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SOLID STATE LIGHTING PANELS WITH VARIABLE VOLT AGE 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-njunctions. 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 back.lights 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 conve11s 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 a result, 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. 

[001 0] 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 

cunent 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 controltransistor. 

[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 µH to about 

l .3mH. In particular embodiments, the charging inductor may have an inductance of about 

680 ~tH. 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 connected 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 cmTent 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 cmTent 

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 fmiher 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 11 above 11 or "upper" or "lower" or 
11 horizontal 11 or 11vertical 11 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 11a", "an" and 11the 11 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/ 11includes 11 and/or "including 11 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 16A-16D are mounted. In other embodiments, one or 

more solid state lighting elements 12 may comprise LED chips 16A-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 11 filed March 6, 2006 (Attorney Docket 5308-632), the 

disclosure of which is incorporated herein by reference. 

[0048] The LED chips 16A-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, AllnGaP 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 µm or greater (i.e. so-called "power chips. 11 

However, in other embodiments, the LED chips 16 may have an edge length of 500 µm or 

less (i.e. so-called 11small 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 µm, may commonly 

have a higher electrical conversion efficiency than 900 µm 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 24A 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 21A 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 (Vf) may vary by as much as+/- 0.75V from a nominal value from chip to chip at a 

standard drive current of 20 mA. A typical blue or green LED may have a Vf of 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 Vfrequired 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 connectors 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 panel 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 

cutTent 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) LED 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 

13 
Petitioner Hisense USA Corporation 

Exhibit 1002 - Page 21 of 321



Attorney Docket No. 5308-706TSCT3 

embodiments include a color management controller such as the A vago 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 I2C communication link 235, while the 

controller 230 may be configured as a master device on the link 235. I2C 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 Rl-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 Rl-R9, G1A-G9A, 

Bl-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 

a red 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 A vago 

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. 

[007 4] 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 400 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 cunent 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 conesponding 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 cunent 

during the period in which it is turned on. By manipulating the pulse width of the cunent 

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 Oto 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 ( 11 P'1
), 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 CTRLl 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 CTRL2 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 to a voltage oil 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 = I2R), 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 µH to about 1. 3mH. In particular 

embodiments, the charging inductor 420 may have an inductance of about 680 µH. 

[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 cunent 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 µH to about 1.3 mH. 

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

an inductance of about 680 µH. 

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 

cmTent 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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□ MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 

* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 

APPLICATION AS AMENDED - PART II 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER 

PRESENT EXTRA RATE($) ADDITIONAL FEE($) 
f-- AFTER PREVIOUSLY 
z AMENDMENT PAID FOR 
w 

Total (37 CFR 
~ * Minus ** = X $ = 1.16(i)) 
0 

Independent z (37 CFR 1 .16(h)) * Minus *** = X $ = 
w 
~ D Application Size Fee (37 CFR 1.16(s)) 
<( 

□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

TOTAL ADD'L FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT EXTRA RATE($) ADDITIONAL FEE($) 

AFTER PREVIOUSLY 

f--
AMENDMENT PAID FOR 

z Total (37 CFR * Minus ** = X $ = w 1.16(i)) 

~ Independent 
* Minus *** = X $ = 0 (37 CFR 1 .16(h)) 

z D Application Size Fee (37 CFR 1.16(s)) w 
~ 
□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) <( 

TOTAL ADD'L FEE 

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. LDRC 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". /WANDA NELSON/ 
*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 

The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1. 

This collection of 1nformat1on Is required by 37 CFR 1.16. The 1nformat1on Is required to obtain or retain a benefit by the public which Is to file (and by the US PTO 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, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, ca/11-800-PTO-9199 and select option 2. 
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Attorney Docket No.: 5308-706TSCT3 PATE:tiI 

IN THE UNITED STATES PATENT AND TRADEivIARK OFFICE 

In re: Jolm K .Roberts et al. 
Serial No.: 13/896,977 
Filing Date; May 17, 2013 

Confirmation No.: 9407 

For: SOLID STATE LIGHTING PANELS \VlTH VARIABLE VOLTAGE BOOST 
CURRENT SOURCES 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313--1450 

Date: May 22, 2013 

SUPPLEMENTAL APPLICATION DATA SHEET 
TRANSMITTAL SHEET 

Dear Sir: 

Applicants submit herewith a Supplemental .Application Data Sheet. The Application 

Data Sheet filed with the application on May 17, 2013 failed to include Inventor 3. This 

Supplemental Application Data Sheet contains Inventor 3 and should replace the previously filed 

Application Data Sheet 

Customer Number 65106 
Myers Bigel Sibley&: Sa_iovec, P.A. 
P.O. Box 37428 
Raleigh, NC 27627 
9]9,854-1400 
919-854-1401 (Fax) 

CERTIFICATION OF TRANSMISSION 
l hereby certify that this correspondence is being transmitted via the Office electronic filing sys1em in 

"accordance with§ 1.6(~}(4) to the U.§. Pateffa>?d Trademark Office on May 22, 2013. 
,~, 1 t' l ~ ' ';-"> ,, \ ' ; 
\t\ .,-:, (; ~ l) "· ~ ..... ~ ·{"t .... '-., \.l-l V \ lf ~ ./ 

~ V \ .. f.... l .. t ... -t.. • .-L .. -.:J ~ " ~ ~ ~ j I \)•'-:,..._ ....... ~~~: ......... ,. ... ,, ............. --· 

Michele P. McMahan 
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PTO/AIA/14 (il:J,. 13} 
Ai:,prove<i fer use through c 1/3112□ 14. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Papeiwcr~ Reduction Ac! of 1995, no persons are required lo respm1d to a ,.¢l!eciion of information i;nless it contains a valid 0MB cor.tro! number. 

c····-· ··············-······---~------~ 
i _ ! Attorney Docket Number 5308-706TSCT3 
! Application Data Sheet 37 CFR 1.16 r-: ---------t------------------; 
! Application Number 
~------------------------------------------------~-----·············------------------------------------------ --------------------------

Title of Invention SOUD STATE LIGHTING PANELS WITH VARIABLE VOLTAGE BOOST CURRENT SOURCES 

The applicatfon data shee! is part of the provisional or nonprovlsional application forwhlch it is being submit,e;,J. The following form contains the 
bibliogrnphlc data arranged in a format specified by !he United Stales Patent and Trademark Office as outlined in 37 CFR 1.76. 
This document may be completed electronically and submitted to !he Office in electronic foima! using the Electronic Fi!lng System (EFS} or the 
document may be printe{I and inc!uded in a paper filed application. 

Secrecy Order 37 CFR 5.2 
f Portions or a!I of the application associated with this Application. Data Sheet may fall under a Secrecy Order pursuant ta ! 
L.□ 37 CFR 5.2 (Paper filers only. Applicatio~.~ that faH under Secrecy Order may not be filed electronica.lly.) j 

Inventor Information: 
-----··1. 

,___!r_w_e_nt_o_r __ 1 _______________ .................................... _~--------==R=.e=m=si'=ile=·,:::::::.. _____ ................. _ .. i 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

John K. Roberts t~ 
·-R-e_s_i_d.__e_n_c_e_i_n_fo_r_m_at_J_o_n_{_S_e_le_c_t_O_n_e_}_@ ·us Residency O Non US Residency O Active US Mmtary Service 

City : Grand Rapids State/Province I Ml ··c·~·~·~t~ of Resldencd us ----1 
.................................. ________________ _ 

Mailing Address of Inventor: 

Address 1 
1 

1061 Plymouth Avenue SE 
Address 2 i -----------------~----···~·····~ .. -----

·-·····-·-·-T-·--··--··········-··•_·1 
State/Provlnce Ml City , Grand Rapids 

;--------~--------,----------------,-____,_, ____ ,........---~----·············· ... -------j. 
Postal Code 49506-6525 ! Countryi us 

f·········· ... - ... --------.. ··············---··-··-·-------------...___-----.:;::::===:;--------1 
I Inventor 2 [i"_°!3~tl1o>1e -------------------Leg a! Name 

Prefixj Giv~n Name· _ Mid-d-le_N_a_m_e-------,---Fa-,-n-il_y_N_a·;;;~········ .... ·-------S-u-ff-ix....J· 
!-----+-----·--------------••'••······---------------------+----·----- -----------! Keith J. Vadas 

Residence Information {Select One) @ US.'.Re;idency O Non US Residency O Active US Military Service·-~ 

,_r·-_c_ity_··~··r_···_La_k_e_v_vo_rt_h _______ ~s-t_a_t~_--i_P_rovince I FL Country of Residenc~ us 

! 
;....' --------~--------------······---···""···---------------
iMamng Address of Inventor; 
i 

i Address 1 7202 Michigan Isle Road 

Address 2 

City Lake VVort!"l .. ---···-·-· 1·st;t~/P~~~·111ce FL 

1 i:~:-:-:---__ -_-_-:::3_3_4~6-:-... -... -... -... -... -... -... ============C=o=_u __ n_t=ry==i =====-u-_s_'-========i::R-_=e-m=·*=\'=:;=--·=.·] _______ ---lj 

Prefix Given Name Middle Name Family Name Suffix! 

Muhinthan Murugesu ! i 
i ! 

Residence Information {Select One} @ us Residency O Non US Residency O Act:ve US Mllitary Service ! '----------------------------.:c_____ ·······---············· 

EFS Web 2.2.6 
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PTO!AIA/14 (03-13) 
Approved for use lhrough 0i/3112014. 0MB 0651-0032 

U.S. Pa1en! and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Papet.vork Reduction Act or 1995, no persons a(e required to respond to a colleciion of information unless it contains a valid 0MB control number. 

·-····················i Attorney .. Docket Number ! 5308~706TSCT3 

!'

i Application Data Sheet 37 CFR 1. 76 •···················· : i App!ication Number j 
f·······------~----------_.._---------............ ----------------

L~itle of Invention souo STATE LIGHTING PANELS WITH VARIABLE VOLTAGE BOOST CURRENT SOURCES 

us I City ! Morrisville State/Province i NC Country of Residencd 
·······················•·••·········-~---··················•···· I --··-~--···· .. ····•·········· .... ·-----+---···············-·· .. ··· .. ···----

iMailing Address of inventor: 
' 
j Address 1 528 Writers Way 
................... --~~------------------------+----------------------------------------------------......, 
! Address 2 

! City j Morrisville ! State/Province I NC 
::::~~st!!.-~~de ·---··-··· 27560 Co~ntry l I us ____ ...,_ _______ ·····························1 

i Al! !nventors Must Be Usted - Additional Inventor Information 
! generated within this form by selecting the Add button . 

blocks may be 

.............................................. ·-------------~ 
Correspondence Information: 

Enter either Customer Number or complete the Correspondence !nformaHon section below. 
For further information see 37 CFR 1.33(a}. 

J..------------··························•--•.•··················---------------------------················j 
D .An Address ls being provided for the correspondence !nformat!•on of this application. 

Customer Number 65106 

Email Address uspto@.my ersbigei. com 

Application Information: 
----------------------------------------••••-••••••••••••••••••••--------------••·H------------------.,.,..,, 

.. Ti!.~~ .. ~~.~~~~ Invention . I 
Attorney Docket Number! 

SOLID STATE UGHTING PANELS WlTH VARIABLE VOLTAGE BOOST CURRENT SOURCES 

5308-706TSCT3 
---------------···················1.··········································· 

, Small Entity Status Claimed [] 

Application Type Nonprovlsional 

Subject Matter Utility 

Total Number of Drawing Sheets (if any) 6 Suggested Figure for Publication (if any) ! 
Publication Information: 
O 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 disciosed in the attached application has not and will not be the 
subject of an application filed in another country, or under a multilateral 1ntemationa1 agreement, that requires 
pub!icaUon at elghteen months after filing, 

Representative information: 

Representative information should be provided for au prac!itioners having a power of attorney in !he application. Providing 
this information in the Application Da!a Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32). 
Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer 
Number will be used for the Representative lnfom1ation during process.ing. 

! P!ease Select One: @ Customer Number Q US Patent Practitioner 0 Limited Recognition (37 CFR 11.9) 
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PTOIAIA/14 (03,13) 
Approved for use through 01131/20i4. 0MB 0651-0032 

U.S. Palen! and Trademark Office: U,S, DEPARTMENT OF COMMERCE 
Under the Paper,,or!-: Redwcti.or. Aci of 1995, no ~ersons are requ!reci lo respond lo a collection of information wr,!ess i! comains a valid 0MB i:ontrol r.umt,er. 

• • .. ! Attorney Docket Number 5308-706TSCT3 
Appl!catwn Data Sheet 37 CFR 1.76 : ····················--,....._-------------i 

i Application Number 
·-······-····················------~-------'-----------'------------------' 

Title of Invention SOUD STATE UGHTING PANELS WITH VARIABLE VOLTAGE BOOST CURRENT SOURCES 

Domestic Benefit/National Stage Information: 
' This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, or 365(c) or indicate 

National Stage entry from a PCT application. Providing this information ln the application data sheet constitutes the 
specific reference required by 35 U.S.C, 119(e) or 120, and 37 CFR 1. 78. 

Prior Application Status Pending I f§¢m911$ J 
-------------------+--------······~.------'=~::'.::::::: . ...= _______ -I 

1,,······ Application Number ConHn.~.~~ .. ~y~·p~e--·····!,,·····Prlor Application Number Filing ~.~~~ . .f!.~=~~=~·~!.... 
Continuation of 13/469188 2012-05-11 

r··· ---:---t-------------t----------'------,:;;:;,:;;::;::::;::::;=;------i 
Prior Appllcation Status (f<:ernq\/e: ! 

··---'.....'.......------1-----------+----------.----.......::::=:::::::::::.::::::::::'.. ____ ......J 
Application Number Continuity Type Prior Application Number FHing Date (YYYY-MM-DD) 

1-------------+-------------+---------·····-+----------------j 
Continuation of 12/977422 2010-12-23 

1--------························· ········----------1'-"---------....J.---~·;:.:;···;:;.···:;;;· ;==.----------j 
Prior Application Status ! Remove ! 

···---------·--------~---+------------'----------,..........--···=--=·::::::==:::::......----.........1• 
Continuity Type i Prior Application Number i Filing Date (YYYY-MM-DO) 

f-.....------------+-------------r---------···· 
Applicatlon Nurnber 

Continuation of 11/601504 i 2006-11-H 
1---------~············--········· ·-------·······-····················· .. ············ ................................................. ----~····L.···············;;.:···;.:;···;.:;···;.:;···:;;;·-:;;;· :;:,---------1 

......... ~~i~~ .. AppHcation Status 1 ! R~r:fo1t- i ........... . 
Application Number I Continuity Type Prior Application Number Fmng Date (YYYY·MM-DD) 

1-------------+----·······················------<······--------~·"·· ·······-----------1 
non provislonal of 60/738305 

Additional Domestic Benefit/National Stage Data may be generated within this form 
by selecting the Add button. 

Foreign Priority Information: 

r;~;~ section al!m-vs for the applicant to claim priority to a foreign app!icalion. Providing this information in !he application data sheet 
l 
!constitutes the claim for priority as required by 35 U.S.C, 119(b) and 37 CFR 1.5_5(d), When priority is claimed to a foreign application 

!that is eligible for retrieval under the priority document exchange program {PDX)1 the information will be used by the Office to 

!automatically attemp! retrieval pursuant !o 37 CFR 1,55(h)(1) a.nd (2). Under the POX program, -applicant bears the ultimate 

1
responsibi!ity for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual 

I property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55{g)(1 }. 

-~------->. c;~;;avrr~·-· 
i --····A~~·j;;;ti;·~··N~;b~~·········~----C~ou-n-t-ry-i----F-ili~n-g~D-a-te-f'{YY--Y---M-M--D-D-)---A-,c~c-'-e---ss ......... C .... o__,def·(;f·;~~ji~~bi~)--

-" ..................... ~·-········ ······----------------------+-------~-~-···-·-·"··--"·"··"~---....... ____ _ 

:------- -----·······································----
Additiona! Foreign Priority Data may be generated within this form by selecting the 
Add button, 
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PT0iAiN14 (03··13) 
Approved !or use through 01/31/2(}14. 0MB 055·1-0032 

U.S. Pateil! arid Trademark Office; U.S. DEPARTMENT OF' COMMERCE 

Under the Peper,•,ork Reduction Act of 1995, oo persons are required to respond to a co!h1ction of information unless i! conla'ins a valid 0MB control mim~·er. 
--~----------------...,..-~'""'~";,;.+••········----~-----------------~ I 5308-706TSCT3 

Application Data Sheet 37 CFR 1.76 
Attorney Docket Number 

Applicatlon Number 

I Title ·:;·;~::;;ion SOLID STATE LIGHTING PANELS WITH VARIABLE VOLTAGE BOOST CURRENT SOURCES 

-~---

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition 
Applications 

I This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also 
!U contains, or contained at any time, a claim to a clalmed invention that has an effective fiHng date on or after March 
j 16, 2013. 
! 

i 

Authorization to Permit Access: 

[Zl 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 lnteHectual Property Office (KtPO}, !he World intellectual Property Office {WIPO}, 
and any other intellectual property offices in vi1hich a foreign application claiming priority to the ins!ant patent applica1ion 
is f;led access to the instant patent application. See 37 CFR 1.14(c) and (h). This box should not be checked if the appficant 
does not wish the EPO, JPO, KIPO, WlPO, or other intellectual property office in which a foreign application ciairning priority 
to the instant patent application is tiled to have access to the insiant patent application. 

pn accordance with 37 CFR 1.14(h){3}, access will be provided to a copy of the instant paten! appii,,ation with respect 
!to: 1) the instant patent application-as-filed; 2) any foreign application to which the instant patent application 
!claims priorit~' under 35 U.S.C. 119/a)-(d) if a copy of the foreign applic.a!ion 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 ln the insiant patent application. 

ln accordance witi1- 37 CFR ·1 .14(c), access may be provided to mfonnation concerning the date of filing this Aulhorizat1on, 

Applicant Information: 

Providing assignment information in this section does not substitute for compiiance with any requirement of part 3 of Title 37 of CFR 
to have an assignment recorded by the Office. 

I Applican~- 1 ························-·············-··································------~·········-----..,..,----....,.------,···········j 
! If the applicant is !he inventor (or the remaining joint inventor or inventors under 37 CFR 1 .45}, this section should not be completed. ! 
·The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR ' 
1.43; or !he name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person 
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1 .46. lf the applicant is an 
appHcanl under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient 
proprietary interest) together wlth one or more joint inventors, then the joint inventor or inventors who are also the appEcant should be 
identified in this section. 

@ ,(\ssignee 

() Person to whorn the ,nventor is ob!i.gated to assign. 0 Person who shows sufficient proprietary interest 
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PTO/A!A/14 (03-13) 
Approved for use!hrough 01/3112014, OMS oes1.aa3,2 

U.S. Patent and Trademarl<. Officei: \J.S. DEPARTMENT 01' COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are requ;rec! lo respcnd lo a col!ection of 1nforrrnilio~ unless it r.untains a valid 0MB control number. 

Application Data Sheet 37 CFR 1.76 
Attorney Docket Number 5308-706TSCT3 

Application Number 
f--.--------,-----------·---------------------------~----

1. Title of Invention I SOUD STATE LIGHTING PANELS W!TH ~~~~.~.~.~-E VOLTAGE BOOST CURRENT SOURC~~······-················· I 
1•1 ap:can! is. the lega·l·r•:r,,Sel1tative, indicate lhe authonty to file the patent application, t~e i-n-ve_n_t_o_r -ls-: -----··---

1 

I Name of trie Deceased or Legally Incapacitated Inventor 1............... . ...................... . 
1-.- .. y--~----------------------
i ff the Applicant !s an Organization check here. 
~--------------,----------------------------------------1 
i Organization Name i Cree, Inc. 
,___·-···-------·-L~-·-····-··· ......................................... -----............................... ~ ....................................... - ................................. . 

Mailing Address information For Applicant: 
;..........- "n--♦<,-••-••n-•••nnn• 

Address 1 4600 smcon Drive 

Address 2 
---..+-------------~--------~--------~--------------------! State/Province City Durham 

Country1 I us 
Phone Number 

NonuApplicant Assignee Information: 

Postal Code 

Fax Number I 
I 

NC 

27703 

Providing assignment information in this section does not subsitu!e for compliance with any requirement of part 3 of Title 37 of CFR to 
l1ave an assignment recorded by the Office. 

---······················································································································································· .. ··········-----

: Ass·gnee I 1 
' 

!Complete lhis section only if non-applicant assignee information is desired to be included on the patent application publicat!ori in 
!accordance wi!h 37 CFR 1.21 S(b). Do not include ln this section an applicant under 37 CFR 1.46 (assignee, person to whom the 
:inventor ls obligated to assign, or person who othenNise shov✓s sufficient proprietary interest). as the patent app!ica!ion publication will 
include the name of the appiicant(s) . 

.. 

If the Assignee is an Organization check here. □ ---------------- ···--············-·· ·-·-······--············· ---------------- ______ _,_,___,,,_ __ ----------------------------- -------------------- --- --------------- ------- -

Prefix Given Name Middle Name Famfly Name Suffix 
-------

I 
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PTOIAIN14 (03-13) 
Approved for use ihrough 011311'2014. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under lhe Paper.vork Reducii<ir, Aci of ·1995. no persons are required to respond to a coile<..iion of ir.format;on unless it contains a valid OMS cor.!rol nwml>er. 

I,, ·~·~-;.:·ation Data Sheet 37 Cf R 1, 76 11--! _A_tto_r_ne_y_D_o_c_ke_t_N_u_m_b_er __ s_3_o~!~~=~~T3 __ ···· .. ···········--··-···························· 
_ Application Number 

e••············ 
' I Title of Invention SOLID STATE UGHT!NG PANELS WITH VARIABLE VOLTAGE BOOST CURRENT SOURCES 
! .~ ........ _____ _,_ _____________ _ 

Mailing Address Information For Non.Applicant Assignee: 
-··········-····--------------------

:::;:-;fl~-=-... -.... -... -... -... -... -.. -... ---+J-.. -------------------------------1 

City jState/Province 
--........----------------1 

Country i Postal Code 

Phone Number Fax Number 
------··············-···,,-...------------·------- ------------····-1 

,_A_E_~:_.~_t:_:_A_na-dl-dA_r:_:_~g_n_e_e __ □_·_at_a_m_a:-~:~e~e_r_a-te_d_w-if-hi_n_t_h_is_f_;-~;-·;·_·b_y_·;_;_i~-·~-ti-n-g=_th--~-'"-A_d_d-_-b_-~_tt_;_;_.'"_--_._···_···_···_···_···_···_-~_=-7 
Signature: 
~--L111111>00 

NOTE: Thfs form must be sianed in accordance with 37 CFR 1.33. See 37 CFR 1.4 tor signature requirements and 
'f f w ~-cert; ica ions, ,.---,,._ 't, t•,, \\ 

···········---

Signature ~_J\,,~) ~\ 
\ }., 1 1\, 

Date (YYYY~MM-0D) 2013-05-22 
----- " : --·· ,, J First Name Timothy J. , Last Name \Nall Registration Number 50743 

................ · ........................ .L .............................................. ------------------

i Additional Signature may be generated within this form by selecting the Add button, 
L ... ------ -----------

This collection of information is required by 37 CFR 1.76. The information is required lo obtain or retain a benefit by the pubtic which 
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR i .14. Thi.s 
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data 
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on ttie amount of fone you require to 
complete this form and/or suggestions for reducing this burden, should be sent !o the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S .. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313--i450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents,. P.O. Box 1450, Alexandria, VA 22313-1450. 
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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: 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 cuITent 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 cuITent 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 µH to about 1.3 mH. 

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

inductor has an inductance of about 680 µH. 

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. 

4 
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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. 
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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 

Customer Number 65106 
Myers Bigel Sibley & Sajovec, P.A. 
P.O. Box 37428 
Raleigh, NC 27627 
919-854-1400 
919-854-1401 (Fax) 

Respectfully submitted, 

Timothy J. Wall 
Registration No. 50,743 

CERTIFICATION OF TRANSMISSION 

I hereby certify that this correspondence is being transmitted via the Office electronic filing system in accordance 
. tth § 1,6(~~( 4) to ff e VJ?· Patent and

1 
Trad7}11a. rk 0. ffic. e on May 24, 2013, 

u yt,,,t(~ P. rr,crr~-~~. ·-
Michele P. McMahan 
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RALEIGH, NC 27627 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

John K. Roberts 

NOTICE 

5308-706TSCT3 
CONFIRMATION NO. 9407 

Date Mailed: 06/19/2013 

INFORMATIONAL NOTICE TO APPLICANT 

Applicant is notified that the above-identified application contains the deficiencies noted below. No period for 
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's 
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute 
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the 
expiration of the time period set in the "Notice of Allowability" to avoid abandonment. See 37 CFR 1.53(f). 

The item(s) indicated below are also required and should be submitted with any reply to this notice to avoid 
further processing delays. 

• A properly executed inventor's oath or declaration has not been received for the following inventor(s): 
John K. Roberts 
Keith J. Vadas 

Applicant may submit the inventor's oath or declaration at any time before the Notice of Allowance and Fee(s) 
Due, PTOL-85, is mailed. 
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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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U.S. Serial No. 13/896,977 
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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 

2 
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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 thrnugh 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. 

3 
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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 µH to about 1.3 mH. 

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

inductor has an inductance of about 680 µH. 

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 4 7, 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 cunent 

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

63. (New) A lighting system, comprising: 

4 
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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. 

5 
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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. 
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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 

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 

. ·~~ tPUMatent and Tr mark Off=-on June 20, 2013. 

Michele P. McMahan 
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6)0 Claim(s) __ is/are allowed. 

7)~ Claim(s) 47-54. 58-71 is/are rejected. 

8)~ Claim(s) 55-57is/are objected to. 

9)0 Claim(s) __ are subject to restriction and/or election requirement. 

* 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 

http://www.usoto.gov/patents/init events/pph/index.isp or send an inquiry to PF'Hfeedback(wuspto.aov. 

Application Papers 
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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)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 
a)O All b)O Some* c)O None of the: 

1.0 

2.0 

3.0 

Certified copies of the priority documents have been received. 

Certified copies of the priority documents have been received in Application No. __ . 

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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Application/Control Number: 13/896,977 

Art Unit: 2821 

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. 

Page 2 

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 Langi, 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-l.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-AIA 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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6. Claims 47-54, 60-71 are rejected under pre-AIA 35 U.S.C. 103(a) as being 
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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(21 OR, 21 OG) coupled to first and second of solid state lighting 

devices, respectively, each of the current supply circuits(21 OR, 21 OG) 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(21 OR, 21 OG) 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-AIA 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 µH to about 1 .3 

mH and wherein the charging inductor has an inductance of about 680 µH. 
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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 DA/ 

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) 

4 7. (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. 

2 

Petitioner Hisense USA Corporation 
Exhibit 1002 - Page 113 of 321



In re: Roberts et al. 
U.S. Serial No. 13/896,977 
Filed: May 17, 2013 
Page 3 of 14 

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 4 7, 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 4 7, 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 µH 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 µH. 
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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 4 7, 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 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. 

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,.~ 

a pulse width modulation (PWM) eontroller that is coupled to the eurrent supply 

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

circuits, a first P1NM eontrol signal and a second Pm4 control signal that are suppHed to ilie 

at least first and second strings, respectively, 

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 cmTent 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. 

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 11Bruning11
) in view 

of U.S. Patent Publication No. 2004/0160199 to Morgan et al. (hereinafter "Morgan11
). 

(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 Reiections 

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. (See 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 ofnonstatutory 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-AIA 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 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. (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 
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current supply circuits (21 OR, 21 0G) 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: 

400 
~ Dla TEMl'l:MTllRf 

Vin 2003 
SENSING 

226 

z 208 
204 

20&1 

D1c 

226 
rmEL LIGHT srnioo OPTICAL SENSIOO 

FIG. 4 

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 aTe cun-ent supply circuits 

and controller R 232R and controller G 232G are controllers. (Office Action, page 5.) 

Referring to sub-an-ay 201R, Bruning describes, "[t]he cun-ent 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 16-1 7.) Refen-ing to the other sub-an-ays, 

Bruning describes, "[i]n like manner, the light output of green and blue LED sub-mrays 

210G, 210B are independently controlled by independent controllers 232G, 232B." (Bruning, 
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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 Bruning, Claim 47 recites "each of the current supply circuits 

(210R, 210G) comprising: a controller (232R, 2320) 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 4 7. 

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 4 7. 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 po1iion of the recitations of 

Claim 64. Claims 63 and 64 stand rejected under pre-AIA 35 U.S.C. § 103(a) as being 

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.) 
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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." 

(ftmphasis 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.) 
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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 rejecting Claim 48.) Bruning 

describes, "[r]esistor R1 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 R1 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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Customer Number 65106 
Myers Bigel Sibley & Sajovec, P.A. 
P.O. Box 37428 
Raleigh, NC 27627 
919-854--1400 
919-854-1401 (Fax) 

Respectfully submitted, 

Timothy J. Wall 
Registration No. 50,743 

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 the U.S. Patent and Tr emark Office on November 8, 2013. 

'~f!.m 
Nfichele P. McMahan 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re: John K. Roberts et al. Confirmation No.: 9407 
Application No.: 13/896,977 Examiner: A, Minh D. 
Filing Date: May 17, 2013 Group Art Unit: 2821 
For: SOLID STATE LIGHTING PANELS WITH VARIBLE VOLTAGE BOOST CURRENTL 

SOURCES 

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

INFORMATION DISCLOSURE STATEMENT TRANSMITTAL 
Sir: 

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. 

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

D (1) within three months of the filing date of a national application other than a continued 

prosecution application under §1.53(d); 

D (2) within three months of the date of entry of the national stage as set forth in §1.491 in an 

international application; 

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

D (4) before the mailing of a first Office Action after the filing of a request for continued 

examination under §1.114. 

[8] 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~ of the following: 

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

[8] 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 

D 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 

D (2) The fee set forth in § 1.17(p ); 
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D 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: 

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

D 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 

D 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 

D (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). 

D 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 

[gJ No fee is believed due. However, the Director is hereby authorized to charge any deficiency or 

credit any overpayment to Deposit Account No. 50-0220. 
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31. US- 6,552,495 04-22-2003 Chanq 
32. US- 6,515,434 02-04-2003 Biebl 
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84. us 7,122,971 10/17/2006 Yeh et al. 
85. us 7,088,334 . 08/08/2006 Adachi et al. 
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87. us 2008/0278097 11/13/2008 Roberts et al. 
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116 us 7,015,654 03/21/2006 Kuhlmann et al. 
117 us 7,276,861 10/02/2007 Shtevnberg et al. 
118 us 7,301,288 11/27/2007 Green 
118 us 7,323,828 01/29/2008 Russell et al. 
12C us 4,859,911 08/22/1989 Kinnard et al. 
121 us 6,359,392· 03/19/2002 He 

~ignature Considered · 
I Examiner J Date J 

*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. 

Petitioner Hisense USA Corporation 
Exhibit 1002 - Page 130 of 321



Comolete if Known 
Application Number 13/896 977 

INFORMATION DISCLOSURE Filina Date Mav 17, 2013 

STATEMENT BY APPLICANT First Named Inventor John Roberts 
Art Unit 2821 

(use as manv sheets as necessary) ExamiWer Name Minh D. A 

Sheet I A4 I of I AG Attorney Docket Number 5308-706TSCT3 

122 us 6,411,046 06/2002 Muthu 
123 us 6,507,159 01/2003 Muthu 
124 us 7,122,971 10/2006 Yeh et al. 
125 us 6,894,436 05/2005 Togashi et al. 
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12 us 6,864,641 03/2005 Dygert, Gregory J. 
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An integrated LED driving device for .~ t,,.f;? *;!· -
1
-. -71$ 

multiple LED strings which employs a single \ .,1..,. f: !t~ •., .\; ·,li y.~ 
~ L, I ,, ,'.~ 

linear regulator or other controller and a ~: i; * * 
multiple-output current mirror which is Aft~¾:~ $~ 9:,4 

almost independent of the DC input voltage i ",; ~ 1 ~- ~ rt.,,, ri.
1

11;, 

source, almost independent of the ,5, , ";' - ----':'.'-1-• ---.;c-:~r-, 
transistor's or MOSFET's variations from .,....~--~--...:..' --,-,.:,-, -,,-.. -.-. -"~·: 

1
(:~--l@·~-·~---·-7 ,7 ~ .. \ 

the semiconductor integration process, and ,,,,,·~ .. ~_~c,1.:1~~~/2r::'~=fs-··,·-::-1~-:.~..:::~~ .. -;,; 
almost independent of temperature .}:;j !\ [ ~➔--, • 

variation. The multiple-output current mirror , , __ ,,c,,~ ,_,,...__,~ l-, .\ 
includes a plurality of transistors or ?~+ ~., "Pf~1'\. ~. ~,~ _J~t:>-' T " 
MOSFET h f h. h · t t d i-~ --..;1' r d s eac o w 1c are 1n egra e on .:C:....,---- -·-- .. -
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. 
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(2) JP 2004-538653 A 2004.12.24 
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7J' ltiffl m ~ n --C , - IE ifJ ~ $ ffi im fg -¥% I r e r ta:: ~ llJ1I 9 0 o ~ 1 fc to ft 0 1) ::.. 7' v .:¥' :i v - l:J 50 
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(5) JP 2004-538653 A 2004. 12. 24 

5 fi, @ ViL>Z fi /~ Jv 7-. ~I~ IDffl ( P WM) iJJ {'F 9 0 L E D :VU 8 fC xt L, ,lW& 66 T & ~ fC 11 ff§ 9 0 

a L, t;, L, , :3- L E D :VU t;, ti ~ 0) L E D ti' ~ 9 0 N {llil 0) L E D :VU ti' !IR 1!/JJ 9 0 ~' ~ t;, il0 0 :f:~ ii' 
fC fi , N {il]j 0) L E D 71JFJJ c' ffi'. im ti' ~ L, <. ~ 12 9 0 tc 66 fC , - ffl~ fC , ~ 1 0) @1 [i!g ti' 1\l fC ]!Uf 
L, T ffl v' 0 fC 9 ~- tr:. v' a ~ ~ fC fill Wt- L, '? 0 J: '? fc , i.'.'.. 0) J: '? fC 9 0 c'. , lJ ::.. 7 v :¥' :i v -
-!J 0) @1 [J!g 0) ti ~iHi ,& U ::i >' l-- P - 5 0) {illi ~ t;';J:I!/ ::k 9 0 a ]!! fc , L E D :VU ti' P W M t - F c' 

iJJ f'I' ~ -tl- 0 :f:~ ii' fc fi , ::i >' l-- P - 5 ~ 1) ::.. 7 v ::¥ :i v - -!J 0) !!Ul @l [J!g FJl c' 0) :llflt l!\f l'!ll 0) ~ 
{t fc J: I'.) N {il]j 0) L E D :VU 00 0) {ft f§ ti' Ji\ tr:. G -tl- 0 :13 ~ tl t;, il0 0 a 

(0009] 

;4s: 9'e aJJ fi , ti t!z 0) L E D :VU fc xt L, , @ im t - F t , {ft t§ ~ 71!; ti' ~ 1J, fC L, tc P W M t - F t 
c' 5<: II fc ffi'. im ti' § lDJJ :n\ ll2 9 0 , ffi ffi {t L, tc L E D !!R 1!/JJ ~ fflt ti' fil {#; 9 0 a ;4s: 9'e aJj 0) ffi ffi {t L, 10 

tc L E D .~ 1!/JJ ~ fflt fi , ~ $ • im ti' ljjlj 1iEfJ 9 0 1 "J 0) 1) ::.. 7 v :cf :i v - -!J ;l._ fi ~ 0) {ili 0) ::i >' )--

P - 5 c'. , ti t!z 0) M O S F E T ;l._ fi ~ 0) {ili 0) )-- 5 >' 1/ 7-. -!J ti' ~ 9 0 -Z Jv =f ( ti ~ ) /±1 jJ 'i'. 
im~5-tti'~ffl90a CtlGMOSFET;l...~~O){ili0))--5>''1/7-.-!JO).§-l:z~~t:,~~ 

_l fC ffi ffi {t ~ tl , i.'.'.. n G l-- 5 >' 1/ 7-. -!J 0) $I xt !f ~ 0) =f "1 :/', Jv lt ti' 7& t' ~ fc 9 0 t t t fc , 
~ G 'J - ;z., ~ m 5 -1 ::,, & u ~ G 1l- t-- ~ m 5 -1 ::,, ;z- m 1,,, 0 0 c tt ic J: 1'.:l , -z Jv =f 1±1 tJ • w 
~ 5 - fi , @ w ;._ 11 • EE v o c ;z- ~ G 0 @ w ;._ 11 m EE WR ~ , ~ ¥J f* ffi ffi 17l1 flll fc J: 0 M o s F 
E T 0) ~ {t ~ ' rHa /l ~ iWJ fC 7& f: {td¥ L, tr:. V' • im ~ ll2 ti' 11' tr:. '? 0 

(0010] 

;4s: 9'e aJj fc J: 0 , N {il]j 0) L E D :VU 2 8 1 , 2 8 2 , · · · , 2 8 N fC xt 9 0 ffi ffi {t L, tc L E D ~g 
i;/J ~ fflt 1 0 0) - ~ 1A!i {71j ti' ~ 2 fC ~ 9 a ffi ffi {t L, tc L E D ![ lDJ] ~ fflt 1 0 fi , !l/Af T 2 a fC :13 ft 20 
0-Jl:'.0)~$-im{i§~ I ref c'l!RlDJJ~;/1,0 l "JO) 1) ::..7 v::¥:i v--!J 1 5 t, N{il]jO) LE 

D :VU 2 s 1 , 2 s 2 , • • • , 2 s N ;z- ~g 1!/JJ -r 0 -z Jv =f 1±1 11 • im ~ 5 - 3 o t ti' ~ -r 0 a :3- L 

E D :VU fi , ti f!z 0) L E D ti' ~ 9 0 a 1 "J 0) 1J ::.. 7 v ~, :i v - 5 1 5 fi :zjs; ~ i'tg fC ~ 1 If) 1) ::.. 

7 v :cf :i v - -!J t ~ G c' il0 0 , 1!E -::i T , ~ 1 t ~ G f,f ~ ti' ffl v' T v' 0 a L, '/J' L, , {ili If) 1) ::.. 

7v:f:iv--!Jti'~ffl90Cttc'~00 
( 0 0 1 1 ] 

-z Jv =f 1±1 tJ 'l~ im ~ 5 - 3 0 ti' ~ ~~ 9 0 fC , i.'.'.. If) -z Jv =f 1±1 1J m im ~ 5 - 3 0 fi N {il]j If) ~ 5 -

MOS FE T r-7>'1/7-.5~!J){1Q0))--5>'1/7-.5Q 11 , Q 12 , ... , Q 1 N7i'~L,, CtlGIJ) 

:3- l-- 5 >' 1/ 7-. -!J fi , ~ * L, <. fi ~ G '1' ~ ,& cf ~ G $&i xt !f ~ 0) =f "1 :l', Jv lt ( W / L ) c' ~ G 

~ ~ 3 6 _l fc ffi ff {t -r 0 a M o s F E T l-- 5 >' 1/ 7-. -!J Q 1 1 , Q 1 2 , • • • , Q 1 N 0) If - )-- fi ~ 30 
m [J!g 3 2 ti' fl' L, T II v' fc M ii' ~ n T v' 0 a i.'.'.. 0) ~ m ~g 3 2 fi , ffi 1 If) M O S F E T )-- 5 >' 

1/ A -!J Q I 1 fC lli: ~ 9 0 / - F C 7J' G N ~ § If) M O s F E T )-- 5 ✓ 1/ A 5 Q I N 0) If - )-- * c' 

%!; 1:£ L, , 1) ::.. 7 v :cf :i v - -!J 1 5 If) {g ~ Jffi JI 7 -1 Jv -!J 6 0) /±1 tJ ti' '.'s'l: ft 0 a i.'.'.. ;/1, fc J: f) , N 

{!I]! If) ~ 7 - M O S F E T r- 7 ✓ 1/ 7-. -!J Q 1 1 , Q 1 2 , • • • , Q 1 N If) Jf - r- 0) .§- !:z ii , ~ ~ :f:I!/ qi&j 

~ U 2 ( 1) ::.. 7 v ::¥ :i v - -!J If) ::i >' l-- P - 5 ) '/J' G 0) ~ t, l!iiJ 1iEfJ 1±1 1J ti- '.'s'l: ft 0 a ~ ~ ~ 3 2 

& rJ / - F C fi ~ t& 3 6 J: fC ffi ffi {t ~ n T V' 0 0 M O s F E T )-- 5 ✓ 1/ A 5 Q I 1 ' Q 1 2 ' 

.. · , Q 1 N If) 'J - 7-. fi ~ ~ [J!g 3 4 ti' 1)- L, T II v' fC ~ ~ ~ tl , - 1J , i.'.'.. 0) ~ ~ [i!g 3 4 fi 1) ::.. 7 
V ::¥ ;1. V - -!J 1 5 If). im ~ 1±1 tJ£ m R 2 8 iC *a 'El~ n T v' 0 ~' L. 0). im ~ 1±1 mm R 2 8 fi M 0 

SFETl--5>'1/7-.-!J~GO).imti-~/±1900 Nffi0)~5-MOSFETl--5>'1/7-.-!JQ 

1 1 , Q 1 2 , .. ' , Q 1 N If) .§- F V -1 ✓ ii , N {Ill! 0) L E D :VU 2 8 1 , 2 8 2 , "· , 2 8 N If) '? t, 40 

If) xt /;t; 9 0 1 "J If) - !l/M fc M ii' ~ n T v' 0 a ~ i§ 9 h if' , ffi 1 If) M O S F E T l-- 5 >' 1/ 7-. -!J 
Q 1 1 If) F v -1 >' t;, ffi 1 0) L E D 71j 2 8 1 0) - il/m fc *a 'Ei' ~ ;/1, , ffi 2 If) M O S F E T )-- 5 >' 1/ 
A -!J Q I 2 If) F V -1 ✓ t;, ffi 2 0) L E D :VIJ 2 8 2 0) - fti'/,j fC *a 'El ~ tl ' ti. r ~ ti c' ® I'.) ' ~ ft fc 
N ~ § If) M O S F E T )-- 5 >' 1/ 7-. -!J Q 1 N 0) F v -1 >' iJ, N ~ § If) L E D :VIJ 2 8 N If) - il/m fC *a 
ti' ~ n --c v, 0 a N 1w If) L E D :VU 2 s 1 , 2 s 2 , ••• , 2 s N If) :S- 1:z 0) @ fti'm fi il/Af + 1 3 c' @ 

im A jJ • EE V D C ti' '.'s'l: ft 0 0 

(0012] 

ffi ffi {t L, tc L E D ~g lllJJ ~ fflt 1 O 0) iJJ {'F ti' ~ aJj 9 0 fC , N {!I]! 0) ~ 5 - M O S F E T )-- 5 >' 1/ 
7-. -!J Q 1 1 , Q 1 2 , • • • , Q 1 N ii , ~ G ~ ¥# f* ~ ~ 911 flll ( fflj ~ il , rlll!. /l , ti Ft , -Z 7-. 7 , F -
t'. >' 1f , X. 'Y =f >' 1f ) ti' ffl v' T ~ C:, ~ fiz _l fC ffi ffi {t ~ ;/1, T v' 0 ~ , N {lljj If) ~ 5 - M O S F 50 
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(6) JP 2004-538653 A 2004. 12. 24 

E r r 5 ✓ $/A :>1 Q 1 1, Q 1 z, ···, Q 1 N 1,£: v o s ~ v cs - v r .i.:: L, tr. tl@ %0 't - F C' llv1 w ~ -tl-
0 .i.:: , + -v ;;,, Jv 1,£: mt n 0 m mt ti , 1t ti ~ F v -1 ✓ - v - A m EE v o s fC "'J€'I c1:: ~ ff L, 1J: < 1J: 0 
o v c s ti , If - r - v - A m EE C' ilfi 0 , v r fi , G ~ 1.-, fil'i m EE C' ilfi 0 o F v -1 ✓ m mt fi , 
I n '/J~ V JJ s ~ V c s - V r C: L, tr. tl\'l %0 ~Jl ~ fC :lo ~:r 0 {i lM ~ 'ti 1,£: ~ b 9 '.!X. A ( 2 ) fC J;t; L:; L 1/ 

- r - 'J-AmEE Cl/- rmEE) vGSfcJ: 011i1J1JE!l~n00 
( J,l( 2 J 

( 2 ) 

c. (J) A ( 2 ) tc :lo v' t , F ii ffi =f- (J) ~ 11JJJ /:lt 'f ilfi I) , C o ~i .l:ji {.V: ffij ffi ~ I) (J) ~ {I:: !to/1 (J) .ct -t ; , 
V :>I ✓ A 'C ilfi I) , L Ii 1- -v ::l', Jv (J) ~ ~ 'C ilfi I) , W fi 1- -v ::l', Jv ~j 'f ilfi 0 o 

(0013] 

N ftm (J) ~ 5 - M o s F E r r 5 ✓ 1/ A :>1 Q 1 1 , Q 1 2 , • • • , Q 1 N ti ll'iJ c:; :lll1 Jt -c ll'iJ c:; ~ tiz 3 s 
J: fc ~ ffi {I:: ~ ti, , / - F C iJ, G ll'iJ c:; lliiJ ~ {!§ i% 1,£: ~ f:r , / - F D 'f 1) :.. 7 v ::¥-' :.i. v - '.>1 1 5 

IC JiJ 9 0 ij'jj L:; 'J - A ~ m 7 -1 ✓ 1,£: ~ L, l v' 0 ~ , N {fl,! (J) L E D 7iJ (J) ffi mt I 1. E JJ 1 , I 1. R n z , 

... , r 1. E 11 N fc ~ G v' F v -1 >' m mt '/J~ M o s F E T r 5 ✓ 1/ A :>1 (J) -t ~ cw/ L .It) tc ti:: ffiJ 
L,, '.!X.A (3) 'f~b~tLoo 

10 

( f,l( 3 J 20 

1 LEDi : 1 LED2 : • • • : 1 LEDN = (w IL 1 : (w IL )2 : ••• : (w IL )N ( 3 ) 

J: Jz!l L, tr. J: '? IC , N {fl,! (J) ~ 7 - M O S F E T r 7 ✓ 1/ A '.>1 Q 1 1 , Q 1 z , · • · , Q 1 N fi fl'iJ C: "'J 
~ cw/ L tu -c ~ ffi {I::~ n -r v' 0 :t.-'L -z Jv + 1±11J m mt~ 5 - s o fc J: r::i , m: EE v JJ c t,I: ~ 
L:; 0 00: mt A 1J m EE vJl\ ~ , ~ ¥# f,$: ~ ffl :l/l1 l.l /C J: 0 M O S F E T (J) ~ {I:: ~ , rifil J!t ~ llvJ fC "'m f_' {t< 
ff L, 7J: V' m mt 7J' jj2 1,£: § llvJ a/;J fC fr iJ; '? (J) fC ffl V' G ti, 0 m mt ~ 7 - 1,/J * '/Jqij G ti, 0 0 

(0014] 

2js: yce a~ fc J: 0 , N {fl,! (J) L E D 71j 1 2 8 1 , 1 2 8 2 , • • • , 1 2 8 N fc JiJ 9 0 ~ ffi {I:: L, tr. L 

E D l[ llvJ ~ m 1 0 0 (J) {{h (J) ~ ]J{!1 ff!J 1,£: ~ 3 fC t'R ~ a/;J fC ~ 9 0 - ffilt: /C ' ~ ffl {I:: L, tr. L E D l[ 1IJJJ 

~ ffir 1 0 0 fi , ~ 2 (J) ~ fft!1 fflj fC :lo f:r 0 "? JV 'f /±l 1J ffi mt ~ 5 - 3 0 (J) {-\'. b I) fC , N {fl,! (J) L E 

D 71J 1 2 s 1 , 1 2 s z , · .. , 1 2 s N t,I: ~g 1IJJJ t" 0 -z Jv + 1±11J tJ A ::i - F m mt ~ 5 - 1 s 
O 1,£: ~ L, , ffl mt ~ 5 - (J) 1±1 1J -1 ✓ I:: - lj' ✓ A 1,£: ?it ~ t c ti, G 'I: mt ~ 5 - '/J~ "ljfl f_' - IE (J) ffi mt 

1,£: ~ c:; 0 J: -5 fc t" 0 o 

(0015] 

-z Jv 'f 1±111 tJ A ::i - F m mt ~ 5 - 1 3 0 1,£: l-Y, ~ fc ~ a~ t" 0 fC , c. (J) -z JV 'f 1±111 tJ A ::i - F 
m mt ~ 5 - 1 3 0 ii , N {fl,! (J) ~ 5 - M O S F E T r 5 ✓ $/ A '.>1 Y... fi -t" (J) {{h (J) r 5 ✓ $/ A '.>1 

30 

Q 1 a 1 , Q 1 o z , · · · , Q 1 o N t , N fim (J) tJ A ::i - F M o s F E r r 5 ✓ 1/ A :>1 Q 1 1 1 , Q 4o 
1 1 z , ·' · , Q 1 1 N C: 1,£: ~ L, l :lo I) , c. ;h, G (J) i5- l:z ii ll'iJ L:; ~ :t& 1 3 6 J: fC , ~ * L, < Ii , [l'iJ 

c:; 'j ~ & -u ll'iJ c:; 1j1j JiJ ~ ~ (J) 'f '\' ;;,, Jv ti:: ( w / L ) C' ~ ffl {I:: 9 0 0 M O s F E T r 5 ✓ 1/ A 

:>1 Q 1 o 1 , Q 1 o 2 , • • • , Q 1 a N (J) If - r ti , ~ m ~ 1 s 2 1,£: fr L, -r II 1.-, 1c *s -@i' ~ n -r 1.-, 0 
0 L. (J) ~ m ~ 1 3 2 Ii ' ffi 1 (J) M O s F E T r 5 ✓ $/ A '.>1 Q I O 1 fC lli ~ 9 0 / - F C 1 0 

0 1J' G N * § (J) M O s F E T r 5 ✓ 1/ A '.>1 Q l O N (J) If - r * C' ~ tf L, ' 1) =- 7 V -¥ ;i V -
:>I 1 5 (J) {f.\; ~ Jffi JMl 7 ,{ Jv '.>1 6 (J) 1±111 1,£: ~ ~:r ,Q O L. ti, ~c J: I) ' N {fl,! (J) ~ 5 - M O s F E T r 
5 ✓ 1/ A '.>1 Q 1 0 1 ' Q l O 2 ' ''. ' Q l O N (J) lj - r (J) -a l:z fi ' ll'iJ c:; lfjlj 1JE!l 1±111 1,£: ~ f:r 0 0 ~ m 
~ 1 3 2 & 'Cf / - F C 1 0 0 Ii ~ tlz 1 3 6 J: fC ~ ffi {I:: ~ ti, t v' 0 o M O S F E T r 5 ✓ $/ 
A :>1 Q 1 a 1 , Q 1 a z , · • • , Q 1 a N (J) '} - A ti ~ m ~ 1 s 4 1,£: fr L, -r II 1.-, fc ~ m ~ n , - 11 
' L. (J) ~ m ~ 1 3 4 Ii 1) =- 7 V ::¥-' :.L V - '.>1 1 5 (J) m mt ~ 1±1 m m R 2 8 fC *a -@i' ~ ti, l V' 0 ~ ' 50 
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(7) JP 2004-538653 A 2004.12.24 

L. 0) • V1t ~ l±l :j:J;I; m R 2 8 ti L. n G 0) M O s F E T r 7 ✓ '1/ A :9 7J' G 0) • V1t 7<E'. ~ l±l 9 0 0 N {!111 

0) ~ 7 - M O S F E T r 7 ✓ 1/ 7-. :9 Q 1 0 1 , Q 1 0 2 , · • • , Q 1 o N 0) .@i- F v ,{ ✓ ti , N {[I,] 0) 

t.J7-.:::i-FMosFETt-::i:;.;:J7-.:>1Q111, Q112, ... , Q11N OJ-5tiOJtifJ;t90l':J 
7<E'.frL,tN{[l,]O)LED:S,ljl 281, 128 2 , ... , 128N 0)'5t,O)jifJ;t90l':JO)-/l/tj 

1c ia ft ~ n --c 1.,,, 0 0 

[0016) 

N {!Iii 0) t.J A :::i - F M O s F E T r 7 ✓ '1/ A -!J Q 1 1 1 ' Q 1 1 2 ' ••• ' Q 1 1 N fc J ~ ~#. ajj 9 0 

fC ' L. n G M O s F E T r 7 ✓ '1/ A -!J Q 1 1 1 ' Q 1 1 2 ' ••• ' Q 1 1 N 0) lf - r ti n'€ m ~ 1 4 
2 "2 * L, -r IL 1.,,, 1c ia ft ~ n --c 1.,,, 0 0 c 0) n'€ m ~ 1 4 2 ti n'€ m ~ 1 4 4 1c ia ft ~ n , c 0) n'€ 

wc ~ 1 4 4 fc J:: f) , / - F E fc ;Jo ft 0 ffi 1 0) t.J 7-. :::i - F M O S F E T r 7 ::,; :l 7-. :9 Q 1 1 1 10 

OJFv-1 ✓■ V1t"2i:.hGNfflO)t.J,"J..:::i-FMOSFET}-7::,;:}7-.70)1/-r~mML,t 

lf-r ■ EEVcs"21i00 ffi 1 OJt.J7-.:::i-FMO SF ET }-7::,;:}7-.7Q 111 OJ Fv-1:;.; ■ 

P1t fi ffi 1 0) L E D :S,lj 0) ■ V1t I L E 11 1 fC ~ L, \,,' o C ;/1, fC J:: f) , N {!Iii 0) t.J 7-. ::J - F M O S F E T 

r ::i ::,; :J 7-. :>1 Q 1 1 1 , Q 1 1 2 , · · · , Q 1 1 N 0) .@i- lf - t- ti Ii 1.,,, 1c IP] G mu fiffl 1~ -1% "2 §'t tt 0 o n'€ 
wc ~ 1 4 2 , 1 4 4 & rf / - F E ti~ 1& 1 3 6 J: fc ffl ffl {r: ~ n t v' 0 o 

[0017) 

N 11111 0) t.J 7-. :::i - F M o s F E r r 5 ::,; :J 7-. -!7 Q 1 1 1 , Q 1 1 2 , • · · , Q 1 1 N OJ .@i- F v -1 ::,; ti 
, N{!li!OJLEDYiJl 28 1 , 128 2 , ... , 128N 0)'5t,O)jifJ;t90l-::>O)-i7/mfciaft 

~ n l \,,) 0 0 ~ ~ 9 n f;f ' ffi 1 0) t.J A :::i - F M O s F E T r 7 ✓ '1/ A -!J Q 1 1 1 0) F V ,{ ✓ 
'/J~ ffi 1 0) L E D :s,'lj 1 2 8 1 0) - i1/M fc ia ft ~ ;/1, , ffi 2 0) t.J 7-. :::i - F M O S F E T r 7 ::,; :l 7-. 20 

-!7 Q 1 1 z 0) F v -1 ::,; '/J~ m 2 0) 1 E o :s,!J 1 2 8 2 0) - ftlm ic ia ft ~ n , ~ r IP] ~ '1! ® 1J , :1& 1i 
fC N :ffi: §l 0) M O S F E T r 7 ::,; 1/ 7-. -7 Q 1 1 N 0) F v ,{ ✓ '/:;~ N ~ §l 0) L E D :S,lj 1 2 8 N 0) -

i1/M fc M ft ~ n l \,,) 0 0 N {!Iii 0) L E D :S,lj 1 2 8 I ' 1 2 8 2 ' ... ' 1 2 8 N 0) .@;- l.z 0) {ili i1/M ti 

i4Wi r 1 1 3 '1! , IDlD !if ~ n t.:. @ vn J... tJ • EE v o c "2 §'t tt 0 o N 100 0) t.J 7-. :::i - F M o s F E r r 
::i ::,; :J 7-. -!7 Q 1 1 1 Q 1 1 z , · · · , Q 1 1 N 0) v - 7-. ti N {ll]! OJ ~ 5 - M o s F E r r ::i ✓ :J 7-. 

-!J Q 1 0 1 ' Q 1 0 2 ' . . • ' Q 1 0 N 0) F V ,{ ✓ fc ~ n ::f' n ia ft ~ n l \,,) 0 0 

[0018) 

N{!lil0)~7-MOSFET}-7::,;:}7-.:9Q101, Q102, ... , Q10N &tfN{!li!OJn7-.:::i-

F M o s F E r r ::i ::,; :J 7-. ,:; Q 1 1 1 , Q 1 1 z , · · • , Q 1 1 N ti , IP] G :M, J~ & tf IP] G "1" $ c w 
/ L tt ) '1! IP] G ~ 1& J: fc ~ ffl {r: ~ ;/1, t ;Jo f) , C 0) tl;j ft , .@i- ~ 7 - - t.J 7-. :::i - F M O S F E 30 

T r 7 >' :J 7-. -!J jif M C 1 , M C 2 , · · · , M C N '/J~ IP] G '/ - 7-. & tf lj' - r n'€ wt 7 ,{ >' ii'. ~ L, 

, -z 11,; 1- l±l tJ t.J A :::i - r • vn ~ 7 - 1 3 o 1c J:: f) , • EE v o c ii'. ~ G 0 l1i vn J... tJ • EE rt ~ , 
.:¥ ~ {* :!fdiHlH~ fc J:: 0 M O S F E T OJ ~ {t ~ , rfilt & ~ JJJ fc ~ i {t t¥ L, 7J: v' ■ V1t ½' W2 ii'. § J}] 

W9 fc fr 7J: -5 0) fc ffl v' G ;/1, 0 ■ P1t ~ 7 - 51.fJ * '/:;~ 1~ G ;/1, , L, t;, t , ■ P1t ~ 7 - 0) /±l tJ ,{ >' 1:: -
~>'7-.Ji'.~~tLED~~•vnii'.4~0J::'?~9Go 
[0019) 

:,js: ~ ajj fC J:: 0 , N {!lj] 0) L E D :S,lj 2 2 8 1 , 2 2 8 2 , • • · 2 2 8 N fc jif 9 0 ffl ffl { r: l, t.:. L 

ED ■ JJJ& ■ 2000J~~®OJW-~"2~4~-~W;_J~~9o fflffl~LkLED ■ JJJ& ■ 
2 0 0 '1! ti , 1) :=.. 7 v ;¥' :i v - -!J 1 5 0) {-\'; b f) fc ~ 7 - - t.J 7-. :::i - r' M O S F E T r 7 >' 
1/ 7-. :9 xif M C 1 0 ( Q 2 0 0 , Q 2 1 0 ) 7<E'. ffl v', C OJ ~ 7 - - t.J 7-. :::i - F M O S F E T r 7 40 

>1$/7-.-:JxifMC 1 0"2~7- - t.J,"J..::J-FMO SF ET f'7 ✓ '1/A-:JxifMC 1 1, MC 1 

2 , · · · , M C 1 N t ti ~ 7J: 0 W / L tt '1! IP] G ~ ;j1j 2 3 6 J: fC ffl ffl {t 9 0 o ~ 7 - - 7J 7-. :::i 

- F M O S F E T r 7 ::,; :l 7-. -!J :XiJ M C 1 0 ( Q 2 0 0 , Q 2 1 0 ) fi , ~ ■ P1t Wi{ 2 0 2 t;, G -
~ OJ ~ rjl.i ■ P1t I I e r 7<E'. §'t ft 0 ■ P1t :::i :;.; r tJ - 7 , 9 iJ: b ti ■ P1t v ;¥' :i v - -!J 2 5 O t L, t 

~~~9 0 0 

[0020) 

"Z J].; 'f l±l tJ t.J 7-. :::i - F ■ P1t ~ 7 - 2 3 0 7<E'. ~ ajj 9 0 fC , C. OJ "< ;J.; 'f l±l tJ t.J 7-. :::i - F ■ P1t ~ 
::i - 2 3 o ti , N 11 0) ~ 5 - M o s F E r r ::i ::,; :J 7-. -!7 Q z o 1 , Q z o z • , · · , Q 2 o N t N 
{!li!O)t.J,"J..:::i-FMO SF ET }-7::,;:}7-.-!JQ 211, Q 212, ... , Qz 1N t7<E'.~Lt::Jof), 
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~ ~:,~.:::~;er'!;;u~~:~1~~;~~~:u:,:/;:1~.~~~Jt!:i~~~l;~~i~lely, wilr1 rninlmlud phnse delay\ in a PWM IT\<'ld.l, 111e 
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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 nnd1 alternately, with minimized phase delays in a PWM mode, 

Driving Jarge scale LED drivers for a large amount N of LED strings (such as, 

without limltatio111 in LC-TV direct backlight) requires complex circuitry and expensive 

controllers. Moreover, with existing te<:hnology, when the multiple LED strings arc operated 

in a PWM mode, time delay variations are present between the controllers, which could cause 

different phases among the N LED strings, 

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

10 device 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 Ircr at tenninal 2a and a regulated DC input voltage source 

(NOT SHOWN), wltich delivers the PC input voltage Yoe at terminal 3. The linear regulator 

5 functions in a manner wl1ich n1aintains a constant LED current ILED• The general operation 

15 of the linenrregulotor 5 will now be described in detail below. 

The LED cu11ent lte.o is sensed via a sensing resistor R28. Operational 

amplifier (OP·AMP) Ul in combination with resistors .R2S and R26 provides proper 

amplification so that the LED current ILEo 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 ruid the negnlive or inverting terminal of OP-AMP Ul. 

25 

Resistor R26 is coupled to the negative or inverting terminal of OP-AMP Ul and ground. 

The transfer function of OP·AMP U2 is expressed as 

R22 
R23 l+sR22C9 

wherein sis a complex variable; resistor R22 is a feedback resistor coupled between the 

output tenninnl 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 terminal 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 Irer from tem1inal 2a, 

Referring still to the schematic diagram, node A of the linear regulator 5 also 

has one tcm1inal ofresistorR21 coupled thereto and is adjacent to node B, The other tenninal 

of resistor R21 is coupled to the drnin of transistor or metal-oxide semiconductor field-effect 

transistor (MOSFET) QA!. Tho gate oftransistor or MOSFET QA! receives the constant 

reference current Ircf frorn terminal 2h. The source of transistor or MOSFET QA! is coupled 

10 to ground. NodeB has coupled thereto one tenninal of capacitor CS and the cathode hmninal 

of diode D8. The other tenninal of the capacitor CS is coupled to ground, The anode of diode 

D8 is couple<i to the output terminal of OP-AMP Ul. 

A control output is generated at the output tenninal ofOP·AMP U2, the 

regulator's controller, and is coupled to the gate of transistor or MOSFET Qt via a RC 

15 lowpass filter 6 the,~by providing the gate voltage Vos to the transistor orMOSFET QI, The 

RC lowpass filter 6 comprises resistor R24 and capacitor Cl0. The first tenninal ofresistor 

R24 is coupled to the output terminal of OP-AMP Uz and to a first terminal of capacitor Cl 0. 

The second terminal ofcapacitorCl0 is coupled to ground. 

The linear regulator 5 further includes resistor R20 having one terminal 

20 coupled to the second tenninal of resistor R24 and to the dmin of transistor or MOSFET 

QA2. The gate of transistoror MOSFET QA2 is coupled to the output terminal of NOT gate 

NGJ and the source of transistor or MOSFET QA2 is coupled to ground. The input tem1inal 

of NOT gate NG3 receives the constant reference current I.tr from the tenninal 2b, 

In operation, the drain-source current of transistor or MOSFET QI, which is 

25 equal to luo, is regulated to follow the constant reference current Ircr, The linear regulator 5 

in FIG. I works very well for a DC or a pulse-width modulated (PWM) operated LED string 

8. However, when N LED strings. wherein each string includes a plurality of LEDs, are to be 

driven, simple duplication of the circuitry 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 

30 complexity of the circuitry and control}er costs of the linear regulator. Moreover, if tho LED 

strings are operated in a PWM mode, time delay variations between the duplicated controllers 

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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TI1e integrated LED driving device employs a single linear regulator or other controller for 

controlling a reference current and a multiple-output current mirror1 which includes a 

plurality oftrnnsistors or MOSFETs, Each of transistors or MOSFETs are integrate<! on the 

srune 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 ofth~ DC input voltage source, which provides the DC input voltage 

Voe, independent of the MOSFET's variation 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 ofan integrated LED driving device for 

multiple LED strings of the present invention. 

Fig. 3 illustrates a schematic diagram of an alternate embodiment offue 

integrated LED driving device for multiple LED strings of the present invention, 

Fig. 4 illustrates a schematic diagram of an another altemate embodiment of 

the integrated LED driving device for multiple LED strings of the present invention, 

Refening now to Fig, 2, an exemplary embodiment of the schematic diagram 

of an integrated LED driving device 10 forN LED strings 281, 28,, .. ,, 28N according to tho 

present invention is shown, The integrated LED driving device 10 includes a single lineor 

regulator lS driven with a constnnt reference current signal !~rat tenninal 2a and amultiple4 

25 output current mirror 30 for driving the N LED strings 281, 282, ,.,, 28fi. Each LED string 

includes a plurality of LEDs. The single linear regulator 1S is essentially identical to the 

linear regulator 5 ofFIO, 1 and thus the sa.tne reference numerals have been used. 

Ncycrtheless, other linear regulators may be employed. 

Referring now to the multiple•output current mirror 30, the multiple-output 

30 mirror 30 includes N-mirror tronsistors orMOSFETs QI 1, Q12, ... , QIN caoh of which are 

integrated on the same substrate 36 with preferably the same size and with identical width.to• 

length channel (J,/L) ratios. The gates of transistor or MOSFET QI 1, transistor or MOSFET 

Ql2, , .. and tronsistor or MOSFET QIN are coupled together via path 32. Path 32 extends 

from node C in close proximity to the gate of the first transistor or MOSFETQl 1 to the gate 
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4 

of the N~ transistor or MOSFET QIN andre<eives the output of the lowpass filter 6 of the 

linear rcgulalor 15. TI1ereby, each of the gates of the N•mirror transistors or MOSFETs Ql11 

Qt 2, ... , QIN receive the same control output from OP-AMP U2, the regulator', controller. 

Palh 32 nnd node C nre integrated on the substrate 36, The sources of transistor or MOSFET 

Qt 1, transistor or MOSFET Ql2, ... and transistor or MOSFEl' QIN are tied together via 

path 34 wherein path 34 is coupled to the sensing resistorR28 of the linear regulator 15 so 

that current sensing resistor R28 senses the current therefrom. Each drain of the N•mirror 

translstorS or MOSFETs Qll, Q12, ... , QIN is coupled to one end of a respective one of the 

N LED strings 281, 28,, ... , 28N, In other words, the drain of first transistor or MOSFET QI 1 

10 is coupled to one end of the first LED string 281, the drain of the second transistor or 

MOSFET Ql2 fa coupled to one end of the second LED stdng 282, so on and so forth, until 

the drain ofthe N'h transistor or MOSFET QIN is coupled to lheN~ LED string 28N, The 

other end of each of the N LED strings 281,282, ... , 28N receives a DC input voltage Voe at 

terminal 13. 

15 Refening now to the operation of the integrated LED drlving device 101 since 

the N-mirror transistors or MOSFETs Ql 1, Ql2 and QIN are integrated on the same 

substrate 36 using the same semiconductor manufacturing process (e.g., temperature, 

material, mask, doping, etching) when the N-mirror transistors orMOSFETs Ql 1, Ql2 and 

QLN are operated in the saturation mode with Vos ~Vos -VT, the cU1Tent flowing through the 

20 channel almost no longer depends on the drain-source voltage Vos, Vos is the gate-to-source 

voltage and Vr is U1e threshold level voltage. The drain current is controlled by the gate-to­

source (gate) voltage Vos via the equation (2) wherein Io is representative of the transfer 

characteristic in the saturation region where Vos;-;::: Vos -Vr and is expressed by: 

25 (2) 

where Fis the mobility of the electronsj Co is the oxide capacitance per unit area; Lis the 

channol length; and Wis the channel width. 

Since, the N-mirror transistors or MOSFETs QI 1, Ql2 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 connection to the linear regulator 15 at nodeD1 the drain 

currents, which are equivalent to their respective one of the N LED string currents II.Ent, 
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Ium1, ... , ltEDN, are scaled by the transistor or MOSFET size (the W/L ratio) and arc 

expressed as: 

lLEUl: ILEo,:, .. :lcwH = (W/L),:(W/L),: ... :rJ{fL)s (3) 

In view of the foregoing, since the N-mirror transistors or MOSFETs Qll, Ql2, ... , QIN are 

integrated with the same size (W/L ratio), the m\lltiple-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 voltage source providing voltage Voe, almost independent of the 

10 MOSFET's variation from the semiconductor integrntion process, and almost independent of 

temperature variation. 

Rcfening now to FIG, 3, the schematic diagram ofnn alternate embodiment of 

an integrated LED driving device 100 forN-LED strings 1281, 1282, ... , 128H according to the 

present invention is shown, In general, the integrated LED driving device 100 includes a 

15 multiple-output cnscode current mirror 130 fur driving the N-LED strings 1281, 1282, , .. , 

128N" in lieu of the multiple-output current mirror 30, of the embodiment of FIG. 2, to 

Improve the Output impedance of the current mirrors which delivers the almost constant 

current, 

Referring now to the multiple-o,uput cnscode current mirror 130, the ntultiple-

20 output cascade current mirror 130 includes N•mirror transistors orMOSFETs QlOl, Ql02, 

... , QI0N and N-cascode transistors orMOSFETs QI 11, 112, ... , QI IN each of which are 

integrated on the same substrate 136 preferably with the same size and with identical width• 

to-length channel (WfL) ratios. The gates of transistor or MOSFET QIOJ, trnnsistor or 

MOSFET Ql02, ... , and transistor or MOSFET Q!0N are coupled together via path 132. Path 

25 132 extends from node Ct 00 in close proximity to the gate of tho first-mirror transistor or 

MOSFET Ql0l to the gate of the N"-mirror transistor or MOSFET QlON 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 Q!0l, QI02, ... , QI0N receive the same control output. Path 

132 and node ClOO ure integrated on the substrate 136. The sources oftnmsistor orMOSFET 

30 QI0I, transistor or MOSFET Ql02, ... nnd transistororMOSFET Ql0N are tied together via 

path 134 wherein path 134 is coupled to the sensing re!listor R28 of the linear regulator 15 so 

thal current sensing resistor R28 senses the current therefrom. Each drain of the N-mirror 

transistors orMOSFETs Qtol, Q102 1 , .. 1 Q!ON is coupletl to one end of a respective one of 
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the NLED strings 1281, 1282, ... , 128N via a respective one of the N~cascode transistors or 

MOSFETsQJ I I, QIJ2, ... , QIIN, 

Referring now to the N-cascode transisto,s orMOSFETs Qll I, QI 12, ... , 

QI IN, the gates of transistor or MOSFET QI 11, transistor orMOSFET Q112, ... and 

transistor or MOSFET Qi IN are coupled together via path 142. Path 142 is coupled to path 

144, which connects to the drnin current of the finit-cascode transistor orMOSFET Qi 11 at 

node E to such gates to provide the gate voltage Vos, The drain current of the first-cascode 

transistor or MOSFET QI 11 is equivalent to the first LED string current 1Leo1, Thereby, each 

gate of the N-cascode transistors orMOSFETs Qt 11, QI 12, ... , QllN receive the ssme 

10 control signal. Path 142, path 144 and node Eare integrated on the substrate 136. 

Each drain of the N,cascode tr\lilslstors or MOSFETs QI 11, Q112, ... , QIIN 

is coupled to one end of a respective one of the N LED strings 1281, 1282, ,,.1 128N. In other 

words, the drninof first-cascade transistor or MOSFET Ql 11 is coupled to one end of tho 

first LED string 128,, the drain of the second-cascode transistor or MOSFET Q112 is 

15 coupled to one end of tho second LED string 128.:i, so on and so forthj w1ti1 the drain of the 

Nlh tronsistor or MOSFET QI IN is coupled to the Nlh LED string 128N, The other end of 

each if the N LED strings 1281, 12&l, ... , 128N receives R regulated DC input voltage Voe nt 

terminal 113. The sources of the N-cascode transistors or MOSFETs Qll l, Ql 12, ... , QI IN 

are coupled to a respective drain of the N-mirror transistors or MOSFETs Q101 1 Q1021 , •• , 

20 QI0N. 

Since the N-mirror trru,sistors or MOSFETs QI OJ, Q102, ... , QION and the N­

cascode transistors orMOSFETs Qll l, QI 12, ... , QI IN ere integrated on Ute same substrate 

136 with tho snmc process and with the same size (W/L ratio) and wherein the each mirror­

cnscode transistor or MOSFET pair MCl, MC2, ... , MCN have the same source and gate 

25 connections, the rnultipk:-outputoascode current mirror 130 creates n current mirror effect 

which is used to generate automatic current sharing which is almost independent of the DC 

input -voltage source Yoe, almost independent of the MOSFET's variation from the 

semiconductor integrntion process, and almost independent of temperature variation while 

also improving the output impedance ofthe constant current mirror which delivers the 

30 constant current ln the LEDs, 

Referring now to FIG. 4, the schematic diagram of a second altemate 

embodiment of an integrated LED driving device 200 for N-LED strings 2281, 228,, .... 228N 

according to the present invention is shown, The integrated LED drlvJng device 100 

substitutes a mirror-cascade transistor orMOSFET pair MCI0 (Q200, Q210) for the linear 
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regulator 15 and integrates the mirror-tascode transistor or MOSFET pair MCl0 on the same 

substrate 2361 but with a different W/L ratio as the mirror~cascode transistor or MOSFBT 

pairs MC! 1, MC12, ... , MC!N. The mirror-cascode transistor or MOSFET pair MCl0 

(Q200, Q2 I0} functions as a current controller or regulator 250 which receives the constant 

reference current Ircr from the constant current source 202. 

Referring now to the multiple--output cascode current mirror 2301 the multiple~ 

output cascade current mirror 230 includes N~mirror transistors or MOSFETs Q201, Q202, 

,.,, Q20N und N-cascodc transistor., orMOSFETs Q21 l, 212, ... , Q21N each of which nre 

integrated ott the same substrale 236 with the same size preferably und identical width-to• 

10 leng1h channel (W/L) ratios. 'CTie gates of transistor or MOSFET Q201, transistor or 

MOSFET Q202, ... and transistor or MOSFET Q20N arc coupled together via path 232. Path 

232 is coupled to path 238, which connects to the gates of the N~mirror transistors or 

MOSFETs Q201, Q202, ... , Q20N und the gale ufr11irror transistor orMOSFET 200 lo the 

source: of the cascode transistor or MOSFET Q210, of the current controller or regulator 250, 

15 at node F. Thereby, each of such gate~ receive the same control signal. Each source of the N• 

mirror transistors or MOSFETs Q201, Q2021 ... , Q20N nnd the source of mirror transistor or 

MOSFET 200 are coupled to ground. Each drain of the N-mirror transistors or MOSFBTs 

Q201, Q202, ... , Q20N and the drain of mirror transistor or MOSFET 200 is coupled ton 

respective source of the N•cascode transistors or MOSFETs Q21 l, 212, ... , Q21N and the 

20 source of the cascode transistor or MOSFET Q210, respectively. Paths 232,238 and node F 

are integrated on the same substrate 236. 

Referring now to the N-coscode transistors orMOSFBTs Q21 l, Q212, ... , 

Q2 l N, the gates of transistor or MOSFET Q2 l 1, transistor or MOSFET Q212, ... and 

transistor or MOSFET Q2lN are coupled togethervin path 242. Path 242 is coupled to path 

25 244, which connects to the constant reference current Irer or the drain current of tho cascodo 

transistor orMOSFET Q210 at node El0 to such gntes. Thereby, each gate of the N-cascode 

transistors or MOSFETs Q21l, Q2l2, ... , Q21N receive the same control signal. Path 242, 

path 244 and node ElO are integrated on the substrate 236. Bach drain of the N-cascode 

transistors or MOSFETs Q21 l, Q2!2, ... , Q2lN is coupled to one end of a respective one of 

30 the N LED strings 2281, 2282, ... , 228N, The other end of each of the NLED strings 2281, 

22821 .. ,, 228N receives a regulated DC input voltage Voe at tenninat 213, The sources of the 

N-cascode transistors orMOSFETs Q211 1 Q212, ... , Q21N are coupled to a respective one of 

the drairui of the N-mirror transistora orMOSFETs Q201, Q202, ... , Q20N, Tho drain of the 
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cascade transistor or MOSFET Q210 is coupled to constant reference cunent source 202 and 

re<:eives the constant reference current source Ir~<· 

In operation, since the N mirror-cascode transistor or MOSFET pairs MCl 1, 

MC121 .. ,, MClN of the multiple•output current mirror 230 nnd the mirror-coscode tra.nsistor 

or MOSFET pair MClO (Q200, Q210) of the current controller or regulator 250 are 

integrated on the same substrate 236 with the same process1 and have tho same source and 

gale connections, the drain currents, which are equivalent to their respective one of the N 

LED string currents IL£01i ILuo2, ... , Iu~oN, are scaled by the transistor or MOSFET size (the 

W/L ratio) and provide a current mirror gain k which is expressed as: 

(4) 

Numerous modifications to and alternative embodiments 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 illustrative only and Is for the purpose of 

teaching those skilled in the art the best mode of carrying out the invention. Details of the 

15 structure may be varied substantially without departing from the spirit of the invention nnd 

the exclusive use of all modifications which come within the scope of the appended claims is 

resl..'I'Vcd. 
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CLAIMS: 

l. An LED driving device for driving N LED string..c11 comprising: 

means for regulnting a reference current signal (1 S); nnd 

a multiple-output current mirror (30) coupled to N LED strings (281-28N), the 

current mirror having N~mirror transistors (Ql 1-QlN) and being coupled to tho regulating 

means (15), wherein the N-mirror transistors (Ql 1-QlN) are integrated on a single substrate 

(36) with substantinlty identical width-to-length channel (Jv/L) ratios, with substantially 

identical gate control signals1 and with substantiaUy identical source connections. 

2, The device according to Claim 11 wherein the regulating means (15) comprises 

10 a linear current regulator having a means for sensing current (R28) and a controller (U2) for 

producing an output control signal to a node Ultegmted on the substrate (36), and whereln 

gates of the N-mirror transistors (Ql 1-Q!N) 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 cuJTent regulator (15) having a means for sensing current and a 

controller (U2) having nn output control signal; and1 

a multiple-output current mirror (30) including a node for receiving said 

output control signal, N-mirror transistors (Ql 1-QlN) each having a gate coupled to said 

20 node1 a drnin coupled to a respective one of the N LED strings (281·28N), a source coupled to 

the c\ment sensing means and a width-to-length channel (W/L) ratio wherein the N-mirror 

transistors (QI I-QIN) are integrated on a single substrate (36) and have substantially 

identical W/Lrntios. 

25 4. The device according to Claim 11 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 

o. respeclive one of the N'-mirror transistors (Q20l-Q20N) to form N mlrror-cascode 
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transistor pairs (MC! 1-MC!N), wherein each transistor of the N--oascode transistors (Q21 l­

Q21N) has a drain coupled directly to the respective one ofthc N LED strings (2281-228N); 

each one of the N-<ascode transistor (Q21 I-Q2 l N) have substantially identical 

\VIL ratios which are also substantially identical to the W/L ratios of the N-mirror transistors 

(Q201-Q20N); and 

the N-cnscode transistors (Q21 l-Q2JN) are integrated on the single substrate 

(236). 

5. The device acoording lo Claim l, 2, 3 or 4 further comprising a DC input 

IO voltage coupled to the N LED sitings (281-28N). 

15 

6. The device nccording to Claim 1 or 51 wherein tho multiple-output current 

mirror (30) provides automatic current sharing which is almost independent of temperature 

variation, DC input voltage variation and transistor vruiation. 

7. The device according to Claim 1, 2, 3 or 4 wherein the gates of the N-cascode 

transistors (Q 111-Ql IN) are coupled to a first LED string (1281) of tho N LED strings (1281-

!28N), 

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

(30) provides automatic current sharing in a DC mode wHh minimized phase delays jn a 

PWMmode. 

9, The device nccording to Claim 2, wherein the multiple-0utput current mirror 

25 (130) further comprises N-cRScode transistors (QI 11-Ql IN} each having a source coupled to 

a drain of a respective one of the N-mirror transistors (Ql0l-Ql0N) to fonn N mirror~ 

cascode transistor pairs (MCl-MCN), and wherein: 

coch one of the N-cascode transistorn (Qll l-Ql IN) has a drain coupled 

directly to the respective one of the N LED strings (1281~128N); 

30 ea.ch gate of the N-cnscode transistors (Qlll-QllN) is conne<;led to a drain of 

a first cuscodc trnnsistor (Ql 11) or the N.oascode transistors (QI 11-QIIN); 

e110h one of the N-cascode transistors (Qll I-QI IN) have substantially 

identical W/L rntios which are also substantially identical to the W/L ratios of the N•rnirror 

transistors (Q!Ol-QION); and, 
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the N-cascode transistors (QI 11-Ql IN) ure integrated on the single substrate 

(136), 

10. The device nccording to Claim 4, wherein the regulating means (250) 

includes: 

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

tnmsistor (Q200) having a gate control signal and a source connection which are substantinlly 

identical to Ole gate control signals and the source connections of the N-mirror transistors 

(Q20l-Q20N) and having a second W/Lratio, wherein the W/L ratio of the N-mirror 

l O transistors (Q201-Q20N) are k times greater than the second W/L ratio; and, 

a cascode transistor (Q210) integrated on the singlo substrate, the cascade 

transistor (Q210) having a gate control signul which is substantially identicnl to the gate 

control signal• of the N-cascodo transistors (Q21 l-Q21N) and having a second W/L ratio, 

wherein the second W/L ratio of the cascodo transistor(Q210) is equal to the W/Lratio of the 

15 mhtorlransistor (Q200), 

J I. The device according to Claim I 0, wherein: 

the sources ofU1e N-mirrot transistors (Q201-Q20N) are coupled to ground: 

the gates of1he N-mirror transistors (Q201-Q20N) are coupled lo a palh which 

20 is coupled to the drain of tho mirror 1ransis1or (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 ahnosl independent of temperature 

variation and almost independent of transistor variation, 
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7' L E D -lz Jv ( 3 0 7J ~ 3 2 , 4 0 7J ~ 4 2 ) fa: , L E D ( L 1 1 7J ~ L X Y ) -J:p G 13 0) 

:Yt'; ;it AA ~t T 0 tr. UJ f;: 1 -:::> ::X. fa: -r n. LY, J:: 0) L E D ( L 1 1 7J ~ L X Y ) ;it Jffi 0 ffl V]( ( I S , 

V s ) 1J' G 0) L E D ffl rm 0) rm n ;it #ilJ ~ 9 G O JjJ {'F i:: tf~ 't' - F K to V) l ' A -1 '') T ✓ 7' L E 
D -lz Jv ( 3 0 7J ~ 3 2 , 4 0 7J ~ 4 2 ) fa:, L E D ( L 1 1 7J ~ L X Y ) ;it Jffl 0 ffl V]( ( I 

s , V s ) 1J' G 0) L E D ffl rm 0) rm n ;it ~ G {t ,Q O 10 
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tWiHJ:1<0)fJl'ilfflJ 
uw :1< J1i 1 ] 

LE D,~IK!IW@lffl'"fi!S-::it: 

(2) JP 2006-525664 A 2006, 11. 9 

ffi 1 Jl1ll r& ~ fC :t-3 v' t • 1J lS:: l_j. it 0 ~ '? fC ll/JJ {'p '9 0 • Wlt : & 'CJ 
ffilO)~~<ttl?O)LEDlS:.:9-::itffln0ffilLED•ffl~~Gt~O)ffil~lS:.'.~ 

Af90~'?~llvJ{'F90AA~O)ffilO)~~<ttl?O)LEDlS:.:ff90ffilA-1o/TY1/L 
E D t Jv ; 

1S::ff90 LE Dilill/JJ@lffl--Ci!S ~, 
AA t2 ffi 1 A .{ ':J T Y 1/ L E D t JV ii ffi 2 Jl1l] r&'. ~ fC :t-3 v' t ffi 1 :/j~ ~t -1:: - F t ffi 1 ll/JJ {'P ~ ~g 

-1:: - F t 0) fill l: A .{ ':J T Y 1/ ~ n 0 ~ -3 fc ll/JJ {'P L, ; 10 
AA t2 ffi 1 :tJ~ M -1:: - F i:p , AA t2 ffi 1 A .,, ,y T ✓ 1/ L E D t Jv ti AA t2 0) m 1 0) ~ ~ < t t 1 

?O)LEDlS:.:B0AA~•Wlt~GO)AA~ffilLED.fflO)ffinlS:'.~-L,;~L,t 
AA~ffilll/JJW~~-1::-Fi:p, AA~ffilA-1o/TYifLEDt~~AA~O)ffilO)~~< 

ttl?O)LED7S:.'.90AA~•Wlt~GO)OO~ffilLED.ffiO)fflnlS:.:~G~0: 
C t lS:: W ~ t '9 0 L E D ,~!U}J @l l?iL 

n:1<~1~~tiO)LED ■ ll/JJ@lffl'"fi!S-::it: 

ffi20)~~<ttl?O)LED7S:.'.9-::itffln0ffi2LED•ffl~~Gt~O)ffi2~7S:.'.~ 
Af90~'3~]ll}Jf'F90AA~O)ffi20)~~<ttl?O)LED7S:.'.ff90ffi2A-1o/TY1/L 
E D t Jv ; 20 

lS:.'.~~ff90LED ■ iJJ@lffl'"fi!S~, 
AA t2 ffi 2 A.-, ':J T Y 1/ L E D t ;Hi ffi 3 Jl1ll vt ~ fc :rs i.,, t ffi 2 :IJ~ M -1:: - F t ffi 2 ll/JJ {'i, ~ ~g 

-1::-FtO)fllll:A-1o/TYif~n0~'?~iJJ{'pL,; 
AA t2 m 2 :tJ~ ~t -1:: - F i:p , AA i2 m 2 A .,, ,y T ✓ 1f L E D t 1v ti AA i2 0) m 2 0) 0' ~ < t t 1 

?O)LEDlS:'.9000~-Wlt~GO)AA~ffi2LED.fflO)fflnlS:.:~-L,;~L,t 
AA t2 m 2 iJJ w ~ ~g -1:: - F i:p , AA i2 m 2 A .,, ':J T ✓ 1J' L E D t Jv ti AA t2 0) m 2 0) ~ ~ < 

ttl?O)LEDlS:.'.~0oo~•Wlt~GO)AA~ffi2LED.fflO)fflnlS:.:~G~0 
C tlS:.:!M'f'ci&t'90 LE D,~liifl@lfflo 

iJ ;1< J1i 2 fC ~2 ti 0) L E D )jli lliJJ @l ffl l: ;JS -::i t : 30 

ffi30)~~<ttl?O)LED7S:.'.9-::itfflh0ffi3LED•ffl~~Gt~O)ffi3~7S:.'.~ 
Af90~'?~ll/JJ{'F90AA~O)ffi30)~~<ttl?O)LED7S:.'.ff90ffi3A.-,o/TY3/L 
E D t Jv ; 
lS:.'.~~ff90LED ■ iJJ@lffl'"fi!S~, 
nrH2 m 3 A .,, ,y T ✓ 1f L E D t Jv ti m 4 Jl1ll vt ~ fc :rs i.,, -r m 3 :tJ~ M -1:: - F t m 3 ll/JJ f'P ~ ~g 

-1::-FtO)f1lll:A-1o/TYif~h0~?~iJJ{'pL,; 
oo t2 m 3 :tJ~ ~t -1:: - r' i:p , AA t2 m 3 A .,, o/ T ✓ 1J' L E D t Jv ti oo i2 0) m 3 0) 1, ~ < t t 1 

?O)LEDlS:.:B0AA~•Wlt~G0)00~ffi3LED.fflO)fflhlS:.:~-L,;~L,t 
00 !2 ffi 3 ll/JJ {'p ~ #g -1:: - r' i:j:l , 00 !2 ffi 1 A .{ ':J T Y 1f L E D t Jv ii 00 !2 0) ffi 3 0) 0' ~ < 

ttl?O)LEDlS:.:D000~•Wlt~GO)AA~ffi3LED.ffiO)fflnlS:.:~G~0 ~ 

C t7S::W~t'90 LE Diliifl@lfflo 
Uw :1< l1i 4 J 
0:1<Xl'il~~-O)LED ■ ]ll}J@lffl~i!S-::it: 

ffi20)~~<ttl?O)LEDlS:.'.9-::itfflh0ffilLED•ffl~~Gt~O)ffi2~7S:.'.~ 
Af90~'?~iflf'F9000~0)ffi20)~~<ttl?O)LED7S:.'.ff90ffi2A-1o/TY1/L 
E D t Jv ; 
lS:.'.~~ff90LED ■ iJJ@lffl'"fi!S~, 

M~ffilA-1o/TY3/t~&UOO~ffi2A-1o/TYifLEDt~~M~ffi2Jl'llr&'.~~:t-s 
v' t AA t2 ffi 1 :/j~ ~t -1:: - F t AA !2 ffi 1 iJJ {'p ~ #g -1:: - F t 0) fill ~ A .{ ':J T Y lj' ~ n 0 ~ '? fc ]lljJ 
{'p L, ; 50 
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(3) JP 2006-525664 A 2006.11.9 

AA i2 m 2 1i5z. ~t -c - F r:r , AA !2 ffi 1 ;z -1' ,y + ✓ 1/ L E D t 1v & TJ AA i2 m 2 ;z -1' ,y + ✓ 1/ L 
EDt~~AAre~ffil~Y~<ttlJ~LED&TJAAre~ffi2~Y~<ttlJ~LE 
D~D0AAre•~~G~AAreffilLED•ffl~ffln~~-L:~Lt 

AA~ffi2~1'F::fW-c-Fr:\:l, AAreffil7--1o/7'1/ijLEDt~&TJAArem2;z-{o/7 
'1/ijLEDt~~AAre~ffil~Y~<ttlJ~LED&TJAAre~ffi2~Y~<ttlJ 
~LED~D0AAre•~~G~AAreffi1LED•ffl~ffln~~G~0: 

i: t~M'f'J&t90 LE D,g1W)@lfflo 
Uw :5JUJl 5 J 
M*~4~~-~LED ■ 1WJ@lffl~~?t: 
ffi 3 ~ ::1,, ~ < t t 1 J ~ L E D ~ D ? t ffl n 0 ffi 2 L E D ffi ffl fz: JiG t t :Ye ~ ffi 3 ,gi, ~ fj5z, 10 

ti90~?~lWJ1'f90AAre~ffi3~Y~<ttl?~LED~~90ffi37'-1'o/cf'1/ijL 
E D t Jv ; 
~~~~90LED ■ lWJ@lffl~~~' 
AA !2 ffi 3 7- -{ 'Y cf '1/ lj' L E D t ;HJ: ffi 3 ml¥&'.~ fC :ts i.,, t ffi 2 fj5z. ~t .'f - F t ffi 2 ~ 1'F ::f ~~ 

-c-Ft~M~7--1o/cf'1/ij~n0~?~1WJ1'FL: 
AA !2 ffi 2 15:x. ti -c - F r:p , AA !2 ffi 3 7- -1' 'Y cf '1/ 1f L E D t Jv fj: AA !2 ~ ffi 3 ~ ::1,, ~ < t t 1 

J~LED~D0AA~-~~G~AAreffiZLED•ffl~ffln~~-L:~Lt 
AAreffi21WJ1'F::fW-c-Fr:\:l, AAreffi27--1'o/T ✓ ijLEDt~~AAre~ffi3~Y~< 

ttlJ~LED~D0AAre•~~G~AAreffi2LED•ffl~ffln~~G~0 
i: t ~ M' fJ,1 t 9 0 L E D ,rr 1WJ @l M o 20 

Ul!l*JJ'isJ 
M*JJ'i4~re-~LED ■ 1WJ@lffl~~?t: 
ffi3~Y~<ttlJ~LED~D?tffln0ffilLED•ffl~f,Gtt:Yc~ffi3,gi,~$ 

ti90~?~lWJ1'f90AAre~ffi3~Y~<ttl?~LED~~90ffi37'-1'o/cf'1/ijL 
E D t Jv ; 
~~~~90LED ■ lWJ@lffl~~~' 
AA !2 ffi 1 7- -{ 'Y cf '1/ 1/ L E D t }V , AA !2 ffi 2 7- -{ 'Y cf '1/ lj' L E D t JV & TJ AA !2 ffi 3 7- -1' 

,y + ✓ 1/ 1 E D t 1v iJ: m 2 m1 r&: i:x. ic :ts i.,, t m 1 1J5z. ~t -c - F t m 1 1WJ w ::f ~~ t - F t ~ M ~ 
7- -{ 'Y cf '1/ 1f ~ n 0 ~ ? fc 1W) {'~ L ; 

llU !2 ffi 1 15:x. tit - )-t r:p, AA !2 ffi 1 7- -{ 'Y cf '1/ lj' L E D t JV, AA !2 ffi 2 7- -{ 'Y cf '1/ 1/ L E 30 

D t Jv & TJ AA !2 ffi 3 7- -{ ,y cf '1/ 1/ L E D t Jv fj: , AA !2 ~ ffi 1 ~ Y ~ < t t 1 J ~ L E D , 
AAre~ffi2~~~<ttlJ~LED&TJAAre~ffi3~Y~<ttlJ~LED~D0AA 
re•~~G~AAreffilLED•ffl~ffln~~-L;~Lt 

AA !2 ffi 2 1WJ 1'F ::f ~~ -c - F r:r , AA !2 ffi 1 ;z -1' ,y + ✓ 1/ L E D t 1v , AA !2 ffi 2 ;z -1' •;; + ✓ 1/ 

L E D t Jv & TJ AA r,2 ffi 3 7- -{ 'Y cf '1/ 1/ L E D t Jv fj: , AA !2 ~ ffi 1 ~ Y ~ <. t t 1 J ~ L E 
D, AA!2 ~ ffi 2 ~ ::1,, ~ < t t 1 J ~ L E D & TJAA!2 ~ ffi 3 ~ Y ~ < t t 1 J ~ L E D ~ D 
0AAre•~~G~AAreffi1LED•ffl~ffln~~-90 

i: t~M'f'J&t90 LE D,rrlWJ@lfflo 
Ul!l*JJ'i7J 

7- -{ 'Y cf '1/ 1/ L E D t Jv ~ ~ ? t : 
A :tJ /4'/H~- : 
/±I 1J it/Af "1- ; & TJ 

~1W)fF90AAre~Y~<t.tlJ~LED; 
~~907'-1'o/cf'1/ijLEDt~~~9, 
AA !2 ;z -1' 'Y cf '1/ lj' L E D t JV fj: L E D ,,rr 1WJ ml r&: ~ fZ: :ts i.,, t 15:x. Mt - F t 1WJ {1 ::f ~~ -c - F 

t~M~7--1o/cf'1/ij~n0~?~1WJ1'FL: 
M !2 $ M -c - F fi , • ~ iJ, AA !2 J-.. 1J iii'm "1- t 00 !2 1±1 :iJ tlM -=f t ~ !ID fc ffrli x. G n 0 t. ~ fi t.,, J 

~t, AAre~Y~<ttlJ~LED~D0AAre•~~G~AAreLED•ffl~ffln~~-

40 

9 0 tr. 'ol) ~ -c - F ~ ~ 9 ; 50 
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(4) JP 2006-525664 A 2006.11.9 

oo~~f'F-~t-F~. oo~-~~OO~An-~too~wn•~t0M~•xGh0t 
~ fi v' ·:Ye' t , ffi 2 0 1,- ti: <. t t 1 -:::> 0 L E D .ia:' Ji 0 00 i2 M rij 7J' G 0 00 i2 L E D M mt 0 mt 
h.ia:-~G-tt0tc:ilti0t- Fc'i!S0; 
Ct.ia:-MffltT0A-1'o/7 ✓ 3/LEDt~. 

UJPR J1! s J 
M*l1!7~~-0A-1o/T ✓ 3/LEDt~c'i!S?t: 

OO~~tit-F$~M~Mc'i!S0~?~&UOO~~f'F~ftt-F$~OO~ac'i!S0~? 
~~f'FT01,-tl:<.ttl-:::>0A~o/T; 

.ia:' :§I! fc fl T 0 , C t .ia:' M ffl t 9 0 A -1 'Y T ✓ 1/ L E D t Jv • 

M*l1!7~~-0A-1'o/7 ✓ 3/LEDt~c'i!S?t: 

M~~tit-F$~OO~Mc'i!S0~?~&UOO~~{'p~ftt-F$~~~-c'i!S0~? 
~~{'p901,-tl:<.ttl-:::>0A-1o/T; 

.ia:' :§I! fC fl 9 0 ' C t .ia:' M f:l& t 9 0 A ~ "J T ✓ If L E D t JV 0 

Uj!j*J1! 1 o J 
M*l1!9~~-0A-1o/T ✓ 3/LEDt~c'®?t: 

M~~tit-F$~OO~Mc'i!S0~?~&UM~~f'F~ftt-F$~M~ac'i!S0~? 
~~fFT0ffil01,-tl:<.ttl-:::>0A~o/T;ttU~ 

M~~tit-F$~M~Mc'i!S0~?~&UOO~~{'p~ftt-F$~OO~Mc'i!S0~ 

10 

?~~f'F90ffi201,-tl:<.ttl-:::>0A~o/T; ~ 

.ia:' :§I! fc fl 9 0 ' C t .ia:' M • t 9 0 A ~ ';/ T ✓ 1/ L E D t Jv 0 

[ ¥E a)§ 0 ~ i1D ti: mt a;n 
(vzffi½'!l!fJ 
[0001] * ¥6 a)j fi , - mlt fc , ¥6 3/6 -!J' ~ ;t - F ( L E D ) fc ~ T 0 • * ¥6 a)j fi , ~ *ID fc fi , 13 § 3/6 

.ia:' fl T 0 fl 1-z 0 -€s 0 3/6 0 ± AA fc: :13 v' t ti ~ 0 L E D .ia:' ~ {'p T 0 tc: ilti 0 ij[ ~ @I ~ f~ AA 0 7 7 

[~f!vzffiJ 
[0002] 

~ ~ vz f,jlj 5:J' !Llf fc: :j3 v' t ml ~I] c' ilS 0 ~ ? fC , # § L E D , ~'g § L E D , W § L E D & U 7 30 

✓ 1, - L E D iJ~ , fl 1-z 0 ffl ms ( WU x f;f , r& ~ 0 ; , ';/ 7 5 -1 1-- , 13 -€s 3/6 ¥.UJ3 fC :13 v' t , E3 -€s 
~.ia:'flT0m1-z0~03/6.ia:'±AA90kilti~fflv'Gh0.) mm0~03/6.ia:'±AA9Gkilti~ 
, ~ 1-z 0 ~ ~ L E D fi , pfi m 0 ~ 0 3/6 ( WU x /;f , 5 0 % # ~ , 2 0 % w ~ , 2 0 % ~ § & 
U 1 O % 7 ✓ /\ - ) .ia:' ± AA T 0 tc: ilti fC JJM-l;IJ ti: lt 0 $ ~, ~ ~, w ~ & U 7 ✓ /\ - 0 3/6 .ia:' ± 
AA T 0 ~ ? fn:ll 1'L L, t ffi!J fiflJ ~ h 0 • c 0 k ilti fc , ~ 1-z 0 ~ ~ L E D fi , tlOIC ~ h G ~1 {* 
0 F 5 -1 1, @I ~ fc ~ 9 ~ fF ~ h t ~ tc: • f?U x /;f , * 00 M it ffi 6 , 5 o 7 , 1 5 9 -1§- aJ§ *ID 
fc :13 v' t, $ ~ L E D, ~ ~ L E D, w ~ L E D ~ h ~· h .ia:- lli!J fifl) T 0 3 -:::> 0 L E D F 5 -1 
;, fc -:::> v' t 00 ff-; ~ h t v' 0 • 
[ ¥e aJJ 0 oo ff-; J 
[¥6~~M~G~?tT0.BJ ~ 
[0003] 

* ¥6 aJj fi , ti ~ 0 L E D 0 k ilti 0 ~Ell }'I L, tc: 3/6 lli!J fiflJ ~ :a .ia:' fl T 0 .l:jl - F 5 -1 ; , @I ~ ~ m #I; 
9 0 0 

[ • e 1a:- m r~ 9 0 tc: i1ti 0 =r- r9: J 
[0004] * ¥6 aJj 0 - ~ 1Jlli % ft~ fi, M ~ t A -1 'YT ✓ 1/ L E D t Jv t ~ fl T 0 L E D F 5 --{;,@I~ 

c' ilS ? t , ~ 0 A -1 'Y T ✓ 1f L E D t Jv fi {iiJ h 0 ~ 0 3/6 .ia:' Ml ~t T 0 tc: ilti 0 1 -:::> ;J.. fi ~ h J--Y, 

J: 0 L E D .ia:' ffl v' t v' 0 , L E D F 7 ~ ; , @I ~ c' ilS 0 a ~ {'p $ , M iJJJUi M n ~'U~ ml ¥El ~ fC 

:lo v' t M n ~ ..If x , A -1 'Y T ✓ ij' L E D t Jvfi , L E D ~g ~ ml ¥Bi ~ fC :13 v' t 15.il ~t t - 1'' t 
~ {'p ~ fi~ t - F t 0 Fell c' A -1 'Y T ✓ ij' T 0 • 15.il ti t - 1'' $ , L E D M mt iJ~ L E D .ia:' Ji ? t 50 
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(5) JP 2006-525664 A 2006, 11. 9 

• rlJl( 7J\ G mt n \ t n fC J: tJ ' L E D fi 3/6 ta:' $. M 9 G O ilJ fp ~ tm -"E- - F r:p ' • rlJl( 7J\ G L E D 
ta:' Jffl -::i l mt n 0 • mt fi l.!l n \ L E D 7J\ G 0) 3/6 0) $. M ta:' IJ/j f:f 0 0 

[0005] 

* ~ aA 0) m 2 ~ fft!i ID t~ fi , fAJ n 0) gi, 0) 3/6 t.E- 15~ M t" 0 tdh ic , ;._ :fJ !ii/Ff , 1±1 :fJ ~'M -=r- & u 1 

".J ::X. fi t ,h .L~ J: 0) L E D ta:' ~ 9 0 A -1 'Y "r ✓ 1f L E D -t ;J; c! ii, 0 o A -1 'Y "r ::,, 1f L E D 
-t Jv fi , L E D ~[ ilJ mi wn& fC to t,, \ -c $. M -c - F t ilJ W ~ ~~ -c - F t 0) F,ll c: A -1 'Y -r ::,, J' t" 
0 o 15~ ~t -c - F r:p , L E D • mt '/J'> , L E D ta:' Jffi -::i -C A :fJ /1/lil r t 1±\ :fJ /1/lil r t 0) 00 fc viii 5t G ,h 

re • rlJl( 7J\ G mt n ' t n fC J: tJ \ L E D fi 3/6 ta:' $. M 9 G O ilJ {'p ~ ~~ -c - F r:p ' • rlJl( 7J\ G L E 
D ta:' illi -::i l mt n 0 • mt fi l.!l n ' L E D 7J\ G 0) 3/6 0) $. ~t ta:' IJ/j f:f 0 0 

[0006] 10 * ~ aA 0) J: i2 0) ~ fft!i ID t~ & u flli 0) ID t~ , w fi& tt u fc ~ fU B fc ".J l,, \ -c ti , ~ ft ~ oo t.E- ~ ¥.~ 
L-C, ~TO)~~iJ::~fft!iIDnO)~ ■ m~~GM~~G~~iJ::0c!®0?0 ttlGO)~ ■ m 

aA & u ~ ft ~ fi l!iiJ BR a"J iJ:: t 0) c: fi iJ:: < , * ~ aA 0) 1li iJ:: 0 W!J ~ c: ® t> , * ~ aA 0) i!l11 lffi fi. , IP.] 

~m1±10)w~n*O)fl11ffl&tftnGt[P.]~c:®0i!l11lffl~J:t>m~~n00 
[~~t.E-~fft!it"0tc~O)~~O)IDnJ 
[0007] 

~ 1 T'J ~ 6 ,& tf ~ 1 2 T'J ~ 1 7 fi , 2's; ~ a}J 0) • mt ■ rlJl( ![ l!iJJ A -1 'Y "r ::,, 1/ L E D -t ;J; ( ~ 

1T'J~6) ::X.~ ■ ff•r/Jl(mi/JA-1o/"r ✓ 3/LED-t~t.E'~~-1::,,t"0k~O)~-A5-1::,, 

L E D --z r 1) 7 A L 1 1 T'J ~ L X y ta:'~ L '"( l,,\ G O {AJ n 7J\ 0) A -1 'Y "r ✓ lj' L E D -t Jj,; 0) L 
E D 7'' -tj'' -1 ::,, t , ( 1 ) L E D --Z r 1) 7 A L 1 1 T'J ~ L X Y 17') 0) 1 -:::> ;x. fi t ,h ~ J: 0) L E 20 

D 0) ;g :J'R t , ( 2 ) L E D --Z r 1) 7 A L 1 1 T'J ~ L X Y '/J\ G ~ :J'R ~ n t.: ~ lz 0) L E D fc ".J 
l,, \ -c 0) gi, 0) ~ :tR t , c 3 ) *I n 0) 1 E D 0) ~ fft!i ID t~ ic :tt t" 0 , 1 E D --z 1-- 1J 7 A 1 1 1 T'J 
~LXY~G;gm~ntcmRO)LEDO)l".J;x.~{-,h~J:O)m~•M&tf/::X.~tt~•M 
0) ;g :J'R t ta:'~ L' C C C:' X ~ 1 \ y ~ 1 C: ® 0 0 ii R 0) L E D ta:' ml,,\ G {iiJ n 0) A -1 ,y "r 
::,, ·'/ L E D -t ;J; 0) ~ fft!i ID t~ fc :it L -C, ~ {~ t" 0 ii] {'p. mt{±~ ta:'~ 9 0 L E D fi, ~ ~ fc fi 
' tt 71j fC • M ~ n G O lli ~ ~ fi ' * ~ a}J 0) A -1 'Y "r ✓ J' L E D -t ;J; 0) L E D 7'' ~ -1 ✓ fC fi 
l!iiJ ~,& '/J'> 7J:: l,, \ C t ta:' fffl filijl 9 0 c! ii, o ? o 

[0008] 

~ 1 & u 2 ti , 1 E D --z 1-- 1J 7 A 1 1 1 J1J ~ 1 x Y fc m 71J fc m M ~ n t.: A -1 ,y -r s w 1 
( /7/J 5t fa:' , ¥ ¥f, f,i,: A -1 'Y "r ) t , L E D --Z r 1) 7 A L 1 1 T'J ~ L X Y fc tt 71j fc m M ~ ,h t.: 30 

A -1 'Y "r S W 2 ( /7/J 5t fi', ¥ ¥f, {* A -1 'Y "r) t ta:' M fc ltl l,,\ 0 -"' - A 5 -1 ::,, • mt ■ r/Jl( ,~[ ii] A 
-1 'Y "r ✓ J' L E D -t Jv 3 0 ta:'~ L '"( l,,\ 0 o -t Jv 3 0 0) fffl filijl 1a:: 'if,$] fC 9 0 t.: ~ fC, .L~ T 0) -t 
;J; 3 0 fC ".J l,,\ -C 0) m a}J fi, L E D --Z r 1) 7 A L 1 1 T'J ~ L X Y 17') fC ~ lz 0) L E D 1a:: 'ft ts C 

t fc ~ -::5 l,, \ l l,, \ 0 0 L 7J\ L 7J:: '/J'> G ' ~ ~ fc fi ' -t ;J; 3 0 fC ~ -::5 < • mt • y/Jl( ~[ ii] A -1 'Y "r ✓ 
lj' L E D -t ;J; 0) -t JV Cf' -tf' -1 ::,, fi, lli ~ ~ fC J: tJ ffil filiji ~ n 0 c: ii, o ? J: ? fC , L E D --z r 1) 

7 A L 1 1 T'J ~ L X y 7J\ G L E D 0) {iiJ n 0) ffl /1,x; ,& '(_f {iiJ n 0) R ta:' ~ 9 0 C t 'h'> C: ~ G 0 
[0009] 

~ 1 fC ~ 9 J: ? 7J:: -t ;I; 3 0 0) "Ji~ M -"E- - F fC to l,,\ -C fi, A -1 ,y "r S W 1 fi M i:k t~ c: ii, tJ , 
A -1 'Y "r S W 2 fi ml ~ t~ C: ® tJ , t ,h fC J: tJ , ffi: mt i p M 1 fi , A :fJ /1/lil r I N 1 t , A -1 
'Y "r S W 1 t , L E D --Z r 1) 7 A L 1 1 J1J ~ L X Y t , 1±\ jJ ~'Mr O U T 1 t ta:' ~ -::i -C ill! M 40 

L l mt n ' t n t& ' ;g :tR ~ n t.: L E D 0) gi, fC {td¥ L l gi, 0) 3/6 1;r "Ji~ ~t 9 0 0 ~ 2 fC to l,, \ l ~ 
~ n '"( l,,\ 0 -t Jv 3 0 0) ;}] {'F ~ ~~ -c - F fC to l,,\ -C fi, A -1 'Y "r S W 1 fi ml~ t~ c: ii, tJ , A -1 
'Y "r S W 2 fi M ~ fl~ c: ii, tJ , t ,h t& , L E D --Z r 1) 7 A L 1 1 T'J ~ L X Y ta:' Jm -::i -C mt ,h 0 

• mt i p M 1 ta:' l.!l G -1±" ' t n fc J: 9 ' L E D fi gi, 0) 3/6 1;r $. ~t L 7J:: l,, \ 0 • mt i p M 1 fi ' L 
E D ~[ ilJ mi rm 11 ( WIJ 5t fi' , 2 0 0 H z ) fC to t,, \ -C A -1 'Y "r S W 1 ,& tf S W 2 0) 7i; :@: 7J:: ml ~ 
t~ ,& tf M i:k fl~ 0) t.: ~ fc;~ ;J; A~ llm) ■ mt 1a:: f~ nx; L, C 0) J: ? 7J:: i:k fl~ fi, lli ~ ~ fc fJI! /W ~ ,h 0 

c: ii, o ? J: ? fc , :/Jt * vz t,IB fC J: tJ Ji nx; ~ n 0 C t '1J' c: ~ 0 o 

[0010] 

A -1 'Y "r ✓ 1f L E D -t ;J; 3 0 fc ".J l,,\ -C 0) ti R 0) L E D 0) ~ fft!i ID a fi, L E D --Z r 1) 7 A 
L 1 1 T'J ~ L X Y 0) L E D ffi\ fC a -::i -C ½' W2 ~ ,h t.: 1 ".J X fi t ,h .L~ J: 0) {t fJ□ A ,{ 'Y "r ( WiJ 5t 50 
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(6) JP 2006-525664 A 2006, 11. 9 

f;C ¥ ¥# {;$: A -1' ':I 'f- ) ~ 51! fC -a ti' r. t 7J' 'Tl ~ , 't" ti fC J:: I'.) , L E D fC J:: I'.) :I»( !t ~ ti 0 3/6 0) 

is v ~ Jv & tf / X fi is 5!!l & fi, ~ 1 & tJ 2 fc :iR ~tit t;\ 0 A -{ ':I 'f- S W 1 & tJ S W 2 0) rm 
:lx l~ & tf M :lx l~ fc ;tt 9 0 ft :/JIJ A -{ ':I 'f- 0) rm :lx ~ & tJ M :lx it~ fc ft< ff t.., -r ~ x. G n 0 o 't" 0) J:: 
'? iJ: ti R 0) L E D 0) ~ 1ftli * it~ f;:l: , ll'il ~ X f;:l: n /J: 0 L E D ms lWJ ft'U ¥Bl R fC ;ts v \ -r A -1' ':I 'f- s W 
1&tJsw2MtJ~M~A-1o/'f-~1WJf'F90r.t~m~-r:®00 •ffl1PM1 ~, M~A 
-1o/'f-~n/J:0LEDR!WJft'U.R'fffl™~!WJ{'F~n0X~n/J:0LEDR!WJft'U.R'fWR 
0) m fC :ts l;\ t !WJ {'p ~ n 0 ~ 1ftli * it~ fC :ts ft 0 fl l:z. 0) L E D ms lWJ ft'U ¥Bl t1 fC ;ts ft 0 tit~ 0) ;~ Jv A 

~••ffl~~90r.t~m~-r:®00 
(0011) 

~ 3 & tf 4 f;:l: , L E D "'? r 1) 7 A L 1 1 T'J ~ L X Y fC ~ ®\: ~ ti tc. A -{ ':I 'T S W 1 1 T'J ~ 10 

S W 1 Y ( f¥/J x. f;f, ¥¥#{;~A -{ ':J 'f-) 0) @ ffl t~ nlt ~ ffl t;\ 0 ~ - A 5 -1' ✓ • ffl • r/JHS lWJ A -1' 
'Y T ✓ If L E D 1! Jv 3 1 ~ ~ L, l l;\ 0 0 1! Jv 3 1 f;:l:' L E D "(' r 1) lJ A L 1 1 T'J ~ L X y 

tA-1o/'f-SWl lT'J~SWlYO)@ffl·nlt~MGtMW~m®':~ntcA-1o/'f-SW2 ( 
1¥/J x. it, ¥ ¥11* A -1' ,y 1-) ~ 51! ic ml;\ -r v\ 0 0 -1! 1v 3 1 0) :i:1u1¥ ~ ~ ffeJJ fc 9 0 re.~ fc, J). r 
0) -1! Jv 3 1 0) 1WJ {'F .:f:- - F fc ".J \;\ '"[ 0) ~ a}I f;:l:, L E D "'? r 1) 7 A L 1 1 l1; ~ L X Y 17'] 0) ~ l:z. 
0) L E D & 'CJ ~ l:z. 0) A -{ ,y 'T S W 1 1 T'J ~ S W 1 Y ~ -a ti' c. t fC ~ -5 v \ t v \ 0 o l, iJ\ l, 7J: 
iJ, G , ~ r,~ ic fi , -1! 1v 3 1 ic ~ -:5' < • ffl • Wl\ lffS lWJ A -1' o/ 1- ✓ 1f L E D -1! 1v 0) -1! 1v :p -lf' -1' ✓ 
f;:l: , ~ ~ :]'"!1 fc J:: I'.) :ff ~/¥ ~ ti 0 'Tl ® o '? J:: -3 fC , L E D "'? r 1) 7 A L 1 1 T'J ~ L X Y 0) L E 
D&'CJA-1o/'TSWl 1T'J~SW1Y0)00,tiO)•M&tf00nO)R~~90c.t~'f~00 
( 0 0 1 2 ) 20 

~ 3 ic 5r; 9 J:: -5 tJ: -1! 1v 3 1 0) 1»( !t .:r:- - r fc :ts v \ -r fi , A -1 ,y 1- s w 3 fi rm :ix l~ --r: ® 1J , 
A -1 ,y 1- s w 1 1 T'J ~ s w 1 Y ii Fll :ix tt~ --r: ® 1J , 't" n fc J:: 1J , • ffl I r M 1 ti , ;,, 1J !iMl ~ 
IN2t, A-1':l'TSWl lT'J~SWlYt, LED"<'r 1)7AL1 lT'J~LXYt, /:l:l 

1J/i/M~ 0 UT 2 t ~nl!-::i t3i®\: L,tffln, -t"ti'/&, ~tR~ ntc LED O)isfCit<ff G-CisO) 
3/6 ~ -Jj~ M 9 0 0 ~ 4 fC ;ts l;\ l ~ ~ n l l;\ 0 1! Jv 3 1 0) 1WJ {'F ~ ff~ .:f:- - F fC ;ts l;\ l f;:l:' A -{ ,y 

'T S W 3 f;:l: M ~* ~ 'Tl ® I'.) , A -{ 'Y 'T S W 1 1 T'J ~ S W 1 Y f;:l: rm :Jx it~ 'Tl ® I'.) , 't" ti '/& , L E 
D "(' r 1) lJ A L 1 1 T'J ~ L X y ~ w -:::, l ffl n 0 • ffl i p M I ~ J.1¥ G -It ' 't" n fC J:: I'.) ' L E 
D f;:l: is 0) :Ye ~ -Jj~ M L, 7J: l; \ 0 X ' • ffl i p M I f;:l:_ L E D !S lWJ ft'U 7/sl t1 ( {7/J X. f;f ' 2 0 0 H z 

) fC ;ts v \ t A -{ 'Y 'f- S W 1 1 T'J ~ S W 1 Y & 'CJ S W 3 0) ~ 1t iJ: rm :lx l~ & 'CJ M ~* l~ 0) tc ~ fC 
1 u.1 A ~ ■ • ffl ~ *~ M G , r. 0) J:: -5 tJ: :ix ~ ii , ~ ~ :t!i fc :i:f f9i'f ~ n 0 -r: ® o -5 J:: -5 ic , 1;01~ 30 

tz: ffi fc J:: 1J Ji M ~ n 0 r. t iJ, --r: ~ 0 0 1-\: ~ t G -r 0) -1! 1v 3 1 0) 1WJ w 0) ~ 1ftli * i~ fc :lo v\ -r ti 
, A -{ 'Y 'T S W 1 1 T'J ~ S W 1 Y f;:l: , n 7J: 0 L E D !S lWJ ft'U 1./sl t~ fC :lo v \ t m 0) :!x it~ 'Tl 1WJ {'F ~ 

n X f;:l: n 7J: 0 L E D ms lWJ ft'U • R fC :lo l; \ l {IUJIJfc lWJ {'F ~ n 0 L. t 7J' 'Tl ~ 0 0 't" 0) J:: ? 7J: J:j is 
, • ffl I p M 1 fi, m ~ L E D ms lWJ ft'U •Ric :lo v\ -r ti i~ 0) 1~ 1v A~ ■ • ffl ~ ~ 9 0 r. t iJ, 
mij~'T:®00 
(0013) 

A -{ 'Y 'T ✓ If L E D -1! Jv 3 1 0) ~ tftli * l~ f;:l:, L E D "'? r 1) 7 A L 1 1 T'J ~ L X Y fC s -::i 

-C 5:t We ~ ti tc 1 ".J X f;:l: 't" ti ,l-j, J: 0) M :/JIJ A -1' 'Y 'f- ( f71j x. f;:l:'_ ¥ ¥# {* A -1' 'Y 'f- ) ~ 51! fC -a ti' r. 
t iJ, 'Tl ~ , 't" n fc J:: I'.) , :Ye 0) is v ~ Jv & 'Cf/ X fi is 5!!l /Jt. fi , ~ 3 & tf 4 fc ~ ~ tit t;\ 0 A 

-1 ,:1 1- s w 1 1 T'J ~ s w 1 Y & u s w 3 0) rm :ix i~ & u r!ll :ix it~ fc :tt 9 0 M :/Jo A -1 ,y 1- 0) r,m ~* 40 

lt~ & 'CJ M :ix lt~ fc ft< ff l.., l ~ X. G n 0 0 't" 0) J:: '? 7J: ti R 0) L E D 0) ~ 1ftli * lt~ f;:l: ' [j'iJ ~ X f;:l: n 
7J: 0 L E D ms lWJ ft'U ¥Bl R fC :lo v \ t A -{ 'Y 'f- A -{ 'Y 'f- S W 1 1 T'J ~ S W 1 Y & 'Cf S W 3 M '(j' fC 
M :/Jo A -1 ':I 1- ~ 1WJ w 9 0 c t iJ, m ij~ -r: ® 0 0 • ffl I p M I ii , M :/Jo A -1 ,y 1- n' ~ tJ: 0 L E 
D !S lt/J ft'U • R 'Tl {[li] )jljf c lWJ {'F ~ n 0 X fi n /J: 0 L E D ,~g lWJ ft'U ¥Bl t~ 'Tl ti R 0) m fc :lo v \ t lWJ {'F ~ 
n 0 ~ 1ftli * l~ fc :lo ft 0 fl 1:z. 0) L E D ms lWJ ft'U • R fc :lo it 0 ti R 0) 1~ 1v A~ 11 • ffl ~ ~ 9 0 r. 
t n' m ~~ -r: ® 0 o 

(0014) 

~ 5 & '(J 6 f;:l: , L E D "<' r 1) 7 A L 1 1 T'J ~ L X Y fC m ®\: ~ ti tc A -{ 'Y 'T S W 1 1 T'J ~ 
S W 1 Y ( f71j x. f;f , ¥ ¥# f* A -{ 'Y 'f- ) 0) @ ffl • nlt ~ ffl v \ 0 ~ - A 5 -1' ✓ • ffl • rm( ms lWJ A -{ 
'Y 'T ✓ 1f L E D 1! Jv 3 2 ~ ~ l, t l;\ 0 0 -1! Jv 3 2 0) :ff ~if~~~ fC 9 0 tc ~ fC, .l-j, r 0) -1! Jv 50 
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(7) JP 2006-525664 A 2006.11.9 

3 2 ifJ iJJ {'p t - F fC ':J v \ --C (J) m aJ] fi , L E D '? }, 1) l_7 7--. L 1 1 T'.J ¥ L X Y l7'J (J) :S- '-<. ifJ L E 
D & -cf :S- I::( (J) 7--. -1 'Y 'f S W 1 1 T'.J ¥ S W 1 Y ~ -1?; ti' C t fC £ --:5 v \ "( v \ 0 o L, f.J\ L, tJ; t;, G , 
~ ~ f;: fi , ~ Jv 3 2 f;: £ --:5 < ffl i1it ffi: vJl( ~[ iJJ 7--. -1 'Y 'f /' 1j' L E D ~ Jv (J) ~ Jv 7' -If -1 /' fi , ~ 

~ ~ f;: J:: I'.) f.!I! Wi\ ~ ;/1, 0 'c' ilS ,3 '? J:: -5 f;: , L E D '? }, 1) l_7 7--. L 1 1 T'.J ¥ L X Y ifJ L E D & tf 
7'.-io/'rSWl 1T'.J¥SW1YO"J~;/1,o-Jfflm&U~;/1,o-Jft~~90Ct~c-~00 

( 0 0 1 5 ) 

[jg] 5 fc iR 9 J:: -5 tJ; ~ Jv 3 2 ifJ -Jjj_ Mt - r' f;: :to v\ --C fi, 7--. -1 'Y 'f S W 1 1 T'.J ¥ S W X 1 fi 
Im tK l~ c- ilS IJ , 't" ;/1, f;: J:: IJ , ffl mt i r M 1 fi , A 1J VffiJ -=f I N 3 t , L E D '? r l) lJ 7--. L 1 
1 T'.J¥L X Y t, /±\1Jf4'm-=fO UT 3 t~n!!-::i--CJ!IH'fcL,--Cim;/1,, "t"hi&, iHR~ntc LED 

ifJ is tc 1tU-¥ L, --C -€5 ifJ :Y6 ~ -Jij_ M 9 0 o [jg] 6 fc :to v\ --c ~ ~ n --c v\ 0 iJJ 1'1' ::f fl~ t - r' fc :to v\ --c fi 10 

, )1!1 :JR ~ ;/1, tc 7--. -1 ';/ 'f S W 1 1 T'.J ¥ S W X 1 fi M ;JR a c- ilS I'.) , "t" ;/1, it( , L E D '? r 1) l_7 7--. 

L 1 1 T'.J ¥ L X Y ~ ~ -::i --C mi ;/1, 0 ffl i1it i p M 1 ~ J/1 G -1:t , 't" ;/1, f;: J:: IJ , L E D fi is (]) 3/6 ~ 
-Jjj_ ~t L, tJ; V \ 0 Y... ' • mi i p M I fi ' L E D IS iJJ Jl'lJ im R ( WU ;)t_ tf ' 2 0 0 H z ) fC :to V \ l A 
-1 ';/ 'f S W 1 1 T'.J ¥ S W X 1 ifJ 1c:@: tJ; Im tK l~ & rf FJJ tK l~ ifJ tc 61) fC /'\ Jv 7--.. 1l/ffl ffl mi~ fjlj m L, 

, C (J) J:: '? 7J: tK fl,.~ fi , ~ ~ ~ fC f.!I! ~~ ~ ;/1, 0 C' ® 6 '? J:: '? fC , 1JE * ~ ffi fC J:: 1J ~ m ~ ;/1, 0 C 
t t;, c- ~ 0 o {-1;; ~ t L, --C ifJ ~ Jv 3 2 ifJ iJ] 11 ifJ ~ 1fi!i % l~ f;: :to v\ --C fi, 7--. -1 'Y :f- S W 1 1 T'.J ¥ 
S W X 1 fi , ~ tJ; 0 L E D ~[ iJJ /l'lJ im ft f;: :to v \ --C :!!¥ ifJ ;JR JI,.~ C' lliJJ {'p ~ ;/1, Y... fi ~ 7J: 0 L E D ,~![ l!JJJ 

Jl'lJ 1& ix tc :to v \ --c 11 l3!J tc iJJ w ~ n 0 c t tf c- ~ 0 0 't" (J) J:: -5 iJ: .tJ 15' , • mt 1 p M 1 ti , m • 
L E D ![ iJJ Jl'lJ i& R fC :to\.,\ l ti Ii (J) /\ Jv A. Wal. mt~~ 9 0 ;:_ t t;, m fl~ C' ® 0 0 

( 0 0 1 6 ) 20 

7--. -1 'Y 'f /' 1/ L E D ~ Jv 3 2 (J) ~ 1fi!i % l~ fi, )1!1 fR ~ ;/1, tc L E D f;: s -::i --C 7t W2. ~ ;/1, tc 1 ':J 

Y... fi 't" ;/1, 1-Y, J: if) {,j' b□ A -1 ';/ 'f ( WU ;)t_ f;f ' ¥ - {:,ls: A -1 ';/ 'f ) ~ ]I! fC 13' ti' C t f/i C' ~ ' 't" ;/1, f;: 
J:: IJ , 3/6 ifJ is v ~ Jv & U / Y... fi is 5~ & fi, [jg] 5 & U 6 f;: iR ~ ;/1, --C v\ 0 7--. -1 'Y =f- S W 1 1 T'.J 

¥SWXl(J)!m:l;Ra&UM:1:Ra~~90M~A-io/'fo-J!m:1:Ra&UM:1:Ra~*~L,"(•x. 
G ;/1, 0 o "t" ifJ J:: -5 tJ; -ti R ifJ L E D ifJ ~ 1fi!i :lB a fi , IP] l.; Y... fi ~ tJ; 0 L E D ),91[ iJJ ll'U i& R f;: :to v \ 
lA-io/'rA-io/'fSWl 1T'.J¥SWXl&UM~7'.-1o/'f~i/J{'p9.gCt~mnc-ilS0 

o mmtirM1 ~, M~7'.-1o/'f~~iJ:0LED ■ iJJJl'llimRc-ffim~~w~n0Y...~~tJ; 
0 L E D ![ iJJ /l'U i& ft c- -ti R ifJ :!!¥ fc :to v \ --C iJJ {'p ~ ;/1, 0 ~ 1fi!l % l~ f;: :to ft 0 fi k ifJ L E D ~g iJJ ll'U 
im Rf;: :to ft 0 :rt R (J) /'\ Jv A. Wal. mt~~ 9 0 C t 7J' m fl~ C' ® 0 0 

( 0 0 1 7 ) 30 

[jg] 1 T'.J ¥ 6 ~ ~ m~ 9 0 f;: , ffl i1it ffi: vJl( t ffl mi ffl tmi ![ iJJ 7--. -1 'Y 'f /' 1/ L E D ~ Jv 3 0 T'.J ¥ 3 

2 (]) 1 J t ~ ffl V \ 0 ' * JB aJ] (J) • mi • V)1( L E D F 7 -1 / \ (J) R & u • m fC fi lffHN 7.J' tJ; V \ 0 [jg] 

7 T'.J ¥ 1 1 fi, ::$; JB aJ] ifJ ffi'. mi ffi'. i/Jl\ L E D r' 5 -1 1, ifJ ~ ':J iJ\ ifJ {71j iR t L, --C ifJ ~ /n!i :If; l~ fa'. iR L, 

--C v\ 0 o 

(0018) 

[jg] 7 fi, 1, 'Y T 1) B 1 , ¥ ¥f. {;;ji: 7--. -1 'Y =f- Q 1 , :)' -1 :t - F D 1 & U -1 /' ;:/' l_7 1J L 1 ifJ ~ 

~I] ifJ ij2, ffl1 ~ ~ 9 0 B u c k ~ :J /' 1 , - 1J 1J xf. f;: ilS 0 ffl mi ffl vJl( C S 1 ~ ffl v \ --C v \ 0 m'. V1t ffl tm! 
L E D r' 5 -1 I , 4 0 ~ iR L, "( v \ 0 o ffl mi m'. vJl( C S 1 fi , ~ ~ ~ f;: fi f.!I! M C' ~ 0 C' ilS o '? J:: 
-5 f;: , ffi: 1J • Ws! /l'U i& R ( WIJ x. t;f, 1 0 0 k H z ) f;: :to v \ --C ¥ ¥f. 1:,js: 7--. -1 'Y 'f Q 1 ifJ lf - r "-
ifJ lf - r 11§ i5 ifJ #Ui'i f;: J:: IJ , 1Ji * iJ\ G ~ {'p ~ ;/1, --C v\ 0 o 40 
(0019) 

[jg] 8 fi , / , 'Y T 1) B 2 , -1 /' :)' 17 ,;:J L 2 , ¥ ¥f. {;;ji: 7--. -1 'Y 'f Q 2 , :J /' 7' /' +r C 1 , :)' -1 
:t - F D 2 & U -1 /' :J' 7 1J L 3 ifJ ~ ~IJ ifJ !2, ffl1 ~ ~ 9 0 C u k ~ ::i /' 1, - 1J 15 xf. f;: ilS 0 'ffi l'm 
ffl i/Jl\ C S 2 fa'. ffl v \ --C v \ 0 ffl mi ffl i/Jl\ L E D r' 5 -1 1, 4 1 ~ ~ L, --C v \ 0 o ffl lfit ffl vJl( C S 2 fi , 
~ ~ ~ f;: fH.!I! ~~ c- ~ 0 c- ilS ;;s '? J:: '? f;: , ffi: 1J • Ws! Jl'lJ i& R ( WIJ x. ff , 1 O O k H z ) f;: :to v \ 
--c ¥ ¥J {;;ji: A -1 ,y 1- Q z (J) lf - r "' (J) 1i - " m i5 (J) #Hi'! fc J:: 1J , :rli * n\ r:; iJJ 11 ~ n --c v \ 0 0 

(0020) 
[jg] 9 fi , I , ,y T l) B 3 , ¥ ¥f. 1:,js: 7--. -1 ,y =f- Q 3 , -1 /' 1J" l_7 1J L 4 , :J /' 7' /' +r C 2 , ;:J' -1 

:t - F D 3 & U -1 /' ;:/' l_7 1J L 5 ifJ ~ ~IJ ifJ We, ffl1 ~ ~ 9 0 Z e t a ~ ::i /' 1, - 1J 15 xf. f;: cli:i 0 ffi: 
l'm ffl vJl( C S 3 fa'. ffl v \ --C v \ 0 ffl l'm ffl //Jl\ L E D r' 5 -1 I , 4 2 ~ iR L, --C v \ 0 o ffl l'm ffl tmi C S 3 fi 50 
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(8) JP 2006-525664 A 2006, 11. 9 

, ~ ~ ~ fc. f;J: fl ~~ '1: ~ 0 '1: ® 0 ? J:: -:, fc. , ffi: 1J ~ ~ J,!U ~ ~ ( {71j x f;f , 1 O O k H z ) fc. :lo 
\,,) --C ~ ~ {;;$: 7-. -1 "J 1- Q 3 (!) lj'- 1-- r.._ (!) 1l- 1-- {~ {% (!) #Ui& fC. J:: 9 , fJE * 7J' i:>!llJJ {'p ~ ;f1 --C \,,) 0 

( 0 0 2 1 ] 

~ 1 0 f;J: , l , 'Y T 1) B 4 , ]-, 5 ::,, 7-. T 1 , ~ ~ {,$: 7-. -{ 'Y 1- Q 4 , J' -{ ;d" - F D 4 , J' -{ 
;d" - F D 5 & 'Cf -1 ::,, !l 7 !J L 6 (!) ~ ¾l (!) M2 fflt ~ 1f 't 0 7 ~ 7 - F ::J ::,, 1 , - !J 1Lr.t fc. ® 0 ffi: 
mt m iJI( C s 4 ~ ffl l,,) l l,,) 0 m mt m it L E D F 7 -{ l \ 4 3 ~ ~ L, l l,,) 0 0 F 7 -{ l \ 4 3 fj: ' 
-t Jv 3 2 ( ~ 5 & tf 6 ) (!) 1, - 1/ 3 ✓ 3 2 a ~ ]!! fC. ffl v' 't v' 0 o ffi: mt ffi: jj C S 4 fj:, ~ ~ 
~ fC. fj: fJll m~ '1: ~ 0 '1: ® 0 ? J:: ? fC. , ffi: 1J ~ ~ ffl] r~ t)( ( {71j x f;C 1 0 0 k H z ) fC. :lo v' --C ~ 

~ 1* 7,. -{ 'Y T Q 4 (!) lj' - 1-- A._ (!) lj' - 1-- {~ {% (!) {JUt fc. J:: 9 ' fJE * 7J' G iJJ {'p ~ h l l,,) 0 0 10 
(0022] 

~ 7 T'J :¥ 1 0 ~ ~ ~.~ '9 0 fc. , F 5 -{ l, 4 0 T'J :¥ 4 3 fj: , 7-. -{ ") 1- S W 1 1 T'J :¥ S W 4 1 

t L E D L 1 1 l'.J :¥ L 4 1 (!) {71j ~ t L, --C (!) @] ~ m PX~ 1f 't 0 -t Jv 3 2 ( ~ 3 & 'Cf 4 ) . (!) 1, 
- 1/ 3 ✓ 3 2 a ~ ]!! fC. ffl l,,) l l,,) 0 0 L E D L 1 1 ' L E D L 2 1 ' L E D L 3 1 & rJ / Y. 
f;J: L E D L 4 1 f;J: , 1'J :/JO 7-. -1 'Y 1- ~ 1f '9 0 C t 7J' riJ ff~ 'f ® 0 {iiJ ;f1 (!) pfT 'ii!. (!) @] ~ ti'if nx; fc. :lo tJ-
0 ti ~ (!) L E D t L, --C ~ JJt!i ~ h 0 C t 7J' '1: ~ 0 o - ~ JJt!i ID fl~ fC. :lo v' --C f;J: , L E D L 1 1 f;J: 
1 -:J Y.. f;J: -f h .L-). _l (!) 5ffi ts L E D ~ 1f L, , L E D L 2 1 fj: ~ ts L E D ~ 1f L, , L E D L 3 1 

f;J: ff ts L E D ~ 1f L, , -f L, --C L E D L 4 1 f;J: 1 ".:J Y. f;J: -f h l-~ _l (!) 7 ::,, 1, - L E D ~ 1f '9 0 

(0023] 

-t Jv 3 2 a f;J: , 1 -:J Y. f;J: -f h CZ _l (!) 7-. -1 'Y 1- S W 1 1 T'J :¥ S W 4 1 (!) ~ rR atg iJJ {'f ~ 1f 't 
0 , -t Jv 3 2 a (!) :3- l:z (!) ti'x. M t - F ~ 1f 't 0 1 5 {Iii! (!) ti'x. M t - F ~ 1f L , -f h fc. J:: 9 , ii 
mt i p M 1 1;1: 1 ".:) Y.. 1;1: -f tt 1-~ -1 (!) L E D L 1 1 T'J :¥ L 4 1 ~ lffi -::i --c mt n , -f n tc. J:: 9 , r 
(!) L E D L 1 1 T'J :¥ L 4 1 ;IJ, :Y6 ~ 1i'x. ~t L, --C v' 0 7J' fc. it< ff L, --C , ts (!) :Y6 ~ 1J'x. M 't 0 o -t Jv 3 

2 a (!) 1lW {'p 7G f?~ t - P' fc. :lo l,,' --C f;I: , 7-. -1 'Y 1- S W 1 1 T'J ~ S W 4 1 fj: M ~:.R l't~ 'f ® 9 , -f ;f1 

till: , L E D L 1 1 T'J :¥ L 4 1 ~ )ffi -::i 't mt ;f1 0 ii mt i p M 1 ~ ~ G -1±" , -f ;f1 fC. J:: 9 , L E D 

L 1 1 T'J :¥ L 4 1 f;J: 1S (!) :Y6 ~ 1J'x. ~t L, ;/J:: v' o -t Jv 3 2 a f;J: , 7-. -{ 'Y T S W 1 1 T'J :¥ S W 4 1 

fc. ~ rR atg fc. {tUt ~ ;f1 0 fJE * (!) ljj1J 1fEIJ {~ {% fc. it< ff L, 't , L E D ~IR iJJ fflJ 7~ ~ ( ffti x f:C 2 0 0 H 

z ) fc. :lo v' 't , ti'x. M t - F (!) 1 -:J t iJJ {'p 7G ff~ t - F t (!) FJJ '1: 7-. -1 'Y 1- ::,, -:1' 9 0 o {~ ~ (!) -t 

20 

Jv 3 2 a (!) 1lW {'pt - F fc. :lot,, --C f;J:, 7-. -1 ,y 1- S W 1 1 T'J ~ S W 4 1 f;J:, ~ ;/J:: 0 L E D !JIR 1lW 30 

J,!U i~ ~ fc. :lo v' 't f!UJIJ fc. iJJ {'p ~ h 0 Y.. f;J: ~ tJ:: 0 L E D ~IR iJJ ffll 7~ ~ fc. :lo v' 't ffi\ OJ~ fl~ 'f !IW {'p ~ 

n 0 c t n' '1: ~ 0 o -f (!) J:: ? tJ:: J:J iL m mt I p M 1 1;1: , PJ ~ L E o *IK t1 J,!ij ~ ~ ic. :1o v, --c :ri 
i'x. (!) 1 ~ Jv 7,. ~ wm m mt~ 1f 9 0 c t iJ, PJ ff~ -r: ® 0 0 

(0024] 

~ 1 1 fj: , 7-. -{ 'Y 1- S W 3 , 7-. -{ 'Y 1- S W 1 1 l'.J ~ S W 1 4 & tf L E D L 1 1 T'J :¥ L 1 

4 (!) WIJ ~ t L --c (!) @J ~ 1'1' PX~ 1f 't 0 -t Jv 3 1 C ~ 3 & 'Cf 4 ) (!) 1, - 1/ s ::,, 3 1 a t m i1rt m 
i/I( C S 1 t ~ ffl t,, --C v' 0 m mt ii 7/.m L E D F 5 -{ 1, 4 4 ~ ~ L, --C v' 0 o L E D L 1 1 , L E 

D L 1 2 , L E D L 1 3 & 'Cf / Y. f;J: L E D L 1 4 f;J: , {i :/JO 7-. -{ 'Y 1- ~ 1f '9 0 C t iJ'i riJ ff~ '1: 
® 0 1iiJ ;f1 (!) Pfr 'ii!. (!) @] ~ t1' PX fc. :lo f:J- 0 tf ~ (!) L E D t L, 't ~ JJt!i ~ h 0 C t iJ, 'f ~ 0 o - ~ JJt!i 
ID l't~ fC. :lo v' --C f;J: , L E D L 1 1 f;J: 1 :J Y.. f;J: -f h l-~ _l (!) 5ffi ts L E D ~ 1f L, , L E D L 1 2 f;J: 40 

ti ts L E D ~ 1'i" L, , L E D L 1 3 f;J: ff ts L E D ~ 1'i° L, , -f L, --C L E D L 1 4 f;J: 1 ".:J Y.. f;J: -f 
h .L-:,Z _l (!) 7 ::,, 1, - L E D ~ 1'i" '9 0 o 

(0025] 

-t Jv 3 1 a f;J: , 1 -:J Y.. f;J: -f h l-~ _l (!) 7-. -1 ,y 1- S W 1 1 l'.J :¥ S W 1 4 (!) ~ rR atg M ~ fl~ {t & 
tf s W 3 (!) r,m ~ fl~ {t ~ 1f 't 0 , -t Jv 3 1 a (!) :3- l:z (!) ti'x. M t - F ~ 1f 't 0 1 5 filjj (!) 1i'x. M t -

F ~ :tf L , -f tt ic. J:: 9 , m mt 1 p M 1 1;1: 1 ".:) Y. 1;1: -f n 1-:.z -1 (!) L E o L 1 1 l'.J ~ L 1 4 ~ lffi 
-::i 't mt ;f1 , -f h fc. J:: 9 , t' (!) L E D L 1 1 l'.J :¥ L 1 4 iJ'i :Y6 ~ ,fj'x, M L, --C v' 0 iJ, fc. {tR ff L, --C , 

ts(!) :Y6 ~ ti'x. M 't 0 o -t Jv 3 1 a (!) 1lW {'p 7G ff~ t - P' fc: :lo v' -C fi , 7-. 1 ,y 1- S W 1 1 l'.J ~ s W 

1 4 1;1: M ~ fl~ '1: ® 9 , -f n ti'x. , L E D L 1 1 T'J :¥ L 1 4 ~ lffi -::i --c mt tt 0 m mt 1 p M 1 ~ ~ 

G -1±, -f h fi: J:: 9 , L E D L 1 1 l'.J ~ L 1 4 f;J: ts(!) :Y6 ~ 1i'x. M L, ;/J:: v' o -t Jv 3 1 a f;J:, 7-. -1 50 
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"J 'f- s w 1 1 T'J ¥ s w 1 4 fc iHJH"J fc tii; ~ ~ n 0 to!~ 0) mu 1fE!l {~ {% fc {I'd¥ l, --r , L E D mB JJJ 
Jl'll r& ~ ( WU x i:C 2 o O H z ) fc :t3 v \ T , :li!I: ~t t - F 0) l -::J t lWJ {'p ::f ijg t - F t 0) fill c' 7-
-1 ';/ T ✓ lj' 9 0 0 {~ ff 0) -t Jv 3 1 a 0) lWJ {'p t - F fc :t3 \,, \ l fi ' A -1 ';) T s w 1 1 T'J ¥ s w 
1 4 fi , ~ iJ; 0 L E D !HB lWJ Jl'll r& ~ fC :t3 v \ T {IUJIJ fC iJJ {'p ~ n 0 ::X. fi ~ tJ; 0 L E D mB lWJ Jl'll 7& f-jz 

fC :13 \,, \ l a¥ 0) ;JR It~ c' iJJ {'p ~ n 0 L t t/• c' ~ 0 0 7c 0) J: '? 7J; :I:~ -s- ' ffl i1it i p M I fi ' m ~ L 
E D mB iJJ Jl'l] r& ~ fc :13 \,,\ T ti~ 0) 1, Jv 7- ~ ll/lil ffl i'fit la:'~ 9 0 i.:. t 7J' 1:iJ ijg c' db 0 o 

(0026] 

~ 1 2 1Jz. '(J 1 3 fi , L E D 7 r 1) 7 7- L 1 1 T'J ¥ L X Y fC :Ml. 9lj fC ti€ rm ~ n tr. 7- -1 ';) 'f- S 

W 5 ( WU x fi' , ¥ ~ {* 7- -1 'Y 'f- ) t , 7- -1 ,y 'f- S W 5 t L E D "'< r 1) 7 7- L 1 1 T'J ¥ L X 

Y 0) MI. 91j ti€ rm fc :rt L, T @ 91j fC ti€ rm ~ n tc 7- -1 'Y 'f- S W 4 ( WIJ x f;C ¥ ¥J {* 7- -1 ,y 'f- ) t ta:- 10 

!I! fC ffl \,,\ 0 "\ - A 7 -1 ✓ ffl EE ffl 7JJli mB iJJ A -1 ';) T ✓ 7' L E D -t Jv 5 0 ta:- ff; l, l \,,\ 0 0 -t ;]; 5 
0 0) fl!! ffl~ la:' g Ji}} fc 9 0 tc (fJ fC , LY, T 0) -t Jv 5 0 fC -::J v \ T 0) IDt a}j fi , L E D 7 r 1) 7 7- L 1 

1 T'J ¥ L X Y P'J fc 15- !z 0) L E D la:' 13' U i.:. t fC ~ '-:5 1,, \ T 1,, \ 0 o l, 7J\ l, 7J: 7J' G , ~ ~ fC fi. , -t 
;J; 3 o ic ~ --:5· < m EE m iJJli mB JJJ 7- -1 ,y 'f- -:,; 1f L E D -t ;J; 0) -t ;v -f' -If' -1 -:,; fi , ~ ~ 1'11 tc J: I:) fl!! 
ffl:!¥ ~ Zl 0 c' db 0 '? J: '? fC , L E D 7 r 1) 7 7- L 1 1 T'J ¥ L X Y 7J\ G L E D 0) {ii] n 0) fM M 1Jz. 
'(J {A]' Zl 0) ~ la:' ~ 9 0 i.:. c:'. 7J' c' ~ 0 o 

(0027] 

~ 1 2 fc ff; 9 J: -5 tJ; -t Jv 5 o 0) 1i!I: Mt - r' fc :t3 1,,\ T fi, 7- -1 'Y 'f- S W 4 fi M ~ It~ c' db I:) 

, 7-. -1 ,y 'f- s w s ti ml ~ ft~ c' db I:) , :t n fc J: I:) , m i1it 1 r M 1 ti , ;, tJ i1/I,! .:; 1 N 4 c:: , 7-. 
-1 'Y 'f- S W 4 t , L E D 7 r 1) 7 7- L 1 1 T'J ¥ L X Y t , 1±\ tJ v/M r O U T 4 t la:' 3m -:> T jf 20 

rm L, T i1it n , 7c n i& , iHR ~ n tc L E D 0) ts fc {tR 1¥ L, T ts 0) 3/6 ta:- :li!I: M 9 0 o ~ 1 3 fc :t3 v \ 
T ff;~ n T \,,\ 0 -t ;J; 5 O 0) iJJ {'p ::f ijg t - F fC :t3 \,,\ T fi, 7- -1 'Y 'f- S W 4 fi r,ffi ;JR ft~ c' db I:) , 

A -1 ';) T s w 5 fi M ~ ft~ c' db I:) ' 7c nit( ' L E D 7 r 1) 7 A L 1 1 T'J ¥ L X y ta:- Jffl ? l i1it 
n 0 m i1it 1 r M 1 ta:- ~ G -tl- , 7c n fc J: I:) , L E D fi ts 0) 3/6 ta:- :li!I: M G tJ; 1,, \ o m i1it 1 r M 1 ii 
, L E D .~B lWJ Jl'll r& l!I: ( {VIJ x tf, 2 o 0 H z ) fc :t3 \,,\ T 7- -1 ,y 'f- S W 4 1Jz. '(J S W 5 0) 1c ~ iJ; 

ml ;JR ft~ 1Jz. '(j M ;JR. 0) tc (/) fC /\ Jv A~ IDlil ffl i1it ta:-~ M l,' L. 0) J: '? 7J; ;JR ft~ fi ' ~ ~ 1'11 fefll! ffl~ ~ 

n 0 c' db 0 -5 J: -5 tc , 11:t * tsZ vm ic J: I:) ~ M ~ n 0 c c:: n' c' ~ 0 o 

(0028] 

7-. -1 'Y 'T -Y 7' L E D -t ;]; 5 0 fC -::J \,,\ T 0) ti~ 0) L E D 0) ~ ]Rli % ft~ fi, L E D "'< r 1) 7 7-

L l l T'J ¥ L X YO) LED Wf ~ N-:> T ~ ~ ~ n, tc. l -::J ::X. ~ 7c n ~ ~ O) M ~ 7- -1 o/ 'T (~x ~ 

fi' , ¥ ¥J 1* 7- -1 ';) 'f- ) ta:- !I! fC -a- ts' c t 7J' c' ~ , 7c n fC J: I:) , L E D fC J: I:) :li!I: ~t ~ n 0 3/6 0) 
1S v ,,--z Jv 1Jz. tf / ::X. fi ts 5!1l /Jf. fi , ~ 1 2 1Jz. '(J l 3 fC ff; ~ n T v \ 0 7- -1 ';) 'T S W 4 1Jz. '(J S W 5 

O)ml;jR.1Jz.'(JMcJRn~M90M~7--1o/'TO)ml~n&UMc1Rn~ftR:f¥L,T~xGn00 7c 
0) J: '? iJ; ti ~ 0) L E D 0) ~ fjjfi % ft~ fi , IP] 15 ::X. fi ~ tJ; 0 L E D mB iJJ Jl'll r& l!I: fC :t3 v \ T 7- -1 ';) 'T 
s w 4 & u s w s MI. u fc M n□ A -1 ,y 'f- ta:- lWJ w 9 0 c. c:: n' m Hg c' db 0 0 m i1it I r M z fi , M 

1J□ 7- -1 ';) 'f- 7J' ~ tJ; 0 L E D mB jli}J Jl'll 7& t!I: c' {Ill! ~lj fC iJJ {'p ~ n 0 ::X. fi ~ tJ; 0 L E D !B iJJ Jl'll ¥El. ~ c' 
it ~ 0) m ic :t3 1,, \ --r lWJ w ~ n 0 ~ )Rli % ft~ tc :t3 t:r 0 ll Jz 0) L E o mB JJJ Jl'll r& ~ ic :t3 u- 0 ti ~ 0) 1, 
~7-~ll/lilffli'fitta:-~90i.:.t~1:iJ~c'db00 
(0029] 

~ 1 4 1Jz. tf 1 5 fi , L E D 7 r 1) 7 7- L 1 1 T'J ¥ L X Y fC ti€ ®1 ~ n, tc 7- -1 'Y 'T S W 1 1 40 

T'J ¥ s W 1 Y ( WIJ x ti:', ¥ ¥J 1* 7- -1 ,y 'f-) 0) @1 fil~Ht M ta:- ffl v\ 0 "' - 7- 5 -1 -Y ffl EE ffl rt .~B lWJ 
7- -1 'Y 'f- -Y 7' L E D -t Jv 5 1 1.r ff; l, T v \ 0 o -t Jv 5 1 0) fl!! ffl:!¥ ta:- g Ji}} fC 9 0 tc (fJ fC , ~ T 0) 
-t Jv 5 1 0) llvJ {'p t - F fc -::J v \ T 0) IDt a}j fi , L E D "'< r 1) 7 7- L 1 1 T'J ¥ L X Y P'J 0) 15- lz 0) 
L E D 1Jz. '(J 15- lz 0) 7-. -1 'Y 'T S W 1 1 T'J ¥ S W 1 Y ta:- 13' ts' i.:. t fC ~ --:5' v \ T 1,, \ 0 o l, 7J\ l, 7J: 7J' 
G , ~ ~ tc ti , -t ;v s 1 fc ~ --:5 < m EE m iffi mB JJJ 7- -1 ,y 'f- -:,; 1f L E D -t ;J; 0) -t Jv -f' -If' -1 -:,; fi 
, ~ ~ 1'1/ fc J: I:) f][ M ~ n 0 c' db 0 '? J: '? fc , L E D 7 r 1) 7 7- L 1 1 T'J ¥ L X Y 0) L E D 

1Jz.U7-.-1o/'f-SW1 lT'J¥SWlYO){iiJ;/'1,0)~d1Jz.tf{iiJn0)~1.f:'.~90i.:.t~c'~00 
(0030] 

~ 1 4 fc ff; 9 J: '? iJ; -t Jv 5 1 0) fjjz ~t t - r' fc :t3 1,,\ T fi, 7- -1 'Y 'f- S W 1 1 T'J ¥ S W 1 Y 

ii Fl-l cJR ft~ c' db I:) , :t n tc J: I:) , m i1it I r M 1 ti , ;, tJ i1/I,! .:; 1 N s c:: , 7- -1 ,y 'f- s w 1 1 T'J so 
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¥SW1 Yt, LED-Z}- 1)77--L 11T'J¥LXYt, /±lfJ/I#il-=f-OUTZt~il![-::>--CJI~ 

L, l i'!it ;/1 ' 't" ;/1 toe ~ fR ~ ;/1 t.: L E D 0) ts fc: fix ff L, l ts 0) 3/{; ~ n~ ~t 9 0 0 ~ 1 5 fi:. :to \,,) l 
~ ~ n --c \,,, 0 -1:: Jv s 1 0) w1 w ~ i~ .:i::- - r' ic: :to \,,, --c fi , 7-- -1 ':J cf s w 1 1 T'J ¥ s w 1 Y ti rm 

:tx g 't' ii, I) , 7-- -1 ':J cf S W 1 1 T'J ¥ S W 1 Y fi 00 :tx g 't' ii, I) , -t ;/1 t/J. , L E D "? r 1) l_7 7-­

L 1 1 T'J ¥ L X Y ~ Jl!i -::> t i'/it ;/1 0 ffi i'/it i p M 1 /it'. ~ G 1i" , .=f ;/1 fc: cl:: IJ , L E D fi ts 0) 3/{; ~ 

n~ ~t L, iJ: \,,) 0 Y.. ' ffi i'!it i p M 1 fi ' L E D ig JfJ mJ rSt ~ ( {Yrj ;:;{_ f;f ' 2 0 0 H z ) fi:. :to \,,) l A 
-1 ':J cf S W 1 1 T'J ¥ S W 1 Y 00 :tx it~ & -cf fJij :tx it~ 0) t.: rlJ fi:. /~ JV 7-- ~ jj ffi i'/it ~ ffl PX l, , C::. 0) cl:: 
'5 iJ: :tx It~ fi , ~ ~ ~ fdl!! M ~ n 0 'f il0 0 '5 cl:: '5 fi:. , 1JOlH~ f,lq fi:. cl:: IJ 31 PX ~ n 0 c::. t 7J' 'f ~ 
0 0 1~ ~ t L, l 0) -t: Jv 5 1 0) JfJ w 0) ~ mrr % it~ fi:. :to\,,) l fi' A -1 ':J cf s w 1 1 T'J ¥ s w 1 y 
ti , ~ iJ: 0 L E D ig JfJ mJ 7St ~ fc: :to \,,' t ti¥ 0) :tx • 'f JfJ 1'1' ~ n Y.. ti ~ iJ: 0 L E D ig iJJ mJ rSt ,~ fc: 10 

:to \,,, --c 1i zJIJ ic: iJJ 11 ~ n 0 c::. t 'h' 'f ~ 0 o -=r- 0) J:: :i 1J: :ti -g- , ffl i'!it I p M 1 ti , EI ~ L E D mg 
1lVJ ft!O 7Bt t~ fi:. :to\,,' t tJ!: ~ 0) 1~ Jv 7-- ~ jj ffi i'/it ~ 1f 't 0 c::. t 7J' EI t~ "f i!0 0 o 

(0031] 

7-- -1 ':J cf >' lf L E D -1:: Jv 5 1 0) ~ fJ1lj % It~ fi, L E D "? r 1) l_7 7-- L 1 1 T'J ¥ L X Y tL a -::> 

tB~~;/1klJY..~-=fn~~O)M~7---1o/cf (~;:;{.~, ~-~7'-1o/cf) ~M~ftuc::. 
t 7J' 'c' ~ , -=f n fc: cl:: IJ , 3/6 0) ts v ~ Jv & -cf / Y.. fi ts 5€1.l JJUi , ~ 1 4 & -cf 1 5 fi:. ~ ~ tl t \,,' 
07'-1o/cfSW1 lT'J¥SWlYO)rm:txg&UM:tx•~~'t0M~7'-1o/cfO)M:txg&U 

r,l-J :tx It~ tL {t ff L, l ~ ;:;{_ G n 0 0 -t 0) cl:: '? iJ: tJ!: ~ 0) L E D 0) ~ mrr % It~ fi ' rm t, Y... fi ~ iJ: 0 L 

E D ig !ll}j mi rSt t~ tc. :to \,,' t 7-- -1 ':) cf S W 1 1 T'J ¥ S W 1 Y & -cf S W 3 }If[ -cf fi:. M tiu 7-- -1 ':) cf ~ 
1lUJ w -t 0 c. t 'h' EI i~ 'f il0 0 o ffi i'!it I r M 2 ti , {if nu 7-- -1 ':J cf 'h' ~ iJ: 0 L E D ijg JJJ mJ rSt t~ 'f 20 
{ll,j 5,jlj fi:. JfJ W ~ ;/1 0 Y... fi ~ iJ: 0 L E D ig JfJ mi rSt ~ 'f tJ!: ~ 0) ti¥ fc: :to \,,' t JfJ W ~ n 0 ~ 1Ji!l % It~ fi:. 
:to t::r 0 lm 1:z. 0) L E D ig JJJ mi r& ,~ ic: :to tt 0 ti! ~ 0) , ~ Jv 7-- ~ ll ffi i'!it ~ 1f -t 0 c. t n' m i~ 'f ® 0 

(0032] 

~ 1 6 & -cf 1 7 fi , L E D "? r 1) l_7 7-- L 1 1 T'J ¥ L X Y fi:. ff} Mc ~ tl t.: 7-- -1 ':J cf S W 1 1 

T'J ¥ s W 1 Y ( {YrJ ;:;{. tC ~ 9 ~ 7-- -1 ':J cf) 0) §I~ ffl PX~ ffl \,,' 0 ~ - 7-- 5 -1 >' ffi EE ffi rmi ,iJ;{ JfJ 
7-, -1 ':J cf >' 1/ L E D t: Jv 5 2 /it'.~ l, t \,,' 0 o t: Jv 5 2 fi , 7-- -1 ':J cf S W 1 1 T'J ¥ S W 1 Y 

& -cf L E D "? r 1) l_7 A L 1 1 T'J ¥ L X y 0) §I ~ • PX fi:. tt L, l 1H 71j fi:. ff} Mc ~ n tr. A -1 ':J cf s 
W 6 C f:iU ;:;{. t;L ~ 9 ~ 7-- -1 ':J cf) ~ M fc: ffl \,,' 0 o t: Jv 5 2 0) l'll! ~lj( ~ ~ ~ fc: 't 0 tr. rlJ fc: , .L-Y-

r 0) -1:: JV 5 2 0) JfJ {'I' t - r' fc: J \,,' --C 0) IBBJHi , L E D "? r 1) l_7 7-- L 1 1 T'J ¥ L X Y i7'J 0) :3- 30 

l:z. 0) L E D & -cf,& l:z. 0) 7-- -1 ':J cf S W 1 1 T'J ¥ S W 1 Y ~ ft U C::. t fc: ~ -:5 \,,' --C \,,' 0 o l, 7J' l, 
7J: 7J' G , ~ JIJ/( fi:. fi , -1:: Jv 5 2 fi:. ~ -:5 < ffi EE ffi jjJJ\ ,iff JfJ 7-- -1 ':J cf >' lj' L E D -1:: Jv 0) -1:: Jv 'f' -lJ" -1 
>' fi , ~ ~ ~ fi:. cl:: IJ J'll! ~lj( ~ ;/1 0 't' ii, 0 '? cl:: '? fi:. , L E D "? r 1) l_7 7-- L 1 1 T'J ¥ L X Y 0) L 

ED&rf7'-1o/cfSW11T'J~SW1YO)Wtl,O)fflPX&rfWtlO)~/it'.1'190C::.t~'t'~0 

(0033] 

~ 1 6 fi:. ~ 't cl:: '5 iJ: t: Jv 5 2 0) n~ Mt - r' fi:. :to\,,) t fi, 7-- -1 ':J cf S W 6 fi fJiJ :tx It~ 't' ii, IJ 
, 7-- -1 ':J cf s w 1 1 T'J ¥ s w x 1 ti rm :tx tt~ 'f ® 1J , -=r- n tc: J:: 1J , ffi i'!it I p M 1 ti , 7'. fJ **' 
-=f-I N3t, LED-Z}-1)1_77--L 1 lT'J~LXYt, /±lfJ!I#ilrOUT3t~ll!i-::>t)i~L, 

l i'!it n' -t ;/1 t/J.' ~ tR ~ ;/1 tr. L E D 0) ts fi:. fix ff L, l ts 0) 3/{; /it'. nHW9 0 0 ~ 1 7 fi:. .:to\,,) l ~ 40 
~ ;/1 t \,,' 0 iJJ W ~ t~ t - r' fc: :to \,,' t fi , ~ tR ~ tl tr. 7-- -1 ':J cf S W 1 1 T'J ~ S W X 1 fi rJJ ~;/\ 
g"[:'i!,I), -=f;/1t/J., LED-Z}-1)1_77-,L l lT'J~LXY~ll!i-::>ti'/ittl0ffii'/iti PM 1 ~~ 

G -1i° , 't" n fi:. J:: IJ , L E D fi ts 0) 3/(; ~ -J1x. ~t l_, 7J: \,,) o )(., , ffl i'!it i p M J fi , L E D iJR !lVJ /l'l] r& 
~ ( WrJ ;:;{. ti' , 2 o o H z ) fc: :to \,,' t 7-- -1 ':J cf S W 1 1 T'J ¥ S W X 1 0) ~ ~ iJ: rm :tx It~ & -cf M 

:tx It~ 0) tr. rlJ fc: 1, Jv 7-- ~ jj ffi i'!it ~ ffl PX L, , c::. 0) cl:: '? iJ: :tx It~ fi , ~ ~ ~ fi:. J'.l!! ~lj( ~ tl 0 T ii, 0 '5 
cl:: '? fi:. ' 1lt *~WI fi:. cl:: IJ 31 m ~ n 0 L t 7J' c' ~ 0 0 1~ ~ t L, l 0) -t: JV 5 2 0) JfJ {'F 0) ~ mrr % 
It~ fc: :to \,,' t fi , 7-- -1 ':J cf S W 6 & -cf 7-- -1 ':J cf S W 1 1 T'J ~ S W Y 1 ti , ~ 7J: 0 L E D iff JfJ 
/l'lJ r& t~ tc. :to \,,' t ti¥ 0) :tx tt~ "f JfJ W ~ n Y.. ti ~ iJ: 0 L E D iJR WJ /l'lJ r& ~ fi:. .:to \,,' t {!l,j BrJ fi:. llvJ {'I' ~ n 
0 L t 7J' c' ~ 0 0 't" 0) cl:: '? iJ: i:i -g- ' ffi i'!it i p M 2 fi ' EI ~ L E D iJR JfJ mJ 7& ~ tL :to \,,) l tJ!: ~ 
0) l, Jv 7-- ~ jj ffi i'/it ~ 1f 9 0 C::. t 7J' Pf t~ c' ii, 0 o 50 
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[0034] 

7-- ,{ 'Y 'f :,, If L E D -t )V 5 2 0) ~ 1Jl!i % ft~ t;J:, JR fR ~ n tc. L E D tc. s -::i t 5} M2 ~ :h tc. 1 -:::> 

x t;J: -r n l-.:.Z J:. OJ fit bl:J 7- -1 'Y 'f C WIJ x t;l:'_ ¥ ¥J {* 7- -1 'Y 'f ) ;:iJ:- !s1! fC. -a u t:. t 7J' "f 75 , -r n fC. 
~ I:) , :Ye 0) ~ v '°" )v & tf / X t;l: § 5§1 & t;l: , ~ 1 6 & tf 1 7 fC. ff-; ~ n t v' 0 7- ,{ 'Y 'f S W 6 

&tf7'-1o/'fSWl ln¥SWXlOJOO~U&tfM~U~~90fit~A-1o/'TOJ~~-& 
tf M ~ a fC. ,ft< ff L l ~ X G n 0 0 -r 0) ~ '? 7J; tl 1& 0) L E D 0) ~ 1Jl!i % ft~ t;l: ' IP] t, X t;l: ~ 7J; 0 
L E D JS !Ii}] )J!U ZBl. 1& fc. :13 v' t A ,{ 'Y 'f S W 6 & tf A ,{ 'Y =r S W 1 1 n ¥ S W X 1 & tf fir bl:J A 
,{ 'Y T ;/J:- !liJJ {'F 9 0 L t 7J' PJ tm "f ® 0 0 'I: mt i p M 2 t;J: ' {t jJQ A ,{ 'Y T '/J~ ~ ;IJ; 0 L E D .~s !Ii}] 

JJ!U zez 1& "f {IIIT ~lj fC. 1WJ W ~ n 0 x f;l: ~ tJ: 0 L E D !JS 1WJ JJ!U ¥Bl. 1& "f t,\U-:Z OJ ~ fC. :13 v' t !!lfJ {'p ~ n 0 ~ 
1Jl!i % ft~ fC. :13 ft 0 11-'-? OJ L E D JS !liJJ JJ!U rSl. tHc. :13 ft 0 ti 1& OJ/\ Jv 7-- ~ 1Jm 'I: mt ;:iJ:- ff '9 0 t:. t 7J' PJ 10 
~g "f ® 0 0 

[0035] 

~ 1 2 n ¥ 1 7 ;:iJ:- ~ ~,ij '9 0 fc. , 'I: EE 'I: wJ\ t 'I: EE mt 'I: wJ\ JS !Ii}] 7-- ,{ 'Y 'f :,, 1l L E D -t Jv. 5 0 

n ¥ 5 2 0) 1 -:::> !::'. ;:/J:- ffl v' 0 , ;$: JE aJj 0) 'I: EE 'I: r/JJ\ L E D r' '7 ,{ l, 0) 1& & tf ffl mt fC. f;l: iliiJ ~H 7J' 7J: 
1., \ 0 ~ 1 8 n ¥ 1 9 f;l: ' * JE aJj 0) 'I: EE 'I: wJ\ L E D r' '7 ,{ l '\ 0) ~ J 7J\ 0) WIJ ff-; t L l 0) ~ tft!i % 
U ;:iJ:- ff-; Lt v' 0 a 

[0036] 

~ 1 8 f;J: , l '- 'Y T 1) B 5 , ,{ :,, -!J." 7 7- L 7 , ¥ ¥J {* A ,{ ';/ 'f Q 5 , ,:/' ,{ :t - r' D 6 & tf 
::i ✓ -r' ✓ '1-f c 2 0) m: ~P 0) w2 11 ;:/J:- ff 9 0 B o o s 1 ~ ::i ✓ 1, - -:;. n A ic. ® 0 m EE m v.m v s 1 

;:iJ:- ffl v' t v' 0 'I: EE 'I: i!Jl\ L E D r' 7 ,{ l, 6 0 ;:iJ:- ff-; l, t v' 0 a 'I: EE 'i: wJ\ V S 1 f;J: , ~ ~ ~ fc. t;J: 20 

Jfil ~lfo "f 75 0 "f ® 0 '? ~ '? fc. , 'I: 1J ~ W! JJ!U /'Bl. 1& ( WIJ x tl , 1 0 0 k H z ) fc. :13 v' t A ,{ 'Y 'f 
Q 5 0) Jj' - r "" 0) If - r {j,(~ 0) ~ M'i fC. ~ I:) ' 1ft * 7J' G !liJJ {'F ~ n l V \ 0 0 

[0037] 

r' 5 ,{ 1 '- 6 0 f;J: , A ,{ ';/ 'f S W 1 1 n ¥ S W 1 4 & tf L E D L 1 1 n ¥ L 1 4 0) {JIJ ff-; !::'. 
l, '"( 0) @] ~ ,f/-1j mt ;:/J:- ff 9 0 -t Jv 5 1 ( ~ 1 3 & tf 1 4 ) 0) 1, - :) si ✓ 5 1 a ;:/J:- !)I! fC. ffl v' '"( l,,\ 

0 a L E D L 1 1 , L E D L 1 2 , L E D L 1 3 & tf / x f;J: L E D L 1 4 f;J: , fit bl:J 7,., ,{ 'Y 

7;:/J:-ff90i.:!::'.~PJW"f®0~:hO)mmO)@l~-mt~:1300m1&0JLED!::'.Lt~1Jl!i~n 
0 t:. !::'. iJ, "f 75 0 a - ~ 1Jl!i % ft~ fC. :13 v' '"( f;J: , L E D L 1 1 f;J: 1 -:::> X f;J: -r :h 1-.:.Z J:. 0) $ § L E D 
;:iJ:- ff l, , L E D L 1 2 f;J: ~ § L E D ;:iJ:- ff l, , L E D L 1 3 f;J: ff §. L E D ;:/J:- ff L , -r L t L 

E D L 1 4 f;l: 1 -:::> X t;J: -r n l-.:.Z J:. 0) 7' :,, l, - L E D ;:iJ:- ff 9 0 a 30 

[0038] 

-t Jv 5 1 a f;J:, 1 -:::> x ti -r n W. J:. OJ 7-- -1 ,;; 'f s W 1 1 n ¥ s W 1 4 OJ JR tR a';; !1iJJ {'F ;:iJ:- ff '9 
0 , -t Jv 5 1 a OJ 15- I? OJ n1J. M --E- - F ;:iJ:- ff '9 0 1 5 {!lil OJ n1J. ~t --E- - F ;:iJ:- ff L , -r n fc. ~ l:J , 'I: 
mt i p M 1 t;J: 1 -:::> X f;l: -r :h lY, J:. 0) L E D L 1 1 n ¥ L 1 4 ;:/J:- ~ -::i t mt n , -r n fC. ~ I:) , c'.:': 

0) L E D L 1 1 n ¥ L 1 4 t;, :Ye ;:/J:- n1J. Ml, l v' 0 7J' fc. ,ft< ff L l' § 0) :Ye ;:/J:- n1J. ~t 9 0 0 -t )V 5 

1 a 0) !Ii}] {'F ~ ~g --E- - F fc. :13 1.,' t f;J: , 7,., ,{ 'Y 'f s W 1 1 n ¥ s W 4 1 t;J: M ~ ft~ "f ® l:J , -r n 
"/ti:, LEDL 1 ln¥L 14;:/J:-~-::itmtn0'i:mti p M 1 ;:IJ:-~Git, :tntc.~I:), LED 
L 1 1 n ¥ L 1 4 f;J: § 0) :Ye ;:iJ:- n1J. M l, ;IJ; v' a -t Jv 5 1 a t;J: , A ,{ 'Y 'f S W 1 1 n ¥ S W 1 4 

fc. iHR a';; fc. {lU\f'i ~ n 0 1ft * OJ i\ilJ frl'l) {~ ~ fc. ,ft< 1¥ L t , L E D JS 1WJ JJ!U zSl. 1& ( fflj x ti:' , 2 O O H 
z ) tc. :13 v' t , n1J. ~t --E- - F 0) l -:::> !::'. !liJJ fl' ~ ~g --E- - F !::'. 0) Fell "f 7,., ,{ 'Y 'f :,, 7' '9 0 a {~ ~ 0) -t 40 
Jv 5 1 a 0) !liJJ {'F --E- - F fc. :13 1.,, t f;J:, A,{ 'Y =r S W 1 1 n ¥ S W 1 4 f;J: , ~ ;IJ; 0 L E D JS !liJJ 

JJ!U zSl. 1& fC. :13 v' t @ ~lj fC. !liJJ {'F ~ n 0 x f;l: ~ tJ: 0 L E D ms !liJJ ml rez 1& fC. :13 v' t ~ OJ ~ ft~ 1." 1WJ {'I' ~ 

n 0 L !::'. iJ, "f 75 0 0 -r 0) ~ '? 7J; j:~ i1 ' 'I'. mt i p M 2 f;J: ' PJ ~ L E D ms !liJJ m rSl. t-:z fC. :13 V \ l ti 
1& OJ 1, ,v 7-- ~ ll '1'. mt ;:1J:- ff 9 0 t:. t n' PJ ~g --c ® 0 o 

[0039] 

~ 1 9 t;l: , l '- ';/ T 1) B 6 , ¥ ¥J {* A ,{ ';/ =r Q 6 , r 5 :,' 7,., T 2 & tf ,:j' ,{ :t - r' D 7 0) l'et 
~p OJ M211 ;:iJ:- ff '9 0 F 1 y b a c k ~ ::i :,, /'\ - 7- n :i:.\ fC. ® 0 'I'. EE 'I: wJ\ V S 2 ;:iJ:- ffl v' T v' 0 'I: 
EE 'i: wJ\ L E D F 5 ,{ l, 6 1 ;:iJ:- ff-; l, t v' 0 a 'I: EE 'i: wJ\ V S 2 t;J: , ili ~ ~ fc. tHi ~~ "f 75 0 c' ® 

0 '? ~ '? fc. , 'I: 1J ~ ~ )J!U ¥Bl. 1& ( WIJ x ti' , 1 0 0 k H z ) tc. :13 v' t 7- ,{ ';/ =r Q 6 0) If - r "" 

0) If - r {~ ~ 0) ~ M'i fC. ~ I:) ' 1ft * 7J' G !liJJ {'F ~ n l V \ 0 0 50 
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[0040] 

F 5 .-{ /\ 6 1 ti, 7-.. .-{ ';/ "f S W 6 , 7-.. .-{ ';/ "f S W 1 1 l1J ~ S W 4 1 & '(} L E D L 1 1 l1J 
~ L 4 1 if> f7lj ~ C: L, L if> @] fi!g ;ffiJ nJt ~ fl 9 0 t Jv 5 2 ( ~ 1 6 & '(} l 7 ) if> I, - 1/ 3 ✓ 5 2 

a ~ !.ii! fC ffl v' L v' 0 a L E D L 1 1 , L E D L 2 1 , L E D L 3 1 & '(} / X f;J: L E D L 4 
1 f;l: , ft :/Jo 7-.. -1 ';! "f ~ fl 9 0 C t 7J' 1:lJ trn 'c' ® 0 {PJ :/1, if> Plr ~ if> @l fi!g ffiJ nlt fC :}3 ft 0 ti ~ if> L E 
D t L, --C ~ tJl!1 ~ :/1, 0 C. t 7J' 'c' ~ 0 a - ~ :tJl!1 ff; it~ fc :}3 v' --C f;J: , L E D L 1 1 f;J: 1 -:> X f;J: ~ :/1, 

l-_;l_ J:: if> 'iJJ; '€s L E D ~ fl L, , L E D L 2 1 f;J: *JR § L E D ~ fl L, , L E D L 3 1 f;J: w '€s L E D 
~ fl L, , ~ L, --C L E D L 4 1 f;J: 1 -:> X f;J: ~ :/1, t( J:: if> 7 >1 1, - L E D ~ fl 9 0 a 

[0041] 

t Jv 5 2 a fa: , 1 -:> X fa: ~ :/1, l-_;i_ J:: if> 7-.. .-{ ,y "f S W 1 1 l1J ~ S W 4 1 if> m :J:R af,J Im ~ it~ fl:: & 10 

'CJ 7-.. -1 'Y "f s W 6 if> M ~ it~ ft ~ fl 9 0 , t Jv 5 2 a if> ~ l:z if> Mz. M t" - F ~ fl 9 0 1 s {~ if> 

1i5Z. ~t t" - F ~ fl L, , ~ :/1, fC ~ IJ , • mt i p M 2 f;l: 1 -:> X f;J: ~ ;/1, l-_;l_ J:: if> L E D L 1 1 l1J ~ L 

4 1 ~ lffi -::i --C mt ;/1, , ~ ;/1, fC ~ IJ , ~ if> L E D L 1 1 l1J ~ L 4 1 7J' :1/6 ~ n5Z. ~t L, L v' 0 7J' fc ,f& 
ff L, --C, '€s if> :1/6 ~ n5Z. ~t 9 0 a t Jv 5 2 a if> !llJJ {'Pf ijg t" - r' fc :}3 v' --C f;J:, 7-.. .-{ ,y "f S W 6 f;J: 

Im ~:k it~ 'c' ® IJ , 7-.. .-{ 'Y "f S W 1 1 l1J ~ S W 4 1 f;J: I'll ~:k it~ 'c' ® IJ , ~ ;/1, i1& , L E D L 1 1 l1.J 
~ L 4 1 ~ Jill -::i L mt :/1, 0 • mt i p M 2 ~ Ji! G -it , ~ ;/1, fc ~ IJ , L E D L 1 1 l1J ~ L 4 1 f;J: 

-€s if> :1/6 ~ 1i5Z. M L, tJ: v, a t Jv 5 2 a f;J: , 7-.. -1 ,y "f s W 1 1 l1J ~ s W 4 1 fc ~ :J:R a~ fc 1# ~ ~ n 
0 1tLJ!~ if> lliiJ mil {~ ~ fc 1tR ff L, --C , L E D ~g !llJJ Jj!j] ~ ~ ( f71j x f;C 2 0 0 H z ) fc :13 v' --C , 1i5Z. ~t 
t" - F if> 1 -:> t !llJJ fF ~ ng t" - ~, t if> Im 'c' 7-.. -1 'Y "f Y 1f 9 0 a {~ ~ if> t Jv s 2 a if> !llJJ {'Ii t" -
r' fC to v' L f;l: , A .-{ 'Y "f S W 1 1 l1J ~ S W 4 1 f;l: , ~ ;/J: 0 L E D ,@[ !llJJ Jj!j] ¥Bl. ~ fC :13 v' L {~ 75lj 20 
fC !llJJ {'Ii ~ n 0 X f;J: ~ ;/J: 0 L E D ~g !llJJ Jj!j] 715l. ~ fC to V' l ~ if) ~ it~ C' !llJJ {'p ~ n 0 L. t 7J' C' ~ 0 0 

~ if> ~ -5 ;/J: ~ iL • mt i P M 2 f;J: , pJ ~ L E D J~[ !WJ Jj!j] ~ ~ fC to v' L t1H,:jz if> I, Jv 7-.. ~ ID1iJ '~ mt 
~ fl 9 0 c. c: 7J' m ng C' ® 0 o 

[0042] 

~ 2 0 fL 2js: ~ af:] if> • mt • 716( L E D F 5 .-{ 1 q;: -:> v' L if> ~ < if> ~ tJl!1 % it~ if> 1 -:> ~ 'f -tf' .-{ 
>1 9 0 tc. ~ fC t Jv --c:r }-- 1) l_7 7-.. 3 0 ( 1 1 ) l1.; ~ 3 0 ( X Y ) C:. mt. l1ffe I s C: ~ ffl v' 0-"" 
- A 7 .-{ ✓ .mt. j1ffe L E D F 7 .-{ /\ 7 0 ~ ~ L, l 1..,, 0 0 * ~ af:] if) m mt. j1ffe L E D F 7 .-{ /\ 
if> F 5 .-{ 1, -f' -tf' .-{ >1 f;J: , ( 1 ) t Jv --c:r }-- 1) l_7 7-.. 3 0 ( 1 1 ) l1J ~ 3 0 ( X Y ) 1:/;J if> 1 -:> X 
f;l: ~ :/1, t( J:: if> • mt ffi rlli\ ~s !llJJ 7-.. .-{ ';/ "f >1 lj' L E D t Jv 3 0 if> m :J:R , ( 2 ) t JV --c:r }-- 1) l_7 A 3 

0 ( 1 1 ) l1J ~ 3 0 ( X Y ) 7J' G ~ :J:R ~ ;/1, tc. ~ l:z if> t Jv 3 0 if> L E D -f' +f .-{ >1 , ~ L, --C ( 30 

3 ) ti fj_ if> t Jv if> ~ tJl!1 ff; l~ fc ;tt L, --C , t Jv --c:r }-- 1) l_7 7-.. 3 0 ( 1 1 ) l1.; ~ 3 0 ( X Y ) 7J' G 
mm~:nk•~if>t~3oifJ1-:>xu~ntzJ::if>m~••&u/xutt~••if>mm~fl 
L, , C. C. C' , X ~ 1 & 'CJ Y ~ l C' ® 0 a ti ~ if> t Jv 3 0 ~ ffl v' 0 F 7 .-{ I, if> ~ tJl!1 % it~ fC ;tt 
L,--ru. •~901WJW•mttt•~fl90t~3ou, ~•~u, mw~••~:n, •~9 
0 !WJ {'Ii fl[ )± {± g ~ fl 9 0 t JV 3 0 f;J: ' ~. fC f;l: ' tt 71j fC • M ~ ;/1, 0 0 liH1Ui f;l: ' F 7 .-{ I\ 
7 0 fC ill!; ".:5 < ffi mt • l1ffe L E D F 7 .-{ I, if> F 7 .-{ l, 'f +f .-{ >1 fc f;l: lliiJ ~_& 7J' ;/J: v' C. t ~ l'.ll! ~¥ '9 0 
C' ® ~ ') 0 ~ 2 2 l1J ~ 2 5 f;l: ' F 7 -1' / \ 7 0 fC ill!; ".J < • mt • j1ffe L E D F 7 .-{ I\ if) ~ J 7J' if) 

-W/J ~ t L, --C if>~ tJl!1 ~ l~ ~ ~ L, --C v' 0 a 

[0043] 

~ 2 2 f;l: , • mt • rim I s fC tt flj fC m M ~ ;/1, tc. -J/f. '€s t Jv 3 0 R , *JR § t JV 3 0 G & f.J W § 40 

t JV 3 0 B ~ ~ L, l V' 0 0 ~ 2 3 f;J: ' • mt. j1ffe I s fC m 71j fC :j:~ M ~ ;/1, tc. -J/j. § t Jv 3 0 R ' 

kw\ 1:S t Jv 3 0 G & '(} w § t Jv 3 0 B ~ ~ L, l v' 0 0 ~ 2 4 f;J:' • mt. j1ffe I s fC m 71j fC. M 
~ n tc. -J/j. § t Jv 3 0 R t *JR§ t JV 3 0 G & '(} w § t Jv 3 0 B if) tt 71j. M t ~ ~ L, l 1..,, G 0 

~ 2 5 f;l: , • mt. rlli\ I s fC tt 71j fC m M ~ ;/1, k kw\ § t Jv 3 O G & f.J w § t JV 3 0 B if> @: 7lj m 
• t -J/j. 1:S t Jv 3 0 R t ~ ~ L, l V' 0 0 ~ 2 2 l1J ~ 2 5 ~ * m~ 9 0 fC ' • mt. ii ( 17/J X f;C 
~ 7 l1J ~ 1 0 fC ~ L, L v' 0 C S 1 l1J ~ C S 4 ) f;J: , flll l.z if> L E D ~S !llJJ Jj!j] ¥Bl. ~ fC to v' L • mt 
1 r M 1 'IJ"tl I~ if>,, Jv ;z... ~ IDlil •mt~ fl 9 0 c. c: iJ, m ng 'c' ® 0 , flll 1.z if> L E D ~ !llJJ Jj!j] r/5l. t~ x 

f;J: IP] t.:: L E D ~g !llJJ Jl!lJ ¥Bl.~ fc to ft 0 ~ :/1, :f:' n if> 1i5Z. Mt" - F t llifJ {'p ~ Fig t" - r' 00 if> ~ l:z if> t Jv 
3 0 R , 3 0 G & f.J 3 0 B if> 7-.. .-{ ';! "f >1 If fc it< ff L, L , t Jv 3 0 R , 3 0 G & f.J 3 0 B fC 

;t,J- L, L 1, Jv 7-.. ~ IDliJ ffi mt I p M 1 ~{:!¾Mi 9 0 a 50 
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(0044] 
~ 2 1 i;L * ~ afj 0) l'!HE 'i: imi L E D F 5 1' 1 q;: -:J v' t 0) ~ < 0) ~ 1Ji!i % ft~ 0) 1 -:J Ii' 'f' -lf' 1' 

>' 9 0 tc. ClJ fC -t Jv 'Z r I) 7 7-- 5 0 ( 1 1 ) 7J ~ 5 0 ( X Y ) t 'i: EE 'i: imi V s t Ii' ffl V' 0 « 
- A 5 1' ✓• }±. t/Jll L E D F 5 1' /\ 8 0 Ji' ZR L, l v' 0 0 * ~ aJj 0). EE. imi L E D F 5 1' /\ 
0) r' 5 1' 1, 'f' -If 1' ::,, ii, c 1 ) -t Jv -z t- u 7 7-- s o c 1 1 ) T'J ~ s o c x Y ) pq 0) 1 -:J Y.. 
ii -r n u J: 0) • EE ffi'. rill\ irr WI 7-- 1' ,y 1- ::,, 1f L E D -t Jv s o 0) m tR , c 2 ) -t Jv -z t- u 7 7-- s 
0 ( 1 1 ) lJ ~ 5 0 ( X Y ) 7J' G m tR ~ :h tc. :S- '-< 0) -t JV 5 0 0) L E D 'f' -If 1' >' , -r l, t ( 
3 ) tl ,~ 0) -t Jv 0) ~ 1Ji!i W ft~ fC xv l, t , -t Jv 'Z r I) 1.J 7-- 5 0 ( 1 1 ) 7J ~ 5 0 ( X Y ) TJ' G 
mtR~:hkWRO)-t~500)1-:JY..~-r:hUJ:O)~~--&tf/Y..~tt~•-O)mtRfi'~ 
t..,, c. c. -z:, x ~ 1 & 'Cf Y ~ 1 -z: i!S 0 o tl R 0) -t Jv s o Ii' ffl v' 0 F 5 1' 1, 0) ~ 1Ji!i % ft~ re tt 10 

Gt~, -~90Wl~Mffitt•fi'~90-t~SO~, ~-~~' ~~~--~:h, -~9 
0 lJjjJ {'F •EE{±~ Ji'~ 9 0 -t Jv 5 o ii, ~ ■ fc fi, tt 7!J fc •Mc~ :h 0 o ~~~ii, F 5 1' 1, 
8 o fc ~ "5 < • ffi M imi L E D F 5 1' 1 , 0) F 5 1' 1, 'f' -If 1' >' fc fi ffi!J ~N -JJ, iJ: v' i:. t Ii' JJI! !YI¥ 9 0 
1: jij ,3 '? 0 ~ 2 6 Jj ~ 2 9 ii ' F 5 1' l \ 8 0 fC ~ -:J' < • fE • imi L E D F 5 1' I\ 0) ~ -:J 7J' 0) 

{YIJ ZR t L, t 0) ~ 1Ji!i W It~ Ii' ZR L, t v' 0 o 

(0045] 
~ 2 6 fi , ffi EE ffi'. rill\ V s fC tt 71J fC • Mi; ~ :h tc. jJj. § -t JV 5 0 R , l'm § -t JV 5 0 G & 'Cf W § 

-t JV 5 0 B Ji' ZR L, l v' 0 0 ~ 2 7 Ii' • EE. imi V s fC@: 71J fc. M ~ :h tc. jJj. § -t JV 3 0 R ' 
%,j § -t Jv 5 0 G & 'Cf w § -t Jv 5 0 B Ji' ZR L, l v' 0 0 ~ 2 8 fi' • EE. imi V s fC@: 71j f;: M€ Mc 
~ :h tc. jJj. § -t Jv 5 0 R t *-m § -t Jv 5 0 G & 'Cf W § -t Jv 5 0 B 0) tt 71j M€ Mc t Ii' ZR L, t v' 0 o 20 

~ 2 9 ii, ffi ffi ffi y/)j\ V s fc tt 71j fC. Mi;~ :h tc. l'm § -t JV 5 0 G & 'Cf W § -t Jv 5 0 B 0)@: 7IJ. 
Mi; t jJj. § -t Jv 5 O R t Ji' ZR L, t v' 0 o ~ 2 6 7J ~ 2 9 Ji' ~ ~.~ 9 0 f;: , 'i: ffi 'i: imi ( fYIJ ;3t. i:C 
~ 1 8 & 'Cf 1 9 fc ZR L, t v' 0 V s 1 & 'Cf V s 2 ) Ii , fj '-< 0) L E D I[ WI nu 7Bl R f;: t5 v' t 'i: 
ffi r p M 1 -JJql a 0) , , Jv 7-- ~ IDlll • ffi ;1.r ~ 9 0 c. t -JJ, m fl~ -z: ® 0 , ft'-< 0) L E D .~rr i!lJJ nu rBt ,~ 
Y..~~eLED ■ i!lJJnu~R~t.500-r:h~:h,O)~~~-FtWl~~~~-FOOO):S-'-?O)-t 
Jv 5 0 R , 5 0 G & 'Cf 5 0 B 0) 7-- 1' ,y 1- >' 1}' fC ,ft< 1¥ l., t , -t Jv 5 0 R , 5 0 G & 'Cf 5 0 B 

fC XV l., t 1, Jv 7-- ~ i'Jlll 'i: ffi I p M I Ji' {:i:'; Mi 9 0 o 

(0046] 
UJ:, ~~L,tc.*~~0)~1Ji!i%D~~-1:i!S0t~;Jt.G:h,0-~, *~~O)~~&U~ 

IHI 7J' G ill: H~ 9 0 L. t 7J: < ' flll '-< 0) ~ ff~ & 'Cf {1% IE Ji' ~ 1Ji!i 9 0 L. t 7J' 1: ~ 0 0 * ~ aJj 0) arcr lffi Ii 30 

~ a~H~ ili 0) ~ ~Hw >Jnc i2 ~ ~ n t v, t , ~ ~ 0) ~ % & u ~ im pq ic ® 0 :@: t 0) ~ w ii -r 0) ~ 

lffi p;] fC A. 0 i:. t 7J' ~ ~ ~ :h t v' 0 o 

( ~ oo 0) 1i6 • tJ: ~~ aJJ J 
(0047] 
( ~ 1 ] 'i: ffi ffi imi !~[ !11/J 7-- 1' 'Y 1- >' 1/ L E D -t Jv fC -:J v' t 0) * ~ afj fC :/Jt ? tdf'i 1 « - 7-- 5 1' 

>' 0) ~ 1Ji!i % ft~ 0) tl :r\ ~ -z: i!S 0 o 

( ~ 2 ] ffi: ffi 'i: imi iii WI 7-- 1' 'Y 1- >' lj' L E D -t Jv fC -:J v' t 0) * ~ afj fC :/Jt? tc. ffi 1 « - 7-- 5 1' 
>' 0) ~ 1Ji!i % ft~ 0) fl :r\ ~ 1: i!S 0 o 

( ~ 3 ] 'i: ffi ffi imi iii !1111 7-- 1' 'Y 1- :;.; 1/ L E D -t Jv fC -:J v' t 0) * ~ afj fC 1/E ? tc. ffi 2 « - 7-- 5 1' 
>' 0) ~ 1Ji!i W ft~ 0) fl :r\ ~ -z: i!S 0 o 40 
( ~ 4 ] ffi: ffi ffi imi iii i!lJJ 7-- 1' 'Y 1- >' 1/ L E D -t Jv fC -:J v' t 0) ;;$: ~ aJj fC :/Jt ? tc. ffi 2 « - 7-- 5 1' 

>' 0) ~ 1Ji!i W ft~ 0) tl :r\ ~ -z: i!S 0 o 

( ~ 5 ] ffl ffi ffi imi JI[ i!lJJ 7-- 1' 'Y 1- >' 1/ L E D -t Jv re -:J v' t 0) ;;$: ~ aJj re 1/E ? tc. ffi 3 « - 7-- 5' 1' 
>' 0) ~ fiili % ft~ 0) fl :r\ ~ -z: i!S 0 o 

( ~ 6 ] ffi: ffi ffi rill\ .~[ WI 7-- 1' 'Y 1- >' lj' L E D -t Jv fC -:J v' t 0) ;;$: ~ aJj fC :/Jt ? tc. ffi 3 « - 7-- 5 1' 
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r:1:spact:m:n - ownugrnpmc uara 

PROBLEM TO BE SOLVED: To-provide a 
lighting circuit capable of making a constant 
current flow through light 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 LED1 n. 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 voltage 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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PTO/SB/06 (09-11) 
Approved for use through 1/31/2014. 0MB 0651-0032 

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 0MB control number. 

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number Filing Date 

Substitute for Form PTO-875 13/896,977 05/17/2013 □ To be Mailed 

ENTITY: [8J LARGE 0 SMALL 0 MICRO 

APPLICATION AS FILED - PART I 
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FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) 
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If the specification and drawings exceed 100 sheets 

□APPLICATION SIZE FEE 
of paper, the application size fee due is $31 O ($155 
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fraction thereof. See 35 U.S.C. 41 (a)(1 )(G) and 37 
CFR 1.16(s). 
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This collection of 1nformat1on Is required by 37 CFR 1.16. The 1nformat1on Is required to obtain or retain a benefit by the public which Is to file (and by the US PTO 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, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, ca/11-800-PTO-9199 and select option 2. 
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12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 
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Certified copies of the priority documents have been received. 

Certified copies of the priority documents have been received in Application No. __ . 

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)). 
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This Office Action is a response to Applicant's amendment filed on 11 /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 Langi, 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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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-l.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: 

Page 4 

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-AIA 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-AIA 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, a lighting 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-AIA 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 
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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 DA/ 

Primary Examiner 

Art Unit 2821 

Date 1/7/14 
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!MN 56. US- 5,128,595 07-07-1992 Hara 
/MA/ 57. US- 4,988,889 01-29-1991 Ouqhton Jr. 
/~A Ai 58. US- 4,685,303 08-11-1987 Branc et al. 
!MM 59. US- 4,298,869 11-03-1981 Okuno --

iMA! 60. US- 3,787,752 01-22-1974 Delay 
!~AA/ 61. US- 2008/0192462 A 1 08-14-2008 Steedly et al. 

iMAt 62. US- 2008/0062699 A 1 03-13-2008 Popovich et al. 
/~A Ill 63. US- 2008/0055915 A 1 03-06-2008 Lynch et al. 
!MAI 64. US- 2008/0048582 A 1 02-28-2008 Robinson 
/MAI 65. US- 2007/0211463 A1 09-13-2007 Chevalier et al. 
/1\~A/ 66. US- 2007 /0041220 A 1 02-22-2007 Lvnch 
!MN 67. US- 2006/0267028 A 1 11-30-2006 Lynch et al. 
/~,AA/ 68. US- 2006/0001381 A1 01-05-2006 Robinson et al. 
/MA/ 69. US- 2005/0251698 A 1 11-10-2005 Lynch et al. 
/fll1A/ 70. US- 2005/0243556 A 1 , 11-03-2005 Lvnch 
/f1AAI 71. US- 2005/00934 73 A 1 05-05-2005 Yeh et al. 
!MN 72. US- 2005/0077838 A 1 04-14-2005 Blumel 
l~AAi 73. US- 2004/0135522 A 1 07-15-2004 Berman et al. 
tr1A t, I 74. US- 2004/0046510 A 1 03-11-2004 Allen 
/r1,1A/ 75. US- 2003/0011559 A 1 01-16-2003 Adachi et al. 
IMAi 76. US- 2001/0024112 A1 09-27-2001 Jacobs et al. 
/MA/ 77. US- 11/854,744 09-13-2007 Mvers 
/MA/ 78. US- 11/755, 162 05-30-2007 NeQley 
!MN 79. US- 11/626,483 01-24-2007 Coleman 
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/MA/ 80. us 7,557,524 07/07/2009 Chevalier et al. 
/MA/ 81. us 7,317,287 01/08/2008 Blumel 
/MA/ 82. us 7,202,608 04/10/2007 Robinson et al. 

/MA/ 83. us 7,148,632 12/12/2006 Berman et al. 
tMAf 84. us 7,122,971 10/17/2006 Yeh et al. 
/~AA/ 85. us 7,088,334 . 08/08/2006 Adachi et al. 
/MA' 86. us 2009/0184666 07/23/2009 Myers et al. 
rr,AA; 87. us 2008/0278097 11/13/2008 Roberts et al. 
/MA/ 88. us 2008/0259589 10/23/2008 Van De Ven 
/MA/ 89. us 2008/0136313 06/12/2008 Van De Ven et al. 
/MA/ 90. us 2008/0130285 06/05/2008 Negley et al. 
IMAI 91. us 2008/0112170 05/15/2008 Trott et al. 
1r,irn1 92. us 2008/0112168 05/15/2008 Pickard et al. 
/MA/ 93. us 2008/0106907 05/08/2008 Trott et al. 
/MA/ 94. us 2008/0106895 05/08/2008 Van De Ven et al. 
![,AA! 95. us 2008/0089053 04/17/2008 Neqley 
/MAI 96. us 2008/0088248 04/17/2008 Mvers 
iMA/ 97. us 2008/0084701 04/10/2008 Van De Ven et al. 
iMN 98. us 2008/0084 700 04/10/2008 Van De Ven 
/MA/ 99. us 2008/0084685 04/10/2008 Van De Ven et al. 
i~M/ 100 us 2007 /0280624 12/06/2007 Neqley et al. 

/MA/ 101 us 2007 /0279903 12/06/2007 Negley et al. 
/MA/ 102 us 2007 /0279440 12/06/2007 Negley 
!MA/ 103 us 2007 /0278934 12/06/2007 Van De Ven et al. 
lf-..Mi 104 us 2007 /0278503 12/06/2007 Van De Ven et al. 
1r,M1/ 105 us 2007 /027 4080 11/29/2007 Negley et al. 
i~A I',/ 106 us 2007 /027 4063 11/29/2007 Negley 
/~AA/ 107 us 2007 /0267983 11/22/2007 Van De Ven et al. 
/MA/ 108 us 2007 /0263393 11/15/2007 Van De Ven 

/~,Ml 109 us 2007/0236911 10/11/2007 Neqley 
/MA/ 110 us 2007/0171145 07/26/2007 Coleman et al. 

/MA/ 111 us 2007/0170447 07/26/2007 Negley et al. 
/MA/ 112 us 2007/0139923 06/21/2007 Negley et al. 
/MA/ 113 us 2007 /0139920 . 06/21/2007 Van De Ven et al. 
/MA/ 114 us 2007/0137074 06/21/2007 Van De Ven et al. 
l~AA 1 115 us 2007 /0115248 05/24/2007 Roberts et al. 
/MA/ 116 us 7,015,654 03/21/2006 Kuhlmann et al. 

/~AA! 117 us 7,276,861 10/02/2007 Shtevnberg et al. 
/MAI 118 us 7,301,288 11/27/2007 Green 
/MA/ 118 us 7,323,828 01/29/2008 Russell et al. 
/MA/ 12C us 4,859,911 08/22/1989 Kinnard et al. 
!~AA' 121 us 6,359,392· 03/19/2002 He 
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/~,Ml 122 us 6,411,046 06/2002 Muthu 
if1AAI 123 us 6,507,159 01/2003 Muthu 
lrJIA i 124 us 7,122,971 10/2006 Yeh et al. 

/1\,18.1 125 us 6,894,436 05/2005 Togashi et al. 
/~Ml 126 us 6,441,558 08/2002 Muthu et al. 
/~AA! 12 us 6,864,641 03/2005 Dygert, Gregory J. 
/MA/ 128 us 7,236,148 06/2007 Yoshida et al. 
II\A8! 12 us 7,569,996 08/2009 Holmes et al. 
!~11!,t 130 us 7,122,971 10/2006 Yeh et al. 

IMAi 131 us 6,507,159 01/2003 Muthu 
/~A r:..1 132 us 6,411,046 06/2002 Muthu 
/MAI 133 us 6,161,079 B1 01/30/2001 Chanq et al. 

/I\/: Al 134 us 6,864,641 03/2005 Dyqert, Greqorv J. 

/MAI 135 us 6,495,964 12/2002 Muthu et al. 
!MN 13€ us 6,510,955 01/2003 Pelleqrino, John B. 

/MA/ 13 us 5,949,222 09/1999 Buono, Robert N. 
/MA/ 13E us 6,940,189 09/2005 Gizara, Andrew R. 
iMA/ 13 us 6,870,328 03/2005 Tanabe et al. 
/~Ml 140 us 6,018,220 01/2000 Nerone, Louis R. 
/MA/ 141 us 5,877,595 03/1999 Nerone, Louis R. 
/t\t1Ai 142 us 7,872,430 01/2011 Roberts et al. 
!MN 143 us 2005/0207196 A 1 09/22/2005 Holmes et al. 
!MN 144 us 2003/0137475 A1 07/24/2003 Yoshida et al. 
!~AA; 145 us 6,441,558 B1 08/27/2002 Muthu et al. 
!~AA/ 14 us 6,621,235 09/2203 Chang, Chin 315/216 
/MA! 147 us 6,909,249 06/2005 Otake, Tetsushi 315.281 
/~,11). I 148 us 6,441,556 08/2002 Muthu et al. 315/149 
/MA/ 149 us 6,510,995 01/2003 Muthu et al. 235/454 
!~AA/ 150 us 6,870,328 03/2005 Tanabe et al. 315/291 

/r1,1A/ 151 us 8,203,286 06/2012 Roberts eta I. 315/307 
/II.AA' 152 us 5,877,595 03/1999 Nerone, Louis R. 315/209R 

153 us 6,940,189 09/2005 Gizara, Andrew 307/151 
/MA/ Roman 
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T Relevant Figures 

Appear 

!~AA; 154 GB 2 249 840 05-20-1992 Alfreza Ghazi Hessami (UK) T 

155 JP 10-233669 09-02-1998 Matsushita Electric Works, T 
/MA/ Ltd. 
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/MN 156 JP 2006-242733 09/14/2006 Matsura Yuji; T 
Mivaai Mitsunobu 

* 157 JP 2006-525664 09/11/2006 Koninklijke Philips T 
/MN Electronics N.V. 

* 158 JP 2004-538653 12/24/2004 Koninklijke Philips T 
/MN Electronics N.V. 
/~f:t.! 159 EP 1033903 09/06/2000 Nokia Mobile Phones 

/MA/ 160 WO 2004/060023 07/15/2004 Nonin-Klijke Philips 
Electronics 

!MN 161 WO 2004/100612 11/18/2004 Koninklijke Philips 
Electronics N.V. 

!~f.A! 162 JP 2003-518714 06/10/2003 Philips Electronics 

/MN 
163 JP 2003-513602 04/08/2003 Koninklijke Philips 

Electronics N.V. 
/r..JIA/ 164 JP 2002-203988 07/19/2002 Toshiba Corp. 

/MA/ 165 WO 01/33917 05/10/2001 Koninklijke Philips 
Electronics N.V. 

/MA/ 166 TW 200501039 01/01/2005 Koninklijke Philips 
Electronics N.V. 

* /MA/ 167 JP 2001-215913 08/10/2001 Toko Inc T 

NON PATENT LITERATURE DOCUMENTS 
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published 

168 DiLouie, "HID Lamp Dimming: Dimming HID lamps can produce significant energy T 

!MN savings and increase user flexibility", 6 pages 
htto://www.ecmweb.com/maa/electric hid lamo dimmina/index.html, (October 1, 2004). 

169 In-Plug® Series: IPS401,"High Efficiency, High Power Factor, Universal High Brightness T 
!MN WHITE LED Controller", ASIC Advantaqe, Inc., Rev.11, 18 pages, (April 2, 2007). 

170 Perduijn et al., "Light Output Feedback Solution for RGB LED Backlight Applications", T 
!MN SID Dioest (2000). 

/MA/ 171 OPTOLED Lighting Gmbh/LED, Product Sheets, T 
httg:fLwww.ogtoled.deLenglischLgroductsLled.html, pp. 1-7, Last Download: January 16, 
2009. 

/MA/ 172 Permlight, LED Fixtures: Enbryten Retrofit to Replace Problematic Incandescence", 1 T 
paqe (Februarv 2005). 

/MA/ 173 International Search Report and Written Opinion (18 pages) corresponding to T 
International Application No. PCT/US07/12708; Mailinq Date: February 20, 2008. 

174 International Search Report and Written Opinion (11 pages) corresponding to T 
/MA/ International Application No. PCT/US07/01834; Mailinq Date: April 28, 2008. 

175 Invitation To Pay Additional Fees (7 pages) corresponding to International Application T 
/MA/ No. PCT/US2007/078368; Mailinq Date: February 5, 2008. 

/MA/ 176 International Search Report and Written Opinion (13 pages) corresponding to T 
International Aoolication No. PCT/US2007/078368; Mailinq Date: Julv 4, 2008. 
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/MN 177 Second PCT Written Opinion (6 pages) corresponding to International Application No. T 
PCT/US07/01834; Mailing Date: October 20, 2008. 

/MA/ 178 U.S. Provisional Application No. 61/039,926, filed March 27, 2008 

/MA/ 179 Japanese Office Action (English Translation) Corresponding to Japanese Patent 
Application No. 2008-541357; Date of MailinQ: June 17, 2011; 2 paQes 

/MA/ 180 Taiwanese Office Action corresponding to Taiwanese Patent Application No. 
095142943; Issuance Date: January 28, 2013; Foreign Test, 5 pages, English 
Translation Thereof, 4 paqes 

/MA/ 181 European Office Action corresponding to European Application No. 06 837 857. 9, dated 
November 5, 2012; 5 paQes 
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: load$1) and ( (first and second) or i USOCR; I i 
i (plurality or group or each)) same (PWM or: FPRS; i i 
: pulse near4 width near4 modulat$3) and : EPO; : : ! i 
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,844, 203 i (string$1 or array or group or solid near4 i US- i OR i ON i 2013/08/04: 
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S47 235 i (string$1) same (light near4 source$1 or i US- !,',,,,,,,,,,,,, OR !,',,,,,,,,,,,,, ON l 2013/08/04! i LED$1 or light near4 emitting or lamps or i PGPUB; l 18:06 i 

........... _l~lf,_,_J_I 
S48 65 i US­

! PGPUB; 
i USPAT; 
i USOCR· 
j FPRS; , 
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S49 I 325 : switch$3 near4 regulator same (string$1 or! US- : OR : ON j 2013/08/04! 
! ! array or group or solid near4 state) same ! PGPUB; ! ! ! 19:06 ! 
! ! (light near4 source$1 or LED$1 or light ! USPAT; ! ! i ! 
! ! near4 emitting) ! USOCR; ! ! i ! 

_1 .................. 1 ........................................................................................... l~' ....... 1 ......................... 1 ................... 1 .......................... ! 
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ll .......... 11 .................. 11 .................................................................................................. llj~; ......... 11 ........................ 11 ................... 11 .......................... 1 ,,-----, . ' 
i S52 I 9992 : current with circuits same (light with I US- : OR : ON j 2014/01/07: 
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!~1 .................. 1 .................................................................................................. lj~; ......... 1 ......................... 1 ................... 1 .......................... 1 
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ls's4 1010 : (PvVM or pulse with modulation) same I US- : OR : ON i 2014/01/07: 
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I : diode$1 or solid near3 state with light$3 or i USPAT; : : i : 
I : (string$1 or group or plurality)) with i USOCR; : : i : 
I : (LED$1 or light near3 emitting) and (PWM i FPRS; : : i : 
i i or pulse) i EPO· i i i i 

!~---------------·j-------------------------------------------------------------------------------------------------lJPO'-------·j------------------------j·-----------------!-----------------------·j 
!S55!94 !S54and@pd<="20051118" jUS- !OR !ON !2014/01/07: 
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l_l .................. 1 .................................................................................................. IEf' ... 1 ......................... 1 ................... 1 .......................... 1 
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l'§Y 12 I,,,,,,, S56 and @pck,"20051118" I~~: I,,,,,,, OR I,,,,,,, ON I ~~~~01/071 
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: with light$3 or (string$1 or group or ! USPAT; i ' 
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: emitting) same ( sensor or detector) same ! FPRS; I,,_ I,,. 

j temperature i EPO; 

I 3, I,,,,,,, OR I,,,,,,, ON I ~~~:~01/071 

I~; I i 
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I I j plurality)) with (LED$1 or light near3 USPAT; ! ! ! ! 
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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 
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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 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 4 7, further 

comprising a sense resistor coupled to the second output te1minal 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 4 7, 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 cmTent 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 µH 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 µH. 

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 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[[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 

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. 

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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cunent 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 4 7-62 are allowed. Claims 4 7-71 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 ofnonstatutory 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 ofnonstatutory double patenting as being 

unpatentable over Claims 1-27 of U.S. Patent No. 8,461,776. (pee 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 nYen"). (Office Action, page 4.) 

Claims 65-71 stand rejected under pre-AIA 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 5.) 

Double Patenting Reiections 

Claims 63-71 stand rejected on the ground ofnonstatutory 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 ofnonstatutory double patenting as being 

unpatentable over Claims 1-27 of U.S. Patent No. 8,461,776. (pee 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 
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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 configured 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 l" 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: 

I ,'.,;!1rffitA!'i>'<;r __ H \1t t.iroup 

PV,U logic 

lll'1 , 10 a -- --~-
Cll!Tc:>nt drtve1:_ t i!IJ. G group 

120 _j 

f,PU 

nDt.,ork l/£TA'ORK 
--"'-"-'-"-~-----;!TO ROCBIYER 

11 
130 

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 
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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 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. 
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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. 

Customer Number 65106 
Myers Bigel Sibley & Sajovec, P.A. 
P.O. Box 37428 
Raleigh, NC 27627 
919-854-1400 
919-854-1401 (Fax) 

Respectfully su~d, 

~ .. 

~\ '~ ~." 
' -·~~-" 

Timothy J. Wall 
Registration No. 50,743 

CERTIFICATION OF TRANSMISSION 

I hereby certify that this correspondence is being transmitted via the Office electronic filing system in accordance 
\Vith § l.6(a~(4) to the H.S-fatent and Tradem~Office on June 3, 2014, 

\-111 j 1 r; 1 
(' ("vq_Y)/l \.) 

} £1 !A c::~zx.v t', · u O i • : l~. 
Michele P. McMahan 
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Extension-of-Time: 

Extension - 2 months with $0 paid 1252 1 600 600 Petitioner Hisense USA Corporation 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Miscellaneous: 

Request for Continued Examination 1801 1 1200 1200 

Total in USD ($) 1800 
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Electronic Acknowledgement Receipt 

EFSID: 19194271 

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/Michele McMahan 

Filer Authorized By: Timothy Jennings Wall 

Attorney Docket Number: 5308-706TSCT3 

Receipt Date: 03-JUN-2014 

Filing Date: 17-MAY-2013 

Time Stamp: 12:19:27 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type Deposit Account 

Payment was successfully received in RAM $1800 

RAM confirmation Number 11689 

Deposit Account 500220 

Authorized User 

File Listing: 

Document I Document Description 
I 

File Name 
I 

File Size(Bytes)/ I Multi I Pages 
Number Message Digest Part /.zip (if appl.) Petitioner Hisense USA Corporation 
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149766 

1 
Request for Continued Examination 

5308-706TSCT3-RCE.pdf no 1 
(RCE) 

704321 cdfcd 1 00ad6ce 7217d38bd98643a8 
a4da4 

Warnings: 

This is not a USPTO supplied RCE 5B30 form. 

Information: 

1132880 

2 
5308-706TSCT3-Amendment-

12 
with-RCE.pdf 

yes 
5f09584265eb569028c85853634bd2417b5 

47ce9 

Multipart Description/PDF files in .zip description 

Document Description Start End 

Response After Final Action 1 1 

Claims 2 7 

Applicant Arguments/Remarks Made in an Amendment 8 12 

Warnings: 

Information: 

32740 

3 Fee Worksheet (5B06) fee-info.pdf no 2 
b5cfc5f3da24a9353ecb7ba89e11bbf41620 

ed42 

Warnings: 

Information: 

Total Files Size (in bytes) 1315386 

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 A~~lications 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 A~~lication 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 A~~lication 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 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) 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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PTO/SB/06 (09-11) 
Approved for use through 1/31/2014. 0MB 0651-0032 

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 0MB control number. 

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number Filing Date 

Substitute for Form PT0-875 13/896,977 05/17/2013 □ To be Mailed 

ENTITY: ~ LARGE 0 SMALL 0 MICRO 

APPLICATION AS FILED - PART I 

(Column 1) (Column 2) 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) 

0 BASIC FEE N/A N/A N/A 
(37 CFR 1.16(a), (b), or (c)) 

□ SEARCH FEE N/A N/A N/A 
(37 CFR 1.16(k), (i), or (m)) 

□ EXAMINATION FEE 
(37 CFR 1.16(0), (p), or (q)) 

N/A N/A N/A 

TOTAL CLAIMS 
* (37 CFR 1.16(i)) minus 20 = X $ = 

INDEPENDENT CLAIMS 
* (37 CFR 1.16(h)) minus 3 = X $ = 

If the specification and drawings exceed 100 sheets 

□APPLICATION SIZE FEE 
of paper, the application size fee due is $310 ($155 
for small entity) for each additional 50 sheets or 

(37 CFR 1.16(s)) 
fraction thereof. See 35 U.S.C. 41 (a)(1 )(G) and 37 
CFR 1.16(s). 

□ MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 

* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 

APPLICATION AS AMENDED - PART II 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 

06/03/2014 REMAINING NUMBER 
PRESENT EXTRA RATE($) ADDITIONAL FEE ($) 

f-- AFTER PREVIOUSLY 
z AMENDMENT PAID FOR 
w 

Total (37 CFR ~ 1.16(i\\ · 25 Minus ** 27 = 0 X $80 = 0 
0 

Independent z * 2 Minus ***3 = 0 X $420 = 0 w (37 CFR 1.16(hll 

~ D Application Size Fee (37 CFR 1.16(s)) 
<( 

□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

TOTAL ADD'L FEE 0 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER 

PRESENT EXTRA RATE($) ADDITIONAL FEE ($) 
AFTER PREVIOUSLY 

f--
AMENDMENT PAID FOR 

z Total (37 CFR 
* Minus ** = X $ = w 1.16(i)) 

~ Independent 
* Minus *** = X $ = 0 (37 CFR 1.16(h)) 

z D Application Size Fee (37 CFR 1.16(s)) w 
~ 
□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) <( 

TOTAL ADD'L FEE 

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. LIE 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". /RENEE HAWKINS/ 
*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 

The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1. 

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the US PTO 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 US PTO. 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 SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 
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Attorney Docket No. 5308-706TSCT3 
Page ·1 of 3 

DECLARATION (37 CFR 1.6~) 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 inventor1 I hereby declare that 

This declaration 
is directed to: D The attc:lched application, or 

[81 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. 

I 

The above-identified application was made or authorized to be made by me. 

I believe that I am the original inventor or an original joint inventor of a claimed invention 
in the applicijtion. 

I have reviewed and understand the contents of the above.;identified specification, 
including the claims, as amended by any amendment specifically referred to above. 

I am aware of the duty to disclose information which is material to patentabiHty as 
defined in 37 C.F.R. § 1.56, including for continuatton-ln~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. 

Signature: 
i 
I . 

Legal Name:\j John K. Roberts 
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Attorney Docket No. 5308-706TSCT3 
Page 2 of 3 

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN 
APPLICATION DATA SHEET (37 CFR 1.76) 

Title of j SOLID STATE LIGHTING PANELS WITH VARIABLE VOLTAGE 
Invention BOOST CURRENT SOURCE 
As a below named inventor, I hereby declare that: 

This declaration 
is directed to: D The attached application, or 

[:gj United States application or PCT international application number 

13/896,977, filed on May 17, 2013, 

1 
[:gj As amended on May 24, 2013 and June 20, 2013. 

The above-identified application was made or authorized to be made by me. 

I believe that I am the original inventor or an original joint inventor of a claimed invention 
in the application. 

I have reviewed and understand the contents of the above-identified specification, 
including the claims, as amended by any amendment specifically referred to above. 

I 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 2 

Signature: 

Legal Name: Keith J. Vadas 
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Attorney Docket No. 5308-706TSCT3 
Page 3 of 3 

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN 
APPLICATION DAT A SHEET (37 CFR 1. 76) 

Title of I SOUD STATE LIGHTING PANELS WITH VARIABLE VOLTAGE 
Invention BOOST CURRENT SOURCE 
As a below named inventor, I hereby declare that: 

This declaration 
is directed to: D The attached application, or 

~ 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. 

I believe that I am the original inventor or an original joint inventor of a claimed invention 
in the application. 

I have reviewed and understand the contents of the above-identified specification, 
including the claims, as amended by any amendment specifically referred to above. 

I 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: -~~~· ~~~~~:::::::· -::__ Date: k, D'-/'°'t 
Legal Name: Muhinthan Murugesu 

! 

I 
' I , 
! 
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Application Data Sheet Attorney Docket Number 5308-706TSCT3 
under 37 CFR 1.76 for application filed on or after 

Application Number 13/896,977 September 16, 2012 

Title of Invention Solid State Lighting Panels with Variable Voltage Boost Current Sources 

Page 1 of 4 

Inventor Information: 
Inventor 1 

Legal Name: 

Given Name I John I Middle Name I K. I Family Name I Roberts 

~::i~~nce I Grand Rapids 
I State/~rovince I Ml 

of Residence 
I Country of 

Residence I us 

Mailing Address of Inventor: 

Address line 1 1061 Plymouth Avenue SE 

Address line 2 I 

City I Grand Rapids I State/Province I Ml 

Postal Code I 49506-6525 I Country I US 

Inventor 2 

Legal Name: 

Given Name J Keith I Middle Name I J. I Family Name I Vadas 

City_ of I Lake Worth 
Residence 

I State/~rovince I FL 
of Residence 

I Country of 
Residence I us 

Mailing Address of Inventor: 

Address line 1 7202 Michigan Isle Road 

Address line 2 

City I Lake Worth j State/Province I FL 

Postal Code I 33467 I Country I US 

Inventor 3 

Legal Name: 

Given Name J Muhinthan I Middle Name I I Family Name I Murugesu 

City of I M . .11 Residence ornsvi e 
I State/~rovince I NC 

of Residence -
I Country of 

Residence I us 

Mailing Address of Inventor: 

Address line 1 528 Writers Way_ 

Address line 2 

City J Morrisville I State/Province I NC 

Postal Code I 21560 I Country I US 

Correspondence Information: 
I Customer Number I 65106 

Application Information: 
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Application Data Sheet Attorney Docket Number 5308-706TSCT3 
under 37 CFR 1.76 for application filed on or after 

Application Number 13/896,977 September 16, 2012 

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 I 5308-706TSCT3 

Application Type I~ Utility I D Plant ID Design ID Reissue I D Provisional 

Total Number of Drawing Sheets (if any) Is 
Suggested Drawing Figure for Publication I 
D 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] 

D Request Early Publication (Fee required at time of Request 37 CFR 1.219) 

D Request Not to Publish. I 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 multilateral international agreement, that requires publication 
at eighteen months after filing. 

For Plant Application only: 
Latin name of genus and species of plant claimed I 
Variety Denomination of plant claimed I 

Representative Information: 

I Customer Number 165106 

Domestic Benefit Information: 

This application is a D Non- D National rgJ 
□ Divisional □ Continuation-

provisional phase Continuation in-part 

of Application No. 13/469188 
Filed 05/11/2012 
Status Pendinq 

WHICH ISA 

This application is a D Non- D National rgJ 
□ Divisional □ Continuation-

provisional phase Continuation in-part 

of Application No. 12/977422 
Filed 12/23/2010 
Status Pendinq 

WHICH ISA 
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Application Data Sheet Attorney Docket Number 5308-706TSCT3 
under 37 CFR 1. 76 for application filed on or after 

Application Number 13/896,977 September 16, 2012 

Title of Invention Solid State Lighting Panels with Variable Voltage Boost Current Sources 

Page 3 of 4 

This application is a D Non- D National lZl 
□ Divisional □ Continuation-

provisional phase Continuation in-part 

of Application No. 11/601504 
Filed 11/17/2006 
Status Pendinq 

WHICH ISA 

This application is a lZl Non- D National □ □ Divisional □ Continuation-
provisional phase Continuation in-part 

of Application No. 60/738305 
Filed 11/18/2005 
Status Expired 

which are hereby incorporated by reference in its/ their entirety. 

F ore1gn non:y n orma ton: P . ·t I f f 
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 AIA (First Inventor to File) Transition Applications 

D 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: 

lZl 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 (WIPO), 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 Attorney Docket Number 5308-706TSCT3 
under 37 CFR 1. 76 for application filed on or after 

Application Number 13/896,977 September 16, 2012 

Title of Invention Solid State Lighting Panels with Variable Voltage Boost Current Sources 

Page 4 of 4 

Authorization. 

Applicant Information: 
~pplicant 1: 

Name of Applicant I Cree, Inc. 

Mailing Address Information: 

~ddress Ii n e 1 4600 Silicon Drive 

Address line 2 

City Durham !State/Province I NC 

Country 1us I !Postal Code I 2no3 

[NOTE: If the assignee/obligated assignee is NOT the Applicant, leave the above section blank.] 

Non-Applicant Assignee 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). 

~ssignee 1: 

Name of Assignee I 
Mailing Address Information: 

~ddress Ii n e 1 

~ddress Ii n e 2 

City State/Province I 
Country I Postal Code I 

Si nature und 
Signature Date 07/11/2014 

yped 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: 
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/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 I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

332551 

1 Oath or Declaration filed 5308-706TSCT3-Declaration.pd 4 no 3 
6409e9a4ec0031 f805 b 7048dd 88724 50289 

f7470 

Warnings: 

Information: Petitioner Hisense USA Corporation 
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421113 

2 Application Data Sheet 5308-706TSCT3-Supp-ADS.pdf no 4 
638b 1 b9f6a2b70e53c0f6ce51 c8606ab4c7t 

9279 

Warnings: 

Information: 

This is not an 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 A~~lications 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 A~~lication 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 A~~lication 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 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) 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 STA IBS p A IBNT 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 

65106 7590 08/13/2014 

MYERS BIGEL SIBLEY & SAJOVEC, P.A. 
P.O. BOX 37428 
RALEIGH, NC 27627 

APPLICATION NO. FILING DATE 

13/896,977 05/17/2013 

FIRST NAMED INVENTOR 

John K. Roberts 

EXAMINER 

A,MINHD 

ART UNIT PAPER NUMBER 

2844 

DATE MAILED: 08/13/2014 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

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. 

IL 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. 

Page 1 of 3 
PTOL-85 (Rev. 02/11) Petitioner Hisense USA Corporation 
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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 

or Fax 
Alexandria, Virginia 22313-1450 
(571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks I through 5 should be completed where 
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as 
indicated unless corrected below or directed otherwise in Block I, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for 
maintenance fee notifications. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block I for any change of address) 

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 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

65106 7590 08/13/2014 

MYERS BIGEL SIBLEY & SAJOVEC, P.A. 
P.O. BOX 37428 
RALEIGH, NC 27627 

APPLICATION NO. FILING DATE 

13/896,977 05/17/2013 

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) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

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 

nonprovisional UNDISCOUNTED $960 

EXAMINER ART UNIT 

A,MINHD 2844 

I. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

0 Change of correspondence address ( or Change of Correspondence 
Address form PTO/SB/122) attached. 

0 "Fee Address" indication (or "Fee Address" Indication form 
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 
Number is required. 

PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$0 $0 

CLASS-SUBCLASS 

315-308000 

2. For printing on the patent front page, list 

(I) 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 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

$960 11/13/2014 

2 ______________ _ 

3 ______________ _ 

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) : 0 Individual O Corporation or other private group entity O Government 

4a. The following fee(s) are submitted: 

0 Issue Fee 

0 Publication Fee (No small entity discount permitted) 

0 Advance Order - # of Copies _________ _ 

5. Change in Entity Status (from status indicated above) 

0 Applicant certifying micro entity status. See 37 CFR 1.29 

0 Applicant asserting small entity status. See 37 CFR 1.27 

0 Applicant changing to regular undiscounted fee status. 

4b. Payment ofFee(s): (Please first reapply any previously paid issue fee shown above) 

0 A check is enclosed. 

0 Payment by credit card. Form PTO-2038 is attached. 
0 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). 

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 _______________________ _ 

Typed or printed name ______________________ _ 

PTOL-85 Part B (10-13) Approved for use through 10/31/2013. 
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0MB 0651-0033 

Date ____________________ _ 

Registration No. ________________ _ 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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UNITED STA IBS p A IBNT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

13/896,977 05/17/2013 

65106 7590 08/13/2014 

MYERS BIGEL SIBLEY & SAJOVEC, P.A. 
P.O. BOX 37428 
RALEIGH, NC 27627 

FIRST NAMED INVENTOR 

John K. Roberts 

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 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

5308-706TSCT3 9407 

EXAMINER 

A,MINHD 

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 l(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 CPR 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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0MB 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 0MB approves an agency 
request to collect information from the public, 0MB (i) provides a valid 0MB 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 0MB 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 0MB 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. 
13/896,977 

Applicant(s) 
ROBERTS ET AL. 

Notice of Allowability Examiner 
MINH D. A 

Art Unit 
2844 

AIA (First Inventor to 
File) Status 

No 

-- The MAILING DA TE 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 ALLOWABILITY 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. [gl This communication is responsive to RCE filed on 1/07/14. 

DA declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on ___ . 

2. D 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. [gl 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 
~;ttp://V'vww.uspto.gov/patents/init events/pph/index.is_p or send an inquiry to PPHfeedback@uspto.aov . 

4. D Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a) D All b) D Some *c) D None of the: 

1. D Certified copies of the priority documents have been received. 

2. D Certified copies of the priority documents have been received in Application No. __ . 

3. D 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. D CORRECTED DRAWINGS ( as "replacement sheets") must be submitted. 

D 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. D Notice of References Cited (PTO-892) 

2. D Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date __ 

3. D Examiner's Comment Regarding Requirement for Deposit 
of Biological Material 

4. D Interview Summary (PTO-413), 
Paper No./Mail Date __ . 

/MINH D N 

Primary Examiner, Art Unit 2844 

Date 8/6/14 

U.S. Patent and Trademark Office 

5. D Examiner's Amendment/Comment 

6. [gl Examiner's Statement of Reasons for Allowance 

7. D Other __ . 

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 

Art Unit: 2844 

Allowable Subject Matter 

1. Claims 47-71 are allowed. 

2. The following is an examiner's statement of reasons for allowance: 

Page 2 

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 

Art Unit: 2844 

Page 3 

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 DA/ 

Primary Examiner 

Art Unit 2844 

Date 8/6/14 

Page 4 
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Application/Control No. 

Search Notes 13896977 

Examiner 

MINH DA 

CPC-SEARCHED 

Symbol 

Applicant( s )/Patent Under 
Reexamination 

ROBERTS ET AL. 

Art Unit 

2821 

Date Examiner 

CPC COMBINATION SETS - SEARCHED 

Symbol I Date I Examiner 
I I 

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 

SEARCH NOTES 

Search Notes Date Examiner 
Inventor's name search "East", see serch print out 8/4/13 MA 
Test search "East", see search print out 8/2/13 MA 
Updated search "East", see search print out 1/7/13 MA 
Updated Inventor's name search "East", see serch print out 8/6/14 MA 
Updated Test search "East", see search print out 8/6/14 MA 
Reference text search "East", see search print out 8/6/14 MA 

INTERFERENCE SEARCH 

US Class/ US Subclass / CPC Group Date Examiner 
CPC Symbol 
315 308 8/6/14 MA 
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Issue Classification 

CPC 

Symbol 

H05B MI 0809 

H05B MI 0863 

G09G MI 0653 

G09G rn 3406 

H05B rn 0872 

H05B rn 0821 

G09G If] 2350 rn 145 

H05B rn 0869 

G09G If] 2320 mi 064 

H05B mi 0803 

G09G mi 3413 

mi 
rn 
rn 
rnr 

CPC Combination Sets 

Symbol 

NONE 

(Assistant Examiner) 

/MINH DA/ 
Primary Examiner.Art Unit 2844 

(Primary Examiner) 

U.S. Patent and Trademark Office 

Application/Control No. 

13896977 

Examiner 

MINH DA 

Applicant(s)/Patent Under Reexamination 

ROBERTS ET AL. 

Art Unit 

2844 

Type 

(Date) 

8/6/14 

(Date) 

Set 

Type Version 

F 2013-01-01 

2013-01-01 

A 2013-01-01 

2013-01-01 

2013-01-01 

2013-01-01 

A 2013-01-01 

2013-01-01 

A 2013-01-01 

2013-01-01 

2013-01-01 

Ranking Version 

Total Claims Allowed: 

25 

O.G. Print Claim(s) O.G. Print Figure 

47 8&9 

Part of Paper No. 20140806 
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Issue Classification 
Application/Control No. 

13896977 

Examiner 

MINH DA 

US ORIGINAL CLASSIFICATION 

CLASS SUBCLASS 

315 308 G 

CROSS REFERENCE($) 

CLASS SUBCLASS {ONE SUBCLASS PER BLOCK) 

NONE 

(Assistant Examiner) 

/MINH DA/ 
Primary Examiner.Art Unit 2844 

(Primary Examiner) 

U.S. Patent and Trademark Office 

0 5 F 

Applicant(s)/Patent Under Reexamination 

ROBERTS ET AL. 

Art Unit 

2844 

INTERNATIONAL CLASSIFICATION 

CLAIMED NON-CLAIMED 

1 / 00 (2006.0) 

Total Claims Allowed: 

25 
(Date) 

8/6/14 O.G. Print Claim(s) O.G. Print Figure 

(Date) 47 8&9 

Part of Paper No. 20140806 
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Issue Classification 
Application/Control No. 

13896977 

Examiner 

MINH DA 

□ Claims renumbered in the same order as presented by applicant 

Final Original Final Original Final Original Final Original 

1 47 17 63 

2 48 18 64 

3 49 19 65 

4 50 20 66 

5 51 21 67 

6 52 22 68 

7 53 23 69 

8 54 24 70 

9 55 25 71 

10 56 

11 57 

12 58 

13 59 

14 60 

15 61 

16 62 

NONE 

(Assistant Examiner) 

/MINH DA/ 
Primary Examiner.Art Unit 2844 

(Primary Examiner) 

U.S. Patent and Trademark Office 

□ 
Final 

Applicant(s)/Patent Under Reexamination 

ROBERTS ET AL. 

Art Unit 

2844 

CPA □ 
Original Final 

(Date) 

8/6/14 

(Date) 

T.D. □ R.1.47 

Original Final Original Final Original 

Total Claims Allowed: 

25 

O.G. Print Claim(s) O.G. Print Figure 

47 8&9 

Part of Paper No. 20140806 
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Application/Control No. 

Index of Claims 13896977 

Examiner 

MINH DA 

✓ Rejected Cancelled N 

= Allowed Restricted 

□ Claims renumbered in the same order as presented by applicant 

CLAIM 
Final Original 08/04/2013 01/07/2014 08/06/2014 

1 - - -

2 - - -

3 - - -

4 - - -

5 - - -

6 - - -

7 - - -

8 - - -

9 - - -

10 - - -

11 - - -

12 - - -

13 - - -

14 - - -

15 - - -

16 - - -

17 - - -

18 - - -

19 - - -

20 - - -

21 - - -

22 - - -

23 - - -

24 - - -

25 - - -

26 - - -

27 - - -

28 - - -

29 - - -

30 - - -

31 - - -

32 - - -

33 - - -

34 - - -

35 - - -

36 - - -

U.S. Patent and Trademark Office 

Applicant( s )/Patent Under 
Reexamination 

ROBERTS ET AL. 

Art Unit 

2821 

Non-Elected A Appeal 

Interference 0 Objected 

□ CPA □ T.D. □ R.1.47 

DATE 

Part of Paper No.: 20140806 

Petitioner Hisense USA Corporation 
Exhibit 1002 - Page 273 of 321



Application/Control No. 

Index of Claims 13896977 

Examiner 

MINH DA 

✓ Rejected Cancelled N 

-- Allowed Restricted 

□ Claims renumbered in the same order as presented by applicant 

CLAIM 
Final Original 08/04/2013 01/07/2014 08/06/2014 

37 - - -

38 - - -

39 - - -

40 - - -

41 - - -

42 - - -

43 - - -

44 - - -

45 - - -

46 - - -

1 47 ✓ = = 

2 48 ✓ = = 

3 49 ✓ = = 

4 50 ✓ = = 

5 51 ✓ = = 

6 52 ✓ = = 

7 53 ✓ = = 

8 54 ✓ = = 

9 55 ✓ = = 

10 56 ✓ = = 

11 57 ✓ = = 

12 58 ✓ = = 

13 59 ✓ = = 

14 60 ✓ = = 

15 61 ✓ = = 

16 62 ✓ = = 

17 63 ✓ ✓ = 

18 64 ✓ ✓ = 

19 65 ✓ ✓ = 

20 66 ✓ ✓ = 

21 67 ✓ ✓ = 

22 68 ✓ ✓ = 

23 69 ✓ ✓ = 

24 70 ✓ ✓ = 

25 71 ✓ ✓ = 

U.S. Patent and Trademark Office 

Applicant( s )/Patent Under 
Reexamination 

ROBERTS ET AL. 

Art Unit 

2821 

Non-Elected A Appeal 

Interference 0 Objected 

□ CPA □ T.D. □ R.1.47 

DATE 

Part of Paper No.: 20140806 
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EAST Search History 

EAST Search History 

EAST Search History (Prior Art} 

IMF:lf Search--Query ________________________________________________________________________ l[°85J g~~~~~r _jF:1:] ~!~~p ______ j 
I L1 2 i ((string$1 or array or group or solid near4 I U& : ON i 2014/08/06: 

state) same (light near4 source$1 or LED$1 or I 
light near4 emitting or lamps or load$1) and I 
((first and second) or (plurality or group or I 
each)) same (PWM or pulse near4 width near4! 
modulat$3) and temperature near4 (sensor or I 
detector) and (first and second) near4 I 
PWM)_.clm. ----------------------------------------------------------------------------------1 ,-----,,-------,,---,,-------,1 

4 ((string$1 or array or group or solid near4 I U& : ON j 2014/08/06: 
state) same (light near4 source$1 or LED$1 or I PGPUB; : j 19:40 : 
light near4 emitting or lamps or load$1) and I USPAT; : j : 
((first and second) or (plurality or group or I USOCR; : j : 
each)) same (PWM or pulse near4 width near4I FPRS; : j : 
modulat$3) and PWM near4 controller and I EPO; : j : 
panel __ and_ (first_ and_ second)__ near4JWM) .elm._ I JPO ________ __J ________________ j __________ ___: 

8/6/2014 7:41:20 PM 

file:///CI/U sers/ma/Documents/e-Red%20Folder/l 3896977 /EASTSearchHistory .13896977 _Accessible Version.htm[S/6/2014 7 :41 :22 PM] 
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UNIIBD STATES PATENT AND TRADEMARK OFFICE 

BIB DATA SHEET 

SERIAL NUMBER FILING or 371 (c) 
DATE 

CLASS 

13/896,977 05/17/2013 315 

RULE 

APPLICANTS 
Cree, Inc., Durham, NC, Assignee (with 37 CFR 1 .172 Interest); 

INVENTORS 
John K. Roberts, Grand Rapids, Ml; 
Keith J. Vadas, Lake Worth, FL; 

** CONTINUING DATA ************************* 

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 

CONFIRMATION NO. 9407 

GROUP ART UNIT ATTORNEY DOCKET 
NO. 

2844 5308-706TSCT3 

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 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER FILING OR 3 71 (C) DATE 

13/896,977 05/17/2013 

65106 
MYERS BIGEL SIBLEY & SAJOVEC, P.A. 
P.O. BOX 37428 
RALEIGH, NC 27627 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

John K. Roberts 5308-706TSCT3 
CONFIRMATION NO. 9407 

IMPROPER CFR REQUEST 

11111111111111111 lllll ll]~!l]!~l!~l!~li1~i,uu1111111111111111111111111 

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 3rd Inventor. 

The 3rd 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. 

\?lJ. a 

~~~~Uy ~ub 'tted, 

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

accordance with§ l.6(a)(4) to the U.S. Patent and Trademark Office on October 10, 2014. 

~~ 
Jessfca Blischok 
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a UNITED STATES PATENT AND TRADEMARK OFFICE 
Ul'iTJ'F.T) STATF.S T)F.PA RTMFNT OF COMMF.RCF. 
United States Patent and Trademark Office 
Add!~": COMMISSIO~R FOR PATENTS 

APPLICATION 
NUMBER 

13/896,977 

65106 

FILING or 
37l(c)DATE 

05/17/2013 

GRPART 
UNIT 

2821 

MYERS BIGEL SIBLEY & SAJOVEC, P.A. 
P.O. BOX 37428 
RALEIGH, NC 27627 

FIL FEE REC'D 

2300 

P.O. Box L450 
A1exa.ndria, Vuginia 22313~1450 
wwv.·.uepto.gov 

ATTY .DOCKET.NO TOT CLAlMS IND CLAIMS 

5308-706TSCT3 27 3 
CONFIRMATION NO. 9407 

FILING RECEIPT 

11111111111111111 lllll ll~~!~~~t~tH,l~~u11~111m 111111111111111111 

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 

lnventor(s) 
John K. Roberts, Grand Rapids, Ml; 
Keith J. Vadas, Lake Worth, FL; ( ,. 1 

Applicant(s) ~ - M uhinfho-.Y\ M 1Al"tAge S LA 1 /\I\ o -r<; sv·, \e.1 rvC. j -
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 11/601,50411/17/2006 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 
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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 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Petition fee- 37 CFR 1.17(h) (Group Ill) 1464 1 140 140 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 
Petitioner Hisense USA Corporation 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

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 I Document Description 
I 

File Name 
I 

File Size(Bytes)/ I Multi I Pages 
Number Message Digest Part /.zip (if appl.) Petitioner Hisense USA Corporation 
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5308-706TSCT3_Petition_and 207259 -
1 Request_for_Corrected_Filing_ yes 2 

Receipt.pdf b8c38fa465a24142fac143785dae5f22ee8d 
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 (5B06) fee-info.pdf no 2 
eel f833 a8906d4bf023044 79083 964 93 a9ef 

501 

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 A~~lications 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 A~~lication 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 A~~lication 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 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) 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 

VVAN11 

United States Patent and Trademark Office 
Sales Receipt for Accounting Date: 10/16/2014 

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 

VVAN11 

United States Patent and Trademark Office 
Sales Receipt for Accounting Date: 10/16/2014 

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 

APPLICATION 
NUMBER 

13/896,977 

65106 

FILING or 
37l(c)DATE 

05/17/2013 

GRPART 

UNIT 

2844 

MYERS BIGEL SIBLEY & SAJOVEC, P.A. 
P.O. BOX 37428 
RALEIGH, NC 27627 

FIL FEE REC'D 

2300 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

5308-706TSCT3 27 3 
CONFIRMATION NO. 9407 

CORRECTED FILING RECEIPT 

11111111111111111 lllll ll]~!l]!~l!~l!~li111H~!H] 111111111111111 IIII IIII 

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 

lnventor(s) 

Applicant( s) 

John K. Roberts, Grand Rapids, Ml; 
Keith J. Vadas, Lake Worth, FL; 
Muhinthan Murugesu, Morrisville, NC; 

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 AIA (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 US PTO 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-HAL T (1-866-999-4258). 
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GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

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). 

Select USA 

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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PTQ!Nl\lBO (0'?·12) 
Appw,'>'lli k>r mce through 1l/30l?014. OM':i 065HJCl~l5 

\.i.S. P;;!,;nt and Tmaemark O!iic.i: us DEPARTMENT or= COMMERCE 
Un,fot tt1,; l"t<poi¼ork R;:,,J~c!ion Act cf 1!.l'l!S. l!o person~ a.re roq~,irad to rospond to a co[11;c!i<.in .,flnfurmatkm u.,las,, it dis;,iays a vaUd OM!! control n~mb,;,,. 

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO 

! hereby revoke all previous powers of attomey glven !n the application identified in the attached statement 
under 37 CFR 3.73{cL .......... 
I hereby appoint: 

[!] Practltlaners assoc!a!ed with Cuslomer Number: 

165106 I OR 

□ Prac!itioner(s) named below (lf more than !en pater.I prnctltioners are to be named, !hen a customer numtmr mus; be used): 

Nan1t: Registration Name Regl;-,tra!ion 
Number Number 

I 
~ 

J\c, attomey(s} or agent(s} to rspresant ths undersigned before ,Me Uriited States Patent and Trademark Office (USPTO) in cormeclion wlt!'l 
any and all patent app!icafons assigned Q!:lll to 1he undersigned according lo Um US PTO assignment .records or assignmel'lts ,:fuc!Jm&n!s 
;:1:tached to !his form in accordance wilh 37 CfR 3,73(c). 

Piease cMnge the correspondence address for the ayplicatton 1denU!1ecl in ihe attached statement under 37 CFR 3,73(c) to: 

□ Tl,e addmss assoc,aterJ wilh Cus!omer Number: I :1 OR ....... ... ... 
----Firm or 

individual Name . 

Address 

I 
,_,, 

' Cily Js1ate bp 1 ! LULL~UL~HLHH ·····'" ~LH~t,~••"'~•••••••••~• ..................... 

' I t Ctiuntry I f---
I I 

- --
I Telephone I Email 
L .. ..!..-... ,,, ... ~~ ......... 

L ______________ 
...._ ....................................... ~ ...... 

' AssigneB Narne end Address: Cree, inc, 
4600 Silicon Drive 
Durham, NC 27703 

j A copy of this form, togQther with a statement under 37 CFR 3s?3{c) (Form PTO/A!A/96 or equ!vafont} hs required to be 
i FHed in each appHcatkrn !n which this form is wwd. The statement under 'J7 CFR 3,73(c} may ~e complete-d by one of ! The practitioners appointf:ld ln fuls- form, and must Identify the app!!caHon ln which this Power of Attorney ls to be filed. 
I 
! \ SIGNATURE of Assigrm-e Qf Record ! 
~ The indiv~ua! whose s!gnature and title is supplied be.low is authorized to aci on bdrn1f aitt1e assignee ! 
i !./· ... :::-:r".<>{>,·~· , .. /:':·:i:::+"··:'·•'·, .. o', ... •'· "-'" 

i 
; {._,/··:::/. ·' ,,i'..,,.,,;J ! S.ignature I Date 

! 
~- \.} :' l' } 

j Name }~~1~ .. 9-~.~~~t'atY / I Tek~ph(me 91 .~=~.~_:1~ 1400 f----I Tiil!,· I Chief !nte!lectua! Property Counsel~ Cree, Inc. 
- .. .. 

Th!& w"eclicn ot ir.fo1ma1km ls required !rf 37 1.;fR 1 . .i 1, 1.~12 am.i 1,33. Ttis mfom,at,on is reqtw.id w o?Jta.ln or ret,un a t,enem DI' the ;i:,1.108c whlch is to me (anc 
by tiHl l/Sf'TO to pn;cass) ;,n appltCaliof\. Coofli!ooUaflly Is go~'em,:id by 3S IJ.S.C. 122 a11d 37 CFR 1.11 an<) 1, 14 .. Thi~ collecik>n ;s ""1t:malec lo lake ::i miflu!es 
io co1nptete, im,it1ding fJilltmrlr,jJ. preparing, ar:c sti.lbrnill~;,g the oompklt'l'd applic,;tkm ionn \,1 th<> USPTC. Timfl wm "•')' dependlng upo11 lh<:> in<lMd,rnl case, Any 
crnn1rwnts 011 tlie arr10,m! of time YiJU rnqulre to complete lhi~ !brm ,imd/01 si.'{lge$!.lllns 10.- rmiu~lng !his b1mie!l, iit,,:i~ld be se11! k1 i:ht, Chi,,f l~formation omcer, 
U.S. Paten! snd Tradarnark Oftlcc,, U.S. Dc,pmtment o! C,~,mmM@, P.O. Bvx 14&l. A!e~;,mlria, VA 22313·145{). DO NOT SEND FEES OR COMPLETED 
FOHMS TO ih!S ADDRSSS. SENO TO: Comm!~~!omst for Patents, P .0. 80.:.: 1450, Alexandrla, VA 22313·145-0, 

I 
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PTOIAIA/96 (U6·12) 
Approved !()t ll~iJ llirough 01/31/2013 .. 0MB O-J5HJQ;J1 

U.S. Patfl.'i! and Trademark Ocfilce: U.S, D!:PARTMENT OF COMME.RCE 
Under th-e Pa 'twmk RmJ;iclkm Ac! oj 1005, no wns are re®lrad ltl re,,onci t◊ s o,uectk,M oi iniormalit•il u,",!ess ·!! disp,a !S a valid 0MB ttm!n.11 nwn!l!lr. 

~!~J.EMENT UNDER 37 CFR 3.73(c) 
Applicant/Patent Owner: Cree, !nc. . ................................. . 

Appiicalion No./Patent No.: 13/896,977 ------· Filed/issue Date: 0S-'17-2013 

Tilled: SOLID STATE UGHT!NG PANELS WlTH VARIABLE VOLTAGE BOOST CURRENT SOURCES -------

states that, for the patent application/patent identified above, it is (choose Q.!].g of optionH 1, 2, 3 or 4 below): 

1. 0 The assignee oi the er:t1re rig!1t.. title, and interest 

2. [J An assignee of less than the entire righl, Me, and interest .(check appiicab!e box): 

[J The e:>.'tont {by percentage) of its ownership lnlerest is ______ %. Additiona! Statement(s} by Uie owners 
holding the ba!anc:e of the interest must be sul;2mit!£id to account for 100% 0!1he ownership lnterest 

[] There are unspecified percentages of ownership, The other parties, !nc!uding inventors, who together own the entire 
r!ght, title and interest are: 

! 

------............. _J 
Additional Statemenl(s) by tt.e owner(s) holding the balance of the !merest must be submitteq to account for the entins, 

rifiht, title, and interest. 

3. D TI,e assignee of an undivided interest in the enlfre\y (a compieto asslgnrnent from one of the ;oint \rwentcrs vms made), 
The other parties, including lnventors, who together own H1e entire right, title, and interest are: 

Additional Siatemen!{s) by the owner(s) holding the baiance ol the interest nws1 be sullmitied to account for the entire 
right, tlti.e, and interest 

4. D The recipi'ent, via a court proceeding or the like (e.g., banlmiptcy, probate), of an widivi'ded interes! !n the entirety (a 
complete transfer ol ownership interest was made). The C:l?rtilied do-curnent(s) showing ttm transfer is atiacned. 

Toe Interest identified in option 1, 2 or 3 above (not option 4) is evidenced by otthN (choose one of optlons A or B below): 

.A., GJ An assignment from the imler.!or{s) c,! tlie paten! app!ioc'lliorJpatent ldent.lfied above, The assignment was rncorr.led in 
the United Stales Patent and Trademark Office at Ree! Ot81-_(p J ·----' Frame~ 4-_3 __ , or tor which a copy 
t!1ereof is attached. 

8. [J A chain of title from the inventor(s}, of Ille patent application/patent identified ftbove, to ttie current assignee as lo!!ows: 

L From: To: 

The document was recorded ln the United States Patent and Trademark omce al 

, Frame ______ , or for which a copy thereof is attached. 

To: 

The document was recorded in Hie United States Patent and Trademark Office at 

Reel-----~ Frame ______ ,. or for which a copy thereof is attached, 

''"' < ~ 2] wage I (:)1 

Tr:.i$ -co~:o~tlor: yf fnfonn~~o.n ts f'iSqt.:ilred by 37 CFR 3~ 73{bJ, The tnforrnatio~i ~ ;-equi:ed to ob:t~:n or retain a bsne.fit by rhe public which ls to me ,:.1.rx..i b~; ~he USP-TC to 
p~l)CISwJ} ~n appUc.ation. Con~n!Fafttt' ts gov·srr1ed by 85 U,S.C. 122 a.nrl 37 CF:R 1. i 1 a.r~d t, 14. This coJ!&ctkm is ostr~atud to t~s i 2 m·!nutes t~1 ct1m~ete, :r.cltKStng 
11~,ti;:;rlng, prnparing, and ,ubmimr;g tt;e comple!ad app:lcaiio11 fr,rm tD !!le USF'TO. Tirna will vary de~•m,ilng up@ liw lndiykis_ql ca~ec. Any commenls on the amcu11, 
cf ilm1> you mq;,ir~ 10 compli,!Q tills form ~rnt',~r ~ggestions iorreci;cing !hi, bl,rdrm, sh,:,<.akJ be sen; tu tha C:1,i,,f l11!orma!!on Ofri~ec, VS. f>atenl ::mdTnKksmafk 
();lie.-:,, U.S. Dapar!mentot Commerce, P.O. Box HSQ, Alexandri;i, VA 2;:!JlS-1450.001\o'OT S!:NP FEES OR COMPl!on':D FORMS TO THIS ADDRESS. SEND 
TO; Comm!ssioner for Patents, P.O. Box 1450, Alexandria, VA 22:313-1450. 

ttyou need assistance ir. completing tJwfonn, cal! J-8[)().PT0-9199 and se/{?Ct op,ion 2. 
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PTO/AIA/$$ (OU- 12) 
Al)!lrcv~o far U$il thlc>!.l!Jh Ol/31/2013, OMH 005Hl0::l1 

U.S. PalMUlf)C Trad;,mmo; Ot!ice; U.S. OEPAfffMENl Of c:oMMEHCE 
Umforlh!l p3 ~l'Wtlrk R,,ctut!i!lll Act !ll 1995. oo ersoM .;;e rn i!red to res omJto a ca:illeClion ol fnktrm;,!ion w,!es~ it.dispia 'S ;s w11kl 0MB r:untm! numl;le:r. 

STATEN!FNT UNDER 37 CFR 3.73(c) 

3. From: 

The document was recorded in the United States Patent and Trademark Office at 

The document was recorded in the United States Patent and Trademark O!1lce at 

Reel 

_____ To: 

The document was recorded ln the United States Patent and Trademark Office at 

~1eei ______ ., Frame ---·--------------' or for which a copy thereof is attached. 

The document wa::; recorded tn the Unltod SialiJS Patent and Trademark Office at 

Hoo! _______ , Frame ________ , .. , or lor which a copy thereof ls attached. 

0 Additional docurnonts in the chain ot title are 11s!ed c-n a supplemental shE,'et(s). 

GJ As required by 37 CFR 3, 73(c)('l )(i), the documentary evidence of the chain o! title irom !he or!ginal ovmer to the 
assignee was, or concurrentiy is being, subrnit!sd for r-ecorda!ion pursuant lo 37 CFR 3.11. 

[NOTE: A separate copy {Le., a true copy of the ori9lrm! assignrneril docum,)nt{s}) must be submitted to Assigmn~mt 
Division in accordance with 37 CFR Part 3, to record !he assignment in the records of the USPTO. See MPEP 302.08] 

Chief IP Counsel 
Printed er Type-cl Name Titie or Registration Number 

[Page 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-OCT-2014 

Filing Date: 17-MAY-2013 

Time Stamp: 16:48:08 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

922373 

1 5308-706TSCT3_POA.pdf yes 3 
abfl d 1 Of213c5f226fe97226b01 0cecf99079 

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 A~~lications 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 A~~lication 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 A~~lication 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 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) 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 

APPLICATION NUMBER FILING OR 3 71 (C) DATE 

13/896,977 05/17/2013 

65106 
MYERS BIGEL SIBLEY & SAJOVEC, P.A. 
P.O. BOX 37428 
RALEIGH, NC 27627 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

John K. Roberts 5308-706TSCT3 
CONFIRMATION NO. 9407 

POA ACCEPTANCE LETTER 

11111111111111111 lllll ll]~!l]!~l!~l!~li111Hi~H] 111111111111111 IIII IIII 

Date Mailed: 10/24/2014 

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 1 0/21/2014. 

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 

CompJete and send this form, together with applicabJe fee(s), to: Mail Mai1 Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 

or En 
AJexandria, Virginia 22313-1450 
(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 
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as 
indicated 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 
maintenance fee notifications. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block I for any change of arldress) 

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 
papers. Each additional paper, such as an assi$nment or formal drawing, must 
have its own certificate of mailing or transmission. 

65106 7590 08/13/2014 

MYERS BIGEL SIBLEY & SAJOVEC, P.A. 
P.O. BOX 37428 
RALEIGH, NC 27627 

APPLICATION NO. FILING DATE 

13/896,977 05/17/2013 

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) 

(Sigoalure) 

(Dale) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

John K. Roberts 5308-706TSCT3 9407 

TITLE OF INVENTION: SOLID STATE LIGHTING PANELS WITH VARIABLE VOLTAGE BOOST CURRENT SOURCES 

APPLN. TYPE ENTITY STA TVS ISSUE FEE DUE 

nonprovisional UNDISCOUNTED $960 

EXAMINER ART UNIT 

A,MINHD 2844 

I. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

0 Change of correspondence address ( or Change of Correspondence 
Address form PTO/SB/122) attached. 

0 "Fee Address" indication (or "Fee Address" Indication form 
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 
Number is required. 

PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATEDUE 

$0 $0 

CLASS-SUBCLASS 

315-308000 

2. For printing on the patent front page, list 

(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 
registered attorney or agent) and the names of up lo 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

$960 11/13/2014 

Myers Bigel Sibley 
& Sajovec, P.A. 

2. _____________ _ 

J _____________ _ 

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. lf an assignee is identified below, the document has been filed for 
recordation as set forth in 37 CFR J.ll. Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Cree, Inc. Durham, NC 

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individua0\0tCorporation or other private group entity O Government 

4a. The following fee(s) are submitted: 

X:Jil Issue Fee 
0 Publication Fee (No small entity discount permitted) 
0 Advance Order - # of Copies _________ _ 

5. Change in Entity Status (from status indicated above) 
0 Applicant certifying micro entity status. See 37 CFR 1.29 

0 Applicant asserting small entity status. See 37 CFR 1.27 

0 Applicant changing to regular undiscounted fee status. 

4b. Payment ofFee(s): (Please first reapply any previously paid issue fee shown ahove) 

0 A check is enclosed. 

0 Payment by credit card. Form PTO-2038 is allached. 
Xi)The Director is hereby authorized to charge the required fee(s), any deficiency, or credits any 

overpayment, to Deposit Account Number 50-0220 (enclose an extra copy of this form). 

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/ ISA and 15B), issne 
fee payment in the micro entity amount will nol be accepted al 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 lo small or micro 
entity status, as applicable . 

NOTE: This form must be si . 31 and 1.33. See 37 CFR 1.4 for si nature re irements and certifications. 

PTOL-85 Part B (10-13) Approved for use through 10/31/2013. 

Page 2 of 3 

0MB 0651-0033 

Date ___,_,_//_...--_/_2_-_),_0~1/+--'f--
Registration No. _5_0_, 7_4_3 _________ _ 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Petitioner Hisense USA Corporation 
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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 
Sub-Total in 

USO($) 

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: 
Petitioner Hisense USA Corporation 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Miscellaneous: 

Total in USD ($) 960 

Petitioner Hisense USA Corporation 
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Electronic Acknowledgement Receipt 

EFSID: 20685053 

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/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 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

137932 

1 Issue Fee Payment (PTO-85B) 
5308_706TSCT3IssueFeePayme 

no 1 
nt.pdf 

0d4 3 252 7 68e 70f2d34bc89691 caaf662bbe 
75629 

Warnings: 

Information: 

30670 

2 Fee Worksheet (5B06) fee-info.pdf no 2 
7280c48113cc3831f4044e59167d1f00f97c 

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 A~~lications 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 A~~lication 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 A~~lication 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 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) 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 - GAU: 2844 

n, Cha 

to do 

INFORMATION DISCLOSURE 
STATEMENT BY APPLICANT 

(use as manv sheets as necessary) 
Sheet I A4 I of I AG 

/~,Ml 122 us 6,411,046 
if1AAI 123 us 6,507,159 
lrJIA i 124 us 7,122,971 

/1\,18.1 125 us 6,894,436 
/~Ml 126 us 6,441,558 
/~AA! 12 us 6,864,641 
/MA/ 128 us 7,236,148 
II\A8! 12 us 7,569,996 
!~11!,t 130 us 7,122,971 

IMAi 131 us 6,507,159 
t\11\~/appli ed 132 us 6,411,046 

1MA/. 133 us 6, 161,6-r!!l B1 
,-ii:r:,/' 134 us 6,864,641 

. IY/-MA! 135 us 6,495,964 

10/2 / 70,,11.V 13€ us 6,510,955 
/MA/ 13 us 5,949,222 
/MA/ 13E us 6,940,189 
iMA/ 13 us 6,870,328 
/~Ml 140 us 6,018,220 
/MA/ 141 us 5,877,595 
/t\t1AI 142 us 7,872,430 
!MN 143 us 2005/0207196 A 1 
!MN 144 us 2003/0137475 A1 
!~AA; 145 us 6,441,558 B1 

Comolete if Known 
Application Number 13/896 977 
Filina Date Mav 17, 2013 
First Named Inventor John Roberts 
Art Unit 2821 
ExamiWer Name Minh D. A 

Attorney Docket Number 5308-706TSCT3 

06/2002 Muthu 
01/2003 Muthu 
10/2006 Yeh et al. 
05/2005 Togashi et al. 
08/2002 Muthu et al. 
03/2005 Dygert, Gregory J. 
06/2007 Yoshida et al. 
08/2009 Holmes et al. 
10/2006 Yeh et al. 
01/2003 Muthu 
06/2002 Muthu 
01/30/2001 Chanq et al. 6,181,079 

03/2005 Dyqert, Greqorv J. 
12/2002 Muthu et al. 
01/2003 Pelleqrino, John B. 
09/1999 Buono, Robert N. 
09/2005 Gizara, Andrew R. <hanP'e(s) ;,nnl; d 
03/2005 Tanabe et al. 

~ ! ! 

l 

01/2000 Nerone, Louis R. cu uuLumc11c, 

03/1999 Nerone, Louis R. /K.M/ 
01/2011 Roberts et al. 1 n /7., /')n1 A-

09/22/2005 Holmes et al. 
"/ // 

07/24/2003 Yoshida et al. 
08/27/2002 Muthu et al. 

!~AA/ 14 us 6,621,235 QQ~~Qa Chang, Chin 315/216 September 1 6 2<D 

/MA! 147 us 6,909,249 06/2005 Otake, Tetsushi 315.281 
/~,11). I 148 us e.~~ t ,556 08/2002 Muthu et al. 315/149 6,441,558 

/MA/ 149 us 6,510,995 01/2003 Muthu et al. 235/454 
!~AA/ 150 us 6,870,328 03/2005 Tanabe et al. 315/291 

/r1,1A/ 151 us 8,203,286 06/2012 Roberts eta I. 315/307 
/II.AA' 152 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* 

Country Code, Number, Kind 
MM-DD-YYYY Applicant of Cited Document Lines, Where 

Code (If known) Relevant Passages or 
T Relevant Figures 

Appear 

!~AA; 154 GB 2 249 840 05-20-1992 Alfreza Ghazi Hessami (UK) T 

155 JP 10-233669 09-02-1998 Matsushita Electric Works, T 
/MA/ Ltd. 

Examiner Date 
Si nature /Min~1 A/ Considered 01/07/2014 
*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 STA TES p A TENT AND TRADEMARK OFFICE 

APPLICATION NO. ISSUE DATE 

13/896,977 01/27/2015 

65106 7590 01/07/2015 

MYERS BIGEL SIBLEY & SAJOVEC, P.A. 
P.O. BOX 37428 
RALEIGH, NC 27627 

PATENT NO. 

8941331 

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 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

5308-706TSCT3 9407 

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, Ml; 
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 

In re: 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 LIGmING 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 

Sir: 
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. 

Customer No.: 65106 
Myers Bigel Sibley & Sajovec, P.A. 
P. 0. Box 37428, Raleigh, NC 27627 
Telephone: (919) 854-1400 
Facsimile: (919) 854-1401 

submit 

y . all 
Registration No.: 50,743 

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 ra emark Office on February 24, 2015. 

Petitioner Hisense USA Corporation 
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PTO/SB/44 (09-07) Approved for use through 08/31/2010. 0MB 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 
dis la s a valid 0MB control number. (Also Form PTO-1050 

UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO.: 

APPLICATION NO.: 

ISSUE DATE: 

INVENTOR(S): 

8,941,331 

13/896,977 

January 27, 2015 

Roberts et al. 

Page 1 of 1 

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 µH. --

MAILING ADDRESS OF SENDER: 
Myers, Bigel, Sibley & Sajovec 
P.O. Box 37428 
Raleigh, NC 27627 

Petitioner Hisense USA Corporation 
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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 I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

144856 

1 Request for Certificate of Correction 
5308-706TSCT3 _Req uest_for _ C 

no 2 
OC.pdf 

59071 fc4826a9401 b467 ee3063f08be4d2d 
1c34 

Warnings: 

Information: Petitioner Hisense USA Corporation 
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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 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) 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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PATENT NO. 

APPLICATION NO. 

DATED 

INVENTOR(S) 

UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

: 8,941,331 B2 

: 13/896977 

: January 27, 2015 

: Roberts et al. 

Page 1 of 1 

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 µH. --

Signed and Sealed this 
Nineteenth Day of May, 2015 

Michelle K. Lee 
Director of the United States Patent and Trademark Office 

Petitioner Hisense USA Corporation 
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Case 2:22-cv-00170-JRG-RSP Document 2 Filed 05/24/22 Page 1 of 2 PagelD #: 219 

AO 120 (Rev. 08/10) 

TO: 
Mail Stop 8 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

REPORT ON THE 
FILING OR DETERMINATION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK Alexandria, VA 22313-1450 

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 

D Trademarks or ~Patents. ( D 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. 

PATENTOR DATE OF PATENT 
HOLDER OF PA TENT OR TRADEMARK 

TRADEMARK NO. 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 

D Amendment D Answer D Cross Bill D Other Pleading 

PATENTOR DATE OF PATENT 
HOLDER OF PA TENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

1 

2 

3 

4 

5 

In the above-entitled case, the following decision has been rendered or judgement issued: 

DECISION/WDGEMENT 

I (BY) DEPUTY CLERK 

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 2:22-cv-00170-JRG-RSP Document 2 Filed 05/24/22 Page 2 of 2 PagelD #: 220 

AO 120 (Rev. 08/10) 

TO: 
Mail Stop 8 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

REPORT ON THE 
FILING OR DETERMINATION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK Alexandria, VA 22313-1450 

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 

D Trademarks or ~Patents. ( D 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. 

PATENTOR DATE OF PATENT 
HOLDER OF PA TENT OR TRADEMARK 

TRADEMARK NO. 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 

D Amendment D Answer D Cross Bill D Other Pleading 

PATENTOR DATE OF PATENT 
HOLDER OF PA TENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

1 

2 

3 

4 

5 

In the above-entitled case, the following decision has been rendered or judgement issued: 

DECISION/WDGEMENT 

I (BY) DEPUTY CLERK 

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 2:22-cv-00194-JRG-RSP Document 2 Filed 06/07/22 Page 1 of 2 PagelD #: 157 

AO 120 (Rev. 08/10) 

TO: 
Mail Stop 8 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

REPORT ON THE 
FILING OR DETERMINATION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK Alexandria, VA 22313-1450 

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 

D Trademarks or ~Patents. ( D 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. 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK. 

TRADEMARK. NO. OR TRADEMARK 

1 7,960,812 4/6/2010 Brightplus Ventures LLC 

2 8,941,331 1/27/2015 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 

D Amendment D Answer D Cross Bill D Other Pleading 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK. 

TRADEMARK. NO. OR TRADEMARK 

1 

2 

3 

4 

5 

In the above-entitled case, the following decision has been rendered or judgement issued: 

DECISION/JUDGEMENT 

I (BY) DEPUTY CLERK 

Copy I-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 
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Case 2:22-cv-00194-JRG-RSP Document 2 Filed 06/07/22 Page 2 of 2 PagelD #: 158 

AO 120 (Rev. 08/10) 

TO: 
Mail Stop 8 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

REPORT ON THE 
FILING OR DETERMINATION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK Alexandria, VA 22313-1450 

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 D Patents. ( D 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. 

PATENTOR DATE OF PATENT 
HOLDER OF PA TENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

1 9,605,835 3/28/2017 Brightplus Ventures LLC 

2 RE45,796 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 

D Amendment D Answer D Cross Bill D Other Pleading 

PATENTOR DATE OF PATENT 
HOLDER OF PA TENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

1 

2 

3 

4 

5 

In the above-entitled case, the following decision has been rendered or judgement issued: 

DECISION/WDGEMENT 

I (BY) DEPUTY CLERK 

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 1:22-cv-02774-TCB Document 3 Filed 07/15/22 Page 1 ot 2 

AO 120 (Rev. 08/10) 

Mail Stop 8 REPORT ON THE 
TO: 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

Alexandria, VA 22313-1450 

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 for the Northern District of Georgia on the following 

D Trademarks or ~Patents. ( D the patent action involves 35 U.S.C. § 292.): 

DOCKET NO. DATE FILED U.S. DISTRICT COURT 
1: 22-cv-02 77 4-TCB 7/14/2022 for the Northern District of Georqia 

PLAINTIFF DEFENDANT 

Hisense USA Corporation Brightplus Ventures LLC 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. 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 

D Amendment D Answer D Cross Bill D Other Pleading 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. 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 Corporation 
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Case 1:22-cv-02774-TCB Document 3 Filed 07/15/22 Page 2 ot 2 

Attachment A to Form AO 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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