each)) same (PWM oriiFPRS;
pulse near4 width near4 modulat$3) and {EPC;
(temperature near4 (sensor or detector)) {JPO

44 1203 (string$1 or array or group or solid near4 {US- OR ON 2013/08/04
state) same (light near4 source$1 or PGPUB; 18:03
LED$1 or light near4 emitting or lamps or {USPAT,;
load$1) same (temperature near4 (sensor {{USOCR;
or detector)) and 43 FPRS;
EPC;
JPO

45 132 $44 and @pd<="20051118" us- OR ON 2013/08/04
PGPUB; 18:03
USPAT;
USOCR;
FPRS;
EPC;
JPO

$46 14 45 and string us- OR ON 2013/08/04
PGPUB; 18:03
USPAT;
USOCR,;
FPRS;
EPC;
JPO

$A7 4235 (string$1) same (light near4 source$1 or {US- CR ON 2013/08/04
LED$1 or light near4 emitting or lamps or {PGPUB; 18:06
load$1) and ((first and second) or USPAT;
(plurality or group or each)) same (PWM or{USOCR;
pulse near4 width near4 modulat$3) and {FPRS;
(temperature near4 (sensor or detector)) {EPO;
JPO

$48 65 $47 and @pd<="20051118" us- CR ON 2013/08/04
PGPUB; 18:06
USPAT;
USOCR;
FPRS;
EPC;
JPO

$49 1325 switch$3 near4 regulator same (string$1 oriUS- CR ON 2013/08/04
array or group or solid near4 state) same {PGPUB; 19:06

(light near4 source$1 or LED$1 or light USPAT;
near4 emitting) USOCR,;
FPRS;
EPC;
JPO

S50 {67 switch$3 near4 regulator same (string$1 oriUS- CR ON 2013/08/04
array or group or solid near4 state) same {PGPUB; 19:07

(light near4 source$1 or LED$1 or light USPAT;
near4 emitting) same inductor USOCR,;
FPRS;
EPC;
JPO

S51 45 S50 and @pd<="20051118" us- OR ON 2013/08/04
PGPUB; 19:07
USPAT;
USOCR;
FPRS;
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EPC;
JPO
Sh2 119992 current with circuits same (light with us- OR ON 2014/01/07
diode$1 or solid near3 state with light$3 or §PGPUB; 09:30
(string$1 or group or plurality)) with USPAT;
(LEDS$1 or light near3 emitting) and (PWM }{{USOCR;
or pulse) FPRS;
EPC;
JPO
S53 11680 (PWM or pulse with modulation) same us- OR ON 2014/01/07
current with circuits same (light with PGPUB; 09:31
diode$1 or solid near3 state with light$3 or {{USPAT;
(string$1 or group or plurality)) with USOCR;
(LED$1 or light near3 emitting) and (PWM {FPRS;
or pulse) EPO;
JPO
S54 {1010 (PWM or pulse with modulation) same us- OR ON 2014/01/07
current near4 circuits same (light with PGPUB; 09:31
diode$1 or solid near3 state with light$3 or {USPAT;
(string$1 or group or plurality)) with USOCR;
(LED$1 or light near3 emitting) and (PWM {FPRS;
or pulse) EPO;
JPO
S55 194 S54 and @pd<="20051118" Us- OR ON 2014/01/07
PGPUB; 09:32
USPAT;
USOCR,;
FPRS;
EPC;
JPO
556 143 (PWM or pulse with modulation) same us- OR ON 2014/01/07
current with circuits same (light with PGPUB; 13:24
diode$1 or solid near3 state with light$3 or jUSPAT;
(string$1 or group or plurality)) with USOCR;
(LED$1 or light near3 emitting) same ( FPRS;
sensor or detector) same temperature EPG;
JPO
857 y12 S56 and @pd<="20051118" Us- OR ON 2014/01/07
PGPUB; 13:24
USPAT;
USOCR,;
FPRS;
EPC;
JPO
S58 190 (group or plurality or array) same current #US- OR ON 2014/01/07
near4 circuit$1 same (solid near3 state PGPUB; 13:47
with light$3 or (string$1 or group or USPAT;
plurality)) with (LED$1 or light near3 USOCR;
emitting) same ( sensor or detector) same {FPRS;
temperature EPG;
JPO
S59 {16 S58 and @pd<="20051118" Us- CR ON 2014/01/07
PGPUB; 13:48
USPAT;
USOCR,;
FPRS;
EPC;
JPO
60 {107 current near4 circuit$1 same (solid near3 HUS OR ON 2014/01/07
state with light$3 or (string$1 or group or {PGPUB; 13:58
plurality)) with (LED$1 or light near3 USPAT;
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emitting) same ( sensor or detector) same {USOCR;
temperature FPRS;
EPC;
JPO

$61 163 (PWM or pulse with modulation or pulse) {US- OR ON 2014/01/07
and S60 PGPUB; 13:59
USPAT,;
USOCR,;
FPRS;
EPC;
JPO

62 112 S61 and @pd<="20051118" us- OR ON 2014/01/07
PGPUB; 13:59
USPAT;
USOCR;
FPRS;
EPC;
JPO

1/7/2014 4:04:42 PM
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PTOQ/SB/30 (07-09)
Approved for use through 07/31/2012, OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number,
f Request Application Number 13/896,977 \

for
i ; ; Filing Date May 17, 2013
Continued Examination (RCE) g
Transmittal First Named Inventor John K. Roberts
Address to: ] 2844
Mail Stop RCE Art Unit
Commissioner for Patents . A. Minh D
P.O. Box 1450 Examiner Name
\Alexandria, VA 22313-1450 Attorney Docket Number |5308-706TSCT3 /

This is a Request for Continued Examination (RCE) under 37 CFR 1.114 of the above-identified application.
Request for Continued Examination (RCE) practice under 37 CFR 1.114 does not apply to any utility or plant application filed prior to June 8,
1995, or to any design application. See Instruction Sheet for RCEs (not to be submitted to the USPTO) on page 2.

1. [Submission required under 37 CFR 1.114] Note: If the RCE is proper, any previously filed unentered amendments and
amendments enclosed with the RCE will be entered in the order in which they were filed unless applicant instructs otherwise. If
applicant does not wish to have any previously filed unentered amendment(s) entered, applicant must request non-entry of such
amendment(s).

a D Previously submitted. If a final Office action is outstanding, any amendments filed after the final Office action may be
’ considered as a submission even if this box is not checked.

I:l Consider the arguments in the Appeal Brief or Reply Brief previously filed on

li. Other

b. Enclosed
l. Amendment/Reply iii. D Information Disclosure Statement (IDS)
i. [] Affidavit(s) Declaration(s) v. [] otrer

»

Miscellaneous

Suspension of action on the above-identified application is requested under 37 CFR 1.103(c) for a
period of months. (Period of suspension shall not exceed 3 months; Fee under 37 CFR 1,17(j) required)

a
b, Other

I

3. Fees| The RCE fee under 37 CFR 1.17(e) is required by 37 CFR 1.114 when the RCE is filed.
The Director is hereby authorized to charge the following fees, any underpayment of fees, or credit any overpayments, to
Deposit Account No. _50-0220

RCE fee required under 37 CFR 1.17(e)
ii. D Extension of time fee (37 CFR 1.136 and 1.17)

iii. D Other

b. D Check in the amount of $ enclosed

- N

c. |:| Payment by credit card (Form PTO-2038 enclosed)

WARNING: Information on this form may become public. Credit card information should not be included on this form. Provide credit
card information and authorization on PTQ-2038.

( .\ SIGNATURE QF APPLICANT, ATTORNEY, OR AGENT REQUIRED )
Signature ) N RN Date June 3, 2014
| Name (Print/Type) Timothy J. Wall N Registration No. {50,743 )

CERTIFICATE OF MAILING OR TRANSMISSION

| hereby certify that this correspondence is being deposited with the United States Postal Service with sufficient postage as first class mail in an envelope
addressed to: Mail Stop RCE, Commissioner for Patents, P. O, Box 1450, Alexandria, VA 22313-1450 or facsimile transmitted to the U.S. Patent and Trademark
Office on the date shown below.

Signature

Name (Print/Type) Date ]

This collection of information is required by 37 CFR 1.114. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO
to process) an application, Confidentiality is governed by 35 U.8.C, 122 and 37 CFR 1,11 and 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on
the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S, Patent and
Trademark Office, U.S, Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450, DO NOT SE ND FEES OR COMPLETED FORMS TO  THIS
ADDRESS. SEND TO: Mail Stop RCE, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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Attorney Docket No.: 5308-706TSCT3 ‘ PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re: John K. Roberts et al. Confirmation No. 9407

U.S. Serial No. 13/896,977 Examiner: Minh Dieu A

Filing Date: May 17, 2013 Group Art Unit: 2821

For: SOLID STATE LIGHTING PANELS WITH VARIABLE VOLTAGE BOOST
CURRENT SOURCES

Date: June 3, 2014
Mail Stop RCE
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

AMENDMENT ACCOMPANYING REQUEST FOR CONTINUED
EXAMINATION

Sir;

Prior to examination of this application, please enter the following amendment. This
amendment accompanies a Request for Continued Examination (RCE) to address the issues
raised in the Final Office Action mailed January 13, 2014 regarding the above-referenced
patent application. Please amend this application as follows and reconsider the rejections of
the claims for at least the reasons presented in the following remarks.

If any extension of time for the accompanying response or submission is required,
Applicants request that this be considered a petition therefor. The Commissioner is hereby
authorized to charge any additional fee, which may be required, or credit any refund, to our
Deposit Account No. 50-0220.

Amendments to the Claims are reflected in the listing of claims which begins on
page 2 of this paper. |

Remarks begin on page 8 of this paper.
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U.S. Serial No. 13/896,977
Filed: May 17, 2013

Page 2 of 12

Amendments to the Claims:

This listing of claims will replace all prior versions, and listings, of claims in the application.

Listing of Claims:
1-46. (Canceled)

47. (Previously presented) A lighting system, comprising:
at least two strings of solid state lighting devices that are respectively configured to
emit at least a first light and a second light, respectively;
at least two current supply circuits coupled to first and second strings of the at least
two strings, respectively, each of the current supply circuits configured to supply an on-state
drive current to a respective string of the at least two strings of solid state lighting devices in
response to at least one control signal generated in response to a sensor output signal
generated by at least one temperature sensor, each of the current supply circuits comprising:
a controller having a control input, a first control output configured to provide
a first PWM control signal, and a second control output configured to provide a
second PWM control signal; and
first and second output terminals coupled to the respective string of the at least

two strings of solid state lighting devices.

48. (Previously presented) The lighting system according to Claim 47, further
comprising a sense resistor coupled to the second output terminal of ones of the current

supply circuits.

49. (Previously presented) The lighting system according to Claim 48,

wherein the controller further comprises a feedback input coupled to the sense
resistor, and

wherein the controller is configured to activate the second control signal in response

to a feedback signal received on the feedback input.
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50. (Previously presented) The lighting system according to Claim 47, wherein
the controller comprises a closed loop control system that is configured to generate the first
and second PWM control signals in response to the sensor output signals generated by the at

least one temperature sensor.

51. (Previously presented) The lighting system according to Claim 47, wherein
ones of the at least two current supply circuits comprise a variable voltage boost, constant

current power supply circuit configured to operate in continuous current mode.

52. (Previously presented) The lighting system according to Claim 47, wherein |
ones of the at least two current supply circuits comprise a voltage input terminal, and a

control input terminal.

53. (Previously presented) The lighting system according to Claim 47, wherein
ones of the at least two current supply circuits comprise a charging inductor coupled to the

voltage input terminal and an output capacitor coupled to the first output terminal.

54. (Previously presented) The lighting system according to Claim 53, wherein
the ones of the at least two current supply circuits are each configured to operate in
continuous conduction mode in which current continuously flows through the charging |
inductor while the on-state drive current is supplied to the first and second strings, |

respectively.

55. (Previously presented) The lighting system according to Claim 53, wherein

each of the current supply circuits comprises:

a rectifier having an anode coupled to the charging inductor and a cathode coupled to
the output capacitor; and

a first control transistor coupled to the anode of the rectifier and having a control”
terminal coupled to the first control output of the controller,

wherein the first control transistor is configured to cause the charging inductor to be

energized in response to the first PWM control signal from the controller and to cause energy
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stored in the charging inductor to be discharged through the rectifier and into the output

capacitor in response to the first PWM control signal.

56. (Previously presented) The lighting system according to Claim 55, further
comprising a second control transistor coupled to the second output terminal of the current
supply circuit and having an input coupled to the second control output of the controller;

wherein the second control transistor is configured to cause a voltage stored in the
output capacitor to be applied to the first output terminal of the current supply circuit in

response to the second PWM control signal from the controller.

57. (Previously presented) The lighting system according to Claim 56, wherein
ones of the current supply circuits further comprise:

a low pass filter between the second control output and the second control transistor.

58. (Previously presented) The lighting system according to Claim 53, wherein
the charging inductor has an inductance of about 50 uH to about 1.3 mH.

59. (Previously presented) The lighting system according to Claim 53, wherein

the charging inductor has an inductance of about 680 uH.

60. (Previously presented) The lighting system according to Claim 47, wherein
the sensor output signal comprises a first sensor output signal, further comprising a light
sensor that generates a second sensor output signal responsive to light output by the lighting
system,

wherein the at least one control signal comprises the first sensor output signal and the

second output sensor signal.

61. (Previously presented) The lighting system according to Claim 47, wherein
ones of the current supply circuits are configured to convert at least about 85% of input

power into output power.
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62. (Previously presented) The lighting system according to Claim 47, wherein
ones of the current supply circuits are configured to convert at least about 90% of input

power into output power.

63. (Currently amended) A lighting system, comprising:

a lighting panel including at least first and second strings of solid state lighting
devices that are respectively configured to emit at least a first light and a second Iight,
respectively;

at least first and second current supply circuits coupled to the at least first and second
strings of solid state lighting devices, respectively, and configured to supply an on-state drive
current to a respective one of the first and second strings of solid state lighting devices; and

a pulse width modulation (PWM) controller that is coupled to the first current supply

circuit and the second current supply circuit[[s]] and that is configured to generate, for

eachenes of the first current supply circuit and the second current supply circuit[[s]], a first

PWM control signal and a second PWM control signal that are supplied to the each of the at

least first and second strings.

64. (Previously presented) The lighting system according to Claim 63,
wherein each of the first and second current supply circuits comprises a variable
voltage boost, constant current power supply circuit configured to operate in continuous

current mode.

65. (Previously presented) The lighting system according to Claim 64, wherein
each of the first and second current supply circuits comprises:

a temperature sensor that is configured to generate a sensor output signal that the
PWM controller uses to generate the first PWM signal or the second PWM signal, and

a sense resistor that is coupled to an output terminal of the current supply circuit and

that is configured to provide a feedback signal to the PWM controller.

66. (Previously presented) The lighting system according to Claim 63, wherein

each of the first and second current supply circuits comprises a sense resistor that is coupled
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to an output terminal of the respective one of the first and second current supply circuits and
that is coupled to a feedback input to provide the feedback signal to provide closed loop

conirol.

67. (Previously presented) The lighting system according to Claim 66, further
comprising a filter coupled to the sense resistor, the filter configured to filter the feedback

input.

68. (Previously presented) The lighting system according to Claim 63,

wherein the first string of solid state lighting devices are coated with a wavelength
conversion phosphor and are configured to emit the first light that includes a combined light
including a dominant wavelength corresponding to a blue color and a dominant wavelength
corresponding to a yellow color, and

wherein the second string of solid state lighting devices are configured to emit the

second light that includes a dominant wavelength corresponding to a red color.

69. (Previously presented) The lighting system according to Claim 68, wherein
the first current supply circuit provides current control of the first string of solid state lighting
devices that is independent of current control of the second string of solid state lighting

devices provided by the second current supply circuit.

70. (Previously presented) The lighting system according to Claim 68, further
comprising a third string of solid state lighting devices that are configured to emit a third light

that includes a dominant wavelength corresponding to a red color.

71. (Previously presented) The lighting system according to Claim 70, further
comprising a third current supply circuit that is configured to supply an on-state drive current
to the third string of solid state lighting devices, and

wherein the first current supply circuit provides current control of the first string of
solid state lighting devices that is independent of current control of the second string of solid

state lighting devices provided by the second current supply circuit and that is independent of
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current control of the third string of solid state lighting devices provided by the third current

supply circuit.
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REMARKS
Applicants appreciate the detailed examination evidenced by the final Office Action
mailed January 13, 2014 (hereinafter "Office Action"). Applicants appreciate the indication
that Claims 47-62 are allowed. Claims 47-71 are currently pending. Applicants believe that
all claims are patentable over the cited references for the reasons that will be discussed in

detail below.

Status of the Claims

Claims 63-71 stand rejected on the ground of nonstatutory double patenting as being
unpatentable over Claims 1-15 of U.S. Patent No. 8,203,286. (Office Action, page 3.)

Claims 63-71 stand rejected on the ground of nonstatutory double patenting as being
unpatentable over Claims 1-27 of U.S. Patent No. 8,461,776. (See Office Action, pages 3-4.)

Claims 63-71 stand rejected under pre-AIA 35 U.S.C. § 103(a) as being unpatentable
over U.S. Patent No. 6,255,786 to Yen (hereinafter "Yen"). (Office Action, page 4.)

Claims 65-71 stand rejected under pre-AlA 35 U.S.C. 103(a) as being unpatentable
over Yen, in view of U.S. Patent No. 6,888,529 to Bruning et al. (“Bruning”). (Office Action,

page S.)

Double Patenting Rejections

Claims 63-71 stand rejected on the ground of nonstatutory double patenting as being
unpatentable over Claims 1-15 of U.S. Patent No. 8,203,286. (See Office Action, page 3.) In
response, Applicants submit herewith a Terminal Disclaimer disclaiming additional term over
United States Patent No. 8,203,286. Applicants' agreement to provide a Terminal Disclaimer
is to expedite issuance of the present case and does not admit that the present invention is not
patentably distinct from United States Patent No. 8,203,286. Withdrawal of the double
patenting rejection is respectfully requested.

Claims 63-71 stand rejected on the ground of nonstatutory double patenting as being
unpatentable over Claims 1-27 of U.S. Patent No. 8,461,776. (See Office Action, pages 3-4.)
In response, Applicants submit herewith a Terminal Disclaimer disclaiming additional term
over United States Patent No. 8,461,776. Applicants' agreement to provide a Terminal

Disclaimer is to expedite issuance of the present case and does not admit that the present

Petitioner Hisense USA Corporation
Exhibit 1002 - Page 242 of 321




In re: Roberts et al.

U.S. Serial No. 13/896,977
Filed: May 17, 2013

Page 9 of 12

invention is not patentably distinct from United States Patent No. 8,461,776. Withdrawal of

the double patenting rejection is respectfully requested.

Independent Claim 63 is Patentable Over Yen

The Office Action rejects Claims 63-71 as being unpatentable over U.S. Patent No.
6,255,786 to Yen (“Yen”). (Office Action, page 4.) Independent Claim 63 has been
amended to clarify that each of the first and second current supply circuits is conﬁgﬁred to
receive a first PWM control signal and a second PWM control signal, which is not disclosed
or suggested by Yen. For example, Claim 63, as amended, recites:

A lighting system, comprising: |

a lighting panel including at least first and second strings of solid state
lighting devices that are respectively configured to emit at least a first light
and a second light, respectively;

at least first and second current supply circuits coupled to the at least
first and second strings of solid state lighting devices, respectively, and
configured to supply an on-state drive current to a respective one of the first
and second strings of solid state lighting devices; and

a pulse width modulation (PWM) controller that is coupled to the first
current supply circuit and the second current supply circuit and that is
configured to generate, for each of the first current supply circuit and the |
second current supply circuit, a first PWM control signal and a second
PWM control signal that are supplied to the each of the at least first and
second strings.

(Emphasis added.) Regarding Claim 63, The Office Action concedes that Yen does not
disclose at least first and second strings of solid state lighting devices and at least first and
second current supply circuit. (Office Action, page 4.) The Office Action alleges that “a
light emitting device of Yen is capable of performing as well, see figure 1" and alleges that
Yen discloses a pulse width modulation (PWM) controller (PWM logic 120) that is coupled

to the current supply circuits (current drivers 110, 111) and that is configured to generate , for
ones of the first and second current supply circuits, a first PWM control signal and a second
PWM control signal that are supplied to the at least first and second strings, citing column 2,
lines 1-67 to column 3, lines 1-55. (Office Action, page 5.) Applicants respectfully disagree.
As an initial matter, even when positing an inherency-based rejection, the missing
claim elements must necessarily be present if not expressly disclosed. In the present case,

what Yen is capable of performing appears to be inconsistent with the requirements of art-
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based rejections. As provided above, Claim 63 is amended to clarify that a first PWM control
signal and a second PWM control signal is generated for each of the first and second current
supply circuits. Applicants respectfully submit that Yen does not disclose or suggest such
recitations. Instead, the cited portion of Yen appears to describe a devoted digital logic
circuit 120 that generates PWM signals above 30,000 Hz. (Yen, column 3, lines 13-17.)
While the PWM logic 120 is coupled to multiple current drivers (110, 111, 112), Yen is
wholly silent regarding each of the current drivers receiving a first and a second PWM

control signal. Figure 1 of Yen is reproduced below for the Examiner’s convenience:
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As illustrated above, Yen appears to provide a signal from the WPM logic 120 to each
current driver 110, 111, 112, In this regard, Yen appears to describe a first PWM control
signal provided to a first current driver 110, a second PWM control signal provided to the
second current driver 110a, etc. However, Yen is wholly silent regarding multiple signals
(first PWM control signal and second PWM control signal) being provided to a single one of

the current drivers. Accordingly, Yen does not disclose or suggest “a pulse width modulation

10
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(PWM) controller that is coupled to the first current supply circuit and the second current
supply circuit and that is configured to generate, for each of the first current supply circuit
and the second current supply circuit, a first PWM control signal and a second PWM control
signal,” as recited in Claim 63, as amended. Accordingly, Claim 63, as amended, is

patentable over yen, the allowance of which is respectfully requested.

Dependent Claim 64 is Separately Patentable

Applicants respectfully submit that dependent Claim 64 is patentable at least by virtue
of the patentability of independent Claim 63 from which it depends. Additionally, dependent
Claim 64 includes separate bases of patentability. Regarding Claim 64, the Office Action

alleges that:

Yen discloses wherein each of the first and second current supply circuits
comprises a variable voltage boost, constant current power supply circuit
configured to operate in continuous current mode; and a pulse width modulation
(PWM) controller that is coupled to the current supply circuits and that is
configured to generate, for ones of the first and second current supply circuits, a
first PWM control signal and a second PWM control signal that are supplied to the
at least first and second strings, respectively. (Office Action, page 5.)

Applicants respectfully disagree. The Office Action does not indicate any portion of Yen that
discloses or suggests “a variable voltage boost, constant current power supply circuit
configured to operate in continuous current mode,” as recited in Claim 64. Instead, Yen
appears to be wholly silent regarding the variable voltage boost, constant current power
supply recitations of Claim 64. Accordingly, Applicants respectfully submit that Claim 64 is

separately patentable over yen, the allowance of which is respectfully requested.

The Remaining Dependent Claims Are Allowable

Applicants traverse the rejection of the remaining dependent claims. However, as
each of these claims depends from a base claim that is believed to be in condition for
allowance, Applicants do not believe that it is necessary to argue the allowability of each
dependent claim individually. Applicants do not necessarily concur with the interpretatién of
these claims, nor with the bases for rejection set forth in the Office Action. Applicants
therefore reserve the right to address the patentability of these claims individually as

necessary in the future.
11
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CONCLUSION
As all of the claims are now in condition for allowance, Applicants respectfully
request allowance of the claims and passing of the application to issue in due course.
Applicants urge the Examiner to contact Applicants' undersigned representative at (919) 854-

1400 to resolve any remaining formal issues.

Respectfully submitted

N

Timothy J. Wall
Registration No. 50,743

Customer Number 65106

Myers Bigel Sibley & Sajovec, P.A.
P.O. Box 37428

Raleigh, NC 27627

919-854-1400

919-854-1401 (Fax)

CERTIFICATION OF TRANSMISSION

I hereby certify that this correspondence is being transmitted via the Office electronic filing system in accordance

with § 1 6(3)(4) to the U. S-Patent and Tradem: Ofﬁce on June 3, 2014,

i {/Qgg :/W Q

Mlche]e P. \/IcMahan
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DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Title of | SOLID STATE LIGHTING PANELS WITH VARIABLE VOLTAGE
Invention | BOOST CURRENT SOURCE

Jncluding the claims, as amended by any amendment specifically referred to above.

As a below named inventor, | hereby declare that:

This declaration
is directed to:  [] The attached application, or
X United States application or PCT international application number
13/896,977, filed on May 17, 2013, :
As amended on May 24, 2013 and June 20, 2013,

The above-identified application was made or authorized to be made by me.

[ believe that |.am the original inventor or an original joint inventor of a claimed invention
in-the application.

| have reviewed and understand the contents of the above-identified specification,

| am aware of the duty to disclose information which is material to patentability as
defined in 37 C.F.R. § 1.58, including for continuation-in-part applications, material
information that became available between the filing date of the prior application and the
national or PCT international filing date of the continuation-in-part application.

I hereby acknowledge that any willful false statement made in this declaration is
punishable under 18 U.8.C. 1001 by fine or imprisonment of not more than five (5)
years, or both.

LEGAL NAME OF INVENTOR 1 , r

v“; ,Z Cr Y e (i
Signature: fz’ 7 / x,mr,)\ é/ O\ &[ A Date: ;,,,;/ oy /M” 5

¢

Legal Name fJohn K. Roberts
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DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Titie of SOLID STATE LIGHTING PANELS WITH VARIABLE VOLTAGE
Invention | BOOST CURRENT SOURCE

As a below named inventor, | hereby declare that:

This declaration
is directed to:  [] The attached application, or

United States application or PCT international application number
13/896,977, filed on May 17, 2013,
. [XI As amended on May 24, 2013 and June 20, 2013.

The above-identified application was made or authorized to be made by me.

| believe that | am the original inventor or an original joint inventor of a claimed invention
in the application. '

| have reviewed and understand the contents of the above-identified specification,
including the claims, as amended by any amendment specifically referred to above.

| am aware of the duty to disclose information which is material to patentability as
defined in 37 C.F.R. § 1.56, including for continuation-in-part applications, material
information that became available between the filing date of the prior application and the
national or PCT international filing date of the continuation-in-part application.

| hereby acknowledge that any willful false statement made in this declaration is
punishable under 18 U.S.C. 1001 by fine or imprisonment of not more than five (5)
years, or both. '

LEGAL NAME OF INVENTOR 2

Signature: __{azm. . N Date:

Legal Name: Keith J. Vadas
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DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Title of SOLID STATE LIGHTING PANELS WITH VARIABLE VOLTAGE
Invention | BOOST CURRENT SOURCE

As a below named inventor, | hereby declare that;

This declaration
is directed to: [ ] The attached application, or

United States application or PCT international application humber
13/896,977, filed on May 17, 2013,
! As amended on May 24, 2013 and June 20, 2013.

The above-identified application was made or authorized to be made by me.

| believe that | am the original inventor or an original joint inventor of a claimed invention
in the application,

| have reviewed and understand the contents of the above-identified specification,
including the claims, as amended by any amendment specifically referred to above,

| am aware of the duty to disclose information which is material to patentability as
defined in 37 C.F.R. § 1.56, including for continuation-in-part applications, material
information that became available between the filing date of the prior application and the
national or PCT international filing date of the continuation-in-part application.,

I hereby acknowledge that any willful false statement made in this declaration is
punishable under 18 U.S.C. 1001 by fine or imprisonment of not more than five (5)
years, or both.

LEGAL NAME OF INVENTOR 3

Signature: @Vg\ Date: \l/wu_ 01.1/30»4'-

Legal Name:  Muhinthan Murugesu

Petitioner Hisense USA Corporation
Exhibit 1002 - Page 254 of 321




September 16, 2012

Application Data Sheet
under 37 CFR 1.76 for application filed on or after

Attorney Docket Number | 5308-706TSCT3

Application Number 13/896,977

Title of Invention

Solid State Lighting Panels with Variable Voltage Boost Current Sources

Page 1 0of4

Inventor Information:

Inventor 1

Legal Name:

Given Name rJohn

Middle Name | K. Family Name | Roberts

City of
Residence

Grand Rapids

State/Province M

Country of
of Residence us

Residence

Mailing Address of Inventor:

Address line 1

Address line 2

1061 Plymouth Avenue SE

|

City | Grand Rapids | State/Province | Ml

Postal Code | 49506-6525 | Country | US

Inventor 2

Legal Name:

Given Name I Keith Middle Name | J. Family Name | Vadas
City of State/Province Country of

Residence Lake Worth of Residence FL Residence Us

Mailing Address of Inventor:

Address line 1

7202 Michigan Isle Road

Address line 2

City ] Lake Worth l State/Province | FL

Postal Code | 33467 | Country | US

Inventor 3

Legal Name:

Given Name | Muhinthan W Middle Name | Family Name | Murugesu
City of o State/Province Country of

Residence Morrisville of Residence NC Residence Us

Mailing Address of Inventor:

Address line 1 528 Writers Way

Address line 2

City | Morrisville | State/Province | NC
Postal Code | 27560 | Country | US

Correspondence Information:

| Customer Number | 65106

Application Information:
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Attorney Docket Number

5308-706TSCT3

Application Number

13/896,977

Title of Invention

Solid State Lighting Panels with Variable Voltage Boost Current Sources

Page 2 of 4

Title of the Invention I Solid State Lighting Panels with Variable Voltage Boost Current Sources

Attorney Docket Number , 5308-706TSCT3

Application Type

| X1 utility

‘ ] Plant

l [ Design

I ] Reissue

I D Provisional

Total Number of Drawing Sheets (if any) l 6

Suggested Drawing Figure for Publication |

[] Application discloses any significant part of the subject matter of an application under a
secrecy order pursuant to 37 C.F.R. § 5.2.
[NOTE: any application that does fall under secrecy order may not be filed electronically]

f

[[] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

[[] Request Not to Publish. | hereby request that the attached application not be published under 35 U.S.C.
122(b) and certify that the invention disclosed in the attached application has not and will not be the subject of
an application filed in another country, or under a mulitilateral international agreement, that requires publication
at eighteen months after filing.

For Plant Application only:

Latin name of genus and species of plant claimed

Variety Denomination of plant claimed

Representative Information:

Customer Number

65106

Domestic Benefit Information:

. e ] Non- [] National | X - [] Continuation-
This application is a provisional phase Continuation [ Divisional in-part
of Application No. 13/469188
Filed 05/11/2012
Status Pending
WHICH IS A
. e ] Non- [J National | X [] Continuation-
This application is a provisional phase Continuation [ Divisional in-part
of Application No. 12/977422
Filed 12/23/2010
Status Pending
WHICH IS A
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. e [J Non- [] National | X . [J Continuation-
This application is a provisional phase Continuation [ Divisional in-part
of Application No. 11/601504
Filed 11/17/20086
Status Pending
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. . Non- ] National | [ o [l Continuation-
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which are hereby incorporated by reference in its / their entirety.

Foreign Priority Information:

Application No. Country

Filing Date

Access Code

which is / are hereby incorporated by reference in its / their entirety.

Statement Under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications

[1 This application (1) claims priority to or the benefit of an application filed before March 16, 2012 and (2) also
contains or contained at any time, a claim to a claimed invention that has an effective filing date on or after

March 16, 2013.

Authorization to Permit Access:

X Authorization to Permit Access to the Instant Application by the Participating Offices

If checked, the undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO),
the Japan Patent Office (JPO), the Korean Intellectual Property Office (KIPO), the World Intellectual Property
Office (WIPQ), and any other intellectual property offices in which a foreign application claiming priority to the
instant patent application is filed access to the instant patent application. See 37 CFR 1.14(c) and (h). This box
should not be checked if the applicant does not wish the EPO, JPO, KIPO, WIPO, or other intellectual property
office in which a foreign application claiming priority to the instant patent application is filed to be granted access

to the instant patent application.

In accordance with 37 CFR 1.14(h)(3), access will be provided to a copy of the instant patent application with
respect to; 1) the instant patent application-as-filed; 2) any foreign application to which the instant patent
application claims priority under 35 U.S.C. 119(a)-(d) if a copy of the foreign application that satisfies the
certified copy requirement of 37 CFR 1.55 has been filed in the instant patent application; and 3) any U.S.
application-as-filed from which benefit is sought in the instant patent application.

In accordance with 37 CFR 1.14(c), access may be provided to information concerning the date of filing this
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Application Data Sheet
under 37 CFR 1.76 for application filed on or after
September 16, 2012

Attorney Docket Number

5308-706TSCT3

Application Number

13/896,977

Title of Invention | Solid State Lighting Panels with Variable Voltage Boost Current Sources

Page 4 0of 4

Authorization.

Applicant Information:

Applicant 1:

Name of Applicant | Cree, Inc.

Mailing Address Information:

Address line 1 4600 Silicon Drive

Address line 2

City Durham

State/Province NC

Country |US !

Postal Code

27703

[NOTE: If the assignee/obligated assignee is NOT the Applicant, leave the above section blank.]

Non-Applicant Assighee Information:

Complete this section only if non-applicant assignee information is desired to be included on the patent
application publication in accordance with 37 CFR 1.215(b). Do not include in this section an applicant under 37
CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or persons who otherwise show
sufficient proprietary interest), as the patent application publication will include the name(s) of the applicant(s).

Assignee 1:

Name of Assignee |

Mailing Address Information:

Address line 1

Address fine 2

City

State/Province

Country |

Postal Code

Signature under.37 G.F:R. § 1.78(e):
Signature D \\\‘3 Q

Date | 07/11/2014

Typed Name | Timothy J. Wall

Registration Number

50,743
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Electronic Acknowledgement Receipt

EFSID: 19555996
Application Number: 13896977
International Application Number:
Confirmation Number: 9407

Title of Invention:

SOURCES

SOLID STATE LIGHTING PANELS WITH VARIABLE VOLTAGE BOOST CURRENT

First Named Inventor/Applicant Name:

John K. Roberts

Customer Number:

65106

Filer:

Timothy Jennings Wall/Michele McMahan

Filer Authorized By:

Timothy Jennings Wall

Attorney Docket Number:

5308-706TSCT3

Receipt Date: 11-JUL-2014
Filing Date: 17-MAY-2013
Time Stamp: 13:57:45

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document . L. . File Size(Bytes)/ Multi Pages
D tD t File N . . .
Number ocument Lescription rie Mame Message Digest | Part/.zip| (ifappl.)
332551
1 Oath or Declaration filed 5308-706TSCT3-Declaration.pdf no 3
6409e9a4ec0031f805b7048dd 8872450289

17470

Warnings:

Information:

Detiti " USA C .
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421113
2 Application Data Sheet 5308-706TSCT3-Supp-ADS.pdf no 4

638b1b9f6a2b70e53c0f6ce51c8606ab4c7l
9279

Warnings:

Information:

This is notan USPTO supplied ADS fillable form

Total Files Size (in bytes); 753664

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.Uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
65106 7590 08/13/2014
MYERS BIGEL SIBLEY & SAJOVEC, P.A. A, MINH D
P.O. BOX 37428
RALEIGH, NC 27627 | ART UNIT PAPERNUMBER |
2844
DATE MAILED: 08/13/2014
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. |  CONFIRMATION NO.
13/896,977 05/17/2013 John K. Roberts 5308-706TSCT3 9407

TITLE OF INVENTION: SOLID STATE LIGHTING PANELS WITH VARIABLE VOLTAGE BOOST CURRENT SOURCES

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional UNDISCOUNTED $960 $0 $0 $960 11/13/2014

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE

Commlssmner for Patents

P.O.Box 1

Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
ppropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
1cated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for

malntenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

65106 7590 08/13/2014
MYERS BIGEL SIBLEY & SAJOVEC, P.A.
P.O. BOX 37428
RALEIGH, NC 27627

Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certificate cannot be used for any other accompanying

Eapers. Each additional paper, such as an assignment or formal drawing, must
ave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission
I hereby certify that this Fee(s) Transmittal is being deposited with the United
States Postal Service with sufficient postage for first class mail in an envelope
addressed to the Mail Stop ISSUE FEE address above, or being facsimile
transmitted to the USPTO (571) 273-2885, on the date indicated below.

(Depositor's name)

(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. | CONFIRMATION NO.
13/896,977 05/17/2013 John K. Roberts 5308-706TSCT3 9407
TITLE OF INVENTION: SOLID STATE LIGHTING PANELS WITH VARIABLE VOLTAGE BOOST CURRENT SOURCES
| APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $960 $0 $0 $960 11/13/2014
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
A, MINH D 2844 315-308000

1. Change of correspondence address or indication of "Fee Address" (37
CFR 1.363).

| Chan%e of correspondence address (or Change of Correspondence
Address form PTO/SB/122) attached.

[ "Eee Address" indication (or "Fee Address" Indication form
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer
Number is required.

2. For printing on the patent front page, list
1

(1) The names of up to 3 registered patent attorneys
or agents OR, alternatively,

(2) The name of a single firm (having as a member a 2

registered attorney or agent) and the names of up to
2 registered patent attorneys or agents. If no name is 3
listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE

(B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ ndividuat Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)

[ Issue Fee
[ Publication Fee (No small entity discount permitted)
[ Advance Order - # of Copies

[ A check is enclosed.
| Payment by credit card. Form PTO-2038 is attached.

(1 The Director is hereby authorized to charge the required fee(s), any deficiency, or credits any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
| Applicant certifying micro entity status. See 37 CFR 1.29

| Applicant asserting small entity status. See 37 CFR 1.27

| Applicant changing to regular undiscounted fee status.

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature

Date

Typed or printed name

Registration No.

PTOL-85 Part B (10-13) Approved for use through 10/31/2013.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.Uspto.gov

| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. |
13/896,977 05/17/2013 John K. Roberts 5308-706TSCT3 9407
| EXAMINER |
65106 7590 08/13/2014
MYERS BIGEL SIBLEY & SAJOVEC, P.A. . MINHD
P.0. BOX 37428
RALEIGH, NC 27627 | ART UNIT PAPER NUMBER |

2844

DATE MAILED: 08/13/2014

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the
requirement that the Office provide a patent term adjustment determination with the notice of allowance. See
Revisions to Patent Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer
providing an initial patent term adjustment determination with the notice of allowance. The Office will continue to
provide a patent term adjustment determination with the Issue Notification Letter that is mailed to applicant
approximately three weeks prior to the issue date of the patent, and will include the patent term adjustment on the
patent. Any request for reconsideration of the patent term adjustment determination (or reinstatement of patent term
adjustment) should follow the process outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and
Budget approval before requesting most types of information from the public. When OMB approves an agency
request to collect information from the public, OMB (i) provides a valid OMB Control Number and expiration
date for the agency to display on the instrument that will be used to collect the information and (ii) requires the
agency to inform the public about the OMB Control Number’s legal significance in accordance with 5 CFR
1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary
depending upon the individual case. Any comments on the amount of time you require to complete this form
and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box
1450, Alexandria, Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to
respond to a collection of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is
35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which
the information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and
Trademark Office may not be able to process and/or examine your submission, which may result in termination of
proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is required
by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to
comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C.
218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's
responsibility to recommend improvements in records management practices and programs, under authority
of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations
governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive.
Such disclosure shall not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication
of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the
record was filed in an application which became abandoned or in which the proceedings were terminated
and which application is referenced by either a published application, an application open to public
inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Application No. Applicant(s)
13/896,977 ROBERTS ET AL.
: I H i i AlA (First Inventor to
Notice of Allowability EAT;E"S‘*; QQZEM File) Status
No

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWARBILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. X This communication is responsive to ACE filed on 1/07/14.
OA declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

2. [ An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the restriction
requirement and election have been incorporated into this action.

3. X The allowed claim(s) is/are 47-71. As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
hitp:/fwww.uselo.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHieedback@usplo.qov .

4. [] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)[dJ Al b)[JSome *c)[] None of the:
1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received: __

Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. [] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.

O including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .
Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. [] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1. [0 Notice of References Cited (PTO-892) 5. [] Examiner's Amendment’Comment

2. [ Information Disclosure Statements (PTO/SB/08), 6. [X] Examiner's Statement of Reasons for Allowance
Paper No./Mail Date

3. [ Examiner's Comment Regarding Requirement for Deposit 7. [ Other .

of Biological Material
4. [ Interview Summary (PTO-413),
Paper No./Mail Date .

/MINH D A/
Primary Examiner, Art Unit 2844

Date 8/6/14

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20140806
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Application/Control Number: 13/896,977 Page 2
Art Unit: 2844

Allowable Subject Matter
1. Claims 47-71 are allowed.
2. The following is an examiner’s statement of reasons for allowance:

Prior art of record fails to disclose or fairly suggest, alone or in combination, a
lighting system, comprising: at least two strings of solid state lighting devices that are
respectively configured to emit at least a first light and a second light, respectively; at
least two current supply circuits coupled to first and second strings of the at least two
strings, respectively and particularly including “a controller having a control input, a first
control output configured to provide a first PWM control signal, and a second control
output configured to provide a second PWM control signal; and first and second output
terminals coupled to the respective string of the at least two strings of solid state lighting
devices”, in combination with the remaining claimed limitations as recited in claim 47
(claims 48-62 are allowed, since they are dependent on claim 47).

Prior art of record fails to disclose or fairly suggest, alone or in combination, a
lighting system, comprising: a lighting panel including at least first and second strings of
solid state lighting devices that are respectively configured to emit at least a first light
and a second light, respectively; at least first and second current supply circuits coupled
to the at least first and second strings of solid state lighting devices and particularly
including “a pulse width modulation (PWM) controller that is coupled to the first current
supply circuit and the second current supply circuit[[s]] and that is configured to
generate, for each of the first current supply circuit and the second current supply

circuit, a first PWM control signal and a second PWM control signal that are supplied to
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Application/Control Number: 13/896,977 Page 3
Art Unit: 2844

the each of the at least first and second strings”, in combination with the remaining
claimed limitations as recited in claim 63 (claims 64-71 are allowed, since they are
dependent on claim 63).

Any comments considered necessary by applicant must be submitted no later
than the payment of the issue fee and, to avoid processing delays, should preferably
accompany the issue fee. Such submissions should be clearly labeled “Comments on
Statement of Reasons for Allowance.”

Inquiry

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Minh Dieu A whose telephone number is (571) 272-
1817. The examiner can normally be reached on M-F (8:00AM to 5:00PM).

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Douglas W Owens can be reached on (571) 272-1662. The fax phone
number for the organization where this application or proceeding is assigned is 571-
273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for published
applications may be obtained from either Private PAIR or Public PAIR. Status
information for unpublished applications is available through Private PAIR only. For
more information about the PAIR system, see http:/pair-direct.uspto.gov. Should you
have questions on access to the Private PAIR system, contact the Electronic Business

Center (EBC) at 866-217-9197 (toll-free).
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Application/Control Number: 13/896,977
Art Unit: 2844

/Minh D A/
Primary Examiner
Art Unit 2844

Date 8/6/14

Page 4
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Application/Control No. Applicant(s)/Patent Under
Reexamination
Search Notes 13896977 ROBERTS ET AL.
H“NH“ ‘H“H“ “H“‘ o -
MINH D A 2821
CPC- SEARCHED
Symbol Date Examiner
CPC COMBINATION SETS - SEARCHED
Symbol Date Examiner
US CLASSIFICATION SEARCHED
Class Subclass Date Examiner
315 291, 307, 224, 246, 185R, 200R, 312 8/2/13 MA
315 308 8/6/14 MA
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EAST Search History

EAST Search History
EAST Search History (Prior Art)

RefiiHits {iSearch Query DBs Default iiPlurals jiTime

# Operator Stamp

L1 42 ((string$1 or array or group or solid near4 us OR ON 2014/08/086
state) same (light near4 source$1 or LED$1 or {PGPUB 19:39

light near4 emitting or lamps or load$1) and
((first and second) or (plurality or group or
each)) same (PWM or pulse near4 width near4
modulat$3) and temperature near4 (sensor or
detector) and (first and second) near4

PWM) .cIm.
2 {4 ((string$1 or array or group or solid near4 us OR ON 2014/08/06
state) same (light near4 source$1 or LED$1 or iPGPUB; 19:40

light near4 emitting or lamps or load$1) and {USPAT;
((first and second) or (plurality or group or USOCR;
each)) same (PWM or pulse near4 width near4 {{FPRS;
modulat$3) and PWM near4 controller and EPG;
panel and (first and second) near4 PWM).clm. JPO

8/6/2014 7:41:20 PM
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EAST Search History

EAST Search History
EAST Search History (Prior Art)

Ref {iHits Search Query DBs Default iiPlurals jiTime
# Operator Stamp

L1 {85328 {(Cree with Durham or John with Roberts orjiUS- CR ON 2014/08/06
Keith with Vadas).inv. PGPUB; 17:47
USPAT;
USOCR;
FPRS;
EPC;

L2 @42 (string$1 or array or group or solid near4 {US- OR ON 2014/08/086
state) same (light near4 source$1 or PGPUB; 17:47
LED$1 or light near4 emitting or lamps or §USPAT,;
load$1) and ((first and second) or USOCR,;
(plurality or group or each)) same (PWM oriiFPRS;
pulse near4 width near4 modulat$3) and {EPC;

L1 JPO

L3 24 L2 and control near4 input and PWM us CR ON 2014/08/06
PGPUB; 17:47
USPAT;
USOCR;
FPRS;
EPG;
JPO

L4 7333 315/291.ccls. us- OR ON 2014/08/086
PGPUB; 18:19
USPAT;
USOCR;
FPRS;
EPC;

L5 {5207 315/307.ccls. us- OR ON 2014/08/086
PGPUB; 18:20
USPAT;
USOCR;
FPRS;
EPC;
JPO

L6 1569 315/308.ccls. us- OR ON 2014/08/086
PGPUB; 18:20
USPAT;
USOCR;
FPRS;
EPC;
JPO

L7 #3791 315/224 ccls. us- OR ON 2014/08/086
PGPUB; 18:20
USPAT;
USOCR;
FPRS;
EPC;
JPO

L8 #1699 {{315/246.ccls. Us- OR ON 2014/08/06
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PGPUB; 18:20
USPAT;
USOCR;
FPRS;
EPC;
JPO

L9 1864 (string$1 or array or group or solid near4 {US- OR ON 2014/08/086
state) same (light near4 source$1 or PGPUB; 18:22
LED$1 or light near4 emitting or lamps or §USPAT,;
load$1) and ((first and second) or USOCR;
(plurality or group or each)) same (PWM oriiFPRS;
pulse near4 width near4 modulat$3) and {EPC;

(first and second) near4 current JPO
L10 §350 19 and @pd<="20051118" Us- OR ON 2014/08/06
PGPUB; 18:23
USPAT;
USOCR,;
FPRS;
EPC;
JPO
L11 §6600 (string$1 or array or group or solid near4 {US- OR ON 2014/08/086
state) same (light near4 source$1 or PGPUB; 18:24
LED$1 or light near4 emitting or lamps or §USPAT,;
load$1) and ((first and second) or USOCR,;

(plurality or group or each)) same (PWM ori{FPRS;
pulse near4 width near4 modulat$3) and {EPO;
current JPO

L12 1525 11 and @pd<="20051118" us- OR ON 2014/08/086
PGPUB; 18:25
USPAT;
USOCR;
FPRS;
EPC;
JPO

L13 i85 12 and 14 us- OR ON 2014/08/06
PGPUB; 18:25
USPAT;
USOCR;
FPRS;
EPC;
JPO

L14 42 12 and I5 us- OR ON 2014/08/06
PGPUB; 18:25
USPAT;
USOCR;
FPRS;
EPC;
JPO

L15 §13 12 and I8 us- OR ON 2014/08/06
PGPUB; 18:25
USPAT;
USOCR;
FPRS;
EPC;
JPO

L16 {27 [12 and 17 us- OR ON 2014/08/06
PGPUB; 18:26
USPAT;
USOCR;
FPRS;
EPC;
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EAST Search History

- | PO

L17 3 [12 and I8 us- OR ON 2014/08/086
PGPUB; 18:26
USPAT;
USOCR;
FPRS;
EPC;
JPO

S1 410 "7872430" Us- OR ON 2013/08/02
PGPUB; 19:09
USPAT,;
USOCR;
FPRS;
EPC;
JPO

S2 {15 "8203286" us- CR ON 2013/08/02
PGPUB; 19:09
USPAT,;
USOCR;
FPRS;
EPC;
JPO

3 i1 "8461776" us- CR ON 2013/08/02
PGPUB; 19:09
USPAT,;
USOCR;
FPRS;
EPC;
JPO

34 6651 315/291.ccls. us- CR ON 2013/08/02
PGPUB; 19:50
USPAT,;
USOCR;
FPRS;
EPC;
JPO

S5 #4559 315/307.ccls. us- OR ON 2013/08/02
PGPUB; 19:51
USPAT;
USOCR;
FPRS;
EPC;
JPO

S6 13501 315/224 .ccls. us- OR ON 2013/08/02
PGPUB; 19:51
USPAT;
USOCR;
FPRS;
EPC;
JPO

S7 {1612 315/2486.ccls. us- OR ON 2013/08/02
PGPUB; 19:51
USPAT;
USOCR;
FPRS;
EPC;
JPO

S8 859 315/185R.ccls. us- OR ON 2013/08/02
PGPUB; 19:51

USPAT;
USOCR;
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EAST Search History

FPRS;
EPC;
JPO

S9 {1252 315/200R.ccls. us- OR ON 2013/08/02
PGPUB; 19:51
USPAT;
USOCR;
FPRS;
EPC;
JPO

S10 {1864 {{315/312.ccls. us- CR ON 2013/08/02
PGPUB; 19:52
USPAT,;
USOCR;
FPRS;
EPC;
JPO

S11 46163 (string$1 or array or group or solid near4 {US- OR ON 2013/08/04
state) same (light near4 source$1 or PGPUB; 07:42
LED$1 or light near4 emitting or lamps or {§USPAT;
load$1) and ((first and second) or USOCR,;
(plurality or group or each)) same (PWM ori{FPRS;
pulse near4 width near4 modulat$3) EPO;
JPO

S12 {2386 S11 and (constant near4 (current or us- OR ON 2013/08/04
voltage) or variable with (boost or buck or §PGPUB; 07:44
bulk)) USPAT;
USOCR,;
FPRS;
EPC;
JPO

$13 1602 S12 and @pd<="20051118" us- OR ON 2013/08/04
PGPUB; 07:44
USPAT;
USCCR;
FPRS;
EPC;
JPO

S14 {6651 315/291.ccls. us- CR ON 2013/08/04
PGPUB; 07:45
USPAT;
USOCR;
FPRS;
EPC;
JPO

S15 49 S13 and S14 us- CR ON 2013/08/04
PGPUB; 07:45
USPAT;
USOCR;
FPRS;
EPC;
JPO

S16 #4559  ii315/307.ccls. us- OR ON 2013/08/04
PGPUB; 07:45
USPAT;
USOCR;
FPRS;
EPC;
JPO

S17 434 S13 and S16 Us- OR ON 2013/08/04
PGPUB; 07:45
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EAST Search History

USPAT,;
USOCR;
FPRS;
EPC;
JPO

S18 13501 315/224.ccls. us- CR ON 2013/08/04
PGPUB; 07:45
USPAT,;
USOCR;
FPRS;
EPC;
JPO

S19 {22 S13 and S18 us- CR ON 2013/08/04
PGPUB; 07:45
USPAT;
USOCR;
FPRS;
EPC;
JPO

S20 #1612 315/246.ccls. us- CR ON 2013/08/04
PGPUB; 07:45
USPAT;
USOCR;
FPRS;
EPC;
JPO

S21 {1 S13 and S20 us- CR ON 2013/08/04
PGPUB; 07:45
USPAT;
USOCR;
FPRS;
EPC;
JPO

02 1859 315/185R.ccls. us- OR ON 2013/08/04
PGPUB; 07:46
USPAT;
USOCR;
FPRS;
EPC;
JPO

23 i1 S13 and S22 us- CR ON 2013/08/04
PGPUB; 07:46
USPAT;
USOCR;
FPRS;
EPC;
JPO

S24 §1252  {i315/200R.ccls. us- OR ON 2013/08/04
PGPUB; 07:46
USPAT;
USOCR;
FPRS;
EPC;
JPO

25 i1 S13 and 24 us OR ON 2013/08/04
PGPUB; 07:46
USPAT,;
USCCR;
FPRS;
EPQ;
JPO
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EAST Search History

S26 #1864  i{315/312.ccls. us- CR ON 2013/08/04
PGPUB; 07:46
USPAT,;
USOCR;
FPRS;
EPC;
JPO

$27 {19 S13 and S26 us- OR ON 2013/08/04
PGPUB; 07:46
USPAT;
USOCR;
FPRS;
EPC;
JPO

$28 105675 {|"315"/$7.ccls. us- CR ON 2013/08/04
PGPUB; 07:46
USPAT;
USOCR;
FPRS;
EPC;
JPO

S29 165442 {{"345"/$7 .ccls. us- CR ON 2013/08/04
PGPUB; 07:46
USPAT;
USOCR;
FPRS;
EPC;
JPO

S30 {113 S13 and S28 us- CR ON 2013/08/04
PGPUB; 07:46
USPAT;
USOCR;
FPRS;
EPC;
JPO

S31 §40 S13 and S29 us- CR ON 2013/08/04
PGPUB; 07:46
USPAT;
USOCR;
FPRS;
EPC;
JPO

S32 13047 i(Gree nwith Durham or John with Roberts {US- CR ON 2013/08/04
or Keith with Vadas).inv. PGPUB; 07:48
USPAT;
USOCR;
FPRS;
EPO;
JPO

33 {0 S32 and S13 us- OR ON 2013/08/04
PGPUB; 07:48
USPAT;
USOCR;
FPRS;
EPC;
JPO

34 {26 $32 and S12 Us- OR ON  2013/08/04
PGPUB; 07:48
USPAT;
USOCR;
FPRS;
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EAST Search History

EPC;
JPO
S35 {6163 (string$1 or array or group or solid near4 {US- OR ON 2013/08/04
state) same (light near4 source$1 or PGPUB; 11:02
LED$1 or light near4 emitting or lamps or §USPAT,;
load$1) and ((first and second) or USOCR,;
(plurality or group or each)) same (PWM oriiFPRS;
pulse near4 width near4 modulat$3) EPO;
JPO
S36 {2386 S35 and (constant near4 (current or us- OR ON 2013/08/04
voltage) or variable with (boost or buck or §PGPUB; 11:02
bulk)) USPAT;
USOCR,;
FPRS;
EPC;
JPO
S37 13047 i{(Cree nwith Durham or John with Roberts §US- CR ON 2013/08/04
or Keith with Vadas).inv. PGPUB; 11:02
USPAT;
USOCR,;
FPRS;
EPC;
JPO
S38 {26 837 and S36 Us- OR ON 2013/08/04
PGPUB; 11:02
USPAT;
USOCR,;
FPRS;
EPC;
JPO
S39 21 S38 and temperature near4 sensor us- OR ON 2013/08/04
PGPUB; 11:02
USPAT;
USOCR,;
FPRS;
EPC;
JPO
S0 {1187 (string$1 or array or group or solid near4 {US- OR ON 2013/08/04
state) same (light near4 source$1 or PGPUB; 11:28
LEDS$1 or light near4 emitting or lamps or {{USPAT;
load$1) and ((first and second) or USOCR,;
(plurality or group or each)) same (PWM oriFPRS;
pulse near4 width near4 modulat$3) and {EPO;
(temperature near4 (sensor or detector)) #JPO
HA1 4203 (string$1 or array or group or solid near4 {US- OR ON 2013/08/04
state) same (light near4 source$1 or PGPUB; 11:29
LEDS$1 or light near4 emitting or lamps or }{{USPAT;
load$1) same (temperature near4 (sensor {USOCR,;
or detector)) and $40 FPRS;
EPC;
JPO
S42 432 $41 and @pd<="20051118" Us- CR ON 2013/08/04
PGPUB; 11:29
USPAT;
USOCR,;
FPRS;
EPC;
JPO
HA3 41187 (string$1 or array or group or solid near4 H{US- OR ON 2013/08/04
state) same (light near4 source$1 or PGPUB; 18:03
LEDS$1 or light near4 emitting or lamps or {{USPAT;
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EAST Search History

load$1) and ((first and second) or USOCR,;
(plurality or group or each)) same (PWM oriiFPRS;
pulse near4 width near4 modulat$3) and {EPO;
(temperature near4 (sensor or detector)) {JPO

44 1203 (string$1 or array or group or solid near4 {US- OR ON 2013/08/04
state) same (light near4 source$1 or PGPUB; 18:03
LED$1 or light near4 emitting or lamps or §USPAT,;
load$1) same (temperature near4 (sensor {{USOCR;
or detector)) and 43 FPRS;
EPO;

S45 432 A4 and @pd<="20051118" Us- OR ON 2013/08/04
PGPUB; 18:03
USPAT;
USOCR,;
FPRS;
EPC;
JPO

$46 14 45 and string us- OR ON 2013/08/04
PGPUB; 18:03
USPAT;
USOCR,;
FPRS;
EPO;

A7 4235 (string$1) same (light near4 source$1 or  {US- CR ON 2013/08/04
LED$1 or light near4 emitting or lamps or {{PGPUB; 18:06
load$1) and ((first and second) or USPAT;
(plurality or group or each)) same (PWM or{USOCR;
pulse near4 width near4 modulat$3) and {{FPRS;
(temperature near4 (sensor or detector)) HEPO;
JPO

$48 {65 $47 and @pd<="20051118" us- CR ON 2013/08/04
PGPUB; 18:06
USPAT;
USOCR;
FPRS;
EPC;
JPO

$49 1325 switch$3 near4 regulator same (string$1 oriUS- CR ON 2013/08/04
array or group or solid near4 state) same {PGPUB; 19:06

(light near4 source$1 or LED$1 or light USPAT;
near4 emitting) USOCR,;
FPRS;
EPC;
JPO

S50 {167 switch$3 near4 regulator same (string$1 oriUS- CR ON 2013/08/04
array or group or solid near4 state) same {PGPUB; 19:07

(light near4 source$1 or LED$1 or light USPAT;
near4 emitting) same inductor USOCR,;
FPRS;
EPC;
JPO

S51 45 S50 and @pd<="20051118" us- CR ON 2013/08/04
PGPUB; 19:07
USPAT;
USOCR;
FPRS;
EPC;
JPO

1S52 {35328 {(Cree with Durham or John with Roberts orjUs-  jOR HON  2014/08/06;
Petitioner Hisense USA Corporation
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EAST Search History

Keith with Vadas).inv. PGPUB; 15:06
USPAT,;
USOCR,;
FPRS;
EPC;
JPO
S53 142 (string$1 or array or group or solid near4 {US- OR ON 2014/08/086
state) same (light near4 source$1 or PGPUB; 15:08
LED$1 or light near4 emitting or lamps or §USPAT,;
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPLO. g0V
| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
13/896,977 05/17/2013 John K. Roberts 5308-706TSCT3
CONFIRMATION NO. 9407
65106 IMPROPER CFR REQUEST
MYERS BIGEL SIBLEY & SAJOVEC, P.A.

P.O. BOX 37428

IR AT R
RALEIGH, NC 27627 000 8

0000709338

Date Mailed: 09/26/2014

RESPONSE TO REQUEST FOR CORRECTED FILING RECEIPT

Power of Attorney, Claims, Fees, System Limitations, and Miscellaneous

In response to your request for a corrected Filing Receipt, the Office is unable to comply with your request
because:

+ The request to correct inventorship or inventor name(s) under 37 CFR 1.48 is deficient because the fee set

forth in 37 CFR 1.17(i) (for a nonprovisional application) or 37 CFR 1.17(q) (for a provisional application) has
not been submitted.

+ The request to correct inventorship under 37 CFR 1.48(a), which was filed after the first Office action on the
merits, is deficient because it was not accompanied by the fee set forth in 37 CFR 1.17(d) or a statement that

the request to correct or change inventorship was due solely to the cancelation of claims in the application.
See 37 CFR 1.48(c).

[ttran/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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Attorney Docket No.: 5308-706TSCT3 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re: John K .Roberts et al. Examiner Name: A, Minh D.

Serial No.: 13/896,977 Group Art Unit: 2844

Filing Date: May 17, 2013 Confirmation No.: 9407

For: SOLID STATE LIGHTING PANELS WITH VARIABLE VOLTAGE BOOST
CURRENT SOURCES

Date: October 10, 2014

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

PETITION TO CORRECT INVENTORSHIP
AND REQUEST FOR CORRECTED FILING RECEIPT
Dear Sir:

Further to the Declaration and Supplemental Application Data Sheet filed July 11, 2014,
Applicants respectfully request that a Corrected Filing Receipt be issued to include the 3" Inventor.
The 3™ Inventor’s name was inadvertently left off of the original Application Data Sheet filed with
this Application. Applicants respectfully request -- Muhinthan Murugesu, Morrisville, NC;-- be

added to the Filing Receipt.
The Director is hereby authorized to charge the $140.00 petition fee set forth in 37
C.F.R. § 1.17(i) and any additional fees believed to be due in connection with this matter to our
Deposit Account No. 50-0220.
espectfully submitted,

Timothy J.-Wa
Registration No. 50,743
Attorney for Applicants

Customer Number 65106

Myers Bigel Sibley & Sajovec, P.A.

P.O. Box 37428

Raleigh, NC 27627

919-854-1400

919-854-1401 (Fax)
CERTIFICATION OF TRANSMISSION
1 hereby certify that this correspondence is being transmitted via the Office electronic filing system in
accordance with § 1.6(a)(4) to the U.S. Patent and Trademark Office on October 10, 2014,

-

Jessica Blischok

Petitioner Hisense USA Corporation
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Viiginia 22313-1450

WWW.0BDO.EOV

APPLICATION FILING or ~SREART ‘
NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO TOT CLAMS|IND CLAIMS
13/896,977 05/17/2013 2821 2300 5308-706TSCT3 27 3
CONFIRMATION NO. 9407
65106 FILING RECEIPT

MYERS BIGEL SIBLEY & SAJOVEC, P.A.

5.0, Box 57455 R

RALEIGH, NC 27627
Date Mailed: 06/19/2013

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)
John K. Roberts, Grand Rapids, Ml;
Keith J. Vadas, Lake Worth, FL,; . “ NC ¢ -
Applicant(s) ~ ~Muhinthan Muruges\, Movaisville, ;
Cree, Inc., Durham, NG
Assignment For Published Patent Application
Cree, Inc., Durham, NC

Power of Attorney: None

Domestic Priority data as claimed by applicant
This application is a CON of 13/469,188 05/11/2012 PAT 8461776
which is a CON of 12/977,422 12/23/2010 PAT 8203286
which is a CON of 11/601,504 11/17/2006 PAT 7872430
which claims benefit of 60/738,305 11/18/2005

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution

Highway program at the USPTO. Please see hitp://www.uspto.gov for more information.) - None.
Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access - A proper Authorization to Permit Access to Application by Participating Offices
(PTO/SB/39 or its equivalent) has been received by the USPTO.

If Required, Foreign Filing License Granted: 06/12/2013

page 1 of 3
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Electronic Patent Application Fee Transmittal

Application Number:

13896977

Filing Date:

17-May-2013

Title of Invention:

SOLID STATE LIGHTING PANELS WITH VARIABLE VOLTAGE BOOST CURRENT

SOURCES

First Named Inventor/Applicant Name:

John K. Roberts

Filer:

Timothy Jennings Wall/Jessica Blischok

Attorney Docket Number:

5308-706TSCT3

Filed as Large Entity

Utility under 35 USC 111(a) Filing Fees

Description Fee Code Quantity Amount Sullaj-s'l's(tsa)l in
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Petition fee- 37 CFR 1.17(h) (Group IlI) 1464 1 140 140

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:

Petitioner Hisense USA Corporation
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o ) Sub-Total in
Description Fee Code Quantity Amount USD($)
Miscellaneous:
Total in USD ($) 140
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Electronic Acknowledgement Receipt

EFSID: 20385990
Application Number: 13896977
International Application Number:
Confirmation Number: 9407

Title of Invention:

SOLID STATE LIGHTING PANELS WITH VARIABLE VOLTAGE BOOST CURRENT

SOURCES

First Named Inventor/Applicant Name:

John K. Roberts

Customer Number:

65106

Filer:

Timothy Jennings Wall/Jessica Blischok

Filer Authorized By:

Timothy Jennings Wall

Attorney Docket Number:

5308-706TSCT3

Receipt Date: 10-OCT-2014
Filing Date: 17-MAY-2013
Time Stamp: 14:02:22

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

yes

Payment Type Deposit Account
Payment was successfully received in RAM $140

RAM confirmation Number 242

Deposit Account 500220

Authorized User

File Listing:
Document . L. . File Size(Bytes)/ Multi Pages
Number Document Description F"ﬂéﬁﬁoner Hispasayétids COP@OV@@J)ﬂifaPPL)
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5308-706TSCT3_Petition_and_ 207259
1 Request_for_Corrected_Filing_ yes 2
Receipt.pdf b8c38fad65a24142fac1 43785dae5122ee8d
6532
Multipart Description/PDF files in .zip description
Document Description Start End
Petition for review by the Office of Petitions. 1 1
Request for Corrected Filing Receipt 2 2
Warnings:
Information:
30882
2 Fee Worksheet (SB06) fee-info.pdf no 2
<c1f833a8906d4bf0230447908396493a%eff|
50f
Warnings:
Information:
Total Files Size (in bytes); 238141

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Document code: WFEE

United States Patent and Trademark Office
Sales Receipt for Accounting Date: 10/16/2014

VVAN11 SALE #00000045  Mailroom Dt: 10/10/2014 500220 13896977
01 FC : 1830 140.00 DA
02 FC:1819 600.00 DA
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Document code: WFEE

United States Patent and Trademark Office
Sales Receipt for Accounting Date: 10/16/2014

VVAN11 ADJ #00000004 Mailroom Dt: 10/10/2014
Seq No: 242 Sales Acctg Dt: 10/14/2014 500220 13896977
01 FC:1464 140.00 CR
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450

Alexandria, Virginia 22313-1450
WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMSQIND CLAIMS
13/396,977  05/17/2013 2344 2300 5308-706TSCT3 27 3
CONFIRMATION NO. 9407
65106 CORRECTED FILING RECEIPT
MYERS BIGEL SIBLEY & SAJOVEC, P.A.
P.0. BOX 37428 LTI
000000071397253

RALEIGH, NC 27627
Date Mailed: 10/17/2014

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)
John K. Roberts, Grand Rapids, Ml;
Keith J. Vadas, Lake Worth, FL;
Muhinthan Murugesu, Morrisville, NC;
Applicant(s)
Cree, Inc., Durham, NC
Assignment For Published Patent Application
Cree, Inc., Durham, NC

Power of Attorney: None

Domestic Priority data as claimed by applicant
This application is a CON of 13/469,188 05/11/2012 PAT 8461776
which is a CON of 12/977,422 12/23/2010 PAT 8203286
which is a CON of 11/601,504 11/17/2006 PAT 7872430
which claims benefit of 60/738,305 11/18/2005

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access - A proper Authorization to Permit Access to Application by Participating Offices
(PTO/SB/39 or its equivalent) has been received by the USPTO.

If Required, Foreign Filing License Granted: 06/12/2013
page 1 of 3
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The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 13/896,977

Projected Publication Date: Not Applicable
Non-Publication Request: No

Early Publication Request: No
Title

SOLID STATE LIGHTING PANELS WITH VARIABLE VOLTAGE BOOST CURRENT SOURCES
Preliminary Class

315
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

page 2 of 3
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.
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PTOAAER (07412}

Approved v use through 113002014, OMS (610038

U8, Patant and Tradamark O¥ioe: UG DEPARTMENT OF COMMERCE

Under the Paperwork Raduction Act of 1828, no persuns ara requited 1o fospond 1o a sollacliun of information trisss i displays 8 valid CME sontrof nurfissr,

FOWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPYO

{ hereby revoke alf pravicus powers of atforngy given in the application identified in the attached statement
‘under 37 CFR 3.73(x),
| heraby appoint:
Fractittoners assoolaled with Casloner Humben 6 5 1 06
QR -

g Practitioneris) named below (if more than fen patent practltioners are to bgnamad, then a cusiomer sumbar must be usedy:

MName Registration Mame Ragistration
Nurnber Mumber

As atiorney(s} or ageni(s) o represent the undersigned belore the United States Fatent and Tradsmark Office {USFT) in connection with
any and &l petent spplications sssigned oy to the undersighed agcording o the USPTO assignment records or assignments documents

Bt

aitached to this form iy agcordance with SF OFR 3.73{0).

Finase changs the correspondence address for the appiication idontiSed In the atisched sistement under 37 CFR 2.73{x) o

D The address sssodiated with Cuslomer Numbey
OR_

Eima or
individua! Neme

Adrress

,,&«.
&

Gty E Staie

Country

Talephane Email

Assignes Mame sng Address: Creg, ino.
4500 Sllicon Drive
urham, NG 27703

A copy of this form, together with a statement under 37 CFR 3.73{c} {Form PTO/AIAIIE or equivaient) is required to be
Fiied in each application in which this form is used. The siatement ynder 37 OFR 3.73{c} may be completed by one of
The praciitioners appoinied in this form, and must identify the application in which this Power of Altorney is to be fied.

SIGNATURE of Assignes of Record

The indi\;}gual whose signalure ;md tile is supplied below is authorized {e act on behail of the assignes
Signature |- ' : \ - Date ¢ A i ..\:{ V
Name EJUE&{’; Garcstan | Telophone 919-854-1400
Tille Chief intellectual Property Counsel ~ Cree, inc.

THix coflection ot information is required By 37 GFR 131, 1,58 and 1.33. The information Js tequired o ohtain of tedain a benefit by the public which is 1o file fand
by tha USFTO I process) an application. Confidantiaity s governed Dy 36 U.S.0. 122 and 37 CFR.1.11 and 1,44, This collection is sstimated o foke 3 mindes
o somplete, schuding gathering, preparing, and subimitting Hies complate applivation fom fo the UHEPTO. Thne will vaty depending timan the individui sase, Any
commanty on the amount of Hime Yol reguine to compiate this form andfor suggestions for reducing (his burden, shiould be sent to the Chisf Information Offeer,
L5, Pateal sad Trademark Ofics, 1.8, Department of Commercy, PG, Buk 1450, Mekandria, VA Z2313-1450, 0O NOT SEMND FEES OR COMPLETED
FORMS TQ THIG ADDRESS. BERD TOn Commissionsr for Paients, P00 Box 1450, Alexandria, VA 22313-1459,

#f yau noed asslstance Iy completing the form, ceh 3-B60-PTC-8188 and salect option 2.
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PTCAINGG (0818}

Approved Tor uee through BH3TR0TE OMB 085 1-000

LS. Patent and Trademark Office; LLE, CEPARTHMENT OF COMMERQE

Under the Papermnrk Haciiction Actof 1886, no persons are requlad t respond to 8 ooflection of informatiun unless It disstays 3 valid OME zontesl numbar,

STATEMENT UNDER 37 CFR 3.73(c)

£ ¥
ApplisantPatent Cwner: _CTe€, Inc.

Apgiication No/Patent Ne. mfi 89&9‘7’? Fitao/iasus Date; 09-17-2013
§ Taleg: SOLID STATE LIGHTING PANELS WITH VARIABLE VOLTAGE BOOST CURRENT SOURCES
Crae, Ina, g Corporation
{Mams of Azsigneat {Tyme of Assignes, e.q, sorporation, pariteship, university, government aganey, &)

states that, for the patent spplication/patent identifiad above, it is (chodse gne of oistions 1, 2, 3 or 4 belowi:

1. lz} The assignee of the entire vight, tils, and intorast.

many

2. [_j An assignee of less than the entive right, title, and interest {check appiicable baxl:
L The extent (by perceniage} of its ownership inferast is %% Additiona! Slatement(s) by the owners
holding the balarce of the interest mist be submitied to account for 180% of the pwnership interest,
{_ There are Unspecifisd parcentages of pwhership, The other parties, Including imventors, who together own the-entire
right, fitle and irterest am:

Additional Stalement({s) by the owner{s) holding the balancs of the inferest must be submitted o sccount for the entirg
rght, title, and interest.

3. L.} The assignes of an undivided interestin the entirely {a complets assignment from ono of the loint inventors was made),
The other parties, inchuding inventors, who togsther own the antire right, fitle, and interes! are:

Addiional Statemani{s) by the owneris) hoiding the balance of the interest must e submilted t© account for the entive
rght, fitie, and Inlerest.

(I

4. The reciplent, vig a courd procseding or the like {e.g., banksuptoy, probatel, of an undivided intarast n fhe entively 3
¢ complete ransfer of ownershin iIntarest was mads). The certified dogumentfs) showing the transfar is afiached.

The interest identified in oplion 1, 2 or § sbove {not option 4} is evidenced by either {Shoase one of options A o B below):

A {v] An asssignment from the invertor(s) of the patent application/patent identifed above. The sssignment was recorded In
the United States Patent and Trademark Office at Reei SIS T3 Frame 0583 ortforwhich a copy
thereof is attached.

Faaea !

8. L.} Achain of tille rom the Inventer{s), of the patent appiication/patent identified above, 1o the current assignes as follows:

1. From: . To:

The document was recorded in the United States Patent and Trademark Office at

Resl . Frame , ot for which a copy thereo! is altached.
2. From » T

he docunent was recorded in the United Siates Patent and Trademark Office st

Reel , Frams . o7 for wihich a copy Hhereo! is attached.

{Page 1 ot 3]
This cobsvtion of nformation is requirad by 37 OFR 3740 The information I8 reguired 1o olain of retain 3 bansft by the pubiic which 18 to fle {and by the USPTC o
progess) an application, Comtiduniiality ts govemed by 95 UL, 1283 and 37 OFR 191 and 1.34, This cofiecion is estroated to take 12 mhwses o complata, incheding
gatmring, proparing, and subeilting the complsted application form to the USRTO. Tima will vavy depending tpon he Individuat case, Any somments s the amount
of e you Yegiies i complnt this form and'or suggestions for reduning this burden, should be sent i the Thisl Information Offiser, U.S: Patent and Trademan
Crifige, 118, Depariment of Commarce, P, Box 1480, Alsrandris, VA 223151458, DO NOT SEND FEES OF CUMPLETED FORMS TC THIS ADDRESS, SEND
T Commissioner for Patents, P.G. Box 1458, Sexandria, VA 22313-1453.

If you need assistance in vompleting the form, call 1-800-PTO-819% and selecy oprion 2.
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FTOMIANGS [08-13)

Approvad for bse Frough ORIWR013, OB 0851-0031

U5, Patent and Trademark Olfics; U.5. DEPARTRENT OF COMMERCE

Unidar the Papenwiek Baduction Act of 1538, 60 persons sis reguked fo raspond 1o 3 coliention of infurmation unless itdisplays 3 vaild OMB condrd number.

STATEMENT UNDER 37 CFR 2.73(¢}

3. Fromy: o
The document was recorded in the Uniled Siates Patent and Trademark Office &t

Reel . JFame ____ _, oriprwhich g copy therso! s aftached.
4, From: : Ta:

The document was recorded In the United States Patent and Trademark Office at

Reel  Frame ____ griorwhicha copy thersol s attached,
&, From: Ta:

The document was recorded in the Uniled States Patent and Trademark Office st

Haal (Frame . .o for which a.copy thersof s altached.
§. From: Te

The document was recorded in the Unflad Staies Patent and Trademark Office at
Reat . Frame » or farwhich = copy thereof is allachad,

1 Additional documants in the chain of title are fsted on a supplemental sheeatis)

-

) Asreguired By 87 OF R A 7T HE, the documentary evidencs of tha chalh of tile from the original swner 1o the

J

ao%ighes Was, Df oot u:urrenty; tamg subrnittad for recordation purstant fo 37 CFR 311

{NOTE: A separaie copy (Lo, 8 Frug copy of the original assignment documani{s)) must be submitted o Assignment
Division iy accordance with 37 CFR Part §, 1o record the assignment in the records of the USFTO. Sse MPEP 302.08]

The q Wie rs,gned ‘whasaaﬁ @ is supplisd below) is authorized o act on behalf of the assignee,

Signature e’ Date
:.'f‘\".ﬁ Gamea‘an Thief IP Counsel
Peintad or Typed Mame ' Title of Registration Number

{Paga 2 of 2]
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Electronic Acknowledgement Receipt

EFSID: 20477600
Application Number: 13896977
International Application Number:
Confirmation Number: 9407

Title of Invention:

SOLID STATE LIGHTING PANELS WITH VARIABLE VOLTAGE BOOST CURRENT
SOURCES

First Named Inventor/Applicant Name:

John K. Roberts

Customer Number:

65106

Filer:

Timothy Jennings Wall/Jessica Blischok

Filer Authorized By:

Timothy Jennings Wall

Attorney Docket Number:

5308-706TSCT3

Receipt Date: 21-0CT-2014
Filing Date: 17-MAY-2013
Time Stamp: 16:48:08

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document . L. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
922373
1 5308-706TSCT3_POA.pdf yes 3
abf1d10f213¢5f226fe97226b010cecf99079)
9b6
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Multipart Description/PDF files in .zip description
Document Description Start End
Power of Attorney 1 1
Assignee showing of ownership per 37 CFR 3.73. 2 3
Warnings:
Information:
Total Files Size (in bytes); 922373

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
%:ea?ﬁ%%?i&rgma 22313-1450
| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
13/896,977 05/17/2013 John K. Roberts 5308-706TSCT3

CONFIRMATION NO. 9407
65106 POA ACCEPTANCE LETTER
MYERS BIGEL SIBLEY & SAJOVEC, P.A.
P.O. BOX 37428 O AR
RALEIGH, NC 27627 000000071490283

Date Mailed: 10/24/2014

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 10/21/2014.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

/ttkim/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
: Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
apj)ropn'ate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
indicated unl(f:ss corrf[:cted below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee nolifications.

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmitlal. This certificate cannot be used for any other accompanying

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) apers. Each additional paper, such as an assignment or formal drawing, must
Eave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission

65106 7590 08/13/2014 : . . . . . : .
I hereby certify that this Fee(s) Transmittal is being deposited with the United
MYERS BIGEL SIBLEY & SAJOVEC, P.A. States Postal géwice with suff)icient postage for first class mail in an envelo,
P.O. BOX 37428 addressed to the Mail Stog ISSUE FEE address above, or being facsimile
. transmitted to the USPTO (571) 273-2885, on the date indicated below.
RALEIGH, NC 27627
(Depositor's name)
(Signature)
(Date)
I APPLICATION NO. L FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. —l
13/896,977 05/17/2013 John K. Roberts 5308-706TSCT3 9407
TITLE OF INVENTION: SOLID STATE LIGHTING PANELS WITH VARIABLE VOLTAGE BOOST CURRENT SOURCES
| APPLN. TYPE ENTITY STATUS i ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE [ TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $960 $0 30 $960 11/13/2014
r . EXAMINER | ART UNIT | crass-suscLass l
A,MINH D 2844 315-308000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list . .
CFR 1.363). (1) The names of up to 3 registered patent attorneys 1 Myers Blgel Slbley
d Change of correspondence address (or Change of Correspondence or agents OR, alternatively, &S aj ovec, P.A.
Address form PTO/SB/122) altached. (2) The name of a single firm (having as a member a 2
() "Fee Address" indication (or "Fee Address" Indication form regisiered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 4
Number is required. listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an as}_s%nee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CI1'Y and STATE OR COUNTRY)
Cree, Inc. Durham, NC
Please check the appropriate assignee category or categories (will not be printed on the patent) : o IndividuamCorporation or other private group entity [} Government
4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
XX 1ssue Fee [ A check is enclosed.
[J Publication Fee (No small entity discount permitted) a Payment by credit card. Form PT0-2038 is attached.
[ Advance Order - # of Copies XE The Director is hereby authorized to charge the required fee(s), any deficiency, or credits any

overpayment, to Deposit Account Number __§()-()22()  (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)

| Applicant certifying micro entity status. See 37 CFR 1.29 NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro enlity amount will not be accepted at the risk of application abandonment.

J Applicant asserting small entity status. See 37 CFR 1.27 NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

J Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro

entity status, as applicable.

NOTE: This form must be sigpsd-in accordance with 37 CFRNL.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

N ANNIR NN o V=) 2= 20/

Typed or printed name TlmOthy J. Wall \J Registration No. 50’743
Page 2 of 3
PTOL-85 Part B (10-13) Approved for use through 10/31/2013. OMB 0651-0033 U.S. Patent and Trademark Office; U, %l?&P;&TMENT OF (iOMMERCE
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Electronic Patent Application Fee Transmittal

Application Number:

13896977

Filing Date:

17-May-2013

Title of Invention:

SOLID STATE LIGHTING PANELS WITH VARIABLE VOLTAGE BOOST CURRENT
SOURCES

First Named Inventor/Applicant Name:

John K. Roberts

Filer:

Timothy Jennings Wall/Kirsten Carlos

Attorney Docket Number:

5308-706TSCT3

Filed as Large Entity

Utility under 35 USC 111(a) Filing Fees

Description Fee Code Quantity Amount Sullaj-s'l's(tsa)l in

Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:

Utility Appl Issue Fee 1501 1 960 960

Extension-of-Time:
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o ) Sub-Total in
Description Fee Code Quantity Amount USD($)
Miscellaneous:
Total in USD ($) 960
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Electronic Acknowledgement Receipt

EFSID: 20685053
Application Number: 13896977
International Application Number:
Confirmation Number: 9407
. . SOLID STATE LIGHTING PANELS WITH VARIABLE VOLTAGE BOOST CURRENT
Title of Invention:
SOURCES
First Named Inventor/Applicant Name: John K. Roberts
Customer Number: 65106
Filer: Timothy Jennings Wall/Kirsten Carlos
Filer Authorized By: Timothy Jennings Wall
Attorney Docket Number: 5308-706TSCT3
Receipt Date: 13-NOV-2014
Filing Date: 17-MAY-2013
Time Stamp: 12:23:47
Application Type: Utility under 35 USC 111(a)
Payment information:
Submitted with Payment yes
Payment Type Deposit Account
Payment was successfully received in RAM $960
RAM confirmation Number 8574
Deposit Account 500220
Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees)
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File Listing:

Document . L. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
5308_706TSCT3I FeeP 137932
1 Issue Fee Payment (PTO-85B) - nt sdsfue eerayme no 1
.p 0d43252768e70f2d34bc89691caaf662bbe)|
75629
Warnings:
Information:
30670
2 Fee Worksheet (SB06) fee-info.pdf no 2
7280c48113cc383114044e59167d 1f00f97 |
8fea
Warnings:
Information:
Total Files Size (in bytes); 168602

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Receipt date: 11/08/2013 ’ 13896977 - GAlU: 2844

Complete if Known ]
! Application Number 13/896,977
INFORMATION DISCLOSURE Filing Date May 17, 2013
STATEMENT BY APPLICANT First Named Inventor John Roberts
| Art Unit 2821
’ (use as many sheets as necessary) Examier Name Minh D. A
' Sheet | A4 | of | A6 " | Attorney Docket Number 5308-706TSCT3
IMA/ 1220 US 6,411,046 06/2002 Muthu
A/ 123 US 6,507,159 01/2003 Muthu
MAAS 124 US 7,122,971 10/2006 Yeh et al.
IMA/ 125/ US 6,894,436 05/2005 Togashi et al.
MAA/ 126l US 6,441,558 08/2002 Muthu et al.
AAA/ 127) US 6,864,641 03/2005 Dygert, Gregory J.
A/ 128 US 7,236,148 06/2007 Yoshida et al.
A/ 129 US 7,569,996 " | 08/2009 Holmes et al.
3 AR/ 130 US 7,122,971 10/2006 Yeh et al.
| /A 131 US 6,507,159 01/2003 Muthu
: Ckangﬂ{@/applied 132 US 6,411,046 06/2002 Muthu
to doduMAL 133 US  -6:46+:679- Bt 01/30/2001 | Chang et al. 6,181,079
Laaar 134 US 6,864,641 03/2005 Dygert, Gregory J.
/O Wi 135 US__ 6,495,964 12/2002 | Muthu et al.
10/2,/ 0044 136 US 6,510,955 01/2003 Pellegrino, John B.
IMA/ 137 US 5,949,222 09/1999 Buono, Robert N. |
IMA/ 138 US 6,940,189 "] 09/2005 Gizara, Andrew R. ( hangels) annlidd
: MA/ 139 US 6,870,328 03/2005 Tanabe et al. L o
IMA/ 140 US 6,018,220 01/2000 Nerone, Louis R. rogocument,
IMA/ 141 US 5,877,595 03/1999 Nerone, Louis R. /KM/
] JMA/ 1420 US 7,872,430 01/2011 Roberts et al. LO/R /2004
: A/ 143 US  2005/0207196 A1 | 09/22/2005 | Holmes et al.
/MA/ 144 US  2003/0137475 A1 | 07/24/2003 | Yoshida et al.
; IMA/ 145l US 6,441,558 Bi 08/27/2002 | Muthu et al.
i MA/ 146 US 6,621,235 0042208 Chang, Chin 315/216 September 14, 2003
| MA/ 147| US 6,909,249 " | 06/2005 Otake, Tetsushi 315.281 ’ ]
1 IMA/ 148 US  "6t:556 08/2002 Muthu et al. . 315/149 6,441,558
! MA/ 149 US 6,510,995 01/2003 Muthu et al. 235/454
MA/ 1500 US 6,870,328 03/2005 Tanabe et al. 315/291
MA/ 1561 US 8,203,286 06/2012 Roberts eta |. 1 315/307
IMA/ 1620 US 5,877,595 03/1999 Nerone, Louis R. 315/209R
153 US 6,940,189 09/2005 Gizara, Andrew 307/151
MA/ Roman
FOREIGN PATENT DOCUMENTS
Examiner | Cite No. Foreign Patent Document Publication Date Name of Patentee or Pages, Columns,
Initials* Gountry Gods, Number, Kind MM-DD-YYYY Applicant of Cited Document Lines, Where
Code (if know;\) ' Relevant Pasgages or
Relevant Figures T
Appear
/MA/ 154 GB 2 249 840 05-20-1992 Alireza Ghazi Hessami (UK) T
) 155/ JP 10-233669 09-02-1998 Matsushita Electric Works, T
MA/ Ltd.
Examiner Date - )
Signature Minh A/ ' Considered 01072014

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not
in conformance and not considered. Include copy of this form with next communication to applicant.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
13/896,977 01/27/2015 8941331 5308-706TSCT3 9407
65106 7590 01/07/2015

MYERS BIGEL SIBLEY & SAJOVEC, P.A.
P.O. BOX 37428
RALEIGH, NC 27627

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is O day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management
(ODM) at (571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

Cree, Inc., Durham, NC, Assignee (with 37 CFR 1.172 Interest);
John K. Roberts, Grand Rapids, MI;

Keith J. Vadas, Lake Worth, FL;

Muhinthan Murugesu, Morrisville, NC;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.

IR103 (Rev. 10/09) Petitioner Hisense USA Corporation
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Attorney Docket No. 5308-706TSCT3 PATENT
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inre: Roberts et al. U.S. Patent No.: 8,941,331

Application No.: 13/896,977 Issued: January 27,2015

Filed: May 17, 2013 Confirmation No: 9407

Title: SOLID STATE LIGHTING PANELS WITH VARIABLE VOLTAGE BOOST CURRENT
SOURCES '

February 24, 2015

Commissioner for Patents

Attn: Certificate of Correction Branch
P.O. Box 1450

Alexandria, VA 22313-1450

REQUEST FOR ENTRY OF CERTIFICATE OF CORRECTION
UNDER 35 U.S.C. §254 AND 37 C.F.R. §1.322

i The Applicants of record for the above-referenced patent hereby request, pursuant to
35 U.S.C. §254 and 37 C.F.R. §1.322, that a Certificate of Correction be issued. This request is
made in order to correct the mistakes incurred through the fault of the U.S. Patent and Trademark
Office. The mistakes appearing in the patent are set forth with corrections on the Certificate of
Correction attached herewith.

No fee is believed due. However, the Commissioner is authorized to charge any
deficiency or credit any overpayment to Deposit Account No. 50-0220.
spectfully submit

Registration No.: 50,743

Customer No.: 65106

Myers Bigel Sibley & Sajovec, P.A.
P. O. Box 37428, Raleigh, NC 27627
Telephone: (919) 854-1400
Facsimile: (919) 854-1401

CERTIFICATION OF ELECTRONIC TRANSMISSION
I hereby certify that this correspondence is being transmitted via the Office electronic filing system in
accordance with § 1.6(a)(4) to the U.S. Patent and emark Office on February 24, 2015.

Petitioner Hisense USA Corporation
Exhibit 1002 - Page 311 of 321



PTO/SB/44 (09-07) Approved for use through 08/31/2010, OMB 0651-0033

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it
displays a valid OMB control number. (Also Form PTO-1050)

UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

Page 1 of 1
PATENT NO.: 8,941,331
APPLICATION NO.:  13/896,977
ISSUE DATE: January 27, 2015
INVENTOR(S): Roberts et al.

It is certified that an error appears or errors appear in the above-identified patent
and that said Letters Patent is hereby corrected as shown below:

In the Claims:
Column 17, Claim 13, Line 2: Please correct “of about 680 pH.”
to read -- of about 680 pH. --

MAILING ADDRESS OF SENDER:
Myers, Bigel, Sibley & Sajovec

P.O. Box 37428

Raleigh, NC 27627
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Electronic Acknowledgement Receipt

EFSID: 21578916
Application Number: 13896977
International Application Number:
Confirmation Number: 9407

Title of Invention:

SOLID STATE LIGHTING PANELS WITH VARIABLE VOLTAGE BOOST CURRENT
SOURCES

First Named Inventor/Applicant Name:

John K. Roberts

Customer Number:

65106

Filer:

Timothy Jennings Wall/Cathy Leonard

Filer Authorized By:

Timothy Jennings Wall

Attorney Docket Number:

5308-706TSCT3

Receipt Date: 24-FEB-2015
Filing Date: 17-MAY-2013
Time Stamp: 09:45:05

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:

D t " . File Size(Byt Multi P
ocumen Document Description File Name ile Size( y es)/ u I. . ages
Number Message Digest | Part/.zip| (ifappl.)

5308-706TSCT3_R t_for_C 144856
1 Request for Certificate of Correction Oc_diques —1or— no 2
.p 59071fc4826a9401b467ee3063f08bedd2df|
1c34
Warnings:

Information:

Detiti " USA C .

Exhibit 1002 - Page 313 of 321



Total Files Size (in bytes):| 144856

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 8,941,331 B2 Page 1 of 1
APPLICATION NO. : 13/896977

DATED : January 27, 2015

INVENTORC(S) : Roberts et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Claims:
Column 17, Claim 13, Line 2: Please correct “of about 680 pH.”
to read -- of about 680 pH. --

Signed and Sealed this
Nineteenth Day of May, 2015

Debatle X Loa

Michelle K. Lee
Director of the United States Patent and Trademark Office
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Case 2122-ov-00170-IRG-REF

AQ 120 (Rev. 08/10)

Document 2 Filed 08/24/22 Page L ot 2 PageiD & 218

TO:

Mail Stop 8

Director of the U.S. Patent and Trademark Office

P.O. Box 1450

Alexandria, VA 22313-1450

REPORT ON THE
FILING OR DETERMINATION OF AN
ACTION REGARDING A PATENT OR
TRADEMARK

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been

filed in the U.S. District Court

[ Trademarks or

Eastern District of Texas - Marshall Divison on the following

[ Patents. ( [ the patent action involves 35 U.S.C. § 292.):

DOCKET NO. DATE FILED U.S. DISTRICT COURT
2:22-cv-00170 5/24/2022 Eastern District of Texas - Marshall Divison

PLAINTIFF DEFENDANT

BRIGHTPLUS VENTURES LLC LG ELECTRONICS, INC. and

LG ELECTRONICS U.S.A., INC.
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

1 7,960,812 4/6/2010 Brightplus Ventures LLC

2 7,872,705 1/18/2011 Brightplus Ventures LLC

3 8,177,382 5/15/2012 Brightplus Ventures LLC

4 8,294,075 10/23/2012 Brightplus Ventures LLC

5 8,330,710 12/11/2012 Brightplus Ventures LLC

In the above—entitled case, the following patent(s)/ trademark(s) have been included:
DATE INCLUDED INCLUDED BY
[0 Amendment [0 Answer [ Cross Bill [J Other Pleading
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

1

2

3

4

5

In the above—entitled case, the following decision has been rendered or judgement issued:

DECISION/JUDGEMENT

CLERK (BY) DEPUTY CLERK DATE

Copy 1—Upon initiation of action, mail this copy to Director

Copy 2—Upon filing document adding patent(s), mail this copy to Director
Petitioner Hisense USA Corporation

Copy 3—Upon termination of action, mail this copy to Director

Copy 4—Case file copy
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Case 2122-ov-00170-IRG-REF

AQ 120 (Rev. 08/10)

Document 2 Filed 05/24/22 Pa

' e 2 of 2 PagellD# 220

4
b

TO: Mail Stop 8 REPORT ON THE
’ Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
P.O. Box 1430 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK
In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been
filed in the U.S. District Court Eastern District of Texas - Marshall Divison on the following
[ Trademarks or [ Patents. ( [ the patent action involves 35 U.S.C. § 292.):
DOCKET NO. DATE FILED U.S. DISTRICT COURT
2:22-cv-00170 5/24/2022 Eastern District of Texas - Marshall Divison

PLAINTIFF DEFENDANT

BRIGHTPLUS VENTURES LLC LG ELECTRONICS, INC. and

LG ELECTRONICS U.S.A., INC.
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

1 8,941,331 1/27/2015 Brightplus Ventures LLC

2 9,605,835 3/28/2017 Brightplus Ventures LLC

3 RE42,598 8/9/2011 Brightplus Ventures LLC

4 RE45,796 11/10/2015 Brightplus Ventures LLC

5

In the above—entitled case, the following patent(s)/ trademark(s) have been included:
DATE INCLUDED INCLUDED BY
[0 Amendment [0 Answer [ Cross Bill [J Other Pleading
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

1

2

3

4

5

In the above—entitled case, the following decision has been rendered or judgement issued:

DECISION/JUDGEMENT

CLERK (BY) DEPUTY CLERK DATE

Copy 1—Upon initiation of action, mail this copy to Director
Copy 2—Upon filing document adding patent(s), mail this copy to Director

Copy 3—Upon termination of action, mail this copy to Director
Copy 4—Case file copy

Petitioner Hisense USA Corporation
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Case 2122-0v-00184-IRG-REF

AO 120 (Rev. 08/10)

Document 2 Filed 060722

Page 1 of 2 PageiD # 157

TO:

Mail Stop 8

Director of the U.S. Patent and Trademark Office

P.O. Box 1450

Alexandria, VA 22313-1450

REPORT ON THE
FILING OR DETERMINATION OF AN
ACTION REGARDING A PATENT OR
TRADEMARK

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been

filed in the U.S. District Court
[/ Patents.

[ Trademarks or

Eastern District of Texas - Marshall Divison

on the following

( [ the patent action involves 35 U.S.C. § 292.):

DOCKET NO.
2:22-cv-00194

DATE FILED
6/7/2022

U.S. DISTRICT COURT

Eastern District of Texas - Marshall Divison

PLAINTIFF

BRIGHTPLUS VENTURES LLC

DEFENDANT

TCL ELECTRONICS HOLDINGS LTD. et al.

TR/I:](;']?I::/I%%\IO %%T?RTDII)E?;IFEITIE HOLDER OF PATENT OR TRADEMARK
1 7,960,812 4/6/2010 Brightplus Ventures LLC
2 8,941,331 1/27/12015 Brightplus Ventures LLC
3 8,177,382 5/15/2012 Brightplus Ventures LLC
4 8,294,075 10/23/2012 Brightplus Ventures LLC
5 8,330,710 12/11/2012 Brightplus Ventures LLC

In the above—entitled case, the following patent(s)/ trademark(s) have been included:
DATE INCLUDED INCLUDED BY
[0 Amendment [J Answer [J Cross Bill [ Other Pleading

TR/I:](;']?I::/I%%\IO %%T?RTDII)E?;IFEITIE HOLDER OF PATENT OR TRADEMARK
1
2
3
4
5

In the above—entitled case, the following decision has been rendered or judgement issued:

DECISION/JUDGEMENT

CLERK (BY) DEPUTY CLERK DATE

Copy 1—Upon initiation of action, mail this copy to Director Copy 3—Upon termination of action, mail this copy to Director
Copy 2—Upon filing document adding patent(s), mail this copy to Director Copy 4—Case file copy

Petitioner Hisense USA Corporation
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Case 2122-0v-00184-IRG-REF

AQ 120 (Rev. 08/10)

Document 2 Filed O8/07/22 Page 2 of 2 PagelD # 158

REPORT ON THE

TO: Mail Stop 8
’ Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
P.O. Box 1430 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK
In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been
filed in the U.S. District Court Eastern District of Texas - Marshall Divison on the following
[ Trademarks or [ Patents. ( [ the patent action involves 35 U.S.C. § 292.):
DOCKET NO. DATE FILED U.S. DISTRICT COURT
2:22-cv-00194 6/7/2022 Eastern District of Texas - Marshall Divison

PLAINTIFF DEFENDANT

BRIGHTPLUS VENTURES LLC TCL ELECTRONICS HOLDINGS LTD. et al.

PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

1 9,605,835 3/28/2017 Brightplus Ventures LLC

2 REA45,796 11/10/2015 Brightplus Ventures LLC

3 RE42,598 8/9/2011 Brightplus Ventures LLC

4

5

In the above—entitled case, the following patent(s)/ trademark(s) have been included:
DATE INCLUDED INCLUDED BY
[0 Amendment [0 Answer [ Cross Bill [J Other Pleading
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

1

2

3

4

5

In the above—entitled case, the following decision has been rendered or judgement issued:

DECISION/JUDGEMENT

CLERK (BY) DEPUTY CLERK DATE

Copy 1—Upon initiation of action, mail this copy to Director
Copy 2—Upon filing document adding patent(s), mail this copy to Director

Copy 3—Upon termination of action, mail this copy to Director
Copy 4—Case file copy

Petitioner Hisense USA Corporation
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Case 1:122-0v-02774-TCB Document 3 Fied OF/15/22 Pags

of 2

fer

AQ 120 (Rev. 08/10)

TO: Mail Stop 8 REPORT ON THE

) Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN

P.O. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK
In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been
filed in the U.S. District Court for the Northern District of Georgia on the following
(] Trademarks or [ Patents. ( [] the patent action involves 35 U.S.C. § 292.):

DOCKET NO. DATE FILED U.S. DISTRICT COURT

1:22-cv-02774-TCB 7/14/2022 for the Northern District of Georgia
PLAINTIFF DEFENDANT

Hisense USA Corporation Brightplus Ventures LLC

PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

1 See Attachment A

2

3

4

5

In the above—entitled case, the following patent(s)/ trademark(s) have been included:
DATE INCLUDED INCLUDED BY
] Amendment ] Answer ] Cross Bill (] Other Pleading
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

1

2

3

4

5

In the above—entitled case, the following decision has been rendered or judgement issued:

DECISION/JUDGEMENT

CLERK (BY) DEPUTY CLERK DATE

KEVIN P. WEIMER s/ A. Edwards 7/15/2022

Copy 1—Upon initiation of action, mail this copy to Director ~Copy 3—Upon termination of action, mail this copy to Director
Copy 2—Upon filing document adding patent(s), mail this copy to Director Copy 4—Case file copy

Petitioner Hisense USA Cororatlon
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Case 1:122-0v-02774-TCB Document 3 Filed Q7122 Page 2ot 2

Attachment A to Form AQO 120

Patent No. Date of Patent Holder of Patent

7,690,812 4/6/2010 Brightplus Ventures LLC
7,872,705 1/18/2011 Brightplus Ventures LLC
8,177,382 5/15/2012 Brightplus Ventures LLC
8,294,075 10/23/2012 Brightplus Ventures LLC
8,330,710 12/11/2012 Brightplus Ventures LLC
8,941,331 1/27/2015 Brightplus Ventures LLC
9,605,835 5/28/2017 Brightplus Ventures LLC
RE42,598 8/9/2011 Brightplus Ventures LLC
RE45,796 11/10/2015 Brightplus Ventures LLC

Petitioner Hisense USA Corporation
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