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SYSTEMS AND METHODS FOR CONTROLLING A SOLID STATE
LIGHTING PANEL

FIELD OF THE INVENTION
[0601] The present invention relates to solid state lighting, and more

particularly, controlling a solid state lighting panel.

BACKGROUND

[0002] Solid state lighting arrays are used for a number of lighting
applications. For example, solid state lighting panels including arrays of solid
state lamps have been used as direct illumination sources, for example, in
architectural and/or accent lighting. A solid state lamp may include, for
example, a packaged light emitting device including one or more light emitting
diodes (LEDs). inorganic LEDs typically include semiconductor layers
forming p-n junctions. Organic LEDs (OLEDs), which include organic light
emission layers, are another type of solid state light emitting device.
Typically, a solid state light emitting device generates light through the
recombination of electronic carriers, i.e. electrons and holes, in a light emitting
layer or region.

[0003] Solid state lighting panels are commonly used as backlights
for small LCD display screens, such as LCD display screens used in portable
electronic devices. In addition, there has been increased interest in the use of
solid state lighting arrays for backlights of larger displays, such as LCD
television displays.

[0004] For smaller LCD screens, backlight assemblies typically
employ white LED lamps that include a blue-emitting LED coated with a
wavelength conversion phosphor that converts some of the blue light emitted
by the LED into yellow light. The resulting light, which is a combination of
blue light and yellow light, may appear white to an observer. However, while
light generated by such an arrangement may appear white, objects
illuminated by such light may not appear to have a natural coloring, because
of the limited spectrum of the light. For example, because the light may have

little energy in the red portion of the visible spectrum, red colors in an object
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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.

[0005] The color rendering index of a light source is an objective
measure of the ability of the light generated by the source to accurately
iHuminate 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.

[0006] For large-scale backlight and 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 and/or display screens
illuminated by the lighting panel may appear more natural. Accordingly, such
lighting sources may typically include an array of solid state lamps 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. There are many different hues of light that may
be considered "white." For example, scme "white" light, such as light
generated by sodium vapor lamps, may appear more yellowish, while other
"white” light, such as light generated by some fluorescent lamps, may appear
more bluish in color.

[0007] Solid state lamps, such as LED's, are current-controlled
devices in the sense that the intensity of the light emitted from an LED is
related to the amount of current driven through the LED. One common
method for controlling the current driven through the solid state lamps to
achieve desired intensity and color mixing is a Pulse Width Modulation (PWiM)
scheme. PWM schemes pulse the solid state lamps alternately to a full
current "ON" state followed by a zero current "OFF" state. However, firing all
of the solid state lamps simultaneously may result in undesirable electrical
power system performance due, for example, to power factor spikes and/or
electromagnetic interference due to the associated current rush. Sequentially
firing the strings independently and/or in combinations without regard to
relative string location within the display, however, can produce undesirable
display characteristics.

2
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SUMMARY

[0008] In some embodiments, the control system may include firing
logic that may determine a firing order of the multiple strings. In some
embodiments, the control system may be configured to drive the multiple
strings or portions thereof in a spatially non-adjacent, non-sequential or
spatially random firing order. In some embodiments, the control system may
be configured to drive the multiple strings or portions thereof at different times
and/or phases for at least some of the multiple strings or portions thereof. In
some embodiments, the control system is configured to drive the muliiple
strings and/or portions thereof at least partially based on the spatial
relationship between the multiple strings or portions thereof and at different
phases for at least some of the multiple strings or portions thereof. In some
embodiments, the firing logic may include rule-based logic that may operate to
generate a non-spatially-sequential firing order. In some embodiments, the
rule-based logic may include a rule that a second string fired after a first string
is non-adjacent the first string. In some embodiments, the rule-based logic
may further include a rule that a first string is fired simultaneously with a
second string and the first string is non-adjacent the second string.

{0009} A lighting panel system includes multiple strings of solid state
lighting devices arranged linearly across the panei in a first direction and
positioned at intervals in a second direction that is substantially orthogonal to
the first direction. The system also includes a current supply circuit that can
selectively supply multiple on-state drive currents to the multiple strings in
response to control signals. The system further includes a control system that
can selectively provide control signals to the current supply circuit to
selectively drive the multiple strings. The control system can include firing
logic that can determine a firing order of the multiple strings.

[0010] In other embodiments, the firing logic can include rule-based
logic that can operate to generate a non-spatially-sequential firing order. The
rule-based logic can include a rule that a second string fired after a first string
is non-adjacent the first string. The rule-based logic can also include a rule
that a first string is fired simultaneously with a second string and the first string
is non-adjacent the second siring.

3
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[0011] In further embodiments, the lighting panel can include multiple
bars that extend across the panel in the first direction and are positioned
adjacent one another in a substantially parallel arrangement, such that the
bars each include some of the multiple strings. In some embodiments, the
firing order can cause a first firing, a second firing and a third firing, which
each can supply current in a string in each of the first bar, the second bar, and
the third bar, where the second bar is below the first bar and the third bar is
above the second bar. in other embodiments, first and second portions of the
strings can include solid state lighting devices that emit light in a first dominant
wavelength and a second dominant wavelength, respectively, where each of
the bars includes at least one string of the first portion and at least one string
of the second portion and the strings in the first portion are fired in the firing
order and then the strings in the second porticn are fired in the firing order. In
yet other embodiments, at least one string of the first portion can be fired
simultaneously with at least one string from the second portion.

{00123 Other embodiments can include a first portion of strings in a
first bar and a second portion of strings in a second bar where the first and
second portions are fired sequentially in the firing order and the firing order
determines the location of the second bar in response to the location of the
first bar.

[0013] In further embodiments, a first portion of the strings includes
solid state lighting devices that emit light in a first dominant wavelength and a
second portion of strings includes solid state lighting devices that emit light in
a second dominant wavelength, where the first portion is fired in the firing
order and then the second portion is fired in the firing order.

[0014] In yet further embodiments, the firing logic can be random
logic that can operate fo generate the firing order.

[0015] In other embodiments, a means for generating a feedback
signal is included to provide display performance information to the control
system.

[0016] Some embodiments can include methods of controilling a solid
state lighting panet having multiple strings of solid state lighting devices
configured to extend from a first edge of the panel to a second edge of the

panel in substantially adjacent positions relative to one another. Such
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methods can include supplying pulsed drive currents to the strings in a non-
spatially-sequential firing order.

[0017] in some embodiments, the firing order can be determined to
supply current to a first string and second string, where the second string can
be defined based on the location of the first string. In some embodiments, the
second string can be defined by selecting a string that is non-adjacent the first
string and/or selecting a string that is located a minimum quantity of strings
from the first string. In other embodiments, a third string that is fired after the
second string can be defined based on the locations of the first and second
strings. In some other embodiments, the second string can be defined by
selecting a string on a first side of the first string and the third string can be
defined by selecting a string on a second side of the second string.

[0018] in further embodiments, multiple portions of the strings can be
grouped on muiltiple bars that can extend across the panel from the first edge
to the second edge and that are positioned adjacent one another in a
substantially paraliel arrangement. In yet further embodiments, the portion of
strings in the same bar can be supplied current simultaneously. In other
embodiments, a random number can be generated, a value can be assigned
to each bar and current can be supplied to the portion of strings on a bar
based on the random number.

[0019] In yet other embodiments, a first portion of strings that
includes solid state lighting devices configured to emit light in a first dominant
wavelength can be supplied current according to the firing order and then a
second portion of strings that includes solid state lighting devices configured
to emit light in a second dominant wavelength can be supplied current
according to the firing order. .

[0020] In further embodiments, defining the second string and/or third
string can be based on a dominant wavelength emitted by the solid state
lighting devices in the first string.

[0021] in yet further embodiments, a first string having solid state
lighting devices configured to emit light in a first dominant wavelength and a
second string having solid state lighting devices configured to emitlightin a

second dominant wavelength can be simultaneously supplied current.
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[0022] Other embodiments can include determining the firing order
that supplies current to a first string and a second string and defining the
second string based on a dominant wavelength of the first string and a relative
position of the first string.

[0023] Yet other embodiments can include defining the firing order
using numerical techniques. Using a numerical technigue in some
embodiments can include generating a random number, assigning a vailue to
each of the strings and supplying current to one of the strings based on the
value of the random number. In some other embodiments, using a numerical
technique can include performing a non-linear calculation.

[0024] In further embodiments, the firing order can include using a
deterministic order based on at least one rule.

[0025] A lighting panel system that includes multiple strings of solid
state lighting devices that are arranged to extend across the panel in a first
direction and are positioned adjacent one another in a second direction and
that are supplied current by multiple current drivers can also include a
controller that provides control signals to the current drivers and a sequence
generator that generates a firing sequence for firing the multiple strings.

[0026] in some embodiments, the sequence generator can include a
deterministic algorithm that determines a location of a subsequently fired
string from the location of a previously fired string.

[0027] In other embodiments, the sequence generator can include an
algorithm that generates a firing sequence to fire a first string having solid
state lighting devices that emit light in a first dominant wavelength and a
second string having solid state lighting devices that emit light in a second
dominant wavelength, where the second string is fired after the first string.

[0G28] in yet other embodiments, the sequence generator can
include an algorithm that generates a sequence to simultaneously fire a first
string having solid state lighting devices that emit light in a first dominant
wavelength and a second string having solid state lighting devices that emit
light in 2 second dominant wavelength.

[0029] in further embodiments, the sequence generator can generate

a random sequence of firing.
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{0030} Yet further embodiments can include bars that include
portions of the strings and extend across the panel in the first direction and
are positioned adjacent one another in the second direction. Some
embodiments can include a firing sequence that is configured to
simultaneously fire a first portion of the strings and then a second portion of
the strings where the first portion is located on a first bar and the second
portion is located on a second bar. Other embodiments can include a firing
sequence that simuitaneously fires a first étring on a first bar and a second
string on a second bar. In some embodiments the first string can include solid
state lighting devices that emit light in a first dominant wavelength and the
second string can include solid state lighting devices that emit light in a
second dominant wavelength.

[0031] Yet other embodiments can include a first portion of strings
that include solid state lighting devices that emit light in a first dominant
wavelength and a second portion of the strings that include solid state lighting
devices that emit light in a second dominant wavelength where each of the
bars includes at least one string of the first portion of strings and at least one
string from the second portion of strings. In further embodiments, the firing
sequence can be operative to cause the first portion of strings 1o fire in a first
sequence and then to cause the second portion of strings to fire in the first

sequence.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] 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.

[0033]1 Figure 1 is a block diagram illustrating an overview of systems
and methods for controlling a solid state lighting panel in accordance with
some embodiments of the invention.

[0034] Figure 2 is a block diagram illustrating a front view of a solid
state lighting panel according to some embodiments of the invention.

[0035] Figure 3 is a block diagram illustrating a front view of a solid
state lighting panel having lighting bars according to some embodiments of

the invention.
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[0036} Figure 4 is a block diagram illustrating a front view of a lighting
bar as illustrated in Figure 3 according to some embodiments of the invention.

f0037] Figure 5 is a block diagram illustrating a lighting tile according
to some embodiments of the invention.

[0038] Figure 6 is a block diagram illustrating a light emitter cluster
according to some embodiments of the invention.

[0039] Figure 7 is a schematic diagram of a lighting tile illustrated in
Figure 5 according to some embodiments of the invention.

[0040] Figure 8 is a block diagram illustrating systems and methods
for controlling a solid state lighting panel in accordance with some
embodiments of the invention.

[0041] Figure 9 is a block diagram illustrating systems and methods
for controlling a solid state lighting panel in accordance with other
embodiments of the invention.

[0042] Figure 10 is a block diagram illusirating systems and methods
for controlling a solid state lighting panel using a multiple phase power supply
in accordance with some embodiments of the invention.

[0043} Figures 11A and 11B illustrate a timing diagram and a
corresponding graph of a dynamic power load, respectively, for systems and
methods of using a single phase power supply for controlling a solid state
lighting panel in accordance with some embodiments of the invention.

[G044] Figures 12A and 128 illustrate a timing diagram and a
corresponding graph of a dynamic power load, respectively, for systems and
methods of using a multiple phase power supply for controlling a solid state
lighting panel in accordance with some embodiments of the invention.

[0045] Figures 13A and 13B illustrate a timing diagram and a
corresponding graph of a dynamic power load, respectively, for systems and
methods of using a multiple phase power supply for controlling a solid state
lighting panel in accordance with some embodiments of the invention.

[0046] Figure 14 is a block diagram illustrating systems and methods
for controlling a solid state lighting panel synchronized with an LCD display in

accordance with other embodiments of the invention.
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[0047] Figure 15 is a flow diagram illustrating operations for
controlling a solid state lighting panel synchronized with an LCD display in
accordance with other embodiments of the invention.

[0048] Figure 16 is a flow diagram illustrating operations for
controlling a solid state lighting panel according to some embodiments of the
invention.

[0049] Figure 17 is a flow diagram illustrating operations for
controlling a solid state lighting panel according to other embodiments of the
invention.

{00503 Figure 18 is a flow diagram illustrating operations for
controlling a solid state lighting panel according to further embodiments of the
invention.

[0051] Figure 19 is a flow diagram iflustrating operations for
controlling a solid state lighting panel according to yet further embodiments of
the invention.

[0052] Figure 20 is a table illustrating an exemplary string firing

sequence according to some embodiments of the invention.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION
[0053] 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.

[0054] 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,
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the term "and/or" includes any and all combinations of one or more of the
associated listed items.

[0055] 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. In contrast, when an element is
referred to as being "directly connected” or "directly coupled” to another
element, there are no intervening elements present. It will also be understood
that when a first element, operation, signal, and/or value is referred to as
"responsive to" another element, condition, signal and/or value, the first
element, condition, signal, and/or value can exist and/or operate completely
responsive to or partially responsive to the other element, condition, signal,
and/or value.

[0056] The terminology used herein is for the purpose of describing
particular embodiments only and is not intended to be limiting of the invention.
As used herein, the singular forms "a", "an" and "the" are intended to include
the plural forms as well, unless the context clearly indicates otherwise. |t will
be further understood that the terms "comprises” "comprising,” "includes"
and/or "including" when used herein, specify the presence of stated features,
integers, steps, operations, elements, and/or components, but do not preclude
the presence or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.

[0057] 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.
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[0058] 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. 1t 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 (PL.C) 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.

[0059] These computer program instructions may also be stored in a
computer readable memory that can direct a computer or other prograrmmmable
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.

[06060] The computer program instructions may alsc 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. !t 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
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show a primary direction of communication, it is to be understood that
communication may occur in the opposite direction to the depicted arrows.

[0061] Some embodiments of the invention may arise from the
recognition that where emitter strings in a panel are fired in a spatially
sequential order, a noticeable "sweep"” or "waterfall" across the display may
result. This effect can be more exaggerated at a beat frequency that is
related to the difference between the refresh frequency of the panel and the
pulse-width-modulation (PWM) frequency of a pulse-width modulation signal
used to adjust the brightness of the display. Accordingly, some embodiments
establish a non-spatially sequential firing order to avoid or reduce the
formation of a "sweep" across the panel. A lighting panei system can utilize a
control system that selectively provides control signals to selectively drive the
strings-in the panel. Some embodiments can use firing logic to determine a
firing order in a deterministic manner. Other embodiments can include a
sequence generator that generates a firing sequence. Some embodiments
can include a polyphase power supply configured to provide power to emitter
strings in a temporally distributed manner. Some embodiments include
receiving a synchronizing signal from a display controlier. Moreover, in some
embodiments, the subsequent firing of a string can be determined by the
location and/or dominant wavelength of a previously fired string. In this
manner, a noticeable "sweep" effect can be reduced.

[0062] Reference is now made to Figure 1, which is a block diagram
ilfustrating a high level view of systems and methods for controlling a solid
state lighting panel in accordance with some embodiments of the invention. A
solid state lighting panel 102 can be driven by a current driver 104 that is
configured to provide current to light emitting devices in the lighting panel 102.
Control of the display can be achieved by controlling the current provided by
the current driver 104, which is responsive to control signals generated by a
controller 106. The controller 108, in conjunction with a color management
unit 108, can perform the processing tasks necessary to generate the control
signals for the current driver 104. The color management unit 108 and/or the
controller 106 can use, for example, performance data from display
performance feedback sensors 110 and user input 112 to achieve the desired

display performance.
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[0063] Reference is now made to Figure 2, which is a block diagram
illustrating a front view of a solid state lighting panel 200 according to some
embodiments of the invention. The lighting panel 200 includes multiple
strings 204 of solid state lighting devices 206. Although discussed in the
context of strings 204, embodiments of the systems and methods herein may
include firing modules and/or groups of modules of solid state lighting devices
206 that are not arranged as strings. In some embodiments, a string 204 may
be defined by the electrical andfor the spatial relationship between the solid
state lighting devices 206 therein. The strings 204 can be generally arranged
to extend across the panel 200 in a first direction 214 from a first edge 210 to
a second edge 212. The strings 204 can be positioned at intervals along a
second direction 216. In some embodiments the strings 204 can be
positioned substantially parallel to one another. In some other embodiments
the first direction 214 can be substantially orthogonal to the second direction
216. The strings 204 can include electrical connection components 208 for
providing electrical connectivity to an electrical power source. In some
embodiments, the solid state lighting devices 206 are connected in an
electrical series configuration to form each string 204. The electrical series
configuration permits the solid state lighting devices in any string to be
controlled together through electrical current regutation. Although not shown,
some embodiments can include sirings 204, or portions thereof, having solid
state lighting devices 206 that are connected in an electrically parallel
configuration where the string 204 can be controlied through, for example,
voltage regulation.

[0064] Reference is now made to Figure 3, which is a block diagram
ilustrating a front view of a solid state lighting panel 300 having bars 302
according to some embodiments of the invention. In some embodiments, the
bars 302 can extend across the panel 300 in a first direction 314 and be
positioned adjacent one another in a second direction 316. Each bar 302 can
include one or more strings 304 of solid state lighting devices 306 that can be,
for example, connected in series. The strings 304 can include electrical
connection components 308 for providing electrical connectivity to an
electrical power source. The electrical power source can be current and/or

voltage regulated, depending on the configuration of the strings. A solid state
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lighting panel of some embodiments can include bars 302 that are vertically
oriented and/or arranged in a variety of row and column configurations.
Moreover, bars can be configured in a combination of different sizes and/or
shapes within the same panel 300.

[0065] Reference is now made to Figure 4, which is a block diagram
illustrating a front view of a bar 402 according to some embodiments of the
invention. In some embodiments, a bar 402 can include multiple strings
404A-C that can each include multiple solid state lighting devices 406A-C.
Each string 404 can be configured to be substantially the same or each one
can differ in one or more ways. In some embodiments, each string 404A-C
includes solid state lighting devices 406A-C that emit light in a different
dominant wavelength. For example, solid state lighting devices 406A can be
configured to emit light having a dominant wavelength generally
corresponding to the color red. Similarly, solid state lighting devices 406B
and 406C can be configured to emit light having dominant wavelengths
corresponding to the colors green and blue, respectively. A bar 402 of some
embodiments can include one and/or more strings 404 having solid state
lighting devices 406 of different colors. For example, a bar 402 can include at
least one string 404 having red solid state lighting devices, at least one string
404 having green solid state lighting devices, and at least one string 404
having blue solid state lighting devices. In this manner, by selectively
controlling the amount and/or duty cycle of current supplied to each string, the
color hue and/or brightness of the light emitted by the bar can be controlled.
The strings 404A-C can be controlled independent of one another or as a
group corresponding to the bar 402. Although discussed with reference to
solid state lighting devices configured to emit light having different dominant
wavelengths, the systems and methods herein may also be utilized in
systemns using solid state lighting devices configured to emit light in a single
dominant wavelength. Furthermore, systems, etc., may use solid state LED's
including phosphors that, when energized, emit light having muitiple
wavelengths and/or that otherwise emit broad spectrum light. such as, for
example, a phosphor coated blue LED.

[0066] Reference is now made to Figure 5, which is a block diagram

illustrating a tile 502 according to some embodiments of the invention.
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Multiple tiles 502 can be connected to form a bar. The tile 502 can include a
first group of strings 504 and a second group of strings 505, each including
multipte light emitter clusters 506. As illustrated in Figure 6, which is a block
diagram illustrating a light emitter cluster 506 according to some embodiments
of the invention, a light emitter cluster 506 can include multiple solid state light
emitters 508A-D. The solid state light emitters 508A-D can each emit light in
a different dominant wavelength. For example, the solid state emitter cluster
506 can include a red emitter 508A, a first green emitter 508B, a second
green emitter 508C and a blue emitter 508D. other colors of emitters and/or
color combinations may be used.

[0067] As illustrated in Figure 5, current can be conducted to the
strings through contacts §10. For example, any one or more of the first group
of strings can be fired through the first group supply current contacts 512 and
the first group return current contacts 513. Similarly, any one or more of the
second group of strings 505 can be fired through the second group supply
current contacts 515 and the second group return current contacts 514.

[0068] Reference is now made to Figure 7, which is a schematic
diagram of a tile as discussed above regarding Figure 5 according to some
embodiments of the invention. The tile 502 includes the first group of strings
504A-D having corresponding current supply and return contacts 512A-D and
513A-D, respectively. Each string 504 can include solid state lighting devices
508 configured to emit light in a dominant wavelength. For example, string
504A can include red emitters 508A. Other strings can include emitters
configured to emit light in different dominant wavelengths or colors. In some
embodiments a group of strings 504 can include one or more strings having
red emitters 508A, one or more strings having green emitters 5088, 508C,
and one or more strings having blue emitters 508D. In some embodiments,
the first group of strings 504 can be arranged to include the emitter string
anodes 512 on the same side of the bar 502 as the emitter string cathodes
514 of the second group of strings 505.

[0069] Reference is now made to Figure 8, which is a block diagram
ilustrating systems and/or methods for controlling a solid state lighting panel
in accordance with some embodiments of the invention. A control system 800

selectively provides control signals to a current driver 808 or other type of
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electrical power supply circuit that responsively drives multiple solid state
lighting devices in a solid state lighting panel 810. The control system 800
can include firing logic 802 that can determine a firing order for the multiple
strings. A firing order may determine an order in which individual strings of
solid state lighting devices and/or groups of strings of solid state lighting
devices are supplied current. In some embodiments, the firing order may
determine the order in which strings are fired within a single phase of a power
supply. In the single phase context, the temporal delay between firing
consecutively fired strings may be on the order of, for example, several
microseconds. In some embodiments, the firing order may determine the
firing order of strings supplied power from different phases of a polyphase
power supply. In the polyphase context, the temporal delay between firing
strings using consecutive power supply phases may be on the order of, for
example, milliseconds.

[0070] One common method for controlling the current driven through
the strings is a Pulse Width Modulation (PWM) scheme. PWM schemes
pulse the solid state lamps alternately to a full current "ON" state followed by a
zero current "OFF" state. The output of the string may be controlied by
varying the duty cycle, which is the percent of the cycle that the string is
placed in an "ON" state.

[0071] In some embodiments, the firing logic 802 can include rule-
based logic that can generate a non-spatially-sequential firing order. For
example, the rule based logic may include a rule that a second string fired
after a first string is not adjacent the first string in the panel 810. in some
embodiments, a rule may be that the first and second strings can be fired
simultaneously and are not adjacent one another.

[0072] In some embodiments, the solid state lighting panel 810 can
also include multiple bars, as discussed above regarding Figure 3, that can
extend across the panel in a first direction and that can be positioned adjacent
one another in a substantially parallel arrangement. The firing order can be
operative to fire different strings based on the location of the bar that the
strings are in. For example, the firing order may be such that each
subsequently fired string is located in a bar on a different side of the

previously fired string. For example, where first, second, and third strings are
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fired sequentially, the second string can be in a bar below that of the first
string and the third string can be in a bar above that of the second string.

[0073] The panel 810 of some embodiments can include different
portions of the strings that include solid state lighting devices that emit light in
different dominant wavelengths. Some embodiments include at least one
string of each dominant wavelength in each of the bars. The sirings of a first
dominant wavelength can be fired in the firing order and then the strings of a
second dominant wavelength can be fired in the firing order. The firing order
can be repeated for each of the portions of strings. In some embodiments,
the string of a first dominant wavelength can be fired simultaneously with a
string of a second dominant wavelength. Where the strings of first and
second wavelengths are fired sequentially, the firing order can be used to
determine the location of a second bar based on the location of the first bar.

[0074] The firing logic of some embodiments can also use random
logic to generate the firing order. The random logic can be applied as to the
bars where some or all of the strings on a bar are fired simultaneously and the
bar that is fired is determined using random logic. For example, in a panel
810 having nine bars, a first fired bar determined by random logic may be bar
number three, counting from top to bottom. The second fired bar can be
randomly selected from remaining bars one, two, and four through nine. If the
random logic selects bar number six for the second firing, the third fired bar is
randomly selected from the remaining bars one, two, four, five, and seven
through nine. Similarly, the random logic can be applied to individual strings.

[0075] Some embodiments can also include means for generating a
feedback signal that can provide display performance information to the
control system 800. The means can include performance sensors, such as
thermal sensors and color sensors, among others.

[0076] Reference is now made to Figure 9, which is a block diagram
illustrating systems and methods for controlling a solid state lighting panel
according to some other embodiments of the invention. A systermn 900 for
controlling a solid state lighting panel 910 that includes multiple strings of solid
state lighting devices can include a sequence generator 902 that can
generate a firing sequence for firing the multiple strings in the panel 910. The

firing sequence is received by a controller 904 that can provide control signals
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to a current driver 908. The current driver 908 can selectively provide current
to the multiple strings in the panel 910.

[CO77] The sequence generator 902 can include a deterministic
algorithm that determines the location and/or identity of a subsequently fired
string based on the location of a previously fired string. In some
embodiments, the deterministic algorithm can use locations of multiple
previously fired strings to select the next string to be fired. The sequence
generator 902 of some embodiments can generate a sequence where a first
fired string includes solid state lighting devices that emit light in a first
dominant wavelength and then a second fired string includes solid state
lighting devices that emit light in a second dominant wavelength. Other
embodiments can simultaneously fire two and/or more strings having solid
state lighting devices that emit light in different dominant wavelengths. The
sequence generator 902 can also generate a random firing sequence that can
fire the strings in a random sequence based on location and/or dominant
wavelength.

[0078] The system can include multiple bars that each include a
portion of the strings, such that the bars extend across the panel in a first
direction and are positioned adjacent one another in a second direction. In
some embodiments, the first direction and the second direction can be
substantially orthogonal. The firing sequence can cause the simultaneous
firing of the portion of strings on one bar at a time. The firing sequence can
also cause a simultaneous firing of one or more strings on one bar and one or
more strings on another bar. In some embodiments, the simultaneously fired
strings can include solid state lighting devices that emit light in more than one
dominant wavelength. For example, a first string can emit light in a first
dominant wavelength and a second string can emit light in a second dominant
wavelength. Further, a single string can include different solid state lighting
devices that emit light in different dominant wavelengths.

[0079] Reference is now made to Figure 10, which is a block diagram
iltustrating systems and methods for controlling a solid siate lighting panel
using a multiple phase power supply in accordance with some embodiments
of the invention. A control system 1000 selectively provides control signals to

a current drivers 1008 or other type of electrical power supply circuit that
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responsively drives multiple solid state lighting device strings 1012 in a solid
state lighting panel 1010. The conirol system 1000 can include firing logic
1002 that can determine a firing order for the muitiple strings. In some
embodiments, the firing logic 1002 can include rule-based logic that can
generate a non-spatially-sequential firing order. In some embodiments, the
firing logic 1002 can include a spatially sequential firing order.

[0080] The current drivers 1008 can include muliiple phase drivers
1014 corresponding to N different power phases, for example. Each of the
phase drivers 1014 is configured to provide power o one or more different
strings 1012 corresponding to that phase. For example, a solid state lighting
panel 1010 may include twenty-seven strings that are powered by nine
different phase drivers 1014. In this manner, each phase driver 1014 can
provide power to three phase strings 1012. The firing order of the strings
1012 within each phase group may be configured to be non-spatially
sequential. Further, the determination regarding which strings 1012 are in
each phase group may aiso be non-spatially sequential.

[0081] By providing multiple phases, each phase driver 1014 can be
configured to begin firing at a different time within the period, as determined
by, for example, the firing logic. In this manner, the firing of the strings 1012
can be performed in a more uniform manner within each period. By
temporally displacing the firing of the different strings 1012 using multiple
phase drivers 1014, the peak dynamic power load may be reduced, which
may reduce the power modulation. Reducing the power modulation may
improve the performance consistency of other electrical components in a
systemn, such as, for example, LCD drivers in a display. For example,
reductions in the magnitude and duration of peak-to-peak power load changes
may result in reduced output differences in the LCD display drivers that result
therefrom.

[0082] Further advantages may also be realized including, for
example, a reduction in electromagnetic interference (EMI), a reduction in
radio frequency interference (RF1), and/or an increase in system circuit
response that may be achieved by reducing the size of a power supply output
filter. Since large bursts of EMI/RF1 associated with large deviations in power

transmission may result in higher susceptibility requirements for other system
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componenis, a reduction in EMI/RF{ may be advantageous. Additionally, as
the quantity of phases per string increases, the current per phase decreases,
which may further reduce EMI.

[0083] Reference is now made to Figures 11A and 118, which
illustrate a timing diagram and a graph of a corresponding dynamic power
load, respectively, for systems and methods of using a single phase power
supply for controlling a solid state lighting panel in accordance with some
embodiments of the invention. The timing diagram 1100 plots the string
groups 1110 versus time 1120, which is divided into periods TO and T1 that
may correspond to, for example, cycles in an alternating current (AC) power
system. For example, in a sixty Hertz power system, each period is
approximately 16.67 milliseconds. The string groups 1110 may include one or
more strings of solid state light emitters.

[0084] When driven using a single phase power supply, the string
groups 1110 will begin firing near the beginning of the period. Each string
group 1110 may stop firing at a different time, depending on the duty cycle
determined for that particular string group 1110. For example, a first string
group 1112 may have a duty cycle of 50%, which means that the string group
1112 will be driven for approximately 50% of the length of the pericd.
Similarly, a second string group 1114 may have a 60% duty cycie and a third
string group 1116 may have a 30% duty cycle.

[0085] Referring to Figure 118, which plots the percentage of
maximum power versus time, the power load is 100% of maximum when all of
the string groups 1110 fire at time t1 near the beginning of the period. At time
{2, the third string 1116 turns off, which reduces the power load to 66.7% of
maximum. At time 13, the second string 1114 turns off, which reduces the
power load to 33.3% of maximum and at time t4, the first string 1112 turns off,
which drops the power load to 0. In this manner, the dynamic power load
cycles between 0 and 100% each period. Moreover, since the duration of the
high and low values of power load are each significant portions of the period,
attempts at improving the dynamic power load through filtering may have
adverse consequences regarding power supply response. Although, for
ilustration purposes, it is assumed that strings consume the same amount of

power, this may generally not be the case. For example, a red string may
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consume more power than a blue string, which may consume more or less
power than a green string.

[0086] Reference is now made to Figures 12A and 12B, which are a
timing diagram and a graph of a corresponding dynamic power load,
respectively, illustrating systems and methods of using a multiple phase
power supply for controlling a solid state lighting panel in accordance with
some embodiments of the invention. The timing diagram 1200 plots the string
groups 1210 versus time 1220, which is divided into periods T and multiples
thereof. The string groups 1210 may include one or more strings of solid
state light emitters. Although illustrated as three phases and string groups,
multiple phase embodiments may include any number of phases from 2 up to
the number of strings and/or groups of emitters.

[0087] When driven using a mulliple phase or polyphase power
supply, the string groups 1210 will begin firing at predetermined times
throughout the period T such that the dynamic power loading may be reduced
by shifting some of the power load to the later portion of the period. in
contrast with the string groups discussed above regarding Figure 11A, the
string groups 1210 may be started at different times to eliminate the case
where all string groups are firing during the first portion of the period. For
example, in the case of three strings and/or groups of strings, a pericd T may
be subdivided into three substantially equal portions. For example, a first
string group 1212 may be configured to operate at a 50% duty cycle and fire
near the beginning of the period 0. Similarly, a second string group 1214 may
be configured to fired at a 60% duty cycle after T/3 time units and a third
string group 1216 may be configured to fire at a 45% duty cycle after 27T/3
time units in the period. Thus, the first string group 1212 fires at the beginning
of the first third of the period, the second string group 1214 fires at the
beginning of the second third of the period and the third string group 1216
fires at the beginning of the final third of the period. This pattern continues for
each subsequent period such that each string fires at a predetermined time
during each period.

[6088] Referring to Figure 12B, which plots the percentage of the
single phase maximum power versus time, the power load is 33.3% when the

first string group 1212 fires at time t1 near the beginning of the period. Attime
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t2, the second string group 1214 begins firing, which increases the power load
to B6.7%. Attime t3, the first string group 1214 turns off, which drops the
power load to 33.3%. At time t4, the third string group 1216 fires, which
increases the power load back to 66.7% until near the end of the period, when
the second string group 1214 turns off. The power load continues at 33.3%
into the next period until the first string group 1212 turns on again, which
increases the power load back to 66.7%. The dynamic power load modulates
between 33.3% and 66.7% of the single phase maximum power each period.
By reducing the magnitude of the peak to peak dynamic loads the
effectiveness of power supply filters such as capacitors can be improved.

[0089] Although illustrated and discussed relative to 100% of the
single phase maximum power, as may be determined by the power required
to fire all string groups simuitaneously, in some embodiments, the maximum
power load may be determined based on the maximum number of string
groups that are fired at any point during a period. Thus, for example, the
dynamic power load in the present example may be determined as the
quantity of power required fo fire two string groups simultaneousty. In this
manner, the dynamic power load may vary from 50% to 100%, with a brief 0%
interval, that may, in some embodiments, be filtered out based on the duration
of the interval. Although, as illustrated, the system utilizes three different
groups, each driven by a different phase, in some embodiments, a system
may use, for example, nine phases to drive, for example, twenty-seven
different strings. In this manner, each string group may include three strings.
it should be appreciated that as the ratio of phases to strings increases and
approaches unity, the dynamic power load may decrease correspondingly. In
some embodiments, a polyphase power supply may be used in conjunction
with a non-spatially-sequential firing order. Although, for illustration purposes,
it is assumed that strings consume the same amount of power, this may
generally not be the case. For example, a red string may consume more
power that a blue string and/or a green string.

[0020] Some embodiments may include providing one phase per
string. For example, reference is now made to Figures 13A and 13B, which
are a timing diagram and a graph of a corresponding dynamic power load,

respectively, illustrating systems and methods of using a muitiple phase
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power supply having a phase for each string. By way of example, a display
may include nine strings 1310 of solid state light emitters that may each be
fired at a different duty cycle 1312. A power supply may be included that can
include one phase driver for each of the nine different strings 1310. In this
manner, each string may be fired independent of the others. For example,
each of the strings 1310 may begin and end firing at different time intervals
1320. In this manner, the dynamic power load, as illustrated in the graph of
Figure 13B, can realize a reduced dynamic range.

[0091] Each phase may begin and end at a different time and each
string may be driven at a different load factor. In some embodiments, the
phases may be temporally separated responsive to the number of different
phases. For example, where each cycle has a period of T seconds and there
are nine phases, the delay between each successive phase may be T/9
seconds. Two consecutive periods for each of the nine phases is shown to
illustrate the resulting dynamic power load during operation. For example, in
the firing scheme illustrated in Figure 13A, the power load is substantially
evenly distributed around an average of approximately 67% and deviates plus
or minus 11% from the average value.

[0092] in some embodiments, timing the firing of the strings may be
determined algorithmically and may be dynamically adjusted depending on
the state of the system. Different variables within algorithms and/or different
algorithms may be used at various levels and/or hues of requested light
output. For example, a particular algorithm and/or set of variables may be
used to determine the timing of the firing of the strings when the solid state
lighting panel is in a minimum output configuration. In some embodiments, a
display may include, a greater number of strings and/or phases. For example,
a display may include twenty-seven strings that are configured to be driven by
nine phases. In some embodiments, a twenty-seven string display may be
driven by twenty-seven phases. Although, for illustration purposes, itis
assumed that strings consume the same amount of power, this may generally
not be the case.

[0093] Reference is now made to Figure 14, which is a block diagram
ilustrating systems and methods for controlling a solid state lighting panel

synchronized with an LCD display in accordance with other embodiments of
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the invention. A display device 1400 may include an LCD panel 1410,
including a two-dimensional arrangement of liquid crystal shutters, that is
controlied by an LCD controller 1430. The LCD controller 1430 may control
the output image 1460 by varying on/off values of the LCD shutters
corresponding to different color pixels. Since an output image 1460 may
typically include dynamic content, the LLCD controller 1430 may be configured
o refresh the pixels at a predetermined refresh rate.

[0094] The LCD panel 1410 relies on dynamic light transmission to
control an output image 1460 so the display device 1400 may also include a
solid state backlight panel 1420 configured to provide light to be selectively
transmitted through the shutters of the LCD panel 1410. A solid state
backlight panel 1420 may include multiple strings of solid state light emitters
that can be controlled toc achieve a desired color hue and/or luminous
intensity. Varying the output of a string may be accomplished, for example,
by firing the string for a portion of a period, which may be controlled by a
backlight controller 1440. In some embodiments, the refresh rate of the LCD
controller 1430 may be synchronized with the firing of the solid state backlight
panel 1420 by sending a synchronizing signal from the LCD controller to the
backlight controlier 1440. In this manner, unwanted effects due to the
interference of non-synchronized processes operating at different frequencies
may be reduced. Synchronized display and backlighting may be used in
conjunction with single phase power supply systems and/or polyphase power
supply systems. Additionally, synchronization may be used in conjunction
with a non-spatially-sequential firing order.

100951 Reference is now made to Figure 15, which is a block diagram
illustrating systems/methods for controlling a solid state backlighting panel
synchronized with an LCD panel in accordance with some embodiments of
the invention. An LCD panel 1510 is controlled by a display controller 1530,
which refreshes the pixels in the LCD panel 1510 at a predetermined refresh
rate. A solid state backlighting panel 1520 may also be included for providing
luminance through the LCD panel 1510. The solid state backlighting panel
1520 may be controlied by a backlight controller 1540 that can drive multiple
strings of solid state light emitiers using a current driver 1560. The output of
the solid state backlighting panel 1520 may be controlled by firing the emitters
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for specific portions of a period. The display controller 1530 may send a
synchronizing signal 1550 to the backlight controller 1540 such that the firing
rate of the strings corresponds to the refresh rate of the LCD display 1520. In
this manner, the visual effects from interference between the refresh rates of
the LCD display 1520 and the solid state lighting panel 1510 may be reduced.

[0096] Reference is now made to Figure 16, which is a block diagram
illustrating systems/methods for controlling a solid state lighting panel
according to some embodiments of the invention. The operations 1600
include supplying drive currents to strings in a solid state lighting panel in a
non-spatially-sequential firing order (block 1610). The non-spatially-
sequential firing order can be accomplished using, for example, a randomly
generated firing order or a deterministic firing order. A deterministic firing
order can be rule-based and use rules, such as a rule that the directional
relationship between a subsequently fired string and a previously fired string
alternates with each firing. Some embodiments can include a rule defining
the minimum number of bars and/or strings between sequentially and/or
simultaneously fired strings. Embodiments can also include a rule that
sequentially and/or simultaneously fired strings are non-adjacent and/or are in
non-adjacent bars.

[06097] Reference is now made to Figure 17, which is a block diagram
illustrating systems/methods for controlling a solid state lighting panel
according to other embodiments of the invention. The operations 1700
include supplying drive currents to strings of solid state lighting devices
arranged in a panel in a non-spatially-sequential firing order (block 1710). A
firing order for a first string and a second string is determined (block 1720).
The firing order determines the order in which the strings will be supplied
current. A second string is defined based on a location of the first string
(block 1730). By defining the second string based on the location of the first
string, a non-spatially-sequential firing order can be accomplished. In some
embodiments the second string can be defined by selecting a string that is
non-adjacent the first string and/or is in a bar that is non-adjacent the bar that
includes the first string. The second string can also be defined by selecting a
string such that a minimum quantity of strings and/or bars are between the

first and second strings. A third string can also be defined based on the
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locations of the first string and the second string. For example, where the
second string is in a first direction relative to the first string, the third string is
selected to be in a second direction relative to the second string.

{0098} Reference is now made to Figure 18, which is a block diagram
illustrating systems/methods for conirolling a solid state lighting panel
according to further embodiments of the invention. The operations 1800
include supplying drive currents to strings of solid state lighting devices in a
solid state lighting panel in a non-spatially-sequential firing order (block 1810).
The operations can also include grouping the strings on multiple bars that
extend from a first edge of the panel to a second edge of the panel (block
1820). The first and second edges can be opposite one another in a panel
configured in a rectilinear geometry. The bars can be arranged adjacent one
another and can be substantially parallel to one another in some
embodiments. Some embodiments include simultaneously supplying current
to the portion of strings that are in a same one of the bars. Embodiments can
aiso include simultaneously supplying current to strings located in more than
one of the bars. In some embodiments, a random number can be generated,
a value can be assigned to each bar, and current can be simultaneously
supplied to the strings in the bar having a value corresponding to the random
number.

[0099] Reference is now made to Figure 19, which is a block diagram
illustrating systems/methods for controlling a solid state lighting panel in yet
further embodiments of the invention. The operations 1900 include supplying
drive currents to strings of solid state lighting devices in a solid state lighting
panel in a non-spatially-sequential firing order (block 1810). The operations
can also include supplying current to strings having solid state lighting devices
that emit light in a first dominant wavelength in the firing order (block 1820).
Embodiments can also include supplying current to strings having solid state
lighting devices that emit light in a second dominant wavelength in the firing
order (block 1930). In this manner, the strings of a first wavelength are fired
in a sequence and then strings of a second wavelength are fired in the
sequence.

[00100] Reference is now made to Figure 20, which is a table

ilustrating an exemplary string firing sequence according to some
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embodiments of the invention. The table 2000 corresponds fo a sequence for
a solid state lighting panel having three different color aor wavelength strings at
each of nine panel positions. The panel positions, which, in some
embodiments, can be bars, are designated as the string number (column
2030) and the color of each string is designated (column 2010). The firing
sequence (column 2020) indicates each string’s position in the sequence of
firing. A spatial delta value for each string lists the number of places between
the present string and the last fired string in the sequence and is listed for
each string (column 2040). This sequence, for example, provides that the
strings of each color are fired as a sequential group and that one color group
is fired after another color group. For example, all of the red strings are fired
in a focation based sequence then all of the green strings are fired in the
sequence and then all of the blue strings are fired in the sequence. Note that
since no value in the spatial delta column 2040 is less than three, there are no
strings fired closer than three positions away from the previously fired string.
Further, within each color group, since the spatial deita alternates between
positive and negative values, each string fired is located in a different direction
relative to the previously fired string from the direction between the previously
fired string and its predecessor.

[00101] Although some embodiments are described in connection with
LCD backlights, embodiments of the invention may be used for other
purposes, such as general lighting. 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 panel system, comprising:

a lighting panel including a plurality of strings of solid state lighting
devices arranged across the panel in a first direction and positioned at
intervais in a second direction that is substantially orthogonal to the first
direction;

a current supply circuit configured to selectively supply a plurality of on-
state drive currents to the plurality of strings responsive to a plurality of control
signals; and

a control system configured to selectively provide control signals to the
current supply circuit to selectively drive the plurality of strings, the control
system further including firing logic configured to determine a firing order of
the plurality of strings.

2. The system of Ciaim 1, wherein the firing logic comprises rule-

based logic operative to generate a non-spatiaily-sequential firing order.

3. The system of Claim 2, wherein the rule-based logic comprises
a rule that a second string fired after a first string is non-adjacent the first

string.

4. The system of Claim 2, wherein the rule-based logic comprises
a rule that a first string is fired simultaneously with a second string, wherein

the first string is non-adjacent the second string.

5. The system of Claim 1, wherein the lighting panel further
comprises a plurality of bars that include portions of the plurality of strings,
wherein the plurality of bars extend across the panel in the first direction and

are positioned adjacent one another in a substantially parallel arrangement.

6. The system of Claim 5, wherein the firing order is operative to
cause a first firing, a second firing and a third firing, wherein the first firing

oceurs before the second firing and the second firing occurs before the third
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firing, wherein the first firing supplies current for at least one string in a first
bar, the secend firing supplies current for at least one string in a second bar
and the third firing supplies current for at least one string in a third bar,
wherein the second bar is located below the first bar and the third bar is

located above the second bar.

7. The system of Claim 5, further comprising:

a first portion of the plurality of strings including solid state lighting
devices that emit light in a first dominant wavelength; and

a second portion of the plurality of strings including solid state lighting
devices that emit light in a second dominant wavelength,

wherein each of the plurality of bars includes at least one string of the
first portion of the plurality of strings and at least one string of the second
portion of the plurality of strings and wherein each of the first portion of the
plurality of strings is fired in the firing order and then each of the second

portion of the piurality of strings is fired in the firing order.

8. The system of Claim 5, further comprising:

a first portion of the plurality of strings including solid state lighting
devices that emit light in a first dominant wavelength; and

a second portion of the plurality of strings including solid state lighting
devices that emit light in a second dominant wavelength,

wherein at least one string of the first portion of the plurality of strings is
fired simultaneously with at least one string of the second portion of the

plurality of strings.

9. The system of Claim 5, further comprising:

a first portion of the plurality of strings in a first bar; and

a second portion of the plurality of strings in a second bar,

wherein the first and second portions of the plurality of strings are fired
sequentially in the firing order and wherein the firing order is configured to

determine the location of the second bar relative to the location of the first bar.

10.  The system of Claim 1, further comprising:
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a first portion of the plurality of strings including solid state lighting
devices that emit light in a first dominant wavelength; and

a second portion of the plurality of strings including solid state lighting
devices that emit light in a second dominant wavelength,

wherein each of the first portion of the plurality of strings is fired in the
firing order and then each of the second portion of the plurality of strings is

fired in the firing order.

11.  The system of Claim 1, wherein the firing logic comprises

random logic operative to generate the firing order.

12.  The system of Claim 1, further comprising a means for
generating a feedback signal configured to provide display performance

information to the control system.

13. The system of Claim 1,

wherein the current supply circuit comprises a plurality of phase drivers
configured to supply a plurality of on-state drive currents at a plurality of times
in a firing cycle,

wherein the plurality of strings of solid state lighting devices comprise a
plurality of string groups, each configured to receive current from one of the
plurality of phase drivers, and

wherein the control system is further configured to determine the
plurality of times that each of the plurality of phase drivers begin to supply

current {o the plurality of string groups.

14.  The system of Claim 13, wherein the ratio of a quantity of the
plurality of phase drivers to a quantity of the plurality of strings of solid state
lighting devices is one and wherein each of the plurality of string groups

comprises one of the plurality of strings of solid state lighting devices.

15.  The system of Claim 1, wherein the control system is configured

to receive a synchronizing signal from a display controller configured to
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control a display and wherein the firing order is synchronized with periodic

operations of the display.

16. A methad for controlling a solid state lighting panel including a
plurality of strings of solid state lighting devices configured to extend from a
first edge of the panel to a second edge of the panel in substantially adjacent
positions relative to one another, the method comprising supplying a plurality
of pulsed drive currents to the plurality of strings in a non-spatially-sequential
firing order.

17.  The method of Claim 16, further comprising:

determining the firing order that supplies current to a first string of the
plurality of strings and a second string of the plurality of strings; and

defining the second string of the plurality of strings, wherein the

defining is based on a location of the first string.

18.  The method of Claim 17, wherein defining the second string
comprises selecting one of the plurality of strings that is not adjacent to the

first string.

19.  The method of Claim 17, wherein defining the second string
comprises selecting one of the plurality of strings that is located a minimum

quantity of strings from the first string.

20. The method of Claim 17, furiher comprising defining a third
string of the plurality of strings, wherein the third string is configured to be
fired after the second string and wherein the defining is based on a location of

the second siring and the location of the first string.

21.  The method of Claim 20, wherein defining the second string
comprises selecting one of a plurality of strings that is on a first side of the first
string and defining the third string comprises selecting one of the plurality of

strings that is on a second side of the second string.
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22.  The method of Claim 16, further comprising grouping a plurality
of portions of the plurality of strings on a plurality of bars, wherein the plurality
of bars extend across the panel from the first edge to the second edge and

are positioned adjacent one another in a substantially parallel arrangement.

23. The method of Claim 22, further comprising simultaneously
supplying current to the portion of the plurality of strings that are in the same
one of the plurality of bars.

24.  The method of Claim 22, further comprising simultaneously
supplying current to a first string located in a first bar and a second string

located in a second bar.

25.  The method of Claim 22, further comprising:

generating a random number,

assigning a value to each of the plurality of bars; and

simultaneously supplying current to the portion of the plurality of strings

on one of the plurality of bars based on the random number.

26.  The method of Claim 16, further comprising:

supplying current to a first portion of the plurality of strings according to
the firing order, wherein the first portion of the plurality of strings includes solid
state lighting devices configured to emit light in a first dominant wavelength;
and

supplying current to a second portion of the plurality of strings
according to the firing order after supplying current to the first portion of the
plurality of strings, wherein the second portion of the plurality of strings
includes solid state lighting devices configured to emit light in a second

dominant wavelength.

27. The method of Claim 16, wherein defining is further based on a
dominant wavelength of light emitted by the solid state lighting devices in the

first string.
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28.  The method of Claim 16, further comprising simultaneously
supplying current to a first string including solid state lighting devices
configured to emit light in a first dominant wavelength and a second string
including solid state lighting devices configured to emit light in a second

dominant wavelength.

29.  The method of Claim 16, further comprising:

determining the firing order that supplies current to a first string of the
plurality of strings and a second string of the plurality of strings; and

defining the second string based on a dominant wavelength emitted by
the solid state lighting devices in the first string and a relative position of the

first string.

30. The method of Claim 16, comprising determining the firing order

using a numerical technique.

31.  The method of Claim 30, further comprising:

generating a random number;

assigning a value to each of the plurality of strings; and

supplying current to one of the plurality of strings based on the random

number.

32.  The method of Claim 30, wherein the numerical technique

comprises performing a non-linear calculation.

33.  The method of Claim 18, wherein the firing order comprises a

deterministic order based on at least one rule.

34. A system for controlling a solid state lighting panel including a
plurality of strings of solid state lighting devices that are arranged to extend
across the panel in a first direction and are positioned adjacent one another in
a second direction and that are supplied current by a plurality of current

drivers, the system comprising:
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a sequence generator that generates a firing sequence for firing the
plurality of strings; and
a controller that provides control signals, responsive to the sequence

generator, to the plurality of current drivers.

35. The system of Claim 34, wherein the sequence generator
comprises a deterministic algorithm that determines a location of a
subsequently fired string based on a location of at least one previously fired

string.

36. The system of Claim 34, wherein the sequence generator
comprises an algorithm that generates a sequence to fire a first string having
a plurality of solid state lighting devices that emit light in a first dominant
wavelength and a second string having a plurality of solid state lighting
devices that emit light in a second dominant wavelength, wherein the second

string is fired after the first string.

37. The system of Claim 34, wherein the sequence generator
comprises an algorithm that generates a sequence to simultaneously fire a
first string having a plurality of solid state lighting devices that emit light in a
first dominant wavelength and a second string having a plurality of solid state

lighting devices that emit light in a second dominant wavelength.

38. The system of Claim 34, wherein the sequence generator

generates a random sequence of firing.

39. The system of Claim 34, further comprising a plurality of bars
that include portions of the plurality of strings, wherein the plurality of bars
extend across the panel in the first direction and are positioned adjacent one

another in the second direction.

40. The system of Claim 39, wherein the firing sequence is
configured to simultaneously fire a first portion of the plurality of strings and

then simultaneously fire a second portion of the plurality of strings and
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wherein the first portion is located on a first bar and the second portion is

located on a second bar.

41.  The system of Claim 39, wherein the firing sequence is
configured to simultaneously fire a first string on a first bar and a second

string on a second bar.

42. The system of Claim 41, wherein the first string includes solid
state lighting devices that emit light in a first dominant wavelength and the
second string includes solid state lighting devices that emit light in a second

dominant wavelength.

43.  The system of Claim 34, further comprising:

a first portion of the plurality of strings including solid state lighting
devices that emit light in a first dominant wavelength; and

a second portion of the plurality of strings including solid state lighting
devices that emit light in a second dominant wavelength;

wherein each of the plurality of bars includes at least one string of the
first portion of the plurality of strings and at least one string of the second
portion of the plurality of strings.

44 The system of Claim 43, wherein the firing sequence is
operative to cause the first portion of strings to fire in a first sequence and to

then to cause the second portion of strings to fire in the first sequence.

45.  The system of Claim 34, wherein the plurality of drivers
comprise a polyphase power supply configured to a supply a pluraiity of
temporally shifted drive currents to a plurality of groups of the plurality of

strings.

46. A method for controlling a solid state lighting panel including a
plurality of strings of solid state lighting devices configured to extend from a

first edge of the panel to a second edge of the panel in substantially adjacent

35

Petitioner Hisense USA Corporation
Exhibit 1004 - Page 37 of 373



Attorney Docket No. 5308-703

positions relative to one another, the method comprising supplying a plurality

of pulsed drive currents to a plurality of groups of the plurality of strings.

47. The method of Claim 46, wherein each group of the plurality of
groups comprises one of the plurality of strings and wherein one of the
plurality of puised drive currents is provided for each of the plurality of strings

by one of a plurality of phase drivers.

48. The method of Ciaim 47, further comprising receiving a
synchronizing signal from a display controller configured to control a refresh
rate of display pixels.

49.  The method of Claim 46, further comprising synchronizing the
plurality of drive currents with a cycles of a periodic operation of a display

panel.

50. The method of Claim 49, wherein the periodic operation
comprises refreshing pixels and wherein the display panel comprises an LCD
display panel.

51.  Alighting panel system, comprising:

a lighting panel including a plurality of strings of solid state lighting
devices arranged across the panel in a first direction and positioned at
intervals in a second direction that is substantially orthogonal to the first
direction;

a current supply circuit configured to selectively supply a plurality of on-
state drive currents to the plurality of strings responsive to a plurality of control
signals;

a control system configured to selectively provide control signals to the
current supply circuit to selectively drive the plurality of strings, the control
system further including firing logic configured to determine a firing order of
the plurality of strings; and
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wherein the firing logic is configured to drive the plurality of strings in a
spatially non-adjacent, non-sequential firing order and/or to drive the plurality

of strings at different times for at least a subset of the plurality of strings.

52.  The system of Claim 51, wherein the firing logic is further
configured to drive the plurality of strings and/or portions thereof at least
partially based on the spatial relationship between the plurality of strings and

or portions thereof.

53. The system of Claim 51, wherein the firing logic comprises rule-

based logic configured to generate a non-spatially sequential firing order.

54.  The system of Claim 53, wherein the rule-based logic further
comprises a rule that a second string fired after a first string is non-adjacent

the first string.

55.  The system of Claim 53, wherein the rule-based logic further
comprises a rule that if first string is fired simultaneously with a second string,

then the first string is non-adjacent the second string.
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SYSTEMS AND METHODS FOR CONTROLLING A SOLID STATE
LIGHTING PANEL

ABSTRACT OF THE DISCLOSURE
Provided are systems and methods for controlling a solid state lighting
panel. A system according to some embodiments of the invention includes a
controller that provides control signals to current drivers that are configured to
provide current to multiple solid state lighting devices. The system also
includes a sequence generator that generates a firing sequence for firing

multiple strings of slid state lighting devices.
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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.Q. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9198 and select option 2.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

www.uspto.gov’

FILING or 371(0)

| APPLICATION NUMBER DATE GRP ART UNIT | FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMS | IND CLAIMS
11/745,713 05/08/2007 2875 3150 5308-703 55 5
CONFIRMATION NO. 1290
65106 FILING RECEIPT

MYERS BIGEL SIBLEY & SAJOVEC, P.A.
P.O. BOX 37428
RALEIGH, NC27627

Date Mailed: 05/31/2007

Receipt is acknowledged of this regular Patent Application. It will be considered in its order and you will be
notified as to the results of the examination. Be sure to provide the U.S. APPLICATION NUMBER, FILING
DATE, NAME OF APPLICANT, and TITLE OF INVENTION when inquiring about this application. 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 mail to the Commissioner for Patents
P.O. Box 1450 Alexandria Va 22313-1450. 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 (if appropriate).

Applicant(s)
John Roberts, Residence Not Provided;
Keith Vadas, Residence Not Provided;

Power of Attorney: None
Domestic Priority data as claimed by applicant

Foreign Applications

If Required, Foreign Filing License Granted: 05/31/2007

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, is
US11/745,713

Projected Publication Date: To Be Determined - pending completion of Missing Parts
Non-Publication Request: No
Early Publication Request: No
Title
Systems and Methods for Controlling a Solid State Lighting Panel

Preliminary Class
362

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES
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Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have
no effect in a foreign country, an inventor who wishes patent protection in another country must apply for a
patent in a specific country or in regional patent offices. Applicants may wish to consider the filing of an
international application under the Patent Cooperation Treaty (PCT). An international (PCT) application
generally has the same effect as a regular national patent application in each PCT-member country. The
PCT process simplifies the filing of patent applications on the same invention in member countries, but
does not result in a grant of "an international patent” and does not eliminate the need of applicants to file
additional documents and fees in countries where patent protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must
make an application for patent in that country in accordance with its particular laws. Since the laws of many
countries differ in various respects from the patent law of the United States, applicants are advised to seek
guidance from specific foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the
USPTO must issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S.
patent application serves as a request for a foreign filing license. The application's filing receipt contains
further information and guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically,
the section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for
filing foreign patent applications. The guide is available either by contacting the USPTO Contact Center at
800-786-9199, or it can be viewed on the USPTO website at
http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you
may wish to consult the U.S. Government website, http:/www.stopfakes.gov. Part of a Department of
Commerce initiative, this website includes self-help "toolkits" giving innovators guidance on how to protect
intellectual property in specific countries such as China, Korea and Mexico. For questions regarding patent
enforcement issues, applicants may call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN
FILING LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all
applications where the conditions for issuance of a license have been met, regardless of whether or not a
license may be required as set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in
37 CFR 5.15(a) unless an earlier license has been issued under 37 CFR 5.15(b). The license is subject to
revocation upon written notification. The date indicated is the effective date of the license, unless an earlier
license of similar scope has been granted under 37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date
thereof unless it is revoked. This license is automatically transferred to any related applications(s) filed under
37 CFR 1.53(d). This license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the
subject matter as imposed by any Government contract or the provisions of existing laws relating to
espionage and the national security or the export of technical data. Licensees should apprise themselves of
current regulations especially with respect to certain countries, of other agencies, particularly the Office of
Defense Trade Controls, Department of State (with respect to Arms, Munitions and Implements of War (22
CFR 121-128)); the Bureau of Industry and Security, Department of Commerce (15 CFR parts 730-774); the
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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).
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Page 1 of 2

UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alecandria, Viggnin 22313-1450

WRW.USPIO GOV

| APPLICATION NUMBER | FILING OR 371 (¢) DATE [ FRSTNAMEDAPPLICANT |  ATTORNEY DOCKET NUMBER |
11/745,713 05/08/2007 John Roberts 5308-703
CONFIRMATION NO. 1290
65106 FORMALITIES
MYERS BIGEL SIBLEY & SAJOVEC, P.A. LETTER

P.0. BOX 37428
RALEIGH, NC 27627

Date Mailed: 05/31/2007

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION
FILED UNDER 37 CFR 1.53(b)
Filing Date Granted

Items Required To Avoid Abandonment:

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all
required items and pay any fees required below to avoid abandonment. Extensions of time may be obtained by
filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

e The oath or declaration is missing. A properly signed oath or declaration in compliance with 37 CFR 1.63,
identifying the application by the above Application Number and Filing Date, is required.
Note: If a petition under 37 CFR 1.47 is being filed, an oath or declaration in compliance with 37 CFR 1.63
signed by all available joint inventors, or if no inventor is available by a party with sufficient proprietary
interest, is required.

The applicant needs to satisfy supplemental fees problems indicated below.
The required item(s) identified below must be timely submitted to avoid abandonment:

e To avoid abandonment, a surcharge (for late submission of filing fee, search fee, examination fee or oath or
declaration) as set forth in 37 CFR 1.16(f) of $130 for a non-small entity, must be submitted with the missing items
identified in this letter. , ,

SUMMARY OF FEES DUE:

Total additional fee(s) required for this application is $130 for a non-small entity

e $130 Surcharge.

Replies should be mailed to:  Mail Stop Missing Parts
Commi§sioner for Patents
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P.O. Box 1450
Alexandria VA 22313-1450

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web.
https://sportal.uspto.qgov/authenticate/AuthenticateUserl ocalEPF .html

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http://www.uspto.gov/ebc.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

Office of Initial Patent Examination (571) 272-4000, or [-800-PTO-9199
PART]3 - OFFICE COPY
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Attorney Docket No. 5308-703 PATENT
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re: Roberts, et al. Confirmation No.: 1290
Application No.: 11/745,713 Group Art Unit: 2811
Filed: May 8, 2007

For:  Systems and Methods for Controlling a Solid State Lighting Panel

Date: July 13, 2007
Mail Stop MISSING PARTS
Commissioner for Patenis
P.O. Box 1450
Alexandria, VA 22313-1450

RESPONSE TO NOTICE TO FILE MISSING PARTS
Sir:

In response to the Notice to File Missing Parts of Application-Filing Date Granted
(PTO-1533), mailed May 31, 2007 regarding the above-referenced patent application,
enclosed is an executed Declaration and Power of Attorney document ( 3 pages) for this
application.

The Commissioner is hercby authorized to charge $130.00 to Deposit Account No.
50-0220 for the surcharge under 37 C.F.R. § 1.16(f). This amount is believed to be¢ correct.
However, the Commissioner is hereby authorized to charge any deficiency or credit any
overpayment to Deposit Account No. 50-0220.

If any extension of time for the accompanying response or submission is required,

Applicant requests that this be considered a petition therefore.

Respectfully su Ltted

\\u

Tlmothy T Wall \)
Registration No. 50,743
Myers Bigel Sibley & Sajovec, P.A.

P.O. Box 37428 CERTIFICATION OF TRANSMISSION

Raleigh, North Carolina 27627 , , o _

) I hereby certify that this correspondence is being transmitted via the
Telephone. (919) 854-1400 Office electronic filing system in accordance with § 1.6(a)(4) to the
Facsimile: (919) 854-1401 U.S. Patent and Trademark Office on JJulvy 13 7007

Customer No. 65106 f A %L/
Signatur eW&(/Q‘\-{/Q{ ﬂ

Michele P. McMahan
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ATTORNEY DOCKET NO. 5308-703

DECLARATION AND POWER OF ATTORNEY FOR PATENT APPLICATION

As a below named inventor, 1 hereby declare that:
My residence, post office address and citizenship are as stated below next to my name.

I believe I am the original, first and sole inventor (if only one name is listed below) or an
original, first and joint inventor (if plural names are listed below) of the subject matter which
is claimed and for which a patent is sought on the invention entitled "SYSTEMS AND
METHODS FOR CONTROLLING A SOLID STATE LIGHTING PANEL" the
specification of which

[ ]is attached hereto
OR
was filed on May 8, 2007 as United States Application No. 11/745,713 or PCT

International Application Number and was amended on (if applicable).

I hereby state that 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 acknowledge the duty to disclose information that is material to patentability as defined in
37 C.F.R. § 1.56, including for continuation-in-part applications, material information that
hecame 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 claim foreign priority benefits under 35 U.S.C. § 119(a)-(d) or (1), or § 365(b) of any
foreign application(s) for patent, inventor's or plant breeder's rights certificate(s), or § 365(a)
of any PCT international application which designated at least one country other than the
United States of America, listed below and have also identified below any foreign application
for patent, inventor's or plant breeder's rights certificate(s), or any PCT mtemational
application having a filing date before that of the application on which priority is claimed.

NONE 71 Yes [] No

Number Country MM/DD/YYYY Filed Priority Claimed

Page 1 0of 3
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ATTORNEY DOCKET NO. 5308-703

I hereby claim the benefit under 35 U.S.C. § 119(e) of any United States provisional
application(s) listed below. '

None

Application Number(s) Filing Date (MM/DD/YYYY)

I hereby declare that all statements made herein of my own knowledge are true and that all
statements made on information and belief are believed to be true; and further that these
statements were made with the knowledge that willful false statements and the like so made
are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United
States Code and that such willful false statements may jeopardize the validity of the
apphcation or any patent issued thereon.

POWER OF ATTORNEY: As anamed mnventor, I hereby appoint the following registered
attorney(s) to prosecute this application and transact all business in the Patent and Trademark
Office connected therewith.

Send correspondence to: Customer No. 65106
Timothy J. Wall
Myers Bigel Sibley & Sajovec, P.A.
P. O. Box 37428
Raleigh, North Carolina 27627

Direct telephone calls to: Timothy J. Wall
(919) 854-1400
Facsimile: (919) 854-1401

Full name of first inventor: John K. Roberts

pvenors ol K LRa o pue S (112007

Residence: Grand Rapids, Michigan 49506-6524
Citizenship: United States of America
Mailing Address: 1061 Plymouth Avenue SE

Grand Rapids, Michigan 49506-6524

Page 2 of 3
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Full name of sccond inventor:

Inventor's | o Q
1unature T

ATTORNEY DOCKET NO. 5308-703

Keith J. Vadas

e 113[67)

Residence:
Citizenship:

Post Office Address:

J:ake«%ﬂh—meﬂda %ﬁ/ %N )

i |
Lowely, m‘“; 2

United States of Amerlca

7262-Michigan-Tste Road oA
Lﬂke—V&leﬁh~F«16ﬂé&3—3467 -\

Page 3 of 3
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Electronic Patent Application Fee Transmittal

Application Number:

11745713

Filing Date:

08-May-2007

Title of Invention:

Systems and Methods for Controlling a Solid State Lighting Panel

First Named Inventor/Applicant Name:

John Roberts

Filer:

Timothy Jennings Wall/Michele McMahan

Attorney Docket Number:

5308-703

Filed as Large Entity

Utility Filing Fees

Description

Fee Code Quantity Amount

Sub-Total in
USD($)

Basic Filing:

Pages:

Claims:

Miscellaneous-Filing:

Late filing fee for oath or declaration

1051 1 130

130

Petition:

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
USD($)

Miscellaneous:

Total in USD ($)

130
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Electronic Acknowledgement Receipt

EFS ID: 1970045
Application Number: 11745713
International Application Number:
Confirmation Number: 1290

Title of Invention:

Systems and Methods for Controlling a Solid State Lighting Panel

First Named Inventor/Applicant Name:

John Roberts

Customer Number:

65106

Filer:

Timothy Jennings Wall/Michele McMahan

Filer Authorized By:

Timothy Jennings Wall

Attorney Docket Number: 5308-703
Receipt Date: 13-JUL-2007
Filing Date: 08-MAY-2007
Time Stamp: 14:19:17

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment was successfully received in RAM $130

RAM confirmation Number 6117

Deposit Account 500220

File Listing:

Dﬁﬁ;mbgrnt Document Description File Name /Efs;zeé%/igfs),t pal\:ltu/l_tziip (ifzg:?.)
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. 250221
1 5308_703_ResponseMissing os 4
Parts.pdf y
2951b7a941d72723938a21af5cc71440b
a9e4627
Multipart Description/PDF files in .zip description
Document Description Start End
Applicant Response to Pre-Exam Formalities Notice 1 1
Oath or Declaration filed 2 4
Warnings:
Information:
8176
2 Fee Worksheet (PTO-06) fee-info.pdf no 2
3478cc77bd111343449af41325{de0cib
003c75e
Warnings:
Information:
Total Files Size (in bytes): 258397

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt
similar to a Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see
37 CFR 1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date
shown on this Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions
of 35 U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the
application as a national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt,
in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary
components for an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the
International Application Number and of the International Filing Date (Form PCT/RO/105) will be issued in due
course, subject to prescriptions concerning national security, and the date shown on this Acknowledgement
Receipt will establish the international filing date of the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

www.uspto.gov’

| APPLICATION NUMBER | FILING or 371(c) DATE | GRP ART UNIT | FIL FEE REC'D | ATTY.DOCKET.NO

11/745,713 05/08/2007 2875 3280 5308-703

CONFIRMATION NO. 1290

65106 UPDATED FILING RECEIPT
MYERS BIGEL SIBLEY & SAJOVEC, P.A.

P.O. BOX 37428

RALEIGH, NC27627

Date Mailed: 07/19/2007
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 write to the Office of Initial Patent
Examination's Filing Receipt Corrections. 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

Applicant(s)
John K. Roberts, Grand Rapids, Ml;
Keith J. Vadas, Lowell, MI;

Power of Attorney: None
Domestic Priority data as claimed by applicant

Foreign Applications

If Required, Foreign Filing License Granted: 05/31/2007

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, is
US11/745,713

Projected Publication Date: 11/13/2008
Non-Publication Request: No
Early Publication Request: No
Title
Systems and Methods for Controlling a Solid State Lighting Panel

Preliminary Class
362
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PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have
no effect in a foreign country, an inventor who wishes patent protection in another country must apply for a
patent in a specific country or in regional patent offices. Applicants may wish to consider the filing of an
international application under the Patent Cooperation Treaty (PCT). An international (PCT) application
generally has the same effect as a regular national patent application in each PCT-member country. The
PCT process simplifies the filing of patent applications on the same invention in member countries, but
does not result in a grant of "an international patent” and does not eliminate the need of applicants to file
additional documents and fees in countries where patent protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must
make an application for patent in that country in accordance with its particular laws. Since the laws of many
countries differ in various respects from the patent law of the United States, applicants are advised to seek
guidance from specific foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the
USPTO must issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S.
patent application serves as a request for a foreign filing license. The application's filing receipt contains
further information and guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically,
the section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for
filing foreign patent applications. The guide is available either by contacting the USPTO Contact Center at
800-786-9199, or it can be viewed on the USPTO website at
http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you
may wish to consult the U.S. Government website, http:/www.stopfakes.gov. Part of a Department of
Commerce initiative, this website includes self-help "toolkits" giving innovators guidance on how to protect
intellectual property in specific countries such as China, Korea and Mexico. For questions regarding patent
enforcement issues, applicants may call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN
FILING LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all
applications where the conditions for issuance of a license have been met, regardless of whether or not a
license may be required as set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in
37 CFR 5.15(a) unless an earlier license has been issued under 37 CFR 5.15(b). The license is subject to
revocation upon written notification. The date indicated is the effective date of the license, unless an earlier
license of similar scope has been granted under 37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date
thereof unless it is revoked. This license is automatically transferred to any related applications(s) filed under
37 CFR 1.53(d). This license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the
subject matter as imposed by any Government contract or the provisions of existing laws relating to
espionage and the national security or the export of technical data. Licensees should apprise themselves of
current regulations especially with respect to certain countries, of other agencies, particularly the Office of
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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).
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Attorney Docket No. 5308-703 PATENT
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inre: John Roberts et al. Confirmation No. 1290
Application No.: 11/745,713 Examiner: Richard A. Hjerpe
Filing Date: May 8, 2007 Group Art Unit: 2629

For: Systems and Methods for Controlling a Solid State Lighting Panel

Date: September 15, 2008
Mail Stop: Amendment
Commissioner for Patents
Box 1450
Alexandria, VA 22313-1450

S INFORMATION DISCLOSURE STATEMENT COVER LETTER
I

Attached is an Information Disclosure Statement listing of documents, together with a copy of any
listed foreign patent document and/or non-patent literature. A copy of any listed U.S. patent and/or U.S.
patent application publication is not provided herewith in accordance with 37 C.F.R. § 1.98(a)(2)(ii).

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

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

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

international application;

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

[1(4) before the mailing of a first Office Action after the filing of a request for continued

examination under §1.114.
[1 In accordance with 37 CFR 1.97(c), the information disclosure statement is being filed after the
period specified in 37 CFR 1.97(b) above, but before the mailing date of any of a final action under §1.113, a
notice of allowance under §1.311, or an action that otherwise closes prosecution in the application, and is
accompanied by one of the following: h
[1(1) The statement specified under 37 CFR 1.97(e), as follows:

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

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

[1(2) The fee set forth in §1.17(p);
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Inre: .John Roberts et al.
Application No.: 11/745,713
Filing Date: May 8, 2007
Page 2 of 2

In accordance with 37 CFR 1.97(d), the information disclosure statement is being filed after the
period specified in 37 CFR 1.97(c) above, but on or before payment of the issue fee, and is accompanied by
both of the following:

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

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

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

L1(2) The fee set forth in §1.17(p);

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

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

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

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.
Respectfully supmitted,

A

TimethyX! N\
Registration No. 50,743
Attorney for Applicant(s)

Customer Number 65106

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

919-854-1401 (Fax)

CERTIFICATION OF TRANSMISSION
| hereby certify that this correspondence is being transmitted via the Office electronic filing system in
accordance with § 1.6(a)(4) to the U.S. Patent and Trademark Office on September 15, 2008.

el | Fote .

Name: Paula J{Fisher
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SEQUENTIAL CONTROL CIRCUIT

CROSS REFERENCE TO RELATED APPLICATION
5 This application claims the benefit of priority from United States Provisional
Patent Application No. 60/184,333 filed February 23, 2000 and entitled "Circuit

Animator”, the contents of which are incorporated herein by reference.

FIELD OF THE INVENTION

10 The present.invention relates to a control circuit for driving and activating a
plurality of electrical loads, e'speciaHy electroluminescenf loads such as '
elg:ctrolumines;ccnt fibers. More particularly, the present invention relates to a control
circuit for sequentially driving such loads, one at a time (or one subset at a time), using

the same power supply.

15
BACKGROUND OF THE INVENTION
Lighting controllers (e.g., lighting consoles or boards) are commonly found in
theatrical, architectural, and entertainment venues. These controllers are operated by an
individual and/br a computer system to activate and control relays, switches, dimmers,
20 illuminators, and other control devices that are integrated within a lighting system. Those

control devices are in turn connected to lighting devices (and possibly other devices such
as mirrors, gobo wheels, and smoke machines) to operate or enable the lighting devices in
a desired manner. In most lighting systems, controllers activate and interface with control
devices using the Digital Multiplex (DMX) protocol. The DMX (or DMX-512) protocol
25  1s a digital control signal standard published by the United States Institute for Theatre
Technology (USITT) and is used extensively within the lighting industry (a corresponding
Analog Mulitplex, AMX or AMX-192, protocol also exists). A DMX signal can be used -
to control timed events, color changes, scene changes, and numerous other effects.
The current DMX control standard (established in 1986 and revised in 1990)
30 provides up to 512 control channels per data link. Each device.needs a certain number of
DMX channels for proper operation. Some control devices require only one or two

channels, while others may use 20 or more channels with separate channels controlling-
-1-
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different effects such as activation, dimming, color, strobing, tilting, and rotation. Each
control device in a lighting system is assigned a DMX start channel or address number (if
a device uses several channels, those channels are addressed sequentially beginning at the
start address). DMX channel assignment is typically achieved by setting a DIP (dual in-
line package) switch on each control device. Once channels have been assigned, the
devices are typically connected in a serial or daisy-chain configuration, in which the
controller connects to an input of a first control device, an output of the first control
device connects to an input of a second control device, and so on.

A DMX control signal provides data in an asynchronous serial format at 250 kbps
via the industry standard RS-485 interface (also known as EIA-485). A typical DMX data
packet includes a reset condition, followed by a start code and up to 512 bytes of control
data, with one data byte for each channel. The start code is usually a "0" byte, however, a
unique start code can also be used to indicate to a receiving device that a data packet
containing proprietary information is being sent. Each channel byte in a packet provides
information for controlling the corresponding device or device feature. Although the
DMX standard was originally designed to carry dimmer information (i.e., information
directly affecting the proportional output from a stage lighting dimmer), DMX control
data has since evolved to carry information for moving lights, color changers, and a
variety of other devices used within entertainment and architectural lighting industries.
Typically, by programming or sliding a potentiometer on a control console, a control
output can be varied from 0-100% (with 8-bit resolution).

The data packets in a DMX signal are transmitted continuously, optionally with no
deiay between packets. As a result, the fewer channels used, the higher the possible
refresh rate in the DMX control signal. Generally, the number of channels used 1n a given
lighting system will vary according to the needs of the lighting system, however many
lighting controllers use only a fraction of all available DMX channels. A more thorough
description of the DMX-512 protocol is provided by John Huntington in Conzrol Systems
for Live Entertainment, Focal Press (1994), relevant portions of which are incorporated
herein by virtue of this reference.

DMX control channels are generally assigned on a one-to-one basis correspbnding

to the various outputs {devices or features) that need to be controlled. Power is routed to

Petitioner Hisense USA Corporation

016357 7A1_1_> Exhibit 1004 - Page 79 of 373



JSDOCID: «WO,

WG §1/63977 PCT/US01/05737

10

20

25

the dimming or switching control devices and then iﬁtemaﬂy distributed to multiple
ouiputs. Conventional DMX control devices used in the lighting industry can control from
one ;[o many thousands of outputs, either one at a time or in any combination of multiple
outputs. As a result, these devices are capable of providing considerable design \/ersatility
and flexibility, especially in controlling a number of lighting devices simultaneously.
However, conventional DMX control systems may be wasteful and inefficient for certain
lighting applications. In particular, in many lighting systems it is often desirable to
activate a large number of loads (such as electroluminescent fibers), one at a fime (or one
subset at a time), in a desired sequence or order. When such sequencing applications are
performed using conventional DMX lighting control, a separate relay (or other control
device) and separate power supply are generally used to activate and energize each
lighting device or load. Consequently, at any one time during the sequencing, all but one
of the power supplies is idle and unused, resulting in significant technical and economic
inefficiencies.

Sequencing control systems for driving a plurality of loads using a single power

suppiy have been developed. For example, Weiner et al. in United States Patent No.

4,215,277 describe a controller for sequentially energizing a plurality of light strings, each

connected to an outlet receptacle via a triac switching device. A timing and logic circuit
connects to a gating circuit for each triac switching device to provide selective
energization of the triac and the corresponding light means connected to that triac.
Similarly, Williams in United States Patent No. 4,410,794 discloses a switching system
for sequentially connecting an alternating current supply to a plurality of loads, in
particular heater loads in aﬁ aircraft de-icing system. The system includes a computer for
generating switch selection data, in the form of serial bits, to a distributor arrangement
that decodes the selection data and provides control signals to switch devices that connect
the loads to the supply. The distributor arrangement includes a circuit for inhibiting the
supply of control signals to the respective switch devices unless the voltage of the supply
phase connected by the device i1s substantially zero. The control signals are also time-
advanced with respect to the zero voltage condition so that the switch devices can be
placed in states in which they can connect a load prior to disconnection of a preceding

load.
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Howéver, such prior art sequencing control systems are generally not compatible
for operation with a DMX controller. This is disadvantageous since — given the wide
spread adoption of the DMX protocol in the lighting industry — lighting designers, stage
hands, theater electricians, architectural lighting consultants, and special effects designers
are accustomed to programming DMX controllers and are familiar with the usage,
distribution and maintenance of DMX systems. Compatibly with the DMX protocol also
conveniently allows the same control signal used to effect the sequencing operation to
also operate and activate other devices in a lighting system that are unrelated to the
lighting devices being sequentially switched.

In addition, the intensity and color of electroluminescent loads, such as
electroluminescent fibers, may be varied based on the voltage and frequency, respectively,
of the power supply signal. For examﬁ]e, it may be desirable for tﬁe power supply signal
to vary between 90-150 VAC and 400-2500 Hz to adequately exploit the potential for
intensity and color variation in a fiber. However, the above described prior art sequencing
control systems are generally unsuitable for efficiently switching between lighting devices
that may be powered by a variable power supply signal having a relatively high rms
vo}tage (e.g., up to 150 VAC or more) and high frequency (e.g., over 2 KHz). Although,
the switching systemn of Williams switches between loads only when the voltage of the
supply phase connected by the device is substantially zero, additional circuitry is needed
to perform this function and limitations on the flexibility to switch between loads result.

Furthermore, it is often desirable for an electroluminescent load to appear as if it
"snaps on” when enabled and "snaps off" when disabled, generally in a time less than or
equal to 50 ms. Since an electroluminescent load effectively acts as a light emitting
capacitor, when a driving voltage is removed from an electroluminescent load the voltage
across the load discharges relatively slowly, making the snapping off effect difficult to
achieve with the above described sequential control systems.

Consequently, there is a need for a control circuit that is capable of sequentially
activating a plurality of electrical (particularly electroluminescent) loads in an efficient
manner, that is capable of switching a relatively high voltage and frequency power supply
signal between loads, that is able to provide a desired snap off effect when disabling a

load, and that is compatible with DMX controllers and signaling. It would be further

4
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advantageous if such a control circuit used only a minimal number of DMX channels to

sequentially control a large number of loads so that additional DMX channels or

resources are available for controlling other devices and so that the DMX control signal is

refreshed at a higher rate.

SUMMARY OF THE INVENTION

The present invention relates to a control circuit suitable for sequentially driving a
plurality of electrical loads, such as electroluminescent loads in any desired order. The
loads may be driven one at a time or one subset at a time.

In one aspect, the control circuit is preferably compatible with the standard
hghting control signal protocol DMX-512, but eﬁleviates many of the economic and
technical burdens associated with conventional one-to-one DMX switching systems. In
particular, when sequencing of plurality of electrical loads, it is not necessary to fully
exploit the versatility offered in conventional DMX switching systems. In addition, it is
not cost effective to use an individual power supply (such as an inverter, neon
transformer, DC power supply, etc.) to drive each of the loads. The present invention
exploits the convenience of using a DMX interface and control protocol but only requires
a minimal number of DMX channels and only one inverter power supply (or other power
source depending on load) to control and power the sequencing of a-large number of
outputs or loads. In another aspect, the control circuit permits the switching of an
electrical dnive signal (e.g., an inverter output voitage) between a plurality of
electroluminescent loads in a rapid, efficient, and appropriate manner including the ability
to "snap” loads on and off, even where the voltage and/or frequency of the electrical drive
signal varies. The control circuit of the present invention is also preferably implemented
in a modular configuration so that sequencing applications with varying numbers of loads
can be easily accommodated.

Thus, in one embodiment, the preseﬁt Invention provides a control circuit for
sequentially driving a plurality of electrical loads (e.g., ‘one at a time) in which a

converter circuit receives a DMX compatible digital control signal and extracts a plurality

of address bits from that signal. A decoder circuit receives the digital address bits and in

response generates a plurality of enable signals. each corresponding to a particular

-5-
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electrical load. At any one time, only a subset of the’load enable signals is in an active
state and each other enable signal is in an inactive state. In one embodiment, only one
}Qad‘enable signal can be active at any one time. A relay circuit then receives the plurality
of enable signals, and in response passes an electrical drive signal, such as an mverter
voltage, 1o each electrical load that corresponds to an énable signal that is in the active
state.

Where the converter circuit extracts M address bits, the decoder circuit generates
N enable signals, where N and M are integers with N < 2™. In one preferred émbodimem
N=2" e g M =8and N = 236. Preferably, the converter circuit extracts the plurality of
address bits from data bytes for one or more DMX channels in the control signal. For
example, theﬁ converter circuit may extract one address bit from a data byte for each of a
plurality of DMX channels in the control signal. Alternatively, the converter circuit may
extract the plurality of address bits from a data byte for a single DMX channel in the
control signal (¢.g., all eight channel bits). The converter circuit may comprise an address
switch for specifying a DMX start channel.

The relay cir;:uit may comprise a first plurality of relay devices, each cdupled to
one of the enable signals so that when that enable signal is in the active state, the
é]ectrical drive signal is coupled or passed to the corresponding electrical load. The first
relay devices are preferably a solid state relay devices, but they may also be
electromechanical relay device or any other type of relay devices. Especially in the case of
electroluminescent loads, the relay circuit preferably also comprises a plurality of
discharge circuits for rapidly discharging each electrical load when the enable signal
corresponding to that load changes from the active state to the inactive state. Each
discharge circuit preferably comprises a second relay device and also preferably
establishes a low impedance shunt connection across the corresponding electrical load
when the enable signal corresponding to that load changes from the active state to the
inactive state.

The electrical drive signal- may be an AC voltage signal and may have a variable
frequency and/or voltage which are also controlled by other channels in the DMX control
signal. In one implementation f the control circuit, the relay circuit is implemented on a

plurality of boards, each board corresponding to a group of electrical loads. In another
-6-
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implementaﬁon, the decoder circuit and the relay circuit are ifnplemented on a plurality of
boards, each board corresponding to a group of electrical loads.
In another embodiment, the present invention provides a control circuit for
sequentially driving a plurality of electroluminescent loads. The control circuit comprises
5 adecoder circuit for receiving a digital address signal and in response generating a
plurality of enable signals, each corresponding to a particular electrical load. Again, at any
one ume, only a subset of the load enable signals is in an active state and each other
enable signal béing in an inactive state. A relay circuit comprises a plurality of first relay
devices each coupled to one of the plurality of enable signals as well as to the load
10 corresponding to that enable signal. When that enable signal is in the active state, the
relay device éouples the electrical drive signal to the corresponding electrical load. The
relay circuit also comprises a plurality of discharge circuits for rapidly discharging each
clectrical load when the enable signal corresponding to that load changes from the active
state to the inactive state. Each discharge circuit comprises a second relay device, and

15 both the first and second relay devices are preferably solid state relay devices.

BRIEF DESCRIPTION OF THE DRAWINGS
Preferred features of the present invention are disclosed, by way of example, in the
accompanying drawings, wherein:
20 Figs. la-1b. are a block circuit diagram illustrating an overall architecture for a
control circuit in accordance with a preferred embodiment of the present invention;
Figs. 2a-2c are a block circuit diagram illustrating a possible implementation for
the M to N decoder circuit in the control circuit of Figs. la-1b:;
Figs. 3a-3c are a block circuit diagram illustrating another possible
25  implementation of the M to N decoder 130;
Fig. 4 is a circuit diagram of a portion of the relay circuit in the control circuit of
Figs. la-1b in accordance with a preferred embodiment;
Fig. 5 is a timing diagram for several signals in Fig. 4; and
Fig. 6 1s a circuit diagram of a portion of the relay circuit in accordance with

30 another embodiment.

-7-
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DETAILED DESCRIPTION OF THE INVENTION

Figs. la-1b are a block diagram of a control circuit 100, in accordance with a
preferred embodiment of the present invention, for sequentially dri ving a plurality of
electrical loads in any desired order. Signal”ﬂow between Figs. la and 1b is identified by
circle connectors A through K as shown. Sequential control circuit 100 is particularly
suitable for driving electromminésccnt loads or lamps such as electroluminescent fibers

(c.g., LiveWire™ fibers), panels, or backlights. However, control circuit 100 may be used

‘to control and sequence other types of electrical loads which include, but are not limited

1o, solenoids, loads used for pyrotechnical effect, ropelight loads, incandescent lamps,
neon lamps, l'ight emitting diodes, and loads used for confetti effects. Sequential circuit
100 generally forms part of an overall control device (not shown) and. as such, is
preferably incorporated into an enclosure or housing for the device. Although, the control
circuit 100 1s particularly suitable for theater and architectural lighting and entertainment
applications, it may be used for other types of applications as well.

Referring to Figs. la-1b, sequential control circuit 100 includes a power supply
circuit 110, a DMX signal converter (or decoder) 120, an M-to-N address decoder circuit
130 (shown as a 8-256 decoder in the illustrated embodiment of Figs. la-1b), a relay
circuit 140, an inverter circuit 150, and a voltage/frequency comrolierA 160.

As shown in Figs. la-1b, power supply circuit 110 generally receives an AC
supply signal 105, such as a conventional 120 VAC signal at 60 Hz as illustrated in Figs.
la-1b. Alternatively, supply signal 105 may be a 240 VAC signal at 50 Hz or some other
suitable power supply input signal that is preferably from 90-240 VAC at 50-60 Hz. The
input power line providing signal 105 may be fused for over current protection, and a
ground connection from the power line (e.g., through a ground conductor in a power cord)
1s preferably bonded to a chassis or enclosure of a controller device that houses control
circuit 100 to ensure that all components are properly grounded where applicable. Power
supply circuit liO may include a main power switch (not shown), such as a lighted rocker
style switch or equivalent.

In known manner, power supply circuit 110 converts input AC supply signal 105
into one or more DC output signals. In the illustrated embodiment of Figs. la-1b, circuit

110 is a dual output power supply that provides two DC output signals 112 and 114 (with
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correspondiﬁg ground or neutral references -- although only one line is shown in each
case for the sake of clarity). As shown, signal 112 is’ a DC signal substantially at 5 VDC
and | Amp that is provided for Vcc logic to DMX converter 120, address decoder circuit
130, and to relay circuit 140. Signal 114 is a DC signal substantially at 12 VDC and 1
Amp that is provided for Vce logic to DMX converter 120 and, as a DC input, to inverter
circuit 150. In alternate embodiments, power supply circuit 110 may only provide a single:
DC output, for example only signal 112 may be provided where DMX converter 120 is
designed to operate with only 5VDC Vcc logic and inverter circuit 150 is sirﬁilar]y
designed to generate a desired AC load voltage signal with a SVDC input.

As illustrated in the preferred embodiment Figs. 1a-1b, in addition to signals 112
and 114, DMX converter circuit 120 receives 1 DMX control si.gnai 125. As described
above, a DMX control signals may be generated by an industry standard lighting
controller (not shown) to control a number of lighting devices and/or other types of

devices. DMX signal 125 is provided to converter 120 using standard DMX-compatible

- cable and connectors, such as a five-pin XLR connector (not shown). As shown in Figs.

la-1b, the connector to converter 120 has a primary data true pin (Data +), a primary data
complement pin (Data -), and a common or ground pin (Common). (Optionally, the cable
and connectors may also support the transmission of secondary data from converter
circuit 120 back to the lighting controller using pins reserved for reverse communication
or "talk back” in advanced control systems.)

As shown 1n Figs. la-1b, DMX converter circuit 120 also comprises an address
switch block 122, which may include a three digit push button switch ozjthe like, for
specifying a DMX start channel for converter 120. Address switch 122 is preferably
mounted to allow re—addressing without having to open any device enclosure within
which control circuit 100 is housed, for example by mounting address switch 122 on the
front or rear panel of the device enclosure. More generally, DMX channel addressing may
be achieved using any appropriate means, including a software setting. As described
above, the DMX start channel address specifies to DMX converter circuit 120 which
channels to monitor in DMX signal 125, - o

DMX converter circuit 120 outputs a plurality of M address bits 128 in parallel

(each address bit 128 may be triggered using a solid state relay. not shown). The address
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bits are used .to specify the particular output or load that is beihg driven by circuit 100 at
any one time. As will be appreciated, depending on the application, each load may
comprise one or more devices that are to be activated at the same time. Furthermore,
although in the illustrated embodiment, the loads are sequentially driven one load at a
time, it is alternatively possible, as described in more detail below, for different subsets of
loads 10 be sequentially drive. In the embodiment specifically illustrated in Figs. 1a-1b,
eight address bits 128 are generated (Data A through Data H) so that up to 2°= 256
outputs or loads can be sequentially driven by circuit 100. As will be appreciated by those
skilled in the art, the total number of potential outputs in circuit 100 is equal to 2™, so that
if an additional address bit 128 1s provided, the number of potential outputs 1n circuit 100
may be doubled. In this invention, M can be any integer greater than or equal to one and
N can be any integer gfeater than or equal to two.

In one embodiment, the M-bit address information is provided on M DMX
channels in DMX control signal 125. DMX converter circuit 120 then decodes the M
DMX channels, beginning at the start channel specified by address switch block 122, into
M distinct address bits (preferably, as HSVDC signals). The address information may be
encoded, for example, into the first bit of each of the M DMX channel data bytes (as
described below, the other bits in each of the M channels may be used to provide
additional control information). As noted above, each DMX data packet can potentially be
decoded into as many as 512 channels, so that as many as 512 channels can be used to
provide additional address bits to expand the number of outputs. In addition, channels in
DMZX signal 125 that are not used by DMX converter 120 may also be used to control
additional devices in a lighting system. Where M = § (qr less) in this embodiment, DMX
converter circuit 120 may comprise the MR6-SSR circuit board manufactured by Fleenor

Design in Arroyo Grande, California: however, other suitable decoder circuits may also

be used.

In an alternative embodiment, instead of using M DMX channels to generate the
M address bits 128, DMX converter 120 may alternatively be configured to use only one
DMZX channel to drive up to 256 outputs or loads. In this embodiment, the address
information is encoded in all eight bits of the DMX channel byte (or as many of the

channel bits as are needed to drive the number of outputs or loads in circuit 100, e.g., if
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128 or less obtputs are needed only seven channel bits are reqhired). Thus, where M = §,

the eight bits in the dedicated DMX channel byte correspond directly to the Data A

through Data H bits 128, and DMX converter circuit 120 converts the address bits from
the DMX serial format to the parallel output format of bits 128. As will be appreciated,
the use of a second DMX channel to provide more than 8 bits of address information
allows DMX converter 120 to support up to over 65,000 outputs or loads. Again, the
DMX channel (or channels) containing the output address information is specified by the
start channel address set in block 122. Advantageously, in this embodiment, féwer DMX
channels are needed to encode the address information for N outputs than in the
embodiment that uses M DMX channels. Furthermore, the amount of programrhing time
necessary for an end user to select a desired output through a lighting controller is also
reduced, i.e., instead of programming (or sliding) M potentiometers, a user need only
program one potentiometer on a lighting controller to select one of up to 256 outputs (or
two potentiometers to select one of up to more than 65,000 outputs).

As a further alternative, sequential control circuit 100 may receive a dedicated
control or address signal (not shown) instead of DMX control signal 125. In this case,
circuit 100 does not require DMX converter circuit 120. For example, control circuit 100
may receive an M-bit address signal generated by a DIP switch or a dedicated controller,
eliminating the need for DMX decoding. In this embodiment, if the dedicated control or
address signal is provided in a parallel format it may be sent directly to M to N decoder
130. Alternatively, if the control signal is sent in a serial format, a serial-to-parallel
converter circuit may be employed to provide the M address bits in paralfel format to
decoder 130.

Referring still to Figs. fa-1b, the M address bits 128 (Data A-H) are provided to
M to N decoder circuit 130, which decodes the address bits into N decoder output or
enable signals 135, where N < 2. As indicated, in the specific embodiment illustrated. in
Figs. la-1b, M = 8 and N = 256. Once decoded, all but one of decoder output signals 135
are in a first or enable state while all of the other N-1 decoder output signals 135 are in a
second or disable state. Each decoder output signal 135 corresponds, on a one-to-one
basis, with an output 145 used to drive a load (or group of loads) connected to control

circuit 100. Therefore, only one load output 145 can be enabled at a time by a decoder
J11-
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output signal 135. Possible implementations of M to N decoder circuit 130 are described
below in connection with Figs. 2a-2c¢ and Figs. 3a-3c respectively. |

| It will be appreciated that DMX control signal 125 (or any other control signal
input to circuit 100) can be programmed using a lighting controller to sequence or switch
between any outputs 145 or loads in any desired order. The time to switch from one
output 145 to the next in a desired sequence is dependent on the timing of address
changes in address bits 128, and, the timing of address changes can also be programmed
into the DMX signal 125 (or other control signal). For example, it may be desirable to
switch or sequence the driving of a number of electroluminescent loads at between 50
milliseconds and 1 second, to provide a desired lighting effect. In addition, as discussed
below, the ability to switch between loads at a high rate or speed, as well as the ability to
"snap-off" a previously activated load, may also be affected by the operation of relay
circuit 140 as well as the type of loads being sequenced.

Each decoder 130 output signal 135 is provided to relay circuit 140 where the
corresponding load output signal 145 is generated, as shown in Figs. la-1b. Relay circuit
140 also receives the 5VDC signal 112 from power supply circuit 110 as well as the
signal on one of the output lines 152 and 154 that prdvidés a differential output AC drive
voltage VLAC from inverter circuit 150. In the illustrated embodiment, inverter output
line 152 (or VLAC+) is provided to relay circuit 140 while inverter output line 154 (or
VLAC-) 1s provided directly to each load. (Thus, inverter output line 152 may be
considered a hot lead while inverter output line 154 may be considered a neutral lead that
1s bussed out to each load.) Thus, as described in further detail below, refay circuit 140
effectively acts to relay or gate the VLAC drive voltage, in particular the signal on VLAC
output line 152. As a result, the output voltage applied to each load is provided between
each load output 145 (the relayed version of the signal on output line 152) and output line
154. Importantly, relay circuit 140 enables the voltage applied to each load to be switched.
in a rapid, efficient. and appropriate manner.

Depending on the types of components used in relay circuit 140 and on the
number N of output signals 145, it may be preferable to physically implement relay
circuit 140 on a plurality of different relay circuit cards 142, as shown in Figs. 1a-1b.

Where this occurs, each relay circuit card 142 receives a group of decoder output signals
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135 and proVides a corresponding group of load outputs 145. For example, in Figs. la-1b,
where N = 256 outputs are provided by circuit 100, the decoder outputs 135 and load
outputs 145 are grouped into eight groups of 32 signals. As described in more detail
below, relay circuit cards 142 may each also include a part of M to N decoder circuit 130
thereon (so that decoder 130 is implemented in a decentralized manner, as opposed to on
a separate decoder 130 card).

Referring stil] to Figs.1la-1b, inverter circuit 150 is a standard DC-AC inverter
well known to those of ordinary skill in the art, such as an inverter manu‘factdred by
Inverter Design Inc. of Texas or Endicott Research Group in New York. Inverter circuit
150 receives the 12VDC signal 114 as a DC input and provides AC voltage VLAC
between temﬁinals 152 and 154 as an output. Whén used to drive electroluminescent
loads, particularly electroluminescent fibers, inverter circuit 150 is preferably able to
generate a VLAC signal within the following parameter ranges: 90-150 VAC in rms
voltage, 50-100 mA in rms current, and 400 to 2500 Hz in frequency. It will be
appreciated that other types of power supplies capable of generating a suitable output for
driving an electrical load can also be used in place of inverter circuit 150.

As also shown in Figs. 1a-1b, a voltage/frequency control device 160 preferably

receives DMX control signal 125 and in response provides contro] signals 165 to inverter

- circuit 150. In known manner, control device 160 may act as a dimmer by, for example,

generating a control signal 165 that regulates the DC voltage input to inverter circuit 150
(i.e., signal 114 in Figs. la-1b). This enables the amplitude of the output voltage applied
to an electroluminescent load (or other dimmable load), and thereby the load's apparent
brightness or intensity, to be varied. Similarly, control device 160 may act as a color
changer by generating one or more control signals 165 that modulates the frequency of
VLAC (and therefore also of the load output voltage) to change the color emitied by an
electroluminescent load. For example, in known manner, control signals 165 may gate A
switches in a bridge circuit in inverter 150 to control how often the direction of current
through the bridge changes (and thereby the period or frequency of VLLAC). For other type

of loads, control device 160 may vary the voltage and/or frequency of VLAC to adjust

other load effects that are dependent on those signal parameters.
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As noted above, DMX control signal 125 can convemently include the necessary
data for control device 160 to alter the Ioad effects in a desired manner. In a preferred
embodxmem, control data for device 160 is provided within one or DMX channels
(similar to converter 120, control device 160 may also have an DMX address switch for
specifying a DMX start channel). For example, one DMX channel may contain
information for regulating the rms voltage of VLAC, while another DMX channel may
contain information for regulating the frequency of VLAC. Alternatively, where address
bit 128 information in encoded as a single bit 1n each of M DMX channéls, the other
seven bits in each of those channels may contain voltage and/or frequency control
information for inverter 150. Optionally, in this case, DMX converter 125 and contro]
device 160 rﬁay be combined into a single device. Additional DMX channels in signal
125 can further be used to control the functionality of a ballast (e.g., for neon loads) or to
control other electrical loads/devices independently of control circuit 100, a]léwing
control circuit 100 to be used in a versatile and flexible manner within an application,.
Although the use of a DMX control signal is preferred due to the facility with which it
enables different types of control information to be combined within a single signal, it
will nevertheless be appreciated that other types of control signals may be used to control
dévice 160 (as well as to provide address bits 128 as described above)

Figs. 2a-2c¢ are a block diagram illustrating one possible impiemcntation of M to
N decoder circuit 130 for the specific case of M = 8 and N = 256. Signal flow between
Figs. 2a, 2b, and 2c is identified by circle connectors L through V as shown. In this ‘
embodiment decoder circuit includes a first 4-16 decoder 210 and 16 adciitional 4-16
decoders 220 (only four decoders 220-1, 220-2, 220-3, and 220-4 are shown in Figs. 2a-
2c) that are preferably implemented on a centralized decoder circuit board. Decoder
circuit 130 receives the eight address bits 128 (Data A through Data H), for example via
an 8-way male pin header. As shown, each of the signals carrying address bits Data A
through Data H is preferably connected to ground (i.e., the neutral reference for the 5
VDC signal 112) through a resistor, R201 through R208 respectively. Resistors R201
through R208 (each of which may, for example, have a resistance of 1 KQ) help ensure a

true zero condition for all Jow data states of address bits 128.

_14.
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Referring to Figs. 2a-2c, address bits Data A to Data D arce provided to decoder
210 while address data bits Data E to Data H are provided to each decoder 220. In
respbnse to address data bits Data A to Data D, one of outputs /Y0 to /Y15 of decoder 210
is set low while the other outputs are set high. An active low enable pin 212 of decoder
210 is connected to ground, émd an active low input latch enable pin 214 of decoder 210
is connected to the SVDC signal 112 (i.e., VCC). In this manner, decoder 210 is always
enabled and the input address bits Data A to Data D are not latched, so that the outputs
/Y0 to /Y15 of decoder 210 change as the address bits Data A to Data D change.

Outputs /Y0 to /Y15 of decoder 210 are connected to the active low enable pins
222 of decoders 220-1 to 220-16 respectively, so that only one decoder 220 is enabled at
one time (the enabled decoder 220-i corresponds to the decoder 210 outpﬁt that is set low
by address bits Data A to Data D). In response to address data bits Data E to Data H, one
of outputs YO to Y15 of the enabled decoder 220 is set high (active) while the other
outputs are set low. The outputs YO to Y15 of each decoder 220 together provide the N
decoder outputs 135 that are provided to relay circuit 140. Again, only one of outputs 135
is active or enabled at any one time. The active low input latch enable pin 224 of each of
decoders 220 1s connected to the SVDC signal 112 (i.e., VCC), so that so that the outputs
YO to Y15 of the enabled decodér 220 change as the address bits Data E to Data H
change. '

~ To illustrate, address bits Data A through Data D may enable a particular decoder

220 as set out 1n Table I belDw.

Address Bits 128
Enables 4-16 decoder

Data A-DataD
D C B A
0 0 0 0 220-1
0 0 0 1 220-2
0 0 1 0 220-3
0 0 1 1 220-4
0 1 G 0 220-5
0 i 0 1 220-6
0 1 1 0 220-7
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Similarly, address bits Data E through Data H may provide an active output in the enabled

decoder 220.as set out in Table I below.

Output of enabled
4-16 Decoder 220-i

Address Bits 128

Data E - Data H

Q
T

YO
Y1
Y2
Y3
Y4
Y5 -
Y6
Y7
Y3
YO
Y10
Y11
Y12
Y13
Y 14
Y15

20

30
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In the embodiment of Figs. 2a-2¢, the 4-16 decoders 210 and 220 are preferabiy
implemented using a high speed CMOS devices. For example, decoder 210 may comprise
a Texas Instruments 74HC45135 integrated circuit (IC) with active low outputs while the
4-16 decoders 220 may each comprise a Texas Instruments 74HC4514 IC with active
high outputs. Other chips of similar functionality rﬁay also be used (with some retrofitting
and/or redesign of data routing, if necessary)

Figs. 3a-3c illustrate another possible implementation of a M to N decoder 130'. In
this embodiment, rather than centralizing decoder 1Cs 210 and 220 onto onc éard or board
(as 1s preferably done in the embodiment of Figs. 2a-2c¢), decoder circuit 130" may be
decentralized onto a plurality of cards or boards 300. For the specific case of M = 8 and N
= 256, decoder circuit 130’ is provided on 16 separate' cards, and Figs. 3a-3c show a
circuit block diagram of the portion of decoder circuit 130" that resides on one of those'
cards. Optionally, the portion of decoder circuit 130" in Figs. 3a-3¢ may be combined with
an associated portion or sub-circuit 400 of relay circuit 140 (shown in Fig. 4 and describe
below) onto the same board 300. Decentralization of the decoder circuit in this manner
conveniently provides for a broader and more flexible form of modularization, allowing
the number of outputs or loads used in any given application of control circuit 100 to be
varied by adding or removing such decoder/relay cards as necessary

Referring to Figs. 3a-3c, on each card 300, each decoder circuit portion 130
comprises a 4-bit comparator IC 310, a 4-16 decoder 1C 320, and a 4-bit board address

switch 330 in this specific embodiment. Also included on board 300 are an input/output

(I/O) card 340 and a load connector 350, although the signal flow between Figs. 3a, 3b,

and 3c is not shown for the sake of clarity. As indicated above, board 300 also preferably
includes a portion 400 of relay circuit 140 as shown in Fig. 5, and in this case connector
350 1s used to provide stgnals on load outputs 145 (that are generated on tﬁe particular
board 300) to corresponding load devices (not shown).

As shown in Figs. 3a-3c, I/O card 340 receives the address bits 128 (Data A
through Data H), the signals on lines 152 (VLAC+) and 154 (VLAC-), and the 3VDC and
neutral signals 112 as inputs on to board 300. Four outputs 332, 334, 336, and 338 from
switch 330 are, respectively, provided to inputs Q0. Q1, Q2, and Q3 of comparator 310.

Board address switch 330 may be a rotary or equivalent style switch and provides a
-17-
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unique addreés (specified by outputs 332, 334, 336, and 338) for the board 300 on which
switch 330 resides. Address bits Data A, Data B, Data C, and Data D are also provided as
inputs PO, P1, P2, and P3 to Comparator 310. Comparator 310 is configured or enabled
(viaaP=Q pin) to génerate an active high output 312 when the board address specified
by switch 330 matches the address specified by the address bits Data A through Data D.
Comparator output 312 is inverted by an inverter 315 to provide an active low enable
signal 314 to decoder IC 320. Decoder 320 receives address bits Data E, Data F, Data G,
and Data H as inputs and generates an active low output on one of its outputs Y0 through
Y15 in response. Again, only one decoder 320 output is Jow (the other outputs YO
through' Y15 are high) at any one time, and the relationship between address bits Data E
through Data H and outputs YO through YI5 may be, for example, as set out in Table I
above. As'shown in Figs. 3a-3c, decoder outputs YO through Y15 provide load enable
signals 135", referenced as /CHO through /CH15. to a corresponding portion 400 of relay
circuit 140, shown in Fig. 4.

As shown in Figs. 3a-3c, outputs 332, 334, 336, and 338 from switch 330 are also
preferably connected to ground via a resistor R177, R17&8, R179, and R180 respectively,
each of which may have a resistance of 5.1 kQ. Capacitors C1 and C4 (each of which may
have a capacitance of 0.1 uF) are also connected between the VCC and GND pins of
comparator 310 and 4-16 decoder 320 respectively. In one implementation, comparator
310 fnay comprise a Texas Instruments 74HCS85 IC 4-bit comparator, while decoder may
comprise a 74HC154 IC which 1s a 4-16 deceder with active low outputs.

Referring now to Fig. 4, a portion or sub-circuit 400 of relay circuit 140 is shown
in accordance with a pfcferred embodiment of the present invention. Each /CH load
enable signal 135" generated in Figs. 3a-3c is provided to a corresponding relay sub-circuit
400 where the active low signal 135" 1s used to gate the application of the drive voltage
VLAC to a load that also corresponds to the particular signal 135'. Thus, when
incorporated onto a card 300 in the above described embodiment, each card 300 includes
16 sub-circuits 400, one for each /CHO through /CH15 load enable signal 135".

In addition to the active low load enable signal 135, relay sub-circuit 400 receives:
the VLAC+ signal on line 152 and the VLAC- signal on line 154 generated by inverter

circuit 150 (as noted above these may be provided on to a modular board 300 via /O card

_18-

Petitioner Hisense USA Corpoération

0163877A1_I_> _ Exhibit 1004 - Page 95 of 373



WO 01/63977 ’ PCT/USD1/05737

10

15

20

SDOCID: <WO, e

340). As shoWn in Fig. 4, the VLLAC+ signal is coupled to a first terminal of a rélay K1
via a cross-connected set of two diode pairs D2-D3 and D4-D5 and via a resistor R8. The
second terminal of relay K1 is connected to the load output line 145. Relay K1 is
preferably a solid state relay, such as an AD6C311 from Solid State Optronics, Inc, that is
suitable to switch load driving signals that may have a relatively high voltage (e.2.90-150
VAC), and frequency (e.g., up to 2500 Hz). In known manner, when a sufficient threshold
current flows through a light emitting diode (LED) 442 connected between the input
terminals of relay K1, a pair of transistors 444 in relay K1 turn on to close the relay and
effectively connect the first and second terminals of relay K1. Since the anéde of LED
442 is coupled to the 5VDC signal or Vee (i.e., signal 112) through a resistor R7, and
since the cathode of LED 442 is connected to the load enable signal 135' or /CH, relay
K1 closes when the load enable signal 135' or /CH is low or active. When relay K1 closes
VLAC+ is coupled to output line 145 so that a voltage Vout can be provided to the
corresponding load. Resistor R8 is preferably included to limit the current flowing
through relay K1 when the latter is closed. As shown in Fig. 4, sub-circuit 400 may -
optionally include an indicator LED DS1 having an cathode connected to load enable
signal 135" (/CH) and an anode coupled to 5 VDC (i.e.,Vce) through a resistor R6. In this
manner, when signal 135’ is low or active, DS1 turns on and illuminates to provide a
visual indication that the particular load is currently being driven.

As indicated above, it may be desirable to switch or sequence the driving of a
plurality of electroluminescent loads at rates of up to one load every 50 milliseconds or
faster to provide, for example, a desired lighting effect. Thus, relay K1 should be able to
turn a load on and turn a load off at a rate that is faster than the secjuencing rate between
outputs. As indicated, the use of a solid state relay as opposed to an electromechanical
one is generally preferable due to a solid state relay's smaller size and lack of moving
parts. The AD6C311 solid state relay, for Iexamplc, has a maximum turn-on or close time
of 5 milliseconds and a maximum turn off time of 0.5 milliseconds. In addition, in many
mnstances it is desirable for an electroluminescent load to appear as if it snaps on and
snaps off. Again, the snapping on and snapping off may need to occur sufficiently faster
than the sequencing rate between loads to ensure the desired effect. However, the

snapping off effect is difficult to achieve in the case of electroluminescent loads, since
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these loads effectively act as light emitting capacitors, storing voltage or potential that
must be discharged once the driving voltage Vout is removed or disabled. To facilitate the
ability to rapidly sequence between loads and to permit the snapping off effect to be
achieved for electroluminescent loads, relay sub-circuit 400 preferably includes a second
relay for rapidly discharging the load upon the removal of the driving voltage VLAC.

Referning again to Fig. 4, the VLAC+ signal in sub-circuit 400 is also coupled to a
first input of an optocoupler 410 via the cross-connected diode pairs D2-D3 and D4-D35
and a resistor R5. The VLAC+ signal is further directly connected to a second input of the
optocoupler 410. A cross-connected pair of LEDS 414 and 416 are connected between the
inputs of optocoupler 410, so that when sufficient current flows, 1n either direction,
between thosé input terminals, a phototransistor 412 turns on. Optocoupler 410 may be an
HI1AAZ14 from Fairchild Semiconductor. When relay K1 is open, no current flows
between the input terminals of optocoupler 410, and phototransistor 412 remains off (i.e.,
has a high impedance across it. However, when relay K1 is closed, current flows through
LED 414 or LED 416 and phototransistor 412 turns on, so that optocoupler 410
effectively senses the flow of current into the load. It should be noted that diodes D2, D3,
D4, and D5 are preferably included in sub-circuit 400 to prevent any overdrive of
optocoupler 410, and similarly resistor R5 is preferably used to limit the current flowing
through the input terminals of optocoupler 410. .

Referring still to Fig. 4, phototransistor 412 in optocoupler 410 has an emitter
coupled to ground and a collector coupled to 5VDC (i.e., Vcc) via a resistor R2. A
capacitor C3 in series with a parallel combination of a resistor R4 and a diode D1 are also
connected across phototransistor 412. More specifically. capacitor C3 has a first terminal
connected to ground and a second terminal connected 1o a first terminal of resistor R4 and
the anode of Diode D1, while the second terminal of resistor R4 and the cathode of Diode
D1 are connected to the collector of phototransistor 412. The second terminal of capacitor
C3, and therefore the voltage V... is also connected to the input of an inverting Schmitt
trigger 420. The output of inverting Schmitt trigger 420 is coupled through a resistor R3
to the base of a transistor Q1. The collector of transistor Q1 is coupled to the SVDC (Vcc)
signal through a resistor R1, while the emitter of Q1 is connected to ground. The collector

of Q1 1s also connected to a first terminal of capacitor C6. The second terminal of
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capacitor C6 is connected to the cathode of a diode D6, to a first terminal of a resistor
R11, and to a first input of a NAND gate 430. The anode of diode D6 and the second
terminal of resistor R11 are each connected to ground, so that D6 and R11 are connected
in parallel. A second input of NAND gate 430 receives the active low enable signal 135’
or /CH.

The output 435 of NAND gate 430 is coupled, via a resistor R9, to a second relay
K2, that again is preferably a solid state relay and may also be implemented using a
AD6C311 device. Thus, as shown, when a sufficient threshold current ﬂows'through a
light emitting diode (LED) 452 connected between input terminals of relay K2, a pair of
transistors 454 in relay K2 turn on to close the relay and effectively connect first and
second terminals of relay K2. As shown, The first input of relay K2 (corresponding to the
anode of LED 452) is connected to the 5 VDC (or Vce) signal while the second input
(corresponding to the cathode of LED 452) 1s coupled to output 435 of NAND gate 430.
The first terminal of relay K2 is connected to the output line 145 signal while, the second
terminal of relay K2 is coupled through a resistor R10 to the VLAC- signal 154. Thus,
when output 435 of NAND gate 430 goes low, relay K2 closes, and a low impedance
shunt connection is provided across the load.

In operation, when circuit 400 is in a steady state load off condition, load enable
signal 135" (or /CH) is high, relay K1 is open, phototransistor 412 is off, and capacitor C3
1s charged by the 5 VDC signal (through resistors R2 and R4) so that the voltage V.,
provided across capacitor C3 is high (substantially equal to Vcc). The output of inverting
Schmitt trigger 420 provides a low signal at the base of transistor Q1. tu_ming transistor
Q1 off (the low output of Schmitt trigger 420 is triggered during the charging of C3, when
the voltage V, rises above a threshold level, e.g.. around 2.7 V). With Q1 off, capacitor
C6 is charged by the 5 VDC signal (through resistors R1 and R11) so that the voltage V-,
provided across capacitor C6 is also high and substantially equal to Vec. With Ve high
the voltage across resistor R11, V. is at a low level. Since Vz11» an input to NAND gate
430, is low, the output 430 of NAND gate 435 is high and relay K2 1s off.

When load enable signal 135' (/CH) goes low,1.e., becomes active, K1 tims on,
coupling the VLAC+ signal 152 to output line 145. Current flows through cross-

connected diode pair 414 and 416 in optoisolator 410, and in response phototransistor 412
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turns on. Diode D1 provides a low impedance path through which C3 can quickly
diséharge. As C3 discharges, the output of inverting Schmitt trigger 420 is triggered high,
so that a high voltage is provided at the base of transistor Q1, turning transistor Q1 on.
(To ensure thatV, remains below a threshold voltage of inverting Schmitt trigger 420, the
resistance of R2 and R4 and the capacitance of C3 is preferably chosen so that the time
constant of that RC network, (R2 + R4)*C3, is substantially larger than one half period of

the load driving signal VLAC.) With Q1 on, diode D6 provides a low impedance path

' through which C6 can quickly discharge. The voltage Vy,, across resistor R11 remains

low (as 1s load enable signal 135' (/CH) which is also provided as an input to NAND gate
430). and so the output 430 of NAND gate 435 stays high keeping relay K2 off. The
voltage taken between the output line 145 and the inverter output voltage line 154
(VLAC-), Vout, is thereby provided to the load.

Fig. 5 1s a timing diagram illustrating how the rapid load discharge circuitry in
relay sub-circuit 400 operates in the case of an electroluminescent load. Fig. 5 shows
waveforms for the load enable signal 135" (/CH}, the voltage V, across C3, the voltage
Vi across R11, the output voltage 435 of NAND gate 430, and the load output voltage
Vout (taken between lines 145 and 154). At the onset starting at time t0 in Fig. 5, load
enable signal 135" (/CH) is low, C3 is discharged, Vy, is low, the output 435 of NAND
gate 430 is high (maintaining relay K2 off), and Vout provides an AC voltage (essentially
the VLAC output from inverter 150) io the load. At time t1, the active low enable signal
135" (/CH) disables the load by going high. As described above, phototransistor 412 turns
off and C3 charges, i.c., Vo, rises. Also at time t1, the inverter 150 output VLAC+ signal
is disconnected from the load by relay K1, and, as a result, the Vout voltage across the
load starts to decrease as the electroluminescent load discharges the energy it stored
during its activation. As illustrated in Fig. 5, however, the discharging of the
electroluminescent load may take place relatively slowly.

Referring still to Fig. 5. at time t2 V, reaches an upper voltage threshold level of
inverting Schmitt trigger 420, and Q1 is then triggered off. Subsequently, 5VDC 1s
applied across resistor R1, capacitor C6, and resistor R11. Capacitor C6, consequently, |
begins to charge. Resistor R11 is preferably significantly larger than resistor R1 so that

most of the SVDC is distributed across resistor R11 and Vg, pulses to a high state when

22

Petitioner Hisense USA Corporation

01638577411 _> Exhibit 1004 - Page 99 of 373



WO 01/63977 PCT/US01/05737

10

25

30

NSDOCID: «<WO

Q1 ininally turns off. Since, at time t2, both inputs to NAND ‘gate 430 (i.e., V,,, and load
enable signal 135') are high, the NAND gate output 435 goes low, turning relay K2 on. As
aresult, a low impedance shunt is provided across the load enabling the residual voltage
across the Joad to rapidly discharge. as shown after time t2 in the load voltage Vout. In the
illustrated embodiment, the shunt impedance comprises the resistance between the
connected terminals of relay K2 (which is relatively minimal) and the resistance of
resistor R10. As will be appreciated, resistor R10 preferably has a relatively low
resistance, however this resistance should also be high enough to limit the current flowing
through relay K2 during the load discharge to sufficiently protect relay K2.

In the above manner, a desired snap-off effect can be provided for the
electroluminéscent load once application of the inverter drive voltage VLAC is disabled.
As capacitor C6 continues to charge aﬁd Ve Increases, the Vi, voltage correspondingly
decreases until it drops below a threshold voitage and provides a low input to NAND gate
430 at time t3. The NAND gate output 435 returns to a high state, opening relay K2 and
removing the rapid load discharge shunt connection. The load then remains disabled until
control circuit 100 once again activates the enable signal 135' for that load at time t4.
When this occurs, relay K1 closes applying the VLLAC+ signal to output line 145.
Capacitor C3 also discharges since phototransistor 412 is turned on by the load current
sensed by optoisolator 410. It will also be appreciated that, when load enable signal 135'
goes high or inactive, as illustrated at time t1 in Fig. 5, the load enable signal should
remain low at least until time t3 (plus the turn off time for relay K2) to ensure that
VLAC+ is not coupled to output line 145 when K2 is closed or on. (Load enable signal
135" generally need only remain low or active long enough to accommodate the turn on
time for relay K1.) Typically, such a minimum inactive time for load enable signal 135’
may be about 20 milliseconds or less. which still allows rapid scquential energization, in
any order, of a plurality of loads.

As an example, 1n one specific implementation, the components in relay sub-
circuit 400 may have the following values: R1 = R2 = 5.1 kQ; R3 = 2 kQ:; R4 = 240 kQ:
R5=R8=R10=47Q; R6 =R7=R9=750 Q; R11 =56 kQ; C3 = 0.047 nF; and C6 =
0.1 uF. |
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~ In an alternative embodiment, Fig. 6 is a circuit diagram of a possible circuit 600
for implementing each relay board or card 142 in relay circuit 140 of Figs. la-1b. In the
illustrated embodiment of Fig. 6, relay sub-circuit 600 on a card 142 receives 32 active
high load enable signals 135 (labeled A1 through A32 in Fig. 6). Relay circuit 600 also
receives the 5VDC and neutral (ground) signals 112 and the VLAC+ signal on line 152.
Each load enable signal Al through A32 is connected to the base of a transistor Q601
through Q632 respectively. Each load enabie signal Al through A32 is also coupled to
ground, i.e. the neutral reference for the SVDC signal 112, through a resistor R601
through R603 respectively. The collectors of each of transistors Q601 through Q632 are
coupled to the 5 VDC or Vece signal 112 (e.g., through resistors, not shown) while the
emitters of transistors Q601 through Q632 are coupled to a first coil input of an
electromechanical rclay K601 through K632. As will be appreciated, when using circuit
100 to control non-electroluminescent loads, it may be necessary and/or desirable to use
electromechanical relays in some cases. The other coil input of each electromechanical |
relay K601 through K632 is connected to ground. The coil of each relay is preferably a
5VDC relay coil. The inverter output signal VLAC+ 152 is coupled as a pass voltage to
the common terminal of each relay K601 through K632. -

In operation, when a load enable signal 135 goes high or active, the corresponding
transistor is turned on, allowing current to flow through the transistor and through the coil
of the corresponding relay. With the coil energized, the normally open connection c]osesb
coupling the VLAC+ signal on line 152 to a corresponding load (not shown). The
inclusion of the transistor in the current path of the relay coil prevents the relay coil from
drawing too much current (as would occur if the SVDC coil were triggered by the logic
signals 112 alone). In effect, each transistor Q601 through Q632 acts as a "pilot” for the
corresponding relay coil voltage. As an alternative to the transistor/relay combination of
Fig. 6, other switching and current limiting techniques may also be used. For example
relay circuit 600 may comprise "low energy"” electromechanical relays designed to provide
only a small amount of current through and voltage across its coil when triggered.

As indicated, control circuit 100 preferably are housed within a control device
enclosure. Generally, the housed device i1s preferably of a reasonable size and weight for a

given application. and may also conform to industry standards for mounting. However,

24
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when circuit 100 is used to drive a large number of loads, the dimensions and
configurations of many of the components may be such that they may not fit on a single
circuit board or card. Furthermore, it is often not desirable to install all the components on
one board since this limits the flexibility of the control device. Consequently, as described
above, components of circuit 100 may be grouped into various modules. For example
with N = 256 loads, eight transistor/felay switching boards 600 (Fig. 6) may be used.
Alternatively sixteen decoder/ switching boards 300, as described in connection with
Figs. 3a-3c and Fig. 4, may be used. Similarly, DMX converter 120 can also Be fitted onto
a card or board and mounted in the housed device in any suitable manner. Within the
device housing, the power supply and the various modules may be connected by any
appropriate routing or bus technique to transfer power and signals within circuit 100. For
example, two-way male headers or ribbon cables may be used with compatible connectors
on the boards. (The housihg preferably includes suitable input and output connectors as
well, depending on the application and the types of loads being controlled.)

Modularization in the above manner conveniently allows an end user to use less -
loads and boards than the maximum N, while retaining the ability to subsequently insert
additional boards to accommodate more loads or outputs. For example, if only 128
outputs are needed, only eight (and not 16) decoder/switching boards 300 are needed. A
modular design also facilitates the replacement of faulty or damaged components. Thus,
regardless of how many modules or how many switches the invention are configured,
implementation of the control circuit of the present invention using modular elements is
generally, although not always, preferential to an implementation incorpz)rating a
consolidation of all components. Where control circuit 100 is modularized onto several
cards or boards, these are preferably of standard size that may fit into a card rack or the
like in the control device.

In one embodiment of the invention, one of the output lines 145 (e.g.,a "zero" |
addressed output line) may be connected to a "ghost" load that may, by default, be driven
by circuit 100 in the absence of a control sigﬁal 125, In th-is case, a no load condition for
inverter circuit 150 can be avoided. The ghost load preferably has the same draw as other
loads connected to output lines 145 and may for example be a resistance or impedance

network. The ghost load could also be the same type of device as the other loads. For
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instance, in the case of electroluminescent fiber loads, the ghost load may be a fiber
Jocated apart from the other fiber loads, e.g., so that the ghost load is visible to a lighting
operator and not as part of an overall lighting display. In this manner, a ghost fiber load
can provide a visual indication to the operator that the control circuit 100 is running
before a sequencing operation begins. Furthermore, the ghost load can be used to
introduce "dark steps”

at specific times during a sequential lighting operation when it is desired that no load in
the lighting display be on. For example, for an intermittent effect, control circuit 100 may
be programmed to drive the ghost load immediately after driving any other load.

In addition, although sequential control circuit 100 is described above as
sequential]y’eﬁabling one output line (or load) at a time, it will be appreciated that control
circuit 100 can also be configured to sequentially drive subscts of output lines 145 (or
loads). For example. in the embodiment illustrated in Figs. 3a-3c, the address switches
330 on two or more boards 300 may be set to specify the same address, so that when
address bits Data A to Data D maich that address, an output line connected to each board
300 identified with that address is enabled (i.e., the load on each board corresponding to
the output line specified by address bits Data E to Data H). Subsets of output lines 145
(and hence loads) may also be activated at the same time in other ways. For example,
subset grouping information for loads may be provided within the DMX control signal
125, and converter circuit 120 and decoder circuit 130 man be adapted to enable the
simultaneous activation of subsets of output lines 145 at the same time. In all of these
cases, the subset of loads being driven still changes sequentially as in the case of single
load sequencing. Furthermore, where subsets of loads are sequenced sequentially, it will
be appreciated that the inverter circuit 150 (or other power supply circuit used) must be
capable of driving more than one load at the same time.

Although the preferred embodiments of the invention have been described in the
foregoing description, it will be understood that the present invention is not limited to the

specific embodiments described above.
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THE CLAIMS

What'ié claimed is:

1. A control circuit for sequentially driving a plurality of electrical loads
comprising:

a converter circuit for receiving a DMX compatibie digital éontrol signal and
extracting a plurality of address bits therefrom; '

a decoder circuit for receiving the digital address bits and in response generating a
plurality of enable signals, each corresponding to a pamculér electrical load, a subset of
the load enable signals being in an active state and each other enable signal being in an
inactive state at any one time; ‘

a relay‘ circuit for receiving the plurality of enable signals, and in response passing
an electrical drive signal to each electrical load corresponding to the subset of enable

signals that is 1n the active state.

2. The control circuit of claim 1 wherein the converter circuit extracts M
address bits and the decoder circuit generates N enable signals, and wherein N < 2M

where M and N are integers.

3. - The control circuit of claim 2 wherein N = 2M,

4. The control circuit of claim 1 wherein the converter circuit extracts the
plurality of address bits from data bytes for one or more DMX channels in the control
signal.

5. The control circuit of claim 1 wherein the converter circuit extracts one

address bit from a data byte for each of a plurality of DMX channels in the control signal.

6. The controt circuit of claim 1 wherein the converter circuit extracts the

plurality of address bits from a data byte for a single DMX channel in the control signal.
27-
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7. The control circuit of claim 1 wherein the converter circuit comprises an

address switch for specifying a DMX start channel.

8. The control circuit of claim | wherein the relay circuifcompn’ses a first
plurality of relay devices each coupled to one of the enable signals as well as to the load
corresponding thereto, wherein when said enable signal is in the active state the relay

device couples the electrical drive signal to the corresponding electrical load.

9. The control circuit of claim 8 wherein each of the first relay devices

comprises a solid state relay device.

10. The control circuit of claim 8 wherein each of the first relay devices

comprises an electromechanical relay device.

11. The control circuit of claim 10 wherein each electromechanical relay

device is coupled to one of the enable signals through a transistor.

12. The controtl circuit-of claim & wheremn the relay circuit further comprises a
plurality of discharge circuits for rapidly discharging each electrical load when the enable

signal corresponding to that load changes from the active state to the inactive state.

13. The control circuit of claim 12 wherein each discharge circuit comprises a

second relay device.

14. The control circuit of claim 13 wherein each of the second relay devices

comprises a solid state relay device.
15. The control circuit of ¢laim 12 wherein each discharge circuit establishes a

low impedance shunt connection across the corresponding electrical load when the enable

signal corresponding to that load changes from the active state to the inactive state.
28
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16. The control circuit of claim 1 wherein the electrical drive signal is an AC

voltage signal.

5 17. The control circuit of claim 1 wherein the electrical drive signal is an AC

voltage signal having a variable rms voltage.

18. The control circuit of claim 17 wherein the DMX compatible digital
control signal further includes control information for varying the rms voltage.

10

19. The control circuit of claim 1 wherein the electrical drive signal has a

variable frequency.

20. The control circuit of claim 19 wherein the DMX compatible digital
15+ control signal further includes control information for varying the frequency of the

electrical drive signal.

21. The control circuit of claim 1 wherein the electrical loads are

electroluminescent loads.

20
22. The control circuit of claim 1 wherein the relay circuit is implemented on a
plurality of boards, each board corresponding to a group of electrical loads.
23. The control circuit of claim [ wherein the decoder circuit and the relay
25 circuit are implemented on a plurality of boards, each board corresponding to a group of
electrical loads.
24. The control circuit of claim 1 wherein the subset of load enable signals in
an active state at any one time consists of only one load enable signal.
30
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25. A control circuit for sequentially driving a plurality of electroluminescent
loads comprising:
a decoder circuit for receiving a digital address signal and in response generating a
plurality of enable signals, each corresponding to a particular electrical load, a subset of
5  the load enable signals being in an active state and each other enable signal being in an
inactive state at any one time; and
a relay circuit comprising

a plurality of first relay devices each coupled to one of the plurality of

enable signals as well as to the load corresponding thereto, wherein when said
10 enable signal is in the active state the relay device couples the electrical drive
signal to the corresponding electrical load.

a plurality of discharge circuits for rapidly discharging each electrical load
when the enable signal corresponding to that load changes from the active state to
the inactive state.

15
26. The control circuit of claim 25 wherein each discharge circuit comprises a

second relay device.

27. The control circuit of claim 26 wherein each of the first and second relay

20 - devices comprises a solid state relay device.

28. The control circuit of claimn 25 wherein each discharge circuit establishes a
low impedance shunt connection across the corresponding electrical load when the enable

signal corresponding to that load changes from the active state to the inactive state.
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APPLICATION NUMBER : 09037882

APPLICANT : MATSUSHITA ELECTRIC WORKS LTD;

INVENTOR : AKIYAMA SHIGEOQ;

INT.CL. : HOBK 17/78 HO3K 17/16

TITLE : SEMICONDUCTOR RELAY

ABSTRACT : PROBLEM TO BE SOLVED: To provide the semiconductor relay where thermali
destruction is prevented when an overcurrent is supplied to a semiconductor switch
element connected between relay output terminals.

SOLUTION: A light emitting element 1 and a photovoltaic element 2 are placed opposite
to each other. A MOSFET 3 being a semiconductor switch element is conductive when a
photoelectromotive force of the photovoltaic element 2 is applied between a gate and a
source of the MOSFET 3. A MOSFET 8 is connected between relay input terminals 6a,
6b. A temperature sensing element 5 is connected to a gate of the MOSFET 8. The
MOSFET 8 is closed when a control input is given between the relay input terminals 6a,
6b. When a voltage drop of a diode 10 is decreased by a generated heat by the MOSFET
3, a MOSFET 11 is conductive, a gate voltage of the MOSFET 8 is decreased less than
the threshold voltage and the MOSFET 8 is nonconductive. A resistance of a resistor 9 is
selected so that a current flowing to the light emitting element 1 via the resistor 9 is in the

order of HA.

COPYRIGHT: (C)1998,JPO
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JP,10-233669,A [CLAIMS] Page 1 of 1
*NOTICES *

JPO and INPIT are not responsible for any

damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the original precisely.
2.**** shows the word which can not be translated.
3.In the drawings, any words are not translated.

CLAIMS

[Claim(s)]

[Claim 1]A semiconductor relay comprising:

A light emitting device turned on and switched off by a control input.

A photovoltaic cell which carried out optical coupling to said light emitting device.

A semiconductor switching device turned on and off according to lighting and putting out lights of said light
emitting device by impressing photoelectromotive force of said photovoltaic cell to a control end.

A temperature detector which makes said light emitting device switch off when ambient air temperature is
detected and this ambient air temperature becomes more than prescribed temperature.

[Claim 2]The semiconductor relay according to claim 1 adding a holding circuit which maintains putting out
lights of a light emitting device when a semiconductor device is turned off by temperature detector.

[Claim 3]The semiconductor relay according to claim 1 or 2, wherein a temperature detector is allocated
near the semiconductor switching device and changes.

[Claim 4]The semiconductor relay according to claim 1 to 3 a part of temperature detector's being
constituted by a diode and resistance, forming said diode and said resistance with polysilicon which is a gate
electrode material of a semiconductor switching device, and changing.

[Translation done.]
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*NOTICES *

JPO and INPIT are not responsible for any

damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the original precisely.
2.7*** shows the word which can not be translated.
3.In the drawings, any words are not translated.

DETAILED DESCRIPTION

[Detailed Description of the Invention]

[0001]

[Field of the Invention]This invention carries out optical coupling of a light emitting device and the
photovoltaic cell, and relates to the semiconductor relay which makes a semiconductor switching device turn
on and off with the output of a photovoltaic cell.

[0002]

[Description of the Prior Art]The light emitting device 1 which consists of a light emitting diode turned on and
switched off by a control input as this kind of a semiconductor relay conventionally as shown in drawing 9,
The photovoltaic cell 2 which consists of a photoelectromotive-force diode array which connected to series
two or more photo-diodes which are counterposed by the light emitting device 1, receive the light of the light
emitting device 1, and generate photoelectromotive force, and solar cells, The thing provided with the below-
mentioned control circuit 4 connected between the gate sauce of the semiconductor switching device slack
MOSFET3 and MOSFET3 turned on and off according to the photoelectromotive force of the photovoltaic
cell 2 is proposed. Here, MOSFETS3 is an enhancement type (no Mali-off type), and when gate voltage is
zero, drain current does not flow but it is an OFF state.

[0003]Hereafter, operation of the above-mentioned semiconductor relay is explained briefly. Since there is
no photoelectromotive force of the photovoltaic cell 2 when the control input is not given between the relay
input terminals 6a and 6b (i.e., when current is not flowing into the light emitting device 1), MOSFET3 is in a
high impedance state (OFF state), and it is an OFF state between the relay output terminal 7a and 7b.
[0004]10n the other hand, if a control input is given between the relay input terminals 6a and 6b and the light
emitting device 1 emits light, the photovoltaic cell 2 will receive the light from the light emitting device 1, will
generate an electronic-electron hole pair, and will output photoelectromotive force. Then, since this
photoelectromotive force is impressed between the gate sauce of MOSFET3, MOSFET3 will shift to a low
impedance condition (ON state) from a high impedance state (OFF state), and between the relay output
terminal 7a and 7b will be in an ON state. If the control input of a between [ the relay input terminals 6a and
6b ] is intercepted, the photoelectromotive force of the photovoltaic cell 2 will be lost, the electric charge
accumulated in the gate electric capacity of MOSFET3 will be discharged via the control circuit 4, and
oetween the relay output terminal 7a and 7b will return from an ON state to an OFF state.

‘'0005]By the above operation, it can respond to a control input, and the current to the load connected
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between the relay output terminal 7a and 7b can be one [ current | and turned off.

[00086]

[Problem(s) to be Solved by the Invention]By the way, in the above-mentioned conventional semiconductor
relay, If failure of the short circuit of load, etc. occurs when between the relay output terminal 7a and 7b is an
ON state, Excessive current flowed between the drain sauce of MOSFET3, MOSFET3 might carry out the
thermal runaway and the whole semiconductor relay might be destroyed [ the exothermic temperature of
MOSFET3 might become high, the thermal runaway of the periphery article may be carried out, and ]. For
this reason, when the exothermic temperature of MOSFET3 becomes more than prescribed temperature, it
is possible by making MOSFETS3 turn off compulsorily to protect a semiconductor relay from destruction.
However, in order to perform such protection. It is necessary to provide the protection circuit which makes
MOSFETS3 turn off compulsorily when the temperature of MOSFET3 becomes more than prescribed
temperature. While the gate consumed electric current of MOSFET3 increased by providing this protection
circuit, switching speed became slow, and there was fault that the output characteristics of a semiconductor
relay will get worse.

[0007]In view of the above-mentioned reason, it succeeds in this invention, and the purpose is to provide the
semiconductor relay which can prevent that a thermal runaway is carried out, when an over-current flows
into the semiconductor switching device connected between relay output ends.

[0008]

[Means for Solving the Problem]A light emitting device which turns on and switches off an invention of claim
1 by a control input to achieve the above objects, A photovoltaic cell which carried out optical coupling to
said light emitting device, and a semiconductor switching device turned on and off according to lighting and
putting out lights of said light emitting device by impressing photoelectromotive force of said photovoltaic cell
to a control end, It is what is provided with a temperature detector which makes said light emitting device
switch off when ambient air temperature is detected and this ambient air temperature becomes more than
prescribed temperature, and is characterized by things, Since said light emitting device will be switched off if
an over-current flows into said semiconductor switching device and ambient air temperature of a
temperature detector becomes more than prescribed temperature when a light emitting device is on, An
over-current can be prevented from said semiconductor switching device turning off and continuing flowing
'nto said semiconductor switching device, without providing a protection circuit like before, As a result, it can
orevent that the thermal runaway of the semiconductor switching device is carried out, or the thermal
‘unaway of the periphery article is carried out, maintaining the output characteristics of a relay.

0009]Since an invention of claim 2 added a holding circuit which maintains putting out lights of a light
amitting device in an invention of claim 1 when a semiconductor device was turned off by temperature
detector, Safety improves without one [ a semiconductor switching device ] since putting out lights of a light
amitting device is maintained even if temperature of a semiconductor switching device becomes low. In an
nvention of claim 1 or claim 2, since a temperature detector is allocated near the semiconductor switching
levice, it becomes possible for detecting a rise in heat of a semiconductor switching device promptly and
sfficiently to make a semiconductor switching device turn off promptly of an invention of claim 3.

0010]As for an invention of claim 4, a part of temperature detector is constituted by a diode and resistance
n an invention of claim 1 thru/or claim 3, Since said diode and said resistance are formed with polysilicon
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which is a gate electrode material of a semiconductor switching device, it is not necessary to prepare a
manufacturing installation for forming said diode and said resistance separately, and can form easily. And
since it becomes possible to be integrated to the same substrate as a semiconductor switching device and
part mark can be reduced, it becomes possible to prevent enlargement of size of the whole relay by having
provided a temperature detector.

[0011]

[Embodiment of the Invention]Hereafter, the embodiment of this invention is described based on a drawing.
(Embodiment 1) The circuit diagram of this embodiment is shown in drawing 1. the former which showed
drawing 9 the basic constitution of this embodiment -- composition -- abbreviated -- with the light emitting
device 1 which consists of a light emitting diode which it is the same, and is turned on and switched off by a
control input. The photovoltaic cell 2 which consists of a photoelectromotive-force diode array which is
counterposed by the light emitting device 1, receives the light of the light emitting device 1, and generates
photoelectromotive force, It has the control circuit 4 connected between the gate sauce of the semiconductor
switching device slack MOSFET3 and MOSFETS3 turned on and off according to the photoelectromotive
force of the photovoltaic cell 2. Here, MOSFETS is an enhancement type, and when gate voltage is zero,
drain current does not flow but it is an OFF state. When photoelectromotive force occurs in the photovoltaic
cell 2, the control circuit 4, When it is in a high impedance state so that the voltage between gate sauce of
MOSFET3 may rise promptly, and the photoelectromotive force of the photovoltaic cell 2 is lost, it will be in a
low impedance condition so that the voltage between gate sauce of MOSFET3 may descend promptly.
[0012]By the way, in this embodiment, it has MOSFET (insulated gate type semiconductor device) 8 by
which a drain is connected to one input terminal 6a, and sauce is connected to the anode of the light
emitting device 1. The temperature detector 5 is connected to the gate of MOSFETS8. The resistance 9 to

which the temperature detector 5 is connected between the gate drains of MOSFETS8 here, The series circuit

of the resistance 15 connected between the gate sauce of MOSFETS, and two or more diodes 10,
MOSFET12 to which between drain sauce is connected between the resistance 14 for which one end is
connected to the gate of MOSFETS8, and the other end of the resistance 14 and the anode of the light
emitting device 1, and a gate is connected at the node of the resistance 15 and the diode 10, Between drain
sauce is connected between the resistance 13 for which one end is connected to the gate of MOSFETS, and
the other end of the resistance 13 and the anode of the light emitting device 1, and a gate comprises
MOSFET11 connected at the node of the resistance 14 and MOSFET12. MOSFETs 8, 11, and 12 are
enhancement types. IGBT (insulated gate type bipolar transistor) may be used instead of MOSFETS8. The
number of the diodes 10 may not be plurality, but one may be sufficient as it.

[0013]Hereafter, operation of this embodiment is explained. Since the light emitting device 1 has gone out
and there is no photoelectromotive force of the photovoltaic cell 2 when the control input is not given
between the relay input terminals 6a and 6b, semiconductor switching device slack MOSFET3 is an OFF
state, and it is an OFF state between the relay output terminal 7a and 7b.

[0014]On the other hand, if a control input is given between the relay input terminals 6a and 6b, when the
voltage drop in two or more diodes 10 by which the series connection was carried out arises, MOSFET12
will be in an ON state. MOSFET11 is an OFF state. The resistance 14 uses the thing of sufficiently big
resistance here compared with the resistance 13. The partial pressure of the input terminal 6a and the
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voltage (control input) impressed among 6b is carried out by the resistance 9 and the resistance 14. If the |
voltage between the input terminal 6a and 6b is more than prescribed voltage, the gate voltage of MOSFETS
will become larger than a threshold, and MOSFETS8 will be turned on. If MOSFETS is turned on, current will |
flow in the course of the relay input terminals 6a, MOSFETS, the light emitting device 1, and the relay input
terminals 6b, and the light emitting device 1 will emit light. If the light emitting device 1 emits light,
photoelectromotive force will occur in the photovoltaic cell 2 as usual, and MOSFET3 will be in an ON state.
[0015]On the other hand, if excessive current flows between the relay output terminal 7a and 7b (i.e.,
between the drain sauce of MOSFET3) and the exothermic temperature of MOSFET3 becomes high, The
voltage drop in each diode 10 decreases, the gate voltage of MOSFET12 becomes smaller than threshold
voltage, MOSFET12 is turned off, and MOSFET11 is turned on. If MOSFET11 is turned on, the partial
pressure of the input terminal 6a and the voltage impressed among 6b will be carried out by the resistance 9
and the resistance 13. The resistance of the resistance 13 is small set up here compared with the resistance
of the resistance 14, and it is set as it so that the gate voltage of MOSFET8 may become smaller than a
threshold. In short, the resistance of the resistance 14 is set up so that the gate voltage of MOSFET8 may
become beyond a threshold, when MOSFET12 is turned on, and the resistance of the resistance 13 is set
up so that the gate voltage of MOSFET8 may become smaller than a threshold, when MOSFET11 is turned
on.

[0016]Therefore, if MOSFET11 is turned on, MOSFETS will be in an OFF state and current will flow in the
course of the relay input terminals 6a, the resistance 9, the resistance 13, MOSFET11, the light emitting
device 1, and the relay input terminals 6b. The resistance of the resistance 9 is set up here so that the
current which flows in this course may serve as microampere order, and it becomes impossible to emit light
in the light emitting device 1, photoelectromotive force stops occurring in the photovoltaic cell 2 as a result,
and MOSFETS3 is turned off. That is, MOSFETS3 between the relay output terminal 7a and 7b is turned off
from an ON state, An over-current can be prevented from continuing flowing into MOSFETS3, and the
semiconductor relay can be prevented from the thermal runaway of MOSFET3 self or the periphery article
being carried out by generation of heat of MOSFET3 by an over-current, and being destroyed. And since it is
not necessary to connect a protection circuit like before to MOSFET3, the fault that the gate consumed
electric current of MOSFETS increases, or the switching speed of MOSFET3 becomes slow can be
abolished. In short, in this embodiment, destruction of semiconductor switching device slack MOSFET3 or a
periphery article can be prevented without change of the output characteristics of a semiconductor relay.
[0017]if the current which flows through the relay input terminals 6a and the voltage impressed among 6b
between input voltage (control input), the relay input terminals 6a, and 6b is made into an input current,

nere, The input characteristics of the semiconductor relay of this embodiment are shown in drawing 2, **
shows input characteristics when temperature is low, and ** shows input characteristics when temperature is
nigh. If an over-current flows into MOSFET3 and exothermic temperature becomes high, an input current
secomes small like ** and the light emitting device 1 stops that is, emitting light by having formed the
.emperature detector 5.

0018]by the way, the package in which the chip of the semiconductor relay of this embodiment was made
oy the transfer mold -- ****** -- having -- although -- it is allocated as shown, for example in drawing 3. That
s, MOSFETS to which the temperature detector 5 was connected is arranged on the leadframe of the relay
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input terminals 6a. On the leadframe of the relay input terminals 6b, the light emitting device 1 is arranged
so that the leadframe side may serve as a cathode. The anode and the temperature detector 5 of the light
emitting device 1 are connected by wirebonding. Photovoltaic-cell 2 and MOSFET3 is arranged on the
leadframe of the relay input terminals 7a, and the photovoiltaic cell 2 can receive the light from the light
emitting device 1, and the insulation between input and output is obtained. The sauce of MOSFETS3 is
connected to the relay input terminals 7b by wirebonding. Generation of heat of MOSFET3 by an over-
current is quickly detectable, and when MOSFET3 generates heat according to an over-current, the light
emitting device 1 can be made to switch off promptly, since the temperature detector 5 is allocated here
near MOSFETS3 by this embodiment.

[0019]If the resistance 9, 13, 14, and 15 and each diode 10 are formed with polysilicon which is a gate
electrode material of MOSFET, Since MOSFETs 8, 11, and 12, the resistance 9, 13, 14, and 15, and each
diode 10 can be formed in one silicon substrate and 1 chip making can be carried out, while parts are
reducible, the size of the whole semiconductor relay can be miniaturized. That is, the inconvenience that the
size of the whole semiconductor relay becomes large can be lost by having formed MOSFETS8 and the
temperature detector 5. If each resistance 9, 13, 14, and 15 and each diode 10 are formed with a polysilicon
film, it is not necessary to prepare a manufacturing installation separately, and can form easily.
[0020](Embodiment 2) The circuit diagram of this embodiment is shown in drawing 4. the basic constitution
and basic motion of this embodiment -- Embodiment 1 -- abbreviated -- it is the same and different from
Embodiment 1 at the point which added the holding circuit 21 which becomes a semiconductor relay of
Embodiment 1 from MOSFETs 16, 17, and 18 and the resistance 19 and 20. It is a circuit which the holding
circuit 21 makes the OFF state of MOSFET3 hold [ circuit ] here when the light emitting device 1 is switched
off by the temperature detector's 5 detecting generation of heat of MOSFET3, and turning off MOSFETS,
and makes the putting-out-lights state of the light emitting device 1 hold. Hereafter, only the point which is
different from Embodiment 1 is explained. Each MOSFETSs 3, 8, 11, 12, 16, 17, and 18 are enhancement
types.

[0021]After excessive current flows between the drain sauce of MOSFET3 in this embodiment, the
exothermic temperature of MOSFET3 becomes high and MOSFET11 is turned on, Even if the exothermic -
temperature of MOSFETS3 falls, when there is the holding circuit 21, the ON state of MOSFET11 is held.
That is, even if the light emitting device 1 is switched off and the exothermic temperature of MOSFET3 falls,
unless the control input between the relay input terminals 6a and 6b is reset, even if there is a control input,
the light emitting device 1 emits light. Therefore, since it can prevent turning on MOSFET3 again while load
had connected too hastily when load connects too hastily and an over-current flows into MOSFET3, safety
improves.

[0022]By what the resistance 9, 13, 14, 15, 19, and 20 and each diode 10 are formed for with a polysilicon
film like Embodiment 1 also in this embodiment. MOSFETSs 8, 11, 12, 16, 17, and 18, the resistance 9, 13,
14, 15, 19, and 20, and each diode 10 are formed in one chip, and the same effect as Embodiment 1 is
acquired.

[0023](Embodiment 3) The circuit diagram of this embodiment is shown in drawing 5. the basic constitution
of this embodiment -- Embodiment 1 -- abbreviated -- the point that it is the same and MOSFETS8 is a
DIPURESHON type. The point that the temperature detector 5 is connected between the sauce of
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MOSFET8 and the anode of the light emitting device 1, the point that direct continuation of the gate of
MOSFETS is carried out to the anode of the light emitting device 1, etc. are different from Embodiment 1.
The same numerals are given to the same component as Embodiment 1. Hereafter, operation is explained.
[0024]Since the light emitting device 1 has gone out and there is no photoelectromotive force of the
photovoltaic cell 2 when the control input is not given between the relay input terminals 6a and 6b,
semiconductor switching device slack MOSFETS3 is an OFF state, and it is an OFF state between the relay
output terminal 7a and 7b. On the other hand, if a control input is given between the relay input terminals 6a
and 6b, when the voltage drop in two or more diodes 10 by which the series connection was carried out
arises, MOSFET 12 will be in an ON state. MOSFET11 is an OFF state. Therefore, if a control input is given,
current will flow in the course of the relay input terminals 6a, MOSFETS, the resistance 14, MOSFET 12, the
light emitting device 1, and the relay input terminals 8b, and the light emitting device 1 will emit light. If the
light emitting device 1 emits light, photoelectromotive force will occur in the photovoltaic cell 2 as usual, and
MOSFET3 will be in an ON state. The resistance 14 uses the thing of sufficiently big resistance here
compared with the resistance 13.

[0025]On the other hand, if excessive current flows between the relay output terminal 7a and 7b (i.e.,
between the drain sauce of MOSFET3) and the exothermic temperature of MOSFET3 becomes high, the
voltage drop in each diode 10 decreases, the gate voltage of MOSFET12 becomes smaller than threshold
voltage, and MOSFET12 is turned off -- MOSFET11 -- an ON state -- ** If MOSFET11 is turned on, current
will flow in the course of the relay input terminals 6a, MOSFETS, the resistance 13, MOSFET11, the light
emitting device 1, and the relay input terminals 6b. The resistance of the resistance 13 is set up here so that
the current which is big resistance compared with the resistance 14, and flows in this course may serve as
microampere order. Therefore, if MOSFET11 is turned on, it will become impossible to emit light,
photoelectromotive force will stop, generating the light emitting device 1 in the photovoltaic cell 2 as a result,
and MOSFET3 will be turned off. That is, between the relay output terminal 7a and 7b can be turned off from
an ON state, an over-current can be prevented from continuing flowing into semiconductor switching device
slack MOSFET3, and MOSFETS3 and a periphery article can be prevented from being destroyed by
generation of heat by an over-current. And since it is not necessary to connect a protection circuit like before
to MOSFETS, the fault that the gate consumed electric current of MOSFET3 increases, or the switching
speed of MOSFET3 becomes slow can be abolished. In short, this embodiment as well as Embodiment 1
can prevent destruction of semiconductor switching device slack MOSFET3 or a periphery article without
change of the output characteristics of a semiconductor relay.

[0026]if the current which flows through the relay input terminals 6a and the voltage impressed among 6b
between input voltage, the relay input terminals 6a, and 6b is made into an input current, here, The input
characteristics of the semiconductor relay of this embodiment are shown in drawing 6, ** shows input
characteristics when temperature is low, and ** shows input characteristics when temperature is high. If an
over-current flows into MOSFETS3 and exothermic temperature becomes high, an input current becomes
small and the light emitting device 1 stops that is, emitting light by having formed the temperature detector 5.

'0027]By the way, like Embodiment 1, the chip of the semiconductor relay of this embodiment is allocated,
as shown, for example in drawing 7. That is, MOSFET8 to which the temperature detector 5 was connected
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is arranged on the leadframe of the relay input terminals 6a. On the leadframe of the input terminal 6b, the
light emitting device 1 is arranged so that the leadframe side may serve as a cathode. The anode and the
temperature detector 5 of the light emitting device 1 are connected by wirebonding. Photovoltaic-cell 2 and
MOSFETS3 is arranged on the leadframe of the relay input terminals 7a, and the photovoiltaic cell 2 can
receive the light from the light emitting device 1, and the insulation between input and output is obtained.
The sauce of MOSFET3 is connected to the relay input terminals 7b by wirebonding. Generation of heat of
MOSFET3 by an over-current is quickly detectable, and when MOSFET3 generates heat according to an
over-current, the light emitting device 1 can be made to switch off promptly, since the temperature detector 5
is allocated here near MOSFETS3 by this embodiment.

[0028]If the resistance 13, 14, and 15 and each diode 10 are formed with polysilicon which is a gate
electrode material of MOSFET, Since MOSFETSs 8, 11, and 12, the resistance 13, 14, and 15, and each
diode 10 can be formed in one silicon substrate and 1 chip making can be carried out, while parts are
reducible, the size of the whole semiconductor relay can be miniaturized. That is, the inconvenience that the
size of the whole semiconductor relay becomes large can be lost by having formed MOSFETS8 and the
temperature detector 5. If the resistance 13, 14, and 15 and the diode 10 are formed with a polysilicon film, it
is not necessary to prepare a manufacturing installation separately, and can form easily.
[0029](Embodiment 4) The circuit diagram of this embodiment is shown in drawing 8. the basic constitution
and basic motion of this embodiment -- Embodiment 3 -- abbreviated -- it is the same and different from
Embodiment 3 at the point which added the holding circuit 21 which becomes a semiconductor relay of
Embodiment 3 from MOSFETs 16, 17, and 18 and the resistance 19 and 20. It is a circuit which maintains
putting out lights of the light emitting device 1 here by making the ON state of MOSFET11 hold when, as for
the holding circuit 21, the temperature detector 5 detects generation of heat of MOSFET3 and MOSFET11 is
turned on. Hereafter, only the point which is different from Embodiment 3 is explained. MOSFETs 3, 11, 12,
16, 17, and 18 are enhancement types, and only MOSFETS8 is a depletion type.

[0030]After excessive current flows between the drain sauce of MOSFETS3 in this embodiment, the
exothermic temperature of MOSFET3 becomes high and MOSFET11 is turned on, Even if the exothermic
temperature of MOSFETS falls, when there is the holding circuit 21, the ON state of MOSFET11 is held. B
That is, even if the exothermic temperature of MOSFETS3 falls by switching off the light emitting device 1,
unless the control input between the relay input terminals 6a and 6b is reset, even if there is a control input,
the light emitting device 1 emits light. Therefore, since it can prevent turning on MOSFETS3 again while load
had connected too hastily when load connects too hastily and an over-current flows into MOSFETS3, safety

improves.

[0031]By what the resistance 13, 14, 15, 19, and 20 and each diode 10 are formed for with a polysilicon film
like Embodiment 3 also in this embodiment. Each MOSFETSs 8, 11, 12, 16, 17, and 18, each resistance 13,
14, 15, 19, and 20, and each diode 10 are formed in one chip, and the same effect as Embodiment 3 is
acquired.

[0032]

[Effect of the Invention]The light emitting device which turns on and switches off the invention of claim 1 by a

control input, and the photovoltaic cell which carried out optical coupling to said light emitting device, The
semiconductor switching device turned on and off according to lighting and putting out lights of said light
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emitting device by impressing the photoelectromotive force of said photovoltaic cell to a control end, Since it
has the temperature detector which makes said light emitting device switch off if ambient air temperature is
detected and this ambient air temperature becomes more than prescribed temperature, If an over-current
flows into said semiconductor switching device and the ambient air temperature of a temperature detector
becomes more than prescribed temperature, when the light emitting device is on, since said light emitting
device will be switched off, An over-current can be prevented from said semiconductor switching device
turning off and continuing flowing into said semiconductor switching device, without providing a protection
circuit like before, As a result, it is effective in the ability to prevent that the thermal runaway of the
semiconductor switching device is carried out, or the thermal runaway of the periphery article is carried out,
maintaining the output characteristics of a relay.

[0033]Since the invention of claim 2 added the holding circuit which maintains putting out lights of a light
emitting device in the invention of claim 1 when a semiconductor device was turned off by the temperature
detector, It is effective in safety improving, without one [ a semiconductor switching device ] since putting out
lights of a light emitting device is maintained even if the temperature of a semiconductor switching device
becomes low. In the invention of claim 1 or claim 2, since the invention of claim 3 is allocated near the
semiconductor switching device, a temperature detector, It is effective in it becoming possible to make a
semiconductor switching device turn off promptly of detecting the rise in heat of a semiconductor switching
device promptly and efficiently.

[0034]As for the invention of claim 4, a part of temperature detector is constituted by a diode and resistance
in the invention of claim 1 thru/or claim 3, Since said diode and said resistance are formed with polysilicon
which is a gate electrode material of a semiconductor switching device, it is not necessary to prepare a
manufacturing installation for forming said diode and said resistance separately, and can form easily. And
since it becomes possible to be integrated to the same substrate as a semiconductor switching device and
part mark can be reduced, it is effective in becoming possible to prevent enlargement of the size of the
whole relay by having provided the temperature detector.

[Translation done.]
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*NOTICES *

JPO and INPIT are not responsible for any

damages caused by the use of this translation.

Page 1 of 1

1.This document has been translated by computer. So the translation may not reflect the original precisely.

2.7** shows the word which can not be translated.
3.In the drawings, any words are not translated.

DESCRIPTION OF DRAWINGS

[Brief Description of the Drawings]
[Drawing 1]lt is a circuit diagram showing Embodiment 1.

[Drawing 2]lt is an explanatory view of operation same as the above.

[Drawing 3]t is a chip plot plan same as the above.
[Drawing 4]t is a circuit diagram showing Embodiment 2.
[Drawing 5]it is a circuit diagram showing Embodiment 3.

[Drawing 6]It is an explanatory view of operation same as the above.

[Drawing 7]lt is a chip plot plan same as the above.
[Drawing 8]It is a circuit diagram showing Embodiment 4.
[Drawing 9]lt is a circuit diagram showing a conventional example.

[Description of Notations]

1 Light emitting device

2 Photovoltaic cell

3 MOSFET

4 Control circuit

5 Temperature detector
6a, 6b relay input terminals
7a, 7b relay output terminal
8 MOSFET

9 Resistance

10 Diode

11 MOSFET

12 MOSFET

[Translation done.]
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*NOTICES *

JPO and INPIT are not responsible for any

damages caused by the use of this translation.

Page 1 0of 3

1.This document has been translated by computer. So the translation may not reflect the original precisely.

2.7*** shows the word which can not be translated.
3.In the drawings, any words are not translated.
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{54) Universal digital input channel

(57) To detect the on/off state of a switch (SW1}) in a circuit Including a source (Ve) and a varistor (RV1), a bridge (BR)
ractifies the voitage existing across the varistor (RV1) and energises a circuit including two transistars (TR1, TR2) and two
LED’s (D1, ISD1), one of the LED’s (ISD1) being an opto-isolator device in an output circuit including an amplifier (ICA).
With the switch on, both LED's emit light and an electrical output (01) is produced by the amplifier (ICA).

R R2

TR

Inmrut Status Indicetor

[
[~ 23 %

- I
r. 5' ND24 10

"'C TR2

ov

>\
Rn3
1 ISoL
.gi..
(27

Filgure 2

At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy.

2249840A | >

[y
] MI,——. S——— \ I
OR
=K 12 ND2410 P

H H (=28
i CPTIONAL FILTER i A g3 = Conditioned Digital Ve EXCITATION VOLTAGE
i H Dutput AZ.DC

B8R I
N
RVA P
v
5

Iz
RS

A20R

SHL

O
Fleld Suvitch

vVOy86vd ¢ 99

Petitioner Hisense USA Corporation
Exhibit 1004 - Page 152 of 373



s

T 2wunb gy 4

FINAING (23 TETJ PAUOTETPUSD

f’uyﬂ:m vﬂwﬂh llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
o _ O —
TS X
L
n
2Q-HY m HUGQMIaU /s FTNADJITD
BDUYLiT0OA NOI LY LXOX3 [/ a2--- T
\./\ SATITSUSS 268 I0A O JuUaLIND
an
N R UDTIRIOST B GUTUOTI TRWOD

TI

...............................................................................................

Petitioner Hisense USA Corporation
Exhibit 1004 - Page 153 of 373




- 2]z -

493 TS PLSTY

D \b
43m

jsleMigel-] INdING

3DLAiT0A NOTLIULIIOX3

8)‘

(2376 TA PIUATITPUOD

R
TO

So— [ OTbZan T
TX - sozT T L
\\ — — 1 Ny |
e r SO ¢
Tul zy Ty

2unb | 4

Exhibit 1004 - Page 154 of 373

Petitioner Hisense USA Corporation

....................................

9o X

%
AN

aseeaspunasany eu

WOIEDTPUT SN3€3S jNncul

2249840A__ [ >

NSDOCID: <GB



2V
nra
3~
ko)
[N
$e

UNIVERSAL DIGITAL INPUT CHANNEL

This invention,

( Universal Digital Input Channel )

relates to an electronic circuit employed for

inputting ON/OFF type digital data to electronic

and computing machines for processing.

It is primarily aimed at industrial

automation applications where, field data from

typically remote switches and binary output

sensors, need to be converted to a suitable signal

for interfacing to supervisory and/or control

systems.
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2. Introduction :

There are three broad categories of signals to which,

computing and control systems interface. These are analogue,

digital and pulse types respectively.

Analogue signals such as temperature, pressure, speed, level
etc.,, constitute the most prevalent category and generally embody
a broad spectrum of amplitude and frequency varying variables
encountered in most mnatural and man made processes.

Digital or two-state signals largely exist within the domain
of man made systems and thus, can only assume one of two mutually
exclusive states such as ON/OFF, HIGH/LOW etc. They can be
regarded as a special type of analogue signals with pre—-defined
amplitude conventions. In the field, steady state digital signals
typically originate from switches or sensors designed to
approximate often inherently analogue variables into two state
representations above or beiow a desired threshold.

Pulse signals constitute digital signals with a broad

variation in frequency domain.
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3. Signal Interfacing Technigues :

Most electronic/computer based supervisory and control
systems require a relatively large number of signal inputs. The
state or value of the input variables are fed to a
hardware/software control algorithm. This in turn generates a
number of output states/values to be conditioned and interfaced
to the process in order to mantain it within desired operating
conditions.

Analogue signals typically regquire careful input
conditioning in order to provide a true representation of the
measured variable. The conditioning is often in the form of
amplitude scaling, frequency limiting/filtering and analogue to
digital conversion which lies beyond the scope of the present
document. ‘

Digital variables on the other hand are easier to detect and
interface. For example, the ON or OFF state of a switch is
readily determined by it's ability to complete an electrical
circuit when closed (ON). This technique is widely employed in
interfacing digital signals to electronic/computer supervisory
and/or control systems. A voltage source is typically applied via
the switch/sensor whose state is to be determined, to a
current/voltage sensitive device/circuit. The closure of the
switch completes the electrical circuit allowing voltage to
appear accross or current to flow through the sensing
device/circuit thus changing it’s state. Figure 1 represents the

principles of this method of detection.
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4. Digital Signal Interfacing:

The ability of a switch or a binary sensor such as a

Thermostat to complete an electrical circuit upon closure,

is
widely employed to detect the state of such devices in
electronic/computing supervisory and/or control systems. Normally

a DC voltage source of limited amplitude is applied to such
circuits as the excitation energy. The state of a switch is thus
determined through an appropriate method of detecting the current
flow through the circuit. The ON or OFF state of the switch
corresponding to flow or no-flow of electrical current in such a
circuit is thus determined through a current/voltage sensing
device in the same circuit.

Figure 1 represents the general principles of ON/OFF type
signal interfacing to supervisory and control systems.
Programmable Logic Controllers { PLC’s ) are computer based
machines, in widespread use throughout industry. These are often
equipped with a limited number of digital ( ON/OFF ) input and
output channels. The digital input channels on PLC’s

Predominately employ the principles of state detection

highlighted above.
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5. Universal Digital Input Channel ( UDIC ):

This innovation relates to an electronic circuit employed to
detect the state of a switch by the application of any AC or DC
excitation voltage from a few volts up to the mains level. Most
digital input channels can cope with DC or AC excitation voltages
of limited range.

The Universal Digital Input Channel ( UDIC ) differs from
the common circuits, in it’s ability to cope with DC and AC
excitation voltages ranging from a few volts to a few hundred
volts dyvnamically. This versatility is achieved through
exploitation of a novel solid-state circuitry.

A specific embodiment of the invention will now be described
by way of example with reference to the accompanying drawings in

which;

° Figure 1 represents general principles of digital
state detection,

° Figure 2 repreéents a typical UDIC circuit
arrangement.

A typical field switch SW!1 in series with the excitation
voltage source Ve is applied to the inputs I1,I2 of the UDIC in
Figure 2. The excitation voltage source may be of AC or DC type
with RMS values from a few volts to 240 volts maximum. The UDIC
inputs are not polarity sensitive.

The Varistor RV1 is rated at just above 240V RMS and is
intended to absorb impulse noise. The bridge rectifier BR rated
at 1 Ampere maximum is employed to rectify the AC inputs. TR1 and
TR2 are N channel depletion mode MOSFET transistors. They are
equivalent to normally ON switches each rated at V(BR)Dss > 240V.
Resistors Rl & R2 are biasing elements for TR1,TR2 while Rl is
intended for static current limiting. The LED D1, is employed as
status indicator which is in series with the opto-isolator ISOl.
The optical device is chosen to provide high voltage galvanic
isolation between the input and output of UDIC.
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5.1. Circuit Operation;

The principles of operation of UDIC are now described with
reference to the circuit of Figure 2 in which, a field switch SW1
in series with an AC/DC excitation voltage source are connected
to the input terminals 11,12 for illustartion only.

When SW1 is open ( OFF ), no current would flow through the
circuit composed of the Ve, SW1l and UDIC. The status indicator D1
would not be 1lit and the UDIC output at 01 would be LOW.

Upon closure of SW1, the electrical circuit would be
completed and AC or DC current would flow through the input stage
of UDIC. Voltage spikes and transients greater than 240V would be
absorbed by RV1. Current would flow through SW1l, BR, TR1, R2, R1,
b1, ISO1, TR2 and R5. At low voltage/current levels, TR1 and TR2
are almost fully ON, posing very little resistance. Hence, under
these conditions, the magnitude of current would be determined by
the voltage applied at I1,I2 less the drop across D1,IS01 divided
by the value of R1. With the values shown in Figure 2, the input
current would be of the order of 7 mA at 24V DC nominal
excitation voltage. This is termed the " Static " mode of
operation.

However, as the excitation voltage is increased, there would
be a tendency for the current in the input stage of UDIC to
increase. Owing to the Presence of TR1 & TR2 in the UDIC, the
increase in current due to a rise in excitation voltage would be
counteracted by the increasing negative bias produced by R2 & R5.
This bias applied between the gate and source of the depletion
MOSFETs, would gradually force them into less conductive region,
thus dynamically increasing the circuit ( UDIC ) impedance. This
increase in circuit impedance in turn limits the current flow,
pProtecting SW1 and UDIC from damage which would otherwise be
caused by large currents at high excitation voltages ( > 100V ).
It is this " Dynamic " impedance characteristic which enables
UDIC to cope with excitation voltages from 12 volts to 240 volts
AC or DC without damage.

The closure of SW1 would produce a HIGH voltage at the
output O0O1.
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5.2. Special Considerations;

In a typical UDIC implementation, the value of Rl would
determine the " Static " i.e. low voltage { in the region of few
tens of volts ) current flow in the circuit. The value of R1
limiting resistor is calculated to provide sufficient current
flow through the circuit under " Static " conditions. This
corresponds to the lowest nominal excitation voltage which in the
case of UDIC is rated at 12V RMS.

The biasing resistors R2 and R5 are typically much smaller
in value than R1 and their values determine the maximum current
through the input stage of UDIC at high excitation voltages
{ > 100V RMS ) i.e. the " Dynamic " mode of operation. The
highest nominal excitation voltage in the case of UDIC is rated
at 240V RMS which implies that Mains voltage can be safely
employed as the external excitation voltage in series with the
field switch.

The sensitivity of the circuit in the " Static " mode of
operation can be further adjusted via R4 which, supplies a ground
path for the base current of the opto-transistor in the
opto~-coupler.

A UDIC channel can typically cope with excitation currents
ranging from 2mA to 10mA maximum. It is also necessary to closely

match the VGStthy of the TR1 & TR2 in order to ensure reasonable

1" 1m

load sharing between the devices in the Dynamic mode of

operation.
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'5.3. Application Specific Features; x|

The optional filtering circuit shown in figure 2 may be of ;

'simple RC type networks employed to debounce the field switch

SW1.

» Some operational specifications such as the isolation
:voltage between the front-end and the output stage largely depend
Eupon the circuit layout as well as the isolation specifications
iof the opto-isolator emploved in the circuit.

% Depending on the real-estate available on the Printed
?Circuit Board ( PCB ), a large number of UDIC channels may be
Jd881dned on a single board for simultaneous parallel operation. i
‘Thls may be of interest in the transmission of parallel digital

data over long distances using high voltages to compensate for
iline drops.

| If AC voltage is to be used for excitation, application of a
110V AC, safety transformer is recommended. These transformers
provide a ground referenced centre tap on their secondary thus,

reducing the pProbability of electrical shock in the event of

contact with the 110V output.

w
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6. Claims =

° Universal Digital Input Channel ( UDIC ) provides
an innovative, cost effective and convenient mithod

for interfacing ON/OFF +type dai:a{ t o
electronic/computer based supervisory/control

i

systems.

i
i
|

° UDIC employs a novel vet simple and lbwgcost
solid-state circuitry and provides non-polarﬁsed
input terminals for convenience and ease of field

wiring.

Application of UDIC removes the requirement for
often expensive special purpose power suppiies
emploved as excitation voltage source in most digital
input schemes. '

° Application of UDIC permits the use of any convenient
voltage source from 12V DC ( Battery ) up to 240V AC
Mains voltage in interfacing ON/OFF data to
supervisory/control systems. i

|

* UDIC provides a wuniversal circuit for sensing the
status of ON/OFF type data while, galvanidally
isolating the front-end interface circuitry from the
rest of the supervisory/control system. i

|
i

° Application of UDIC leads to a considerable
reduction in inventory of digital input interfaces
for the manufacturer as well as the user. This would
be of particular relevance to Programmable logic
Controllers ( PLC’s ) which typically employ a broad
range of digital input interfaces for various
excitation voltage levels and AC/DC types.
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PATENT ABSTRACTS OF JAPAN

(11)Publication number : 2006-242733
(43)Date of publication of application : 14.09.2006

I

(51)Int.Cl. GOIN 21/64 (2006. 01)

(21)Application humber : 2005-058389 (71)Applicant : MATSUURA YUJI
MIYAGI MITSUNOBU

(22)Date of filing : 03.03.2005 (72)Inventor : MATSUURA YUJI

MIYAGI MITSUNOBU

(54) EMISSION CHARACTERISTIC EVALUATING METHOD OF FLUORESCENT SUBSTANCE

(57)Abstract:

PROBLEM TO BE SOLVED: To provide a small-sized inexpensive
measuring system for efficiently evaluating the emission
characteristics of a micro-fluorescent sample or the fine part of a
fluorescent panel.

SOLUTION: A fluorescent sample is irradiated with ultraviolet or
vacuum ultraviolet exciting light made monochromatic by a
spectroscope by a hollow optical fiber which is internally evacuated or
filled with a low-absorbability gas and the emitted fluorescence from
the sample is detected by a glass optical fiber.
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*NOTICES *

JPO and INPIT are not responsible for any

damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the original precisely.
2.**** shows the word which can not be translated.
3.In the drawings, any words are not translated.

DETAILED DESCRIPTION

[Detailed Description of the Invention]

[Field of the Invention]

[0001]

This invention relates to the luminescent characteristic appraisal method of a fluorescent substance.
[Background of the Invention]

[0002]

A plasma display obtains visible light by exciting a fluorescent substance by the vacuum ultraviolet and
ultraviolet radiation which were made to generate vacuum discharge in the electrode provided for every
pixel, and this generated. In development of this fluorescent substance, it is required to evaluate the
fluorescence wavelength distribution characteristic to excitation light wavelength. However, since excitation
light also contained the light of the vacuum ultraviolet region decreased in the air, it needed to maintain all
the optical paths at the atmosphere by which inert gas replacement was carried out with a vacuum or
nitrogen in the conventional evaluation system. Therefore, the measuring sample was stored in sample
chambers, such as a metal chamber, and was carrying out the light guide of the excitation light to the
sample by the mirror etc. which were similarly installed in the metal vessel.

[0003]

So, the big equipment also in cost also in scale is needed for the characterization of a fluorescent
substance, and also the time which vacuation or inert gas replacement of a sample chamber takes was
large to it, and efficient evaluation was difficult for it in time. The evaluation sample needed to be a size of
the grade settled in a container, and it was difficult to perform evaluation which is each pixel of the panel-
ized display.

[0004]

The fluorescent characteristic generated by vacuume-ultraviolet-light excitation is used also for analysis of
various compounds. In order to store a measuring sample in a metal vessel in the conventional measuring
device also in this case and to perform vacuation or inert gas replacement, efficiency and the size of a
sample had restriction.

[Patent documents 1] Patent No. 3341007

[Description of the Invention]

[Problem(s) to be Solved by the Invention]

[0005]
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Then, the purpose of this invention is to realize the system of measurement for often evaluating the
luminescent characteristic of a minute phosphor sample or a phosphor panel dstailed part by small size and
low cost.

[Means for Solving the Problem]

[0006]

This invention is a luminescent characteristic appraisal method of a fluorescent substance irradiating a
fluorescent substance with excitation light with hollow optical fiber, and detecting generated fluorescence, in
order to attain the above-mentioned purpose.

[0007]

Said excitation light may be ultraviolet radiation or vacuum ultraviolet light here.

[0008]

Said excitation light may be the light monochrome-ized by a spectroscope here.

[0009]

Said hollow optical fiber may be the hollow optical fiber which formed an aluminum thin film in an inner
surface of a glass capillary here.

[Effect of the Invention]

[0010]

If it is a luminescent characteristic appraisal method of the fluorescent substance of this invention, it is
possible to often evaluate the luminescent characteristic of a minute fluorescent substance sample or a
phosphor panel detailed part.

[0011]

There is no restriction in the size of a phosphor sample, and evaluation of the detailed part of a large size
panel is possible.

[0012]

Since it is not necessary to provide a sample chamber, the time concerning vacuation or inert gas
replacement is shortened, and highly efficient evaluation is possible.

[0013]

A miniaturization and low-cost-izing of an evaluation system are possible.

[Best Mode of Carrying Out the Invention]

[0014]

Hereafter, an embodiment of the invention is illustrated and explained in full detail. The outline of a system
of measurement is shown in drawing 1. The vacuum ultraviolet light by which the spectrum was carried out
is transmitted with the hollow fiber 4 via the fiber coupling part 3, and the sample 6 is irradiated. It is for the
bond part 3 adjusting an optic axis so that the maximum light volume can be entered into the fiber 4. An
aluminum hollow fiber 1 mm in inside diameter and 1 m in length is used as the fiber 4 for vacuum-
ultraviolet-light transmission. In the typical loss wavelength characteristic of an aluminum hollow fiber, in 300
nm, it is almost flat loss property from the wavelength of 100 nm, and steep loss peaks leading to an error of
measurement do not exist in the wavelength band of excitation light. Higher spatial resolving power can be
obtained by making the diameter of a fiber small, and measurement of a smaller sample is also attained. ’
However, as for a fiber inside diameter, it is preferred that it is [ not less than 100 micrometer ] 1 mm or less
so that sufficient light volume may be obtained. Bigger light volume is obtained also by bundling and using

Petitioner Hisense USA Corporation
Exhibit 1004 - Page 174 of 373




two or more hollow optical fiber.

[0015]

The optical path from a light source to a sample is vacuated by closing a fiber emitting end with a

transparent window material from ultraviolet [, such as magnesium fluoride, calcium fluoride, and synthetic
quartz, ] in a vacuum ultraviolet region. It can close easily by equipping an emitting end with the sealing cap
5 on which the above-mentioned window material was pasted up beforehand. If the sample 6 is powdered, it ‘
will be melted in ethyl alcohol etc., and using what was applied and dried on the glass substrate, if it is a |
solid state, it can be used as it is. The sample 6 is pressed against a fiber emitting end, it irradiates with
vacuum ultraviolet light, the quartz glass fiber 8 detects the generated fluorescence from the sample back,
and an output is measured with the visible range small spectroscope 9 of a fiber incoming radiational type.
[0016]

Drawing 2 is a measurement result of the fluorescent characteristic at the time of using sodium salicylate as

a sample. The fluorescence output is normalized using the output spectrum of the vacuum-ultraviolet
irradiation light in the hollow fiber emitting end part measured beforehand. Generating of the fluorescence at
500 nm was observed from the wavelength of about 350 nm, and it checked that measurement of the
irradiation light wavelength dependency of the spectrum was possible. The wavelength range of irradiation |
light is 140 nm. ‘
It is ** et al. [ 300-nm ], and the short wavelength side is mainly restricted by absorption by oxygen. This can |
be further irradiated with the vacuum ultraviolet light of short wavelength by raising the degree of vacuum in
a fiber.

[Brief Description of the Drawings]

[0017]

[Drawing 1]lt is a plot plan showing one embodiment of this invention.

[Drawing 2]lt is a figure showing the measurement result of the fluorescent characteristic which shows the
effect of this invention.

[Description of Notations]

[0018]

1 Deuterium lamp

2 Vacuum-ultraviolet spectroscope

3 Fiber incidence bond part "
4 Hollow optical fiber

5 Sealing cap

6 Sample

7 Glass optical fibre incident end part

8 Glass optical fibre

9 Visible range spectroscope

[Translation done.]
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*NOTICES *

JPO and INPIT are not responsible for any

damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the original precisely.
2.7*** shows the word which can not be translated.
3.In the drawings, any words are not translated.

CLAIMS

[Claim(s)]

[Claim 1]

A luminescent characteristic appraisal method of a fluorescent substance irradiating a fluorescent substance
with excitation light with hollow optical fiber, and detecting generated fluorescence

[Claim 2]

A luminescent characteristic appraisal method of the fluorescent substance according to claim 1, wherein
said excitation light is ultraviolet radiation or vacuum ultraviolet light ‘
[Claim 3]

It is a luminescent characteristic appraisal method of a fluorescent substance to claim 1, wherein said
excitation light is the light monochrome-ized by a spectroscope.

[Claim 4]

A luminescent characteristic appraisal method of the fluorescent substance according to claim 1, wherein
said hollow optical fiber is the hollow optical fiber which formed an aluminum thin film in an inner surface of a
glass capillary

[Translation done.]
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*NOTICES *

JPO and INPIT are not responsible for any

damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the original precisely.
2.**** shows the word which can not be translated.
3.In the drawings, any words are not translated.

DRAWINGS

[Drawing 2]
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[Drawing 1]
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[Translation done.]
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PATENT COOPERATION TREATY

From the INTERNATIONAL SEARCHING AUTHORITY

- PCT

NOTIFICATION OF TRANSMITTAL OF
THE INTERNATIONAL SEARCH REPORT AND
THE'WRITTEN OPINION OF THE INTERNATIONAL
SEARCHING AUTHORITY, OR THE DEGLARATION

To:

BURR & BROWN
Attn. Brown,
P.O.Box 7068
Syracuse, NY 13261
ETATS~UNIS D’'AMERIQ

Kevin

(PCT Rule 44.1)

Date of mailing
(day/month/year)

04/07/2008 /§; :

Applicant’s or agent’s file reference

931 020 WO FOR FURTHER ACTION

See paragraphs 1 and 4 below

International application No.
PCT/US2007/078368

International filing date

(day/month/year) 13/09/2007

Applicant

LED LIGHTING FIXTURES, INC.

. [x]

The applicant is hereby notified that the international search report and the written opinion of the International Searching
Authority have been established and are transmitted herewith.

Filing of amendments and statement under Article 19:
The applicant is entitled, if he so wishes, to amend the claims of the International Application (see Rule 46):

When? The time limit for filing such amendments is normally two months from the date of transmittal of the
International Search Report. .

Where? Directly to the International Bureau of WIPQO, 34 chemin des Colombeties
1211 Geneva 20, Switzerland, Fascimile No.: (41-22) 338.82.70

For more detailed instructions, see the notes on the accompanying sheet.

The applicant is hereby notified that no international search report wili be established and that the declaration under
Article 17(2)(a) to that effect and the written opinion of the International Searching Authority are transmitted herewith.

2:[]
a. []

With regard to the protest against payment of (an) additional fee(s) under Rulé 40.2, the applicant is notified that:
the protest together with the decision thereon has been transmitted to the International Bureau together with the

applicant’s request to forward the texts of both the protest and the decision thereon to the designated Offices.
D no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made. '

4, Reminders

Shortly after the expiration of 18 months from the priority date, the international application will be published by the
international Bureau. If the applicant wishes to avoid or postpone publication, a notice of withdrawal of the international
application, or of the priority claim, must reach the International Bureau as provided in Rules 90bis.1 and 90bis.3, respectively,
before the completion of the technical preparations for international publication.

The applicant may submit comments on an informal basts on the written opinion of the International Searching Authority to the
International Bureau. The International Bureau will send a copy of such comments to all designated Offices unless an
international preliminary examination report has been or is to be established. These comments would also be made available to
the public but not before the expiration of 30 months from the priority date.

Within 19 months from the priority date, but only in respect of some designated Offices, a demand for international preliminary
examination must be filed if the applicant wishes to postpone the entry into the national phase until 30 months from the priority
date (in some Offices even later); otherwise, the applicant must, within 20 months from the priority date, perform the prescribed
acts for entry into the national phase before those designated Offices. . .

months.

Guide, Volume |i, National Chapters and the WIPO Internet site.

In respect of other designated Offices, the fime limit of 30 months (or later) will apply even if no’de_mand is filed within 19

See the Annex to Form PCT/IB/301 and, for details about the applicable time limits, Office by Office, see the PCT Applicant’s

Name and mailing address of the International S_earching' Authority
European Patent Office, P.B. 5818 Patentlaan 2

NL-2280 HV Rijswijk : -
. ﬁ Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,

Fax: (+31-70) 340-3016

Authorized officer

Iveta Bujanské

Form PCT/ISA/220 (October 2005)
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NOTES TO FORM PCT/ISA/220

These Notes are intended to give the basic instructions concerning the filing of amendments under article 19. The
Notes are based on the requirements of the Patent Cooperation Treaty, the Regulations and the Administrative Instructions
under that Treaty. In case of discrepancy between these Notes and those requirements, the latter are applicable. For more
detailed information, see also the PCT Applicant's Guide, a publicat:on of WIRO.

In these Notes, "Article", "Rule”, and "Section” refer to the provisions of the PCT, the PCT Regulauons and the PCT -
Administrative Instructions, respectrvely .

INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19

The applicant has, after having received the international search report and the written opinion of the International
Searchmg Authority, one opportunity to amend the claims of the international application. It should however be emphasized
that, since all parts of the international application (cla&ms description and drawings) may be amended during the
international preliminary examination procedure, there is usually no need to file amendments of the claims under Article 19
except where, e.g. the applicant wants the latter to be published for the purposes of provisional protection or has another
reason for amendmg the claims before international publication. Furthermore, it should be emphasized that provisional
protection is available in some States only (see PCT Applicant’s Guide, Volume /A, Annexes B1 and B2).

The attention of the applicant is drawn to the fact that amendments to the claims under Article 19 are not aliowed where
the International Searching Authority has declared, under Article 17(2), that no international search report wouid be
established (see PCT Applicant's Guide, Volume I/A paragraph 296).

" What parts of the international application may be amended?
tnder Article 19, only the claims may be amended.

buring the international phase, the claims may also be amended (or further amended) under Article 34 before the
international Preliminary Examining Authority. The description and drawings may only be amended under
Article 34 before the International. Examining Authority.

Upon entry into the national phase, all parts of the international application may be amended under Article 28 or,
where applicable, Article 41.

When? Within 2 months from the date of transmittal of the international search report or 16 months from the priority date,
whichever time limit expires later. It should be noted, however, that the amendments will be considered as having
been received on time if they are received by the lnternatxonal Bureau after the expiration of the applicable time
limit but before the completion of the technical preparations for international publication (Rule 46.1).

Where not to file the amendments?

The amendments may only be filed with the International Bureau and not with the receiving Office or the
International Searching Authority (Rule 46.2).

Where a demand for international preliminary examination has been/is filed, see below.

How? Either by cancelling one or more entire ciaims, by adding one or more new claims or by amending the text of one
. or more of the claims as filed.

A replacement sheet must be submitted for.each sheet of the claims which, on account of an amendment or
amendments, differs from the sheet originally filed.

All the claims appearing on a replacement sheet must be numbered in Arabic numerals. Where a claim is
cancelled, no renumbering of the other claims is required. In all cases where claims are renumbered, they must be
renumbered consecutively (Section 205(b)).

The amendments must be made in the language in which the international application is to be published.

What documents must/may accompany the amendments?
Letter (Section 205(b)):
The amendments must be submitted with a letter.

The letter will not be published with the international application and the amended claims. It should not be
confused with the "Staternent under Article 19(1)" (see below, under "Statement under Article 19(1)").

The letter must be in Engllsh or French, at the choice of the applicant. However, if the language of the
international application is Enghsh the letter must be in English; if the language of the international apphcatlon
is French the letter must be in French. :

Notes to Form PCT/ISA/220 (first sheet) (October 2005) L. i L
< Petitioner Hisense USA Corporation
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PATENT COOPERATION TREATY
INTERNATIONAL SEARCH REPORT

(PCT Article 18 and Rules 43 and 44)

Appiicam’s or agenfs file reference FOR FURTHER see Form PCT/ISA/220
931 020 WO ACTION as well as, where applicable, item 5 below.
International application No. International filing date (day/month/year) (Earliest) Priority Date (day/month/year)
PCT/US2007/078368 ' 13/09/2007 . 13/09/2006

- Applicant

LED LIGHTING FIXTURES, INC.

This international search report. has been prepared by this International Searching Authority and is transm:t’ced to the applicant
according to Articte 18. A copy is being transmitted to the International Bureau.

This international search report consists of a total of 5 i sheets.

[:l It is alsc accompanied by a copy of each prior art document cited in this report.

1. Basis of the report
a. With regard to the language, the international search was carried out on the basis of:

the international application in the language in which it was filed

D a translation of the international application into , which is the language
of a translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b))

b. D This international search report has been established taking into 'éccount the rectification of an obvious mistake
authorized by or notified to this Authority under Rule 91 (Rule 43.6bis(a)).

C. [:l With regard to any nucleotide and/or amino acid sequence disclosed in the international abplicaﬁon, see Box No. 1.
2. D Certain claims were found unsearchable (See Box No. 1)
3. Unity of invention is lacking (see Box No [11)

4. With regard to the title,
the text is approved as submitted by the applicant
D the text has been established by this Authority to read as follows:

5. With regard to the abstract,
the text is approved as submitted by the applicant

D the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box‘ No. IV. The applicant
: may, within one month from the date of mailing of this international search report, submit comments to this Authority

6. With regard to the drawings,
a. the figure of the drawings to be published with the abstract is Figure No. _3
as suggested by the appticant
D as selected by this Authority, because the applicant failed to suggest a figure
D as selected by this Authority, because this figure better characterizes the invention
b. D none of the figures is to be published with the abstract

Form PCT/ISA/210 (first sheet) (April 2007)
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INTEFH“ATK)NAL.SEFU?CFIREFW)RT.

international application No

PCT/US2007/078368

. CLASSIFICATION OF SUBJECT MATTER

A
INV. HO2M3/335

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

B. FIELDS SEARCHED

HOZM

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation 16 the extent that such documents are included In the fields searched

EPO-Internal, WPI Data

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT

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

X US 5 973 483 A (JO SANG-SO0 [KRI1) ‘ ’ 1,8,9,
26 October 1999 (1999-10-26) 22,23

Y E 2-6,9-22
column 1, 1ine 256 - column 2, line 10
figure 1

Y 'JP 10 233669 A (MATSUSHITA ELECTRIC WORKS ' 2-6,9-22

. LTD) 2 September 1998 (1998-09-02)

X 7
abstract

Y GB 2 249 840 A (HESSAMI ALIREZA GHAZI - 2-6,9-22
HESSAMI ALIREZA GHAZI [GB])
20 May 1992 (1992-05-20)

X ‘ 7
abstract
figure 2

D Further documents are listed in the continuation of Box C.

See patent family annex.

* S8pedcial categories of cited documents :

*A* document defining the general state of the art whlch is not
considered to be of particular relevance

_*E" earlier document but published on or after the international
filing date

*L* document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

*O* document referring to an oral disclosure, use, exhibition or
other means

*P" document published prior to the inlernational filmg date bm
later than the priority date claimed

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

*X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

*Y* document of particular relevance; the claimed invention
cannot be considered lo involve an inventive step when the
document is combined with one or more other such docu~
’megts, such combination being obvious to a person skilied
n the art.

'&" document member of the same patent family

Date of the actual completion of the international search

21 January 2008

Date of mailing of Iht_a intemational search report

04/07/2008'

Name and malling address of the ISA/
European Patent Office, P.B. 5818 Patentlaan 2
NL — 2280 HV Rijswijk
Tel. (+31-70) 340-2040, Tx. 31 651 epo nj,
Fax: (+31-70) 340-3016 .

Authorized officer

Roider, Anton

Form PCT/ISA/210 (second sheet) (April 2008)
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international application No.

INTERNATIONAL SEARCH REPORT - P CT/ US2007/078368

Box No.ll  Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

D Claims Nos.:

because they relate to subject matter not required to be searched by this Authonty, namely:

2. D Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requnrements to such
an extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No.lll Observations where unity of invention is lacking (Cdntinuation of item 3 of first sheet)

This International Searching Authority found muttiple inventions in this international application, as follows:

sée édditi onal sheet

1. D As all required additional search fees were timely paid by the applicant, this international search report covers allsearchable
claims.

2. D As all searchable claims could be searched without effort justifying an addrticnal fees, this Authority did not lnv:te payment of
additional fees.

3. D As only some of the required addmonal search fees were timely paid by the applicant, thus international search reportcovers
only those claims for which fees were paid, specifically claims Nos.: ]

4. m No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-6, 8-23

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the apphcable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005) L . ) .
' - Petitioner Hisense USA Corporation
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lnternatiohal-Applic‘ation No. PCT/US2007 /078368

FURTHER INFORMATION CONTINUED FROM PCTASA/ 210

This International Searching Aﬁthorityvfound multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-6,8-23
power converter constituted by a flyback converter and a
boost converter sharing a common inductor

2. claim: 7

MOSFET current switching circuit for controlling current
flowing through LEDs
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INTERNATIONAL SEARCH REPORT

internationat application No
Information on patent family members

‘ PCT/US2007/078368 -
Patent document Publication Patent family : Publication

cited in ‘search report 'date . member(s) date

US 5973483 A 26-10-1999 NONE

JP 10233669 A 02-09-1998  NONE

GB 2249840 A 20-05-1992 NONE

Forrm PCT/SA/210 (patent family annex) (April 2005)
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PATENT COOPERATION TREATY

‘From the
INTERNATIONAL SEARCHING AUTHORITY

To: P C T
. WRITTEN OPINION OF THE
see form PCTASAR20 | INTERNATIONAL SEARCHING AUTHORITY
(PCT Rule 43bis.1)

Date of mailing

(day/monthirear) see form PCTASA210 (second sheet)
Applicant's or agent's file reference . FOR FURTHER ACTION
see form PCTASAR20 . See paragraph 2 below
International application _NoA . International filing Jaie (day/monthiear) Priority date (day/monthiear)
PCTAS2007/078368 13.09.2007 ‘ 13.09.2006

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

INV. HO2M3/335

Applicant
LED LIGHTING FIXTURES, INC.

This opin'ibn contains indications relating to the following items:

1.
Box No. | Basis of the opinion
[0 Box'No. I Priority
[ Box No. lll  Non-establishment of opinion with regard to novelty, inventive step and industrial applicability
B Box No. IV Lack of unity of invention
B Box No. V Reasoned statement under Rule 43bis.1(a)(i) Wlth regard to novelty, inventive step or industrial
: applicability; citations and explanations supporting such statement
[ BoxNo. VI Certain documents cited ) '
[ Box No. VIl Certain defects in the international application
[0 Box No. VIl .Certain observations on the international application
2. FURTHER ACTION ‘
If a demand for intern’aﬁonal preliminary examination is made, this opinion will usually be considered to be a
written opinion of the International Preliminary Examining Authority ("IPEA") except that this does not apply where
the applicant chooses an Authority other than this one to be the IPEA and the chosen IPEA has notifed the
International Bureau under Rule 66.1bis(b) that written opinions of this International Searching Authority
will not be so considered. .
If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to
submit to the IPEA a written reply togéther, where appropriate, with amendments, before the expiration of 3 months
from the date of mailing of Form PCTASA/R220 or before the explratxon of 22 months from the priority date,
whichever expires later.
For further options, see Form PCTASA/220.
3. For further details, see notes to Form-PCTASA220.
Name and mailing address of the ISA: Date of completion of Authorized Officer .
— this opinion & "”""ﬂm,.&
European Patent Office . . j %g
.@» D-80298 Munich B 10 Roider, Anton H 0))) H
—— Tel. +49 89 2399 - 0 Tx: 523656 epmu d %, S
Fax: +49 89 2399 - 4485 Telephone No. +49 89 2399-2330 01y wo®®

Form (PCTASAR37) (Cover Sheet) (April 2005)
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WRITTEN OPINION OF THE | International application No.
INTERNATIONAL SEARCHING AUTHORITY PCTAUS2007/078368

Box No. | Basis of the opinion

1. With regard to the ianguage, this'opinion has been established on the basis of:
I the international application in the language in which it was filed

[0 atranslation of the international application into , which is the language of a translation furnished for the
purpcses of international search (Rules 12.3(a) and 23.1 (b)).

2. 0 This opmlon has been established taking into account the rectification of an obvnous mistake authonzed
by or notlﬁed to this Authority under Rule 91 (Rule 43bis.1(a))

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application and
necessary to the claimed invention, this opinion has been established on the basis of:

a. type of material:
00 asequence listing
O ‘ table(s) related to the sequence listing
b. format of material:
E}l on paper ' - - /
1 in electronic form
c. time of filing/fufnishing:
LI contained in the international application as filed.
D f_iled together with the international application- in electronic form.
[ furnished subsequently to this Authority for the purposes of search.

4. OO0 In addition, in the case that more than one version or copy of a sequence listing and/or table relating thereto
has been filed or furnished, the required statements that the information in the subséquent or additional
copies is identical to that in the application as filed or does not go beyond the apphcatlon as filed, as
appropriate, were furnished.

5. Additional commentis:
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WRITTEN OPINION OF THE | International application No.
INTERNATIONAL SEARCHING AUTHORITY . PCTAS2007/078368

.Box No. IV Lack of unity of invention

1.

X In response to the invitation (Form PCTASA/206) to pay additional fees, the applicant has, within the
applicable time limit: »

LI paid additional fees

pa'id additional fees under protest and, where applicable, the protest fee

0 0O

paid additional fees under protest but the applicable protest fee was not péid

X

not paid additional fees

2. [1 This Authority found that the requirement of uhity of invention is not complied with and choseé not to invite
‘ the applicant to pay additional fees. :
3. This Authority considers that the requirement of unity of invention in accordance with Rule 13.1, 13.2 and 13.3 is
1 complied with
not complied with for the following reasons:
see separate sheet
4, Consequentl’y,'this report has been established in respect of the following parts of the international application:
[l all parts..
the parts relating to claims Nos. 1-6, 8-23
Box No.V  Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or
industrial applicability; citations and explanations supporting such statement
1. Statement-
- Novelty (N) Yes: Claims 2-6, 9-21
No: Claims 1,8,22, 23
Inventive step (IS) " Yes: Claims
No: Claims 1-23 -
lndustrial applicability (lA)‘ _ ' Ye\ls: Claims 1-23
No: Claims
2. Citations and explanaﬁons

see separate sheet

Form PCTASA/237 (Aprl 2007) | - Petitioner Hisense USA Corporation
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WRITTEN OPINION OF THE | International application No.
INTERNATIONAL SEARCHING | -
AUTHORITY (SEPARATE SHEET) ' PCT/US2007/078368,

Re Item 1V Reasoned statement with regard to lack of unity of invention

1. This Authority considers that there are two inventions covered by the claims indicated
as follows: :

I Claims 1-6 and 8-23: power converter constituted by a flyback converter
' - and a boost converter sharing a common inductor

l:  Claim7: MOSFET current switching circuit for controlling current flowing
through LEDs

2.1 As pointed out below independent claims 1, .8, 22 and 23 (Invention 1) are not new in
view of document US5973483 (D1). Thus, as regards the first invention there are no
special technical features [Rule 13.2 PCT] to be identified with respect to D1. It
remains to be stated that the two Invention are different to such an extent that they
are not so linked as to form a single general inventive concept

2.2 ‘The application, hence does not meet the requwements of unity of invention as
defined in Rules 13.1 and 13.2 PCT.

- Re Iltem V Reasoned statement with regard to novelty inventive step or industrial applicability; citations and
explanations.supporting such statement

3. Reference is made to the following documents:
D1: US5973483 |
D2: JP10233669
D3: GB22498

4.  The present application does not meet the criteria of Article 33( ) PCT, because the
subject-matter of claims 1, 8, 22 and 23 is not new in the sense of Article 33(2) PCT.

4.1 The document D1 discloses (the references in parentheses applying to this
document) a power supply (Figure 1) comprising a boost converter (Lp,D2,Q1,R2)

- Form PCT/ISA/237 (Separate Sheet) (Sheet 1) (EPO-April 2005)
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WRITTEN OPINION OF THE ' " International application No.
INTERNATIONAL SEARCHING ‘ ‘ ‘
AUTHORITY (SEPARATE SHEET) ‘ PCT/US2007/078368

and a flyback converter (Lp,Ls,Q1,R2,D1) wherein the primary winding of the flyback
transformer (T1) is the inductance of the boost converter. A diode (D2), a capacitor
(C2) and a load (not shown) to be connected to the output voltage terminal (Vout) |
form the first and second "sub circuits” in the sense of claim 8. The third "sub circuit"
is constituted by a diode (D1), a capacitor (C1) and a load (10). Hence, D1 discloses
all the features of claim 8 and thus all the features of (the less detailed) claims 1, 22
and 23 which all therefore lack novelty in view of D1.

5. Dependent claims 2 to 6 and 9 to 21 do not contain any features which, in
combination with claim 1 meet the requirements of the PCT in respect of novelty and
inventive step because the resulting subject-matter is obvious from the combination

~ of D1 with documents D2 and D3.

6.  Contrary to the requirements of Rule 5.1(a)(ii) PCT, the relevant background art
“disclosed in the document D1 is not mentioned in the descnptlon nor are this

-document identified therein.

6.1 The features of the claims are not provided with reference signs placed in
parentheses (Rule 6.2(b) PCT).

Form PCT/ISA/237 (Separate Sheet) (Sheet 2) (EPO-April 2005)
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‘Possible steps after receipt of the international search report (ISR) and
written opinion of the International Searching Authority (WO-1SA)

General
information

Amending claims
under
Art. 19 PCT

Filing a demand
for international
_preliminary
examination

Filing informal
comments

End of the
international
phase

Relevant PCT
Rules and more
information

BNSDOCID: <X8, 200704010CK_I_>»

For all international applications filed on or after 01/01/2004 the competent
ISA will establish an ISR. It is accompanied by the WO-1SA. Unlike the
former written opinion of the IPEA (Rule 66.2 PCT), the WO-ISA is not
meant to be responded to, but to be taken into consideration for further
procedural steps. This document explains about the possibilities.

Within 2 months after the date of mailing of the ISR and the WO-ISA the
applicant may file amended claims under Art. 19 PCT directly with the
International Bureau of WIPOQ. The PCT reform of 2004 did not change
this procedure. For further information please see Rule 46 PCT as well as
form PCT/ISA/220 and the corresponding Notes to form PCT/1SA/220.

In principle, the WO-ISA will be considered as the written opinion of the
IPEA. This should, in many cases, make it unnecessary to file a demand for
international preliminary examination. If the applicant nevertheless wishes
to file a demand this must be done before expiry of 3 months after the
date of mailing of the ISR/ WO-1SA -or 22 months after priority"
date, whichever expires later (Rule 54bis PCT). Amendments under Art.
34 PCT can be filed with the |PEA as before, normally at-the same time as .
filing the demand (Rule 66.1 (b) PCT).

If a demand for international preliminary examination is filed and no

. comments/amendments have been received the WO-ISA will be transformed

by the IPEA into an IPRP (International Preliminary Report on Patentability)
which would merely reflect the content of the WO-1SA. The demand can still
be withdrawn (Art. 37 PCT).

After reCeipt of the ISR/WO-ISA the applicant may file informal comments

on the WO-1SA directly with the International Bureau of WIPO. These
will be communicated to the designated Offices together with the IPRP
(International Preliminary Report on Patentability) at 30 months from the
priority date. Please also refer to the next box.

At the end of the international phase the International Bureau of WIPO will
transform the WO-1SA or, if a demand was filed, the written opinion of the
IPEA into the IPRP, which will then be transmitted together with possible
informal comments to the designated Offices. The IPRP replaces the former
IPER (international preliminary examination report).

Rule 43 PCT, Rule 43blS PCT, Rule 44 PCT, Rule 44bis PCT, PCT Newsletter
12/2003, OJ 11/2003, OJ12/2003
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- PATENT COOPERATION TREATY

From the INTERNATIONAL SEARCHING AUTHORITY

To. Kevin C. Brown )‘ “ PCT

Burr & Brown
P.O. Box 7068
Syracuse, NY 13261 o . NOTIFICATION OF TRANSMITTAL OF

Fhn o2 b 2008 THE INTERNATIONAL SEARCH REPORT AND
THE WRITTEN OPINION OF THE INTERNATIONAL
SEARCHING AUTHORITY, OR THE DEC\?ATION

(PCT Rule 44 1)

Date of mailing
(day/month/year)

Applicant’s or agent’s file reference a
FOR FURTHER ACTION  See paragraphs 1 and 4 below

931_018 WO
International application No International filing date
PCT/US 07/12708 “Aaysmonth/year) 30 May 2007 (30.05.2007)

Applicant LED Lighting Fixtures, Inc.

I The applicant is hereby notified that the international search report and the written opinion of the International Searching
Authority have been established and are transmitted herewith.
Filing of amendsments and statement under Article 19;
The applicant is entitled, if he so wishes, to amend the claims of the international application (see Rule 46):
When? The time limit for filing such amendments is normally two months from the date of transmitt' of the
international search report
Where? Directly to the International Bureau of WIPQ, 34 chemin des Colombettes
1211 Geneva 20, Switzerland, Facsimile No: +4122 740 14 35
For more detailed instructions, see the notes on the accompanying sheet.

2. D The applicant is hereby notified that no international search report will be established and that the declaration under
Article 17(2)(a) to that effect and the written opinion of the International Searching Authority are transmitted herewith.

3. D With regard to the protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that:

the protest together with the decision thereon has been transmitted to the Intemnational Bureau together with the
applicant’s request to forward the texts of both the protest and the decision thereon to the designated Offices.

D no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made.

4. Reminders
Shortly after the expiration of 18 months from the priority date, the international application will be published by the
International Burcau. If the applicant wishes to avoid or postpone publication, a notice of withdrawal of the international
application, or of the priority claim, must reach the International Bureau as provided in Rules 90bis. 1 and 90bis.3, respectively,
before the completion of the technical preparations for international publication
The applicant may submit comments on an informal basis on the written opinion of the International Searching Authority to the
International Bureau. The International Bureau will send a copy of such comments to all designated Offices unless an
international preliminary examination report has been or is to be established. These comments would also be made available to
the public but not before the expiration of 30 months from the priority date
Within 19 menths from the priority date, but only in respect of some designated Offices, a demand for international preliminary
examination must be filed if the applicant wishes to postpone the entry into the national phase until 30 months from the priority
date (in some Offices even later); otherwise, the applicant must, within 20 months from the priority date, perform the prescribed
acts for eniry into the national phase before those designated Offices.
In respect of other designated Offices, the time limit of 30 months (or later) will apply even if no demand is filed within 19
months
See the Annex to Form PCT/IB/301 and, for details about the applicable time limits, Office by Office, see the PCT Applicant’s
Guide, Volume II, National Chapters and the WIPO Internet site.

Name and mailing address of the ISA/US Authorized officer:
Mail Stop PCT, Atin: ISA/US Lee W. Young
Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450 PCT Helpdesk: 571-272-4300
Facsimile No. 571-273-3201 PCT OSP: 571.272-7774
Form PCT/ISA/220 (January 2004) (See notes on accompanying sheet)
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» PATENT COOPERATION TREATY

From the INTERNATIONAL SEARCHING AUTHORITY

To: Kevin C. Brown
Burr & Brown
P.O. Box 7068
Syracuse, NY 13261

PCT

NOTIFICATION OF TRANSMITTAL OF
THE INTERNATIONAL SEARCH REPORT AND
THE WRITTEN OPINION OF THE INTERNATIONAL
SEARCHING AUTHORITY, OR THE DECLARATION

(PCT Rule 44 1)

Date of mailing
(day/month/year)

2 0 FED 2008

Applicant’s or agent’s file reference

931_018 WO

FOR FURTHER ACTION  See paragraplis | and 4 below

International application No

PCT/US 07/12708

International filing date

(daysmonth/year) 30 May 2007 (30.05.2007)

Applicant LED Lighting Fixtures, Inc.

When?
intermational search report

2 [

L]

4. Reminders

months.

1 E The applicant is hereby notified that the international search report and the written opinion of the International Searching
Authority have been established and are transmitted herewith.
Filing of amendments and statement under Article 19;
The applicant is entitled, if he so wishes, to amend the claims of the international application (see Rule 46):

The time limit for filing such amendments is normally two months from the date of transmittal of the

Where? Directly to the International Bureau of WIPQ, 34 chemin des Colorﬁbcttcs
1211 Geneva 20, Switzerland, Facsimile No.: +41 22 740 14 35

For more detailed instructions, see the notes on the accompanying sheet

The applicant is hereby notified that no international search report will be established and that the declaration under
Article 17(2)(a) to that effect and the written opinion of the International Searching Authority are transmitted herewith

3. D With regard to the protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that:

the protest together with the decision thereon has been transmitted to the International Bureau together with the
applicant’s request to forward the texts of both the protest and the decision thereon to the designated Offices

no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made

Shortly after the expiration of 18 months from the priority date, the international application will be published by the
International Bureau. If the applicant wishes to avoid or postpone publication, a notice of withdrawal of the international
application, or of the priority claim, must reach the International Bureau as provided in Rules 90bis.1 and 90bis 3, respectively,
before the completion of the technical preparations for international publication.

The applicant may submit comments on an informal basis on the written opinion of the International Searching Authority to the
International Bureau. The International Bureau will send a copy of such comments to all designated Offices unless an
international preliminary examination report has been or is to be established. These comments would also be made available to
the public but not before the expiration of 30 months from the priority date.

Within 19 months from the priority date, but only in respect of some designated Offices, a demand for international preliminary
examination must be filed if the applicant wishes to postpone the entry into the national phase until 30 months from the priority
date (in some Offices even later), otherwise, the applicant must, within 20 menths from the priority date, perform the prescribed
acts for entry into the national phase before those designated Offices

In respect of other designated Offices, the time limit of 30 months (or later) will apply even if no demand is filed within 19

See the Annex to Form PCT/IB/301 and, for details about the applicable time limits, Office by Office, see the PCT Applicant's
Guide, Volume I1, National Chapters and the WIPO Internet site.

Name and mailing address of the ISA/US

Mail Stop PCT, Atin: ISA/US
Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-3201

Authorized officer:
Lee W. Young

PCT Helpdesk: §71-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/220 (January 2004)

(See notes on accompanying sheet)
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» PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT
(PCT Article 18 and Rules 43 and 44)

Applicant’s or agent’s file reference FOR FURTHER see Form PCT/ISA/220

8931_018 WO ACTION as well as, where applicable, item 5 below.
International application No. International filing date (day/monti/year) (Earliest) Priority Date (day/month/year)
PCT/US 07/12708 30 May 2007 (30.05.2007) 31 May 2006 (31.05 2006}

Applicant

LED Lighting Fixtures, Inc.

This international search report has been prepared by this International Searching Authority and is transmitted to the applicant
according to Article 18. A copy is being transmitted to the Intcrnational Bureau.

This international search report consists of a total of’ ;” ] sheets
D It is also accompanied by a copy of each prior art document cited in this report

1. Basis of the report
a. With regard to the language, the international scarch was carried out on the basis of!
the international application in the language in which it was filed.

D a translation of the international application into which is the language of
a translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b)).

b D This international search report has been established taking into account the rectification of an obvious mistake
authorized by or notified to this Authority under Rule 91 (Rule 43.6bis(a)).

c I l With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. |

2. r__] Certain claims were found unsearchable (sce Box No. II)
3. D Unity of invention is lacking (see Box No. lil).

4. With regard 1o the title,
the text is approved as submitted by the applicant.
D the text has been established by this Authority to read as follows:

5. With regard to the abstract,
the text is approved as submitted by the applicant.

I:] the text has been established, according to Rule 38 2(b), by this Authority as it appears in Box No. V. The applicant
may, within one month from the date of mailing of this international search report, submit comments to this Authority

6. With regard to the drawings,
a. the figure of the drawings to be published with the abstract is Figure No. 4
as suggested by the applicant.
D as selected by this Authority, because the applicant failed to suggest a figure.
L__-I as selected by this Authority, because this figure better characterizes the invention.

b. D none of the figures is to be published with the abstract.

Form PCT/ISA/210 (first sheet) (April 2007)
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. INTERNATIONAL SEARCH REPORT International application No.

PCT/US 07/12708

A.  CLASSIFICATION OF SUBJECT MATTER
IPC(8) - HO1S 3/13 (2007.10)
USPC - 372/29.014

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

Minimum documentation searched (classification system followed by classification symbols}
IPC(8): HO1S 3/13 (2007 .10)
USPC: 372/29.014

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
IPC(8): HO1S 3/13 (2007.10)

USPC: 257/88; 362/552, 555, 612; 372/29.014

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
PubWEST(USPT,PGPB,EPAB,JPAB); Internet search via Google Web and Google Scholar search engines. Search Terms Used: white
current regulator 1931 1976 CIE color coordinate MacAdam LED OLED fight emitter emitting semiconductor

C DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, Where appropriate, of the relevant passages Relevant to claim No.
X US 6,630,801 B2 (SCHUURMANS) 07 October 2003 (07.10.2003) col. 3 in. 3 to col. 6, in. 56, 1-7,10, 11, 22-24 and 26
- claim 1, 4, 6-9, 13, 19, 20, 21, 23, 26, Fig. 1,2
Y 8,9and 25
X 1S 2003/0011559 A1 (ADACH!) 16 January 2003 (16 01.2003) para. [0051]-{0087}, Fig. 3-5, 7- | 12-19, 21, 27-30 and 32
9
Y 8, 20 and 31
US 6,329,758 B1 (SALAM) 11 December 2001 (11.12.2001) col 13 In. 6~14, col. 13 In. 28-51 9, 20, 25 and 31
US 7,014,336 B1 (DUCHARME et al.) 21 March 2006 (21.03 2006) col. 4 In 40-53, col. 6 In. 44-1 1-32
57, col. 13 In. 34 to col. 14 in. 40, col. 17 In. 18-48, col. 27 In. 8-25, Fig. 6, 14,23
A US 6,552,495 B1 (CHANG) 22 April 2003 (22.04.2003) col. 3 In. 27 to col 7 In. 20, Fig. 1, 2,5, |1-32
6
D Further documents are listed in the continuation of Box C. [:l
* Special categories of cited documents: “T»  later document published after the international filing date or priority
“A” decument defining the general state of the art which is not considered date and not in conflict with the apﬂllc_anon but cited to understand
to be of particular relevance the principle or theory underlying the invention
“E” earlier application or patent but published on or afler the international X document of particular relevance; the claimed invention cannol be
filing date considered novel or cannot be considered to involve an inventive
“L» document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another ciation or other «y= gociment of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
(" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination

means being obvious to a person skilled in the art

“p”  document published prior to the international filing date but later than  «g> document member of the same patent family
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
' N ~
20 November 2007 (20.11.2007) 2 0 FER éUDB
Name and mailing address of the ISA/US Authorized officer:
Mail Stop PCT, Atin: ISA/US, Commissioner for Patents Lee W. Young
P.O. Box 1450, Alexandria, Virginia 2231 3-1450 PCT Helpdesk: 571-272-4300
Facsimile No. 571-273-3201 PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (April 2007)
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From the

PATENT COOPERATION TREATY

INTERNATIONAL SEARCHING AUTHORITY

To: Kevin C. Brown PCT
Burr & Brown
P.O. Box 7068
Syracuse, NY 13261 WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY
(PCT Rule 43bis.1)
Date of mailing - B B
(day/month/year) 2 0 F E:. B 2008
Applicant’s or agent’s file reference FOR FURTHER ACTION
931_018 WO See paragraph 2 below
International application No International filing date (day/month/year) Priority date (day/month/year)
PCT/US 07/12708 30 May 2007 (30.05.2007) 31 May 2006 (31.05.2006)

USPC - 372/29.014

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

IPC(8) - HO1S 3/13 (2007.10)

Applicant | FD Lighting Fixtures, Inc.

Box No. 1

D Box No. II
D Box No I

Box No. IV

[]
Box No. V
]
[]

Box No. VI
Box No. VII

[j Box No. VIII

1 This opinion contains indications relating to the following items:

2. FURTHERACTION

If a demand for international preliminary examination is made, this opinion will be considered to be a written opinion of the
International Preliminary Examining Authority (“IPEA”) except that this does not apply where the applicant chooses an Authority
other than this one to be the IPEA and the chosen IPEA has notified the International Burcau under Rule 66 1bis(b) that written
opinions of this International Searching Authority will not be so considered.

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to submit to the IPEA
a written reply together, where appropriate, with amendments, before the expiration of 3 months from the date of mailing of Form
PCT/ISA/220 or before the expiration of 22 months from the priority date, whichever expires later.

For further options, see Form PCT/ISA/220.

3. For further details, see notes to Form PCT/ISA/220

Basis of the opinion

Priority

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability
Lack of unity of invention

Reasoned statement under Rule 43bis 1(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statcment

Certain documents cited
Certain defects in the international application

Certain observations on the international application

Name and mailing address of the ISA/US | Date of completion of this opinion Authorized officer:

Mail Stop PCT, Att: ISA/US Lee W. Young
1 Commissioner for Patents - ’

PO Box 1450, Alexandria, Virginia 22313-1450| 20 November 2007 (20.11.2007) POT Holpdeskc §71:272-4300

Facsimile No. 571-273-3201 PCT OSP: 671-272-7774

Form PCT/ISA/237 (cover sheet) (April 20067)
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WRITTEN OPINION OF THE International application No.

INTERNATIONAL SEARCHING AUTHORITY

PCT/US 07/12708
Box No. I Basis of this opinion
1. With regard to the language, this opinion has been established on the basis of:
the international application in the language in which it was filed.
D a translation of the international application into which is the language of a

translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b)).

2 I:I This opinion has been established taking into account the rectification of an ebvious mistake authorized by or notified
to this Authority under Rule 91 (Rule 435is.1(a))

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has been
established on the basis of:

a. type of material

I I a sequence listing
D table(s) related to the sequence listing

b. format of material

' D on paper

I I in electronic form

¢ time of filing/furnishing
D contained in the international application as filed
[:] filed together with the international application in electronic form

I:] furnished subsequently to this Authority for the purposes of search

4. I:l In addition, in the casc that more than one version or copy of a sequence listing and/or table(s) relating thercto has been
filed or furnished, the required statements that the information in the subsequent or additional copies is identical to that
in the application as filed or does not go beyond the application as filed, as appropriate, were furnished.

5. Additional comments:

Form PCT/ISA/237 (Box No. 1) (April 2007)
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WRITTEN OPINION OF THE International application No

1
NTERNATIONAL SEARCHING AUTHORITY BCT/US 07/12708

Box No. V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

1 Statement

Novelty (N) Claims 8, 9, 13, 18, 20, 25, 28, 31 YES
Claims 1-7,10-12, 14, 15, 17-19, 21-24, 26, 27, 29, 30, 32 NO

Inventive step (IS) Claims hone YES
Claims 1-32 NO

Industrial applicability (IA) Claims 1-32 YES
Claims none NO

2 Citations and explanations:
Claims 1-7, 10, 11, 22, 23, 24 and 26 lack novelty under PCT Article 33(2) as being anticipated by US 6,630,801 B2 (Schuurmans).

Regarding ciaim 1, Schuurmans discloses a lighting device (RGB based LED luminary 10, col. 2 In. 63-65, col. 3 In. 56-63, Fig 1)
comprising a first group of solid state light emitters (red LED light sources 11R, col. 3 In. 64 to col. 4 in. 9, Fig. 1), the first group of solid
state light emitters comprising at least one first group solid state light emitter; a second group of solid state light emitters (green LED light
sources 11G, col. 3 In. 64 to col. 4in. 9, Fig. 1) the second group of solid state light emitters comprising at least one second group solid
state light emitter; a first current regulator (red LED driver 14R, Fig. 1) and a second current regulator (green LED driver 14G, Fig. 1) the
first current reguiator being switchable among at least two first current regulator settings (forward currents based on control voltage Vcr-
ref, col. 4 In. 11-25; control voltage Ver-ref based on analysis of feedback signals, col. 4 In. 58 to col. 5 In. 11) the at least two first current
regulator settings comprising a first current regulator first setting (forward current based on control voltage Ver-ref, col. 4 in. 11-25) and a
first current regulator second setting (current based on control voltage Vcr-ref based on analysis of feedback signals, col. 4 In 69 to col. §
In. 11),.the second current regutator being switchable among at least two second current regulator settings (forward currents based on
control voltage Vcg-ref, col. 4 In. 11-25; and control voltage Vcg-ref based on analysis of feedback signals, col. 4 In. 59 to col. 5 In. 11), the
at least two second current regulator settings comprising a second current regulator first setting (forward current based on control voltage
Vcg-ref, col. 4 in. 11-25) and a second current regulator second setting (current based on control voltage Vcg-ref based on analysis of
feedback signals, col. 4 In. 59 to col. 5 In. 11; off, col. 5 In. 56 to col. 6 In. 2) such that: (1) if the lighting device is energized and the first
current regulator is in the first current regulator first setting, a first group first current (forward current based on control voltage Ver-ref, col.
4 In. 11-25) would be supplied to the first group solid state light emitter; (2) if the lighting device is energized and the first current regulator
is in the first current reguiator second setting, a first group second current (current based on control voltage Vcr-ref based on analysis of
feedback signals, col. 4 In. 59 to col 5 in. 11) would be supplied to the first group solid state light emitter; (3) if the lighting device is
energized and the second current regulator is in the second current reguiator first setting, a second group first current {forward current
based on control voltage Vicg-ref, col 4 in. 11-25) would be supplied to the second group solid state light emitter; and (4) if the lighting
device is energized and the second current regulator is in the second current regulator second setting, a second group second current
(current based on control voltage Vcg-ref based on analysis of feedback signals, col. 4 In. 59 to col. 5 In. 11) would be supplied to the
second group solid state light emitter; the first group first current differing from the second group first current (col. 4 In. 43-56) the first
group second current differing from the second group second current {col. 4 In. 57 to col. 5in. 11).

Regarding claim 2, Schuurmans discloses a lighting device (RGB based LED luminary 10, col. 2 In. 63-65, col. 3 In. 56-63, Fig. 1) wherein
if the first group first current (forward current based on control voltage Ver-ref, col. 4 tn. 11-25) is supplied to each of the first group of solid
state light emitters (red LED light sources 11R, col. 3 In. 64 to col. 4 In. 8, Fig. 1) and the second group first current (forward current based
on control voltage Vcg-ref, col. 4 In. 11-25) is supplied to each of the second group of solid state light emitters (green LED light sources
11G, col. 3In. 64 to col. 4 In. 9, Fig. 1), a combined intensity of the first group of solid state light emitters is a first group first intensity
(luminous efficacy for the red LED sources 11R, col. 6 In. 3-14, ciaim 9) and a combined intensity of the second group of solid state light
emitters is a second group first intensity (luminous efficacy for the green LED sources 11G, col. 6 In. 3-14, claim 8), if the first group
second current is supplied to each of the first group of solid state light emitters and the second group second current is supplied to each of
the second group of solid state light emitters, a combined intensity of the first group of solid state light emitters (output signals via filtered
photodiode 21R, col. 4 In. 26-56, col. 6 In. 3-14) is a first group second intensity and a combined intensity of the second group of solid
state light emitters (output signals via filtered photodiode 21G, col. 4 In. 26-56, col. 6 in. 3-14} is a second group second intensity, and a
ratio of the first group first intensity to the second group first intensity differs by not more than 5 % from a ratio of the first group second
intensity to the second group second intensity (luminous efficacy of each LED light sources 11R, 11G, 11B is controllable over the entire
Juminous spectrum by the user, col. 6 In. 16-36, through user interface 31 of controller 30, col. 4 In. 26 to col. 5 In. 11).

Regarding claim 3, Schuurmans discloses a lighting device (RGB based LED luminary 10, col. 2 In. 63-65, col. 3 In. 56-63, Fig. 1) wherein
if the first group first current (forward current based on control voltage Ver-ref, col. 4 In. 11-25) is supplied to each of the first group of solid
state light emitters (red LED light sources 11R, col. 3 In. 64 to col. 4 In. 9, Fig. 1) and the second group first current (forward current based
on control voitage Vog-ref, col. 4 in. 11-25) is supplied to each of the second group of solid state light emitters (green LED light sources
11G, col. 3 In. 64 to col. 4 In. 9, Fig. 1), a combined illumination from the first group of solid state light emitters and the second group of
solid state light emitters would be perceived as white (col. 3 In. 56 o col. 5 In. 11) and if the first group second current (current based on
control voltage Vcr-ref based on analysis of feedback signals, col. 4 In. 59 to col. 5 In. 11) is supplied to each of the first group of solid
state light emitters and the second group second current (current based on control voltage Vcg-ref based on analysis of feedback signals,
col. 4 In. 59 to col. 5 In, 11) is supplied to each of the second group of solid state light emitters, combined illumination from the first group
of solid state light emitters and the second group of solid state light emitters would also be perceived as white (col. 3In. 56 to col. 5 In. 11)
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Regarding claim 4, Schuurmans discioses a light emitting device (RGB based LED luminary 10, col. 2 in. 63-65, col. 3 in. 56-63, Fig. 1),
wherein if the first group first current (forward current based on control voltage Vcr-ref, col. 4 in. 11-25) is supplied to each of the first group
of solid state light emitters (red LED light sources 11R, col. 31n. 64 fo col. 4 In. 9, Fig. 1) and the second group first current (forward
current based on control voltage Vcg-ref, col. 4 In. 11-25) is supplied to each of the second group of solid state light emitters (green LED
light sources 11G, col. 3 In. 64 to col. 4 In. 9, Fig. 1), a combined illumination from the first group of solid state light emitters and the
second group of solid state light emitters corresponds to a first point on a 1976 CIE diagram (1931 CIE coordinates (x,y) can be
transformed via equations: u.= 4x/(-2x+12y+3), v.= 9y/(-2x+12y+3) to the 1976 CIE coordinates (u,v), col. 3 In. 3-14, claim 4, 21), the first
point having a first correlated color temperature (col. 1 In. 66 to col. 2 In. 8, correlated color tempserature identifies a color temperature of a
color near, but not on, the Planckian locus), if the first group second current (current based on control voltage Vcr-ref based on analysis of
feedback signals, col. 4 In. 59 to col. 5 in. 11) is supplied to each of the first group of solid state light emitters and the second group second
current (current based on control voltage Veg-ref based on analysis of feedback signals, col. 4 in. 59 to col. 5 In. 11) is supplied to each of
the second group of solid state light emitters, a combined illumination from the first group of solid state light emitters and the second group
of solid state light emitters corresponds to a second point on the 1976 CIE diagram (1931 CIE coordinates (x,y) can be transformed via
equations: u .= 4x/(-2x+12y+3), v = Qy/(-2x+12y+3) to the 1976 CIE coordinates (u,v), col. 3 in. 3-14, claim 4, 21), the second point having
a second correlated color temperature (col. 1 In. 66 to cal. 2 In. 8), the first correlated color temperature differing from the second
correlated color temperature by not more than 4 MacAdam ellipses (color coordinates of each of the LED light sources 11R, 11G, 11B is
controllable over the entire CIE chromaticity diagram by the user, col. 6 In. 16-38, through user interface 31 of controller 30, col: 1 In. 8-15,
col. 2in. 12-25, col. 4 In. 26 to col. 5 in. 11, claims 1, 6-9, 13, 19, 20, 23, 26; if each color is perceived as being the same, then by
definition they lie within a single MacAdam ellipse}.

Regarding claim 5, Schuurmans discloses a light emitting device (RGB based LED luminary 10, col. 2 In. 63-65, col. 3 In. 566-63, Fig. 1),
wherein if the first group first current (forward current based on control voitage Ver-ref, col. 4 In. 11-25) is supplied to each of the first group
of solid state light emitters (red LED light sources 11R, col. 3 in. 64 to col. 4 In. 9, Fig. 1) and the second group first current (forward
current based on control voltage Veg-ref, col. 4 In. 11-25) is supplied to each of the second group of solid state light emitters (green LED
light sources 11G, col. 3 In. 64 to col 4 In. 9, Fig. 1), a combined illumination from the first group of solid state light emitters and the
second group of solid state light emitiers corresponds to a first point on a 1976 CIE diagram having coordinates u', v' (1931 CIE
coordinates (x,y) can be transforrmed via equations: u.= 4x/(-2x+12y+3), v.= 9y/(-2x+12y+3) to the 1976 CIE coordinates (u,v), col. 3 in. 3-
14, claim 4, 21), if the first group second current (current based on control voltage Ver-ref based on analysis of feedback signals, col. 4 In.
59 to col. 5 In. 11) is supplied to each of the first group of solid state light emitters and the second group second current (current based on
control voitage Vcg-ref based on analysis of feedback signals, col. 4 in. 59 to col. 51in. 11) is supplied to each of the second group of solid
state light emitters, a combined illumination from the first group of solid state light emitters and the second group of solid state light
emitters corresponds to a second point on the 1976 CIE diagram having coordinates u', v', and the first point is spaced from the second
point by a distance such that delta u', v' is not more than 0.005 on the 1976 CIE diagram (color coordinates of each LED light sources 11R,
11G, 11B is controllable over the entire CIE chromaticity diagram by the user, cof . 6 in. 16-36, through user interface 31 of controller 30,
col. 1in. 8-15, col. 2 In. 12-25, col. 4 In. 26 to col. 5 In. 11, claims 1, 6-9, 13, 19, 20, 23, 26)

Regarding claim 6, Schuurmans discloses a light emitting device (RGB based LED luminary 10, col. 2 In. 63-65, col. 3 In. 56-63, Fig. 1),
further comprising a third group of solid state light emitters (blue LED light sources 11B, col. 3 In. 64 to col. 4 In 9, Fig. 1), the third group
of solid state light emitters comprising at least one third group solid state light emitter; and a third current regulator (blue LED driver 14B,
Fig. 1) the third current regulator being switchable among at least two third current regulator settings (forward currents based on control
voltage Vcb-ref, col. 4 In. 11-25; and control voltage Vcb-ref based on analysis of feedback signals, col. 4 In. 59 to col. 5In. 11), the at
least two third current regulator settings comprising a third current regulator first setting (forward currents based on control voltage Vcb-ref,
col. 4 In. 11-25) and a third current regulator second setting (current based on control voltage Vcb-ref based on analysis of feedback
signals, col. 4 In. 58 to col. 5 in. 11) such that: (5) if the lighting device is energized and the third current regulator is in the third current
regulator first setting, a third group first current (forward current based on control voltage Vcb-ref) would be supplied to the third group solid
state light emitter; and (6) if the lighting device is energized and the third current reguiator is in the third current regulator second setting, a
third group second current (current based on control voltage Vcb-ref based on analysis of feedback signals) would be supplied to the third
group solid state light emitter; the third group first current differing from the first group first current (col. 4 in. 43-56) and differing from the
second group first current, and the third group second current differing from the first group second current and differing from the second
group second current (col. 3 in. 38-565, col. 4 In. 57 to col. 5in, 11, claim 9, 23, 26).
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Regarding claim 7, Schuurmans discloses a light emitting device (RGB based LED luminary 10, col. 2 In. 63-65, col. 3 In. 56-63, Fig. 1) the
first current regulator (red LED driver 14R, Fig. 1) is switchable among at ieast three first current regulator settings (red LED driver 14R
can be operated over a continuous range of values, col. 5 In. 4-11) the at least three first current regulator settings comprising the first
current regulator first setting, the first current regulator second setting, and a first current regulator third setting (off, not illustrated, col. 5 In.
56 to col. 6 In. 2); and the second current regulator is switchable among at least three second current regulator settings (green LED driver
14G can be operated over a continuous range of values, col. 5 In. 4-11), the at least three second current regulator settings comprising the
second current regulator first setting (forward currents based on control voitage Vcg-ref, col. 4 In. 11-25), the second current regutator
second setting (off, col. 5 In. 56 to col. 6 In. 2) and a second current regulator third setting {(current based on controf voltage Vcg-ref based
on analysis of feedback signals, col. 4 In. 59 to col. 5 In. 11); such that: (8) if the lighting device is energized and the first current regulator
is in the first current regulator third setting, a first group third current (off, col. 5in. 56 to col. 6 in. 2) would be supplied to the first group
solid state light emitter; and (6) if the lighting device is energized and the second current regulator is in the second current regulator third
setting, a second group third current (current based on control voltage Vcg-ref based on analysis of feedback signals, col. 4 In 59 to col. 5
In. 11) would be supplied to the second group solid state light emitter; the first group third current differing from the second group third
current. (The output of each of the red, blue and green LEDs are measured independently, e.g.: when the red LED is measured the green
and blue LEDs are momentarily turned off. See: col. 51n.481to col. 61n, 2.)

Regarding ciaim 10, Schuurmans discloses a light emitting device (RGB based LED luminary 10, col. 2 In. 63-65, col. 3 In. 56-63, Fig. 1),
wherein the first group first current (forward current based on control voltage Vcer-ref, col. 4 In. 11-25) differs from the first group second
current (current based on control voitage Vcr-ref based on analysis of feedback signals, col. 4 In. 53 to col. 5 In. 11), differs from the
second group first current (forward current based on control voltage Veg-ref, col. 4 in. 11-25), and differs from the second group second
current (current based on control voltage Vcg-ref based on analysis of feedback signals, col. 4 In. 59 to col. 5 In. 11), and the second group
first current (forward current based on control voltage Veg-ref, col. 4 In. 11-25) differs from the first group first current (forward current
based on control voltage Ver-ref, col. 4 In. 11-25), differs from the first group second current (current based on control voltage Ver-ref
based on analysis of feedback signals, col. 4 In. 59 to col. 5 In. 11), and differs from the second group second current (current based on
control voltage Vcg-ref based on analysis of feedback signals, col. 4 in. 59 to col. 5in. 11). (The output of each of the red, blue and green
LEDs are measured independently, e.g.: when the red LED is measured the green and blue LEDs are momentarily turned off. See: col. §
In. 48 to col. 6 In. 2; also, luminous efficacy of each LED light sources 11R, 11G, 11B is controllable over the entire luminous spectrum by
the user, col, 6 In. 16-36, through user interface 31 of controlier 30, col. 4 In. 26 to col. 51n. 11.)

Regarding claim 11, Schuurmans discloses a light emitting device (RGB based LED luminary 10, col. 2 in. 63-65, col. 3 In. 56-63, Fig. 1)
wherein (1) if the lighting device is energized and the first current regulator (red LED driver 14R, Fig. 1) is in the first current regulator first
setting (forward currents based on control voltage Vcr-ref, col 4 In. 11-25), the first group first current (forward current based on control
voltage Ver-ref, col. 4 In. 11-25) would be supplied to each of the first group solid state light emitters; (2) if the lighting device is energized
and the first current regulator (red LED driver 14R, Fig. 1) is in the first current regulator second setting (current based on control voltage
Ver-ref based on analysis of feedback signals, col 4 In. 69 to col. 5 In. 11), the first group second current would be supplied to each of the
first group solid state light emitters; (3) if the lighting device is energized and the second current reguiator (green LED driver 14G, Fig. 1) is
in the second current regulator first setting (forward currents based on control voltage Vcg-ref, col. 4 In. 11-25), the second group first
current would be supplied to each of the second group solid state light emitters; and (4) if the lighting device is energized and the second
current regulator (green LED driver 14G, Fig. 1) is in the second current regulator second setting (currents based on control voltage Vcg-
ref based on analysis of feedback signals, col. 4 In. 59 to col. 5In. 11; off col. 5In. 56 to col. 6 In. 2), the second group second current
would be supplied to each of the second group solid state light emitters.

Regarding claim 22, Schuurmans discioses a method of lighting (RGB based LED luminary 10, col. 2 In. 63-65, col. 3 In. 56-63, Fig. 1),
comprising: substantially simultaneously: (a) adjusting a current (via red LED driver 14R, Fig. 1) supplied to a first group of solid state light
emitters (red LED light sources 11R, col. 3 in. 64 to col. 4 In. 8, Fig. 1) from a first group first current (forward currents based on contro!
voltage Ver-ref, col. 4 In. 11-25) to a first group second current {current based on controt voitage Vcr-ref based on analysis of feedback
signals, col. 4 In. 59 to col. 5 In. 11); and (b) adjusting a current (via green LED driver 14G, Fig. 1) supplied to a second group of solid state
light emitters (green LED light sources 11G, col. 3 In. 64 to col. 4 In. 9, Fig. 1) from a second group first current (forward current based on
control voltage Veg-ref, col. 4 In. 11-25) to a second group second current (current based on control voltage Vcg-ref based on analysis of
feedback signals, col. 4 In. 59 to col. 5 In. 11); the first group of solid state light emitters comprising at least one first group solid state light
emitter; the second group of solid state light emitters comprising at least one second group solid state light emitter; the first group first
current differing from the second group first current, the first group second current differing from the second group second current
(luminous efficacy of each LED light sources 11R, 11G, 118 is controllable over the entire lJuminous spectrum by the user, col. 6 In. 16-36,

through user interface 31 of controller 30, col. 4 In. 26 to col. 5 In. 11).
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Regardlng claim 23, Schuurmans discloses a method of lighting (RGB based LED luminary 10, col. 2 In. 63-65, col. 3 in. 56-63, Fig. 1),
comprising a combined intensity of the first group of solid state light emitters (luminous efficacy for the red LED sources 11R, col. 6 In. 3-
14, claim 9) prior to the adjusting a current supplied to the first group of solid state light emitters is a first group first intensity, a combined
intensity of the second group of solid state light emitters (lJuminous efficacy for the green LED sources 11G, col. 6 in. 3-14, claim 9) prior to
the adjusting a current supplied to the second group of solid state light emitters is a second group first intensity, a combined intensity of the
first group of solid state light emitters after the adjusting a current supplied to the first group of solid state light emitters is a first group
second intensity (output signals via filtered photodiode 21R, col. 4 In. 26-56, col. 6 In. 3-14), a combined lntensny of the second group of
solid state light emitters after the adjusting a current supplied to the second group of solid state light emitters is a second group second
intensity (output signals via filtered photodiode 21G, col. 4 In. 26-56, col. 6 In. 3-14), and a ratio of the first group first intensity to the
second group first intensity differs by not more than 5 % from a ratio of the first group second intensity to the second group second
intensity (luminous efficacy of each LED light sources 11R, 11G, 11B is controliable over the entire luminous spectrum by the user, col. 6
In. 16-386, through user interface 31 of controller 30, col. 4 In. 26 to col. 5In. 11).

Regarding claim 24, Schuurmans discloses a method of lighting (RGB based LED luminary 10, col 2 In. 63-65, col. 3 in. 56-63, Fig. 1),
wherein a combined illumination from the first group of solid state light emitters (red LED light sources 11R, col. 3 In. 64 to col. 4 In. 9, Fig
1) and the second group of solid state light emitters (green LED light sources 11G, col. 3 In. 64 to col. 4 In. 9, Fig. 1) prior to the adjusting a
current (forward currents based on control voltages Vcr-ref, Vcg-ref, col. 4 In. 11-25) supplied to the first group of solid state light emitters
corresponds to a first point on a 1976 CIE diagram which has coordinates u', v, (1931 CIE coordinates (x,y) can be transformed via
equations: u.= 4x/(-2x+12y+3), v.= 8y/(-2x+12y+3) to the 1976 CIE cocrdinates (u,v), col. 3 In. 3-14, claim 4, 21) a combined illumination
from the first group of solid state light emitters and the second group of solid state light emitters after the adjusting a current (currents
based on control voltages Vcr-ref, Vcg-ref based on analysis of feedback signals, col. 4 In. 58 to col. 5 In. 11) supplied to the first group of
solid state light emitters corresponds to a second point on the 1976 CIE diagram which has coordinates u', V', and the first point is spaced
from the second point by a distance such that delta u', v' is not more than 0.005 on the 1976 CIE diagram (color coordinates of each LED
light sources 11R, 11G, 11B is controllable over the entire CIE chromaticity diagram by the user, col. 6 In. 16-36, through user interface 31
of controlier 30, col. 1in. 8-15, col. 2 In. 12-25, col. 4 In. 26 to col. 5 In. 11, claims 1, 6-9, 13, 19, 20, 23, 26).

Regarding claim 26, Schuurmans discloses a method of lighting (RGB based LED luminary 10, col. 2 In. 63-65, col 3 In. 56-63, Fig. 1)
wherein the first group first current (forward current based on control voltage Ver-ref, col. 4 In. 11-25) differs from the first group second
current (current based on control voltage Ver-ref based on analysis of feedback signals, col. 4 In. 59 to col. § In. 11), differs from the
second group first current (forward current based on control voitage Vecg-ref, col. 4 In. 11-25), and differs from the second group second
current (current based on control voltage Vcg-ref based on analysis of feedback signals, col. 4 In. 59 to col. 5 In. 11), and the second group
first current (forward current based on control voitage Veg-ref, col. 4 in. 11-25) differs from the first group first current (forward current
based on control voltage Vcr-ref, col. 4 in. 11-25), differs from the first group second current (current based on control voltage Vcr-ref
based on analysis of feedback signals, col. 4 In. 59 to col. 5 In. 11), and differs from the second group second current (current based on
control voltage Vcg-ref based on analysis of feedback signals, col. 4 In. 59 to col. 5 n. 11). (The output of each of the red, blue and green
LEDs are measured independently, e g.: when the red LED is measured the green and blue LEDs are momentarily turned off See: col. 5
In. 48 to col. 8 In. 2; also, luminous efficacy of each LED light sources 11R, 11G, 11B is controllable over the entire luminous spectrum by
the user, col. 6 In. 16-36, through user interface 31 of controller 30, col. 4 In. 26 to col. 5n. 11.)
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Claims 12, 14, 15, 17-19, 21, 27, 29, 30 and 32 lack novelty under PCT Article 33(2) as being anticipated by US 2003/0011559 A1
(Adachi).

Regarding claim 12, Adachi discloses a lighting device (lighting device Fig. 8, para. [0072] through [0082], Fig. 8, 9), comprising: a first
group of solid state fight emitters (red LEDs 16a) the first group of solid state light emitters comprising at least one first group solid state
light emitter (red LED 16a, para [0057}); a second group of solid state light emitters (green LEDs 16b), the second group of solid state light
emitters comprising at least one second group solid state light emitter (green LED 16b, para [0057]); a first current regulator (red light
emission control switch 24a); and a second current regulator (green fight emission control switch 24b); the first current regulator being
switchable among at least two first current regulator settings (eight settings are disclosed among ON and OFF states of three transistors
241, 242, 243 of red light emission control switch 24a, Fig. 9) the at least two first current regulator settings comprising a first current
regulator first setting and a first current regulator second setting; the second current regulator being switchable among at least two second
current regulator settings (eight settings are disclosed among ON and OFF states of three transistors 241, 242, 243 of green light emission
control switch 24b), the at least two second current regutator settings comprising a second current regulator first sefting and a second
current regulator second setting; such that: (1) if the lighting device is energized and the first current regulator is in the first current
regulator first setting (any one of the possibie eight states of transistors 241, 242, 243 in either ON or OFF state}, a first group first current
would be supplied to the first group solid state light emitter; (2) if the lighting device is energized and the first current regulator is in the first
current regulator second setting (any one of possible eight states of transistors 241, 242, 243 in either ON or OFF state, possibly distinct
from first current regulator first setling), a first group second current would be supplied to the first group solid state light emitter; (3) if the
lighting device is energized and the second current regulator is in the second current regulator first setting (any one of possible eight states
| of transistors 241, 242, 243 in either ON or OFF state, possibly distinct from second or first current regulator first setting), a second group
first current would be supplied to the second group solid state light emitter; and (4) if the lighting device is energized and the second
current regulator is in the second current regulator second setting, a second group second current would be supplied to the second group
solid state light emitter; (see para [0075] through [0077]) a first group second setting / first setting ratio being defined as the first group
second current divided by the first group first current, a second group second setting / first setting ratio being defined as the second group
second current divided by the second group first current, the first group second setting / first seiting ratio differing from the second group
second setting / first setting ratio by at least 5 % (if alt three red current regulator transistors 241-243 were in the OFF state for the first
group second setting, while all of the three red current regulator transistors were in the ON state for the first group first setting, while one of
the green current regulator transistor 241-242 were in the ON state for the second group second setting and any one of the green current
regulator transistors 241-243 were in the ON state for the second group first setting, the ratio would approach unity, para. [0075] through
[00791). '

Regarding claim 14, Adachi discloses a lighting device (lighting device Fig. 8, para. {0072] through [0082], Fig. 8, 9) wherein if the first
group first current (current supplied based on one of any eight settings disclosed among ON and OFF states of three transistors 241, 242,
243 of red light emission control switch 24a, Fig. 9) is supplied to each of the first group of solid state light emitters (red LEDs 16a) and the
second group first current (current based on one of any eight settings disclosed among ON and OFF states of three transistors 241, 242,
243 of green light emission control switch 24b) is supplied to each of the second group of solid state light emitters (green LEDs 16b), a
combined illumination from the first group of solid state light emitters and the second group of solid state light emitters would be perceived
as white (para. [0021], [0031], [0066], [0087], claim 8, 18), and if the first group second current (current supplied based on one of eight
settings are disclosed among ON and OFF states of three transistors 241, 242, 243 of red light emission control switch 24a, Fig. 9, distinct
from first group first current setting) is supplied to each of the first group of solid state light emitters and the second group second current
(current supplied based on one of eight settings are disclosed among ON and OFF states of three transistors 241, 242, 243 of green light
emission control switch 24b, distinct from second group first current) is supplied to each of the second group of solid state light emitiers, a
combined illumination from the first group of solid state light emitters and the second group of solid state light emitters would also be
perceived as white (para. {0021}, [0031], [0066], {00871, claim 8, 18).

Regarding claim 15, Adachi discloses a lighting device (lighting device Fig. 8, para. [0072] through [0082], Fig. 8, 9) wherein if the first
group first current (current supplied based on one of any eight settings disclosed among ON and OFF states of three transistors 241, 242,
243 of red light emission control switch 24a, Fig. 9) is supplied to each of the first group of solid state light emitters (red LEDs 16a) and the
second group first current (current supplied based on one of any eight settings disclosed among ON and OFF states of three transistors
241, 242, 243 of green light emission control switch 24b) is supplied to each of the second group of solid state light emitters (green LEDs
16b), a combined illumination from the first group of solid state light emitters and the second group of solid state light emitters carresponds
to a first point on a 1976 CIE diagram (para . [0066]) the first point having a first correlated color temperature, if the first group second
current (current supplied based on one of any eight settings disclosed among ON and OFF states of three transistors 241, 242, 243 of red
light emission control switch 24a, Fig. 9, possibly distinct from first group first current) is supplied to each of the first group of solid state
light emitters and the second group second current (current supplied based on one of any eight settings disclosed among ON and OFF
states of three transistors 241, 242, 243 of green light emission control switch 24b, possibly distinct from second group first current) is
supplied to each of the second group of solid state light emitters, a combined Hlumination from the first group of solid state light emitters
and the second group of solid state light emitters corresponds to a second point on the 1976 CIE diagram, the second point having a
second correlated color temperature, the first correlated color temperature differing from the second correlated color temperature by not
more than 4 MacAdam ellipses (if each color is perceived as being the same, then by definition they lie within a single MacAdam ellipse,

para. [0081]).
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Regarding claim 17, Adachi discloses a lighting device (lighting device Fig. 8, para. [0072] through [0082], Fig. 8, 9). further comprising a
third group of solid state light emitters (blue LEDs 16c¢, para [0057], Fig. 8), the third group of solid state light emitters comprising at least
one third group solid state light emitter (biue LED 16c¢, para [0057)); and a third current regulator (blue light emission control switch 24c);
the third current regulator being switchable among at least two third current regulator settings (eight settings are disclosed among ON and
OFF states of three transistors 241, 242, 243 of blue light emission control switch 24c¢, Fig. 9), the at least two third current regulator
settings comprising a third current regulator first setting and a third current regulator second setting; such that: (5) if the lighting device is
energized and the third current regutator is in the third current regulator first setting, a third group first current

(current based on one of eight settings disclosed among ON and OFF states of three transistors 241, 242, 243 of blue light emission
control switch 24¢) would be supplied to the third group solid state light emitter; and (6) if the lighting device is energized and the third
current regulator is in the third current regulator second setting, a third group second current (current based on one of eight settings
disclosed among ON and OFF states of three transistors 241, 242, 243 of blue light emission control switch 24c, possibly distinct from third
group first current) would be supplied to the third group solid state light emitter; a third group second setting / first setting ratio being
defined as the third group second current divided by the third group first current, the third group second setting / first setting ratio differing
from the first group second setting / first setting ratio by at least 5 %, and differing from the second group second setting / first setting ratio
by at least 5 % (if all three red current regulator transistors 241-243 were in the OFF state for the first group second setting, while all of the
three red current regulator transistors were in the ON state for the first group first setting, while one of the green current regulator transistor
241-243 were in the ON state for the second group second setting and any one of the green current regulator transistors 241-243 were in
the ON state for the second group first setting, and while one of the blue current regulator transistor 241-243 were in the ON state for the
third group second setting and any one of the biue current regulator transistors 241-243 were in the ON state for the third group first
setting, each first group second setting/first setting ratio and second group second setting/first setting ration ratio would approach unity,
para. [0075] through [0079]).

Regarding claim 18, Adachi discloses a lighting device (lighting device Fig. 8, para. [0072] through [0082], Fig..8, 9}, wherein: the first
current regulator (red light emission control switch 24a) is switchable among at least three first current regulator settings (eight settings are
disclosed among ON and OFF states of three transistors 241, 242, 243 of red light emission control switch 24a, Fig 9), the at least three
first current regulator settings comprising the first current regulator first setting, the first current regulator second setting, and a first current
regulator third setting; and the second current regulator (green light emission control switch 24b) is switchable among at least three second
current regulator settings (eight settings are disclosed among ON and OFF states of three transistors 241, 242, 243 of green light emission
control switch 24b), the at least three second current regulator settings comprising the second current regulator first setting, the second
current regulator second setting and a second current regulator third setting; such that:(5) if the lighting device is energized and the first
current regulator is in the first current regulator third setting, a first group third current would be supplied to the first group solid state light
emitter; and

(6) if the lighting device is energized and the second current regulator is in the second current regulator third setting, a second group third
current would be supplied to the second group solid state light emitter; a first group third setting / second setting ratio being defined as the
first group third current divided by the first group second current, a second group third setting / second setting ratio being defined as the
second group third current divided by the second group second current, the first group third setting / second setting ratio differing from the
second group third setiing / second setting ratio by at least 5 % (if all three red current regulator transistors 241-243 were in the OFF state
for the first group third setting, while all of the three red current regulator transistors were in the ON state for the first group second setting,
while one of the green current regulator transistor 241-243 were in the ON state for the second group third setting and any one of the
green current regulator transistors 241-243 were in the ON state for the second group second setting, the ratio would approach unity, para.
{0075} through [0079)).

Regarding claim 19, Adachi discloses a lighting device (lighting device Fig. 8, para. [0072] through [0082], Fig. 8, 9) comprising a master
currents reguilator (signal supply unit 5, para [0055] through {0058], Fig. 8), the master currents regulator being switchable among at least
two master currents regulator settings (ON and OFF, para. [0058]), the at ieast two master currents regulator settings comprising a master
currents regulator first setting (ON) and a master currents regulator second setting (OFF), | such that: (1) if the master currents regulator is
in the master currents regulator first setting, the first current regulator (red light emission control switch 24a) would be in the first current
regulator first position (eight settings are disciosed among ON and OFF states of three transistors 241, 242, 243 of red light emission
control switch 24a, Fig. 9) and the second current regulator (green light emission confrol switch 24b) would be in the second current
regulator first position (eight settings are disclosed among ON and OFF states of three transistors 241, 242, 243 of green light emission
control switch 24b), and (2) if the master currents regulator is in the master currents regulator second setting (OFF), the first current
regulator would be in the first current regulator second position (all transistors 241-243 of red light emission control switch 24a in OFF
position) and the second current regulator would be in the second current regulator second position (all transistors 241-243 of green light
emission confrol switch 24b in OFF position).
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Reggrding claim 21, Adachi discloses a lighting device (lighting device Fig. 8, para. [0072] through [0082], Fig. 8, 8) wherein (1) if the
lighting device is energized and the first current regulator (red light emission control switch 24a) is in the first current regulator first setting
(eight setlings are disclosed among ON and OFF states of three transistors 241, 242, 243 of red light emission control switch 24a, Fig. 9),
the first group first current would be supplied to each of the first group solid state light emitters; (2) if the lighting device is energized and
the first current regulator is in the first current regulator second setting (any of the eight settings disclosed among ON and OFF states of
three transistors 241, 242, 243 of red light emission control switch 24a, distinct from the first current regulator first setting), the first group
second current would be supplied to each of the first group solid state light emitters; (3) if the lighting device is energized and the second
current regulator (green light emission control switch 24b) is in the second current regulator first setting (eight settings are disclosed
among ON and OFF states of three transistors 241, 242, 243 of green light emission control switch 24b), the second group first current
would be supplied to each of the second group solid state light emitters; and (4) if the lighting device is energized and the second current
regulator is in the second current regulator second setting (any of the eight settings disclosed among ON and OFF states of three
transistors 241, 242, 243 of green light emission control switch 24b, distinct from the second current regulator first setting), the second
group second current would be supplied to each of the second group solid state light emitters.

Regarding claim 27, Adachi discloses a method of lighting (via lighting device Fig. 8, para. [0072] through [0082], Fig. 8, 9) comprising
substantially simultaneously: (a) adjusting a current (via red light emission control switch 24a, eight settings are disclosed among ON and
OFF states of three transistors 241, 242, 243 of red light emission control switch 24a, Fig. 9) supplied to a first group of solid state light
emitters (red LEDs 16a) from a first group first current (current based on one of eight settings are disclosed among ON and OFF states of
three transistors 241, 242, 243 of red light emission control switch 24a, Fig. 9) to a first group second current {cuirent based on one of
eight settings are disclosed among ON and OFF states of three transistors 241, 242, 243 of red light emission control switch 24a, possibly
distinct from first group first current); and (b) adjusting a current (via green light emission control switch 24b, eight settings are disclosed
among ON and OFF states of three transistors 241, 242, 243 of green light emission control switch 24b, Fig. 9) supplied to a second group
of solid state light emitters (green LEDs 16b) from a second group first current (current based on one of eight settings are disclosed among
ON and OFF states of three transistors 241, 242, 243 of green light emission control switch 24b) to a second group second current (eight
settings are disclosed among ON and OFF states of three transistors 241, 242, 243 of green light emission control switch 24b, possibly
distinct from first group first current); the first group of solid state light emitters comprising at least one first group solid state light emitter
(red LED 16a, para [0057]); the second group of solid state light emitters comprising at least one second group solid state light emitter
(green LED 16b, para [0057]); a first group second setting / first setting ratio being defined as the first group second current divided by the
first group first current, a second group second setting / first setting ratio being defined as the second group second current divided by the
second group first current, (see para. [0075] through [0077]), the first group second setting / first setting ratio differing from the second
group second setting / first setting ratio by at least 5 % (if all three red current regulator transistors 241-243 were in the OFF state for the
first group second setting, while ail of the three red current regulator transistors were in the ON state for the first group first setting, while
one of the green current regulator transistor 241-243 were in the ON state for the second group second setting and any one of the green
current regulator transistors 241-243 were in the ON state for the second group first setting, the ratioc would approach unity, para. [0075]

through [0079]).

Regarding claim 29, Adachi discloses a method of lighting (via lighting device Fig. 8, para. [0072] through [0082], Fig. 8, 9) wherein: a
combined illumination (para. [0021], [0031}, [0066], [0087], claim 8, 18) from the first group of solid state light emitters (red LEDs 16a) and
the second group of solid state light emitters (green LEDs 16b} prior to the adjusting a current supplied to the first group of solid state light
emitters (current supplied based on one of any eight settings disclosed among ON and OFF states of three transistors 241, 242, 243 of red
light emission control switch 24a, Fig. 9) corresponds to a first point on a 1976 CIE diagram which has coordinates u', V', (measured
composite chromaticity point C, para. [0070]), a combined illumination from the first group of solid state light emitters and the second group
of solid state fight emitters after the adjusting a current supplied to the first group of solid state light emitters corresponds to a second point
on the 1976 CIE diagram which has coordinates u', v'; (standard chromaticity point S, para. [0071]), yet fails to discloses wherein the first
point is spaced from the second point by a distance such that defta u', v' is not more than 0.005 on the 1976 CIE diagram (para. [0071]).

Regarding claim 30, Adachi discloses a method of lighting (via lighting device Fig. 8, para. [0072] through [0082], Fig. 8, 9) wherein the first
point has first paint u’, v' coordinates (measured composite chromaticity point C, para. [0070]) and the second point has second point u', v'
coordinates (standard chromaticity point S, para. [0070], [007 1]), the second point U', V' coordinates being identical to the first point ', v'

coordinates.

Regarding claim 32, Adachi discloses a method of lighting (via lighting device Fig. 8, para. [0072] through [0082], Fig. 8, 9) wherein: the
first group first current (current supplied based on one of any eight settings disclosed among ON and OFF states of three transistors 241,
242, 243 of red light emission control switch 24a, para. [0073] through [0076], Fig. 9) differs from the first group second current (current
supplied based on one of any eight settings disclosed among ON and OFF states of three transistors 241, 242, 243 of red light emission
control switch 24a, Fig. 9), differs from the second group first current (current supplied based on one of any eight settings disclosed among
ON and OFF states of three transistors 241, 242, 243 of green light emission control switch 24b, Fig. 9), and differs from the second group
second current (current supplied based on one of one of seven remaining settings disclosed among ON and OFF states of three
transistors 241, 242, 243 of green light emission control switch 24b, Fig. 9), and the second group first current differs from the first group
first current, differs from the first group second current, and differs from the second group second cuirent (para. {0029], {0075}, [0077],

{0081], [0066], [0090]).
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Claim 13, 16 and 28 lack an inventive step under PCT Article 33(3) as being obvious over Adachi.

Regarding claim 13, Adachi discioses a lighting device (lighting device Fig. 8, para. [0072] through [0082], Fig. 8, 9) wherein if the first
group first current (one of eight possible settings are disclosed among ON and OFF states of three transistors 241, 242, 243 of red light
emission control switch 24a, Fig. 9) is supplied to each of the first group of solid state light emitters (red LEDs 16a) and the second group
first current (eight settings are disclosed among ON and OFF states of three transistors 241, 242, 243 of green light emission control
switch 24b) is supplied to each of the second group of solid state light emitters (green LEDs 16b), a combined intensity of the first group of
solid state light emitters is a first group first intensity (light emission, para. [0062], Fig. 3-5) and a combined intensity of the second group of
solid state light emitters is a second group first intensity (light ernission, para. [0062], Fig. 3-5), if the first group second current is supplied
o each of the first group of solid state light emitters and the second group second current is supplied to each of the second group of solid
state light emitters, a combined intensity of the first group of solid state light emitters is a first group second intensity (light emission, para.
[0062}, Fig. 3-5) and a combined intensity of the second group of solid state light emitters is a second group second intensity (light
emission, para. [0062], Fig. 3-5), yet fails to specifically disclose wherein a ratio of the first group first intensity to the second group first
intensity differs by not more than 5 % from a ratio of the first group second intensity to the second group second intensity. However, the
driving currents and voltages resuilting in relative intensities are weil known to the industry, it would have been obvious to one of skill in the
art without undue experimentation to optimize the ratio of the first group first intensity to the second group first intensity by manipulating the
input voltages and currents, so as the ratio of the first group second intensity to the second group second intensity would not differ by more
than 5%, para. [0075] through [0079].

Regarding claim 16, Adachi discloses a lighting device (lighting device Fig. 8, para. {0072} through [0082], Fig. 8, 8) wherein if first group
first current (current supplied based on one of any eight settings disclosed among ON and OFF states of three transistors 241, 242, 243 of
red light emission control switch 24a, Fig. 9) is supplied to each of the first group of solid state light emitters (red LEDs 16a) and the
second group first current (current supplied based on one of any eight settings disclosed among ON and OFF states of three transistors
241, 242, 243 of green light emission controf switch 24b) is supplied to each of the second group of solid state light emitters (green LEDs
16b), a combined illumination from the first group of solid state light emitters and the second group of solid state light emitters corresponds
to a first point on a 1976 CIE diagram having coordinates u', V', if the first group second current (current supplied based on one of any eight
settings disclosed among ON and OFF states of three transistors 241, 242, 243 of red light emission control switch 24a, Fig. 9, possibly
distinct from first group first current) is supplied to each of the first group of solid state light emitters and the second group second current
(current supplied based on one of any eight settings disclosed among ON and OFF states of three transistors 241, 242, 243 of green light
emission control switch 24b, possibly distinct from second group first current) is supplied to each of the second group of solid state light
emitters, a combined illumination from the first group of solid state light emitters and the second group of solid state light emitters
corresponds to a second point on the 1976 CIE diagram having coordinates u', V', yet fails to disclose a light device wherein the first point
is spaced from the second point by a distance such that delta u’, v' is not more than 0.005 on the 1976 CIE diagram. Adachi further
discloses manipulating the power used for two colors other than the low-efficiency color is reduced, wherein each of the distances traveled
by the chromaticity points of red and green is calculated based on the distance between the measured composite chromaticity point C and
a standard chromaticity point S at the color temperature of 6500 degrees {white light), and the light emission time of LED of each of red
and green is determined on the basis of the relation between the distance traveled and the light emission time; when determining the
relation between the distance traveled and the light emission time, it is desirable to take it into account that there are some cases where
the relative light emission intensity is significantly reduced if the light emission time is shortened (para. [0070]). However, the driving
currents and voltages resulting in relative intensities are well known to the industry, it would have been abvious to one of skill in the art
without undue experimentation to manipulate the first group first current, the first group second current, the second group first current and
the second group second current to realize two distinct points on the 1976 CIE diagram having distinct coordinates, such that the first point
is spaced from the second point by a distance such that delta u', v' is not more than 0.005 on the 1976 CIE diagram, para. [0075] through

[0079]
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Regarding claim 28, Adachi discloses a method of lighting (via lighting device Fig. 8, para, [0072] through [0082], Fig. 8, 9) wherein a
combined intensity of the first group of solid state light emitters (red LEDs 16a) prior to the adjusting a current (current based on one of
eight possible settings among ON and OFF states of three transistors 241, 242, 243 of red light emission control switch 24a, Fig. 9)
supplied to the first group of solid state light emitters is a first group first intensity (light emission, para. [0062], Fig. 3-5), a combined
intensity of the second group of solid state fight emitters (green LEDs 16b) prior to the adjusting a current (current based on one of eight
settings among ON and OFF states of three transistors 241, 242, 243 of green light emission control switch 24b) supplied to the second
group of solid state light emitters is a second group first intensity (light emission, para. [0062], Fig. 3-5), a combined intensity of the first
group of solid state light emitters after the adjusting a current supplied to the first group of solid state light emitters is a first group second
intensity (intensity based on current based on one of eight possible settings among ON and OFF states of three transistors 241, 242, 243
of red light emission control switch 24a, Fig. 9), a combined intensity of the second group of solid state light emitters after the adjusting a
current supplied to the second group of solid state light emitters is a second group second intensity (intensity based on current based on
one of eight settings among ON and OFF states of three transistors 241, 242, 243 of green light emission control switch 24b), yet fails to
disclose a ratio of the first group first intensity to the second group first intensity differs by not more than 5 % from a ratio of the first group
second intensity to the second group second intensity. However, the driving currents and voitages resuiting in relative intensities are well
known to the industry, it would have been obvious to one of skill in the art without undue experimentation to optimize the ratio of the first
group first intensity to the second group first intensity to differ by not more than 5% from a ratio of the first group second intensity to the
second group second intensity (para. [0075] through [0079]).

Claim 8 lacks an inventive step under PCT Article 33(3) as being obvious over Schuurmans in view of Adachi

Regarding claim 8, Schuurmans discloses a light emitting device (RGB based LED luminary 10, col. 2 In. 63-85, col. 3 In. 56-63, Fig. 1),
further comprising a master currents regulator (controiler 30, col. 4 In. 43 to col. 5 In. 25) the master currents regulator being switchable
among at least two master currents regulator settings (switchable among multipie voltages for each LED driver 14R, 14B, 14G, based on
user input, including ON and OFF for each LED driver, or any forward current based on control voltages Vcr-ref, Vcg-ref, Vcb-ref and
currents based on feedback signals), yet specifically fails to disclose wherein the at least two master currents regulator settings comprising
a master currents regulator first setting and a master currents regulator second setting, such that: (1) if the master currents regulator is in.
the master currents regulator first setting, the first current regutator would be in the first current regulator first position and the second
current reguiator would be in the second current regulator first position, and (2) if the master currents regulator is in the master currents
regulator second setting, the first current regulator would be in the first current regulator second position and the second current regulator
would be in the second current regulator second position. Adachi discloses a liquid crystal display device comprising a master current
regulator (signal supply unit 5, Fig. 8) and individual red, green and blue LED drivers (light emission control switches 24a, 24b, 24c¢, para.
[0073] through [0079], [0084], Fig. 8} wherein at least two master currents regulator settings comprising a master currents regulator first
setting (ON, para. [0054] through [0058]) and a master currents regulator second setting (OFF, para. [0055] through [0058]) such that: (1)
if the master currents regulator is in the master currents regulator first setting, the first current regulator would be in the first current
regulator first position (ON, para. [0058}]) and the second current regutator would be in the second current regulator first position (ON, para.
[0058]), and (2) if the master currents regulator is in the master currents regulator second setting, the first current regulator wouid be in the
first current regulator second position (OFF, para. [0058]) and the second current regulator would be in the second current regulator
second position (OFF, para. [0058]). Since both references are directed toward driving multiple LEDs, it would have been obvious o one
of skill in the art to combine the light emitting device (RGB based LED luminary 10} of Schuurmans with the driving characteristics of
Adachi, to construct a lighting device further comprising a master currents regulator, the master currents regulator being switchable among
at least two master currents regulator settings, the at least two master currents regulator settings comprising a master currents regulator
first setting and a master currents regulator second setting, such that: (1) if the master currents regulator is in the master currents regulator
first setting, the first current regulator would be in the first current regulator first position and the second current regulator would be in.the
second cirrent regulator first position, and (2) if the master currents regulator is in the master currents regulator second setting, the first
current regulator would be in the first current regulator second position and the second current regulator would be in the second current
regulator second position, since such a combination would resuit in a combination with greater control over the resultant color chromaticity
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Claims 9 and 25 lack an inventive step under PCT Article 33(3) as being obvious over Schuurmans in view of US 6,329,758 B1 (Salam)

Regarding claim 9, Schuurmans discloses a light emitting device (RGB based LED luminary 10, cal. 2 In. 63-65, col. 3 In. 56-63, Fig. 1)
comprising first group solid state light emitters (red LED light sources 11R, col. 3 In. 64 to col. 4 In. 9, Fig. 1) and second group solid state
light emitters (green LED light sources 11G, col. 3 In. 64 to col 4 In. 9, Fig. 1), yet fails to discloses wherein each of the first group solid

 state light emitters has a dominant wavelength within 20 nanometers of a first group wavelength; and each of the second group solid state
light emiiters has a dominant wavelength within 20 nanometers of a second group wavelength. Salam discloses an LED lamp 81 (col. 13
In. 6-14, Fig. 8) comprising first and second sets of LED lamps (red LED 81 and green LEDs 80, 82, 83) wherein each of the first group

Iso!id state light emitters has a dominant wavelength within 20 nanometers of a first group wavelength (col 13 In. 28-51); and each of the
second group solid state light emitters has a dominant wavelength within 20 nanometers of a second group wavelength (col. 13 In. 28-51),
for color matching. Since both references are directed toward LED lighting, it would have been obvious to one of skill in the art to combine
the light emitting device (RGB based LED luminary 10) of Schuurmans with the first group and second group solid state light emitters (red
LED 81 and green LEDs 80, 82, 83) of Salam, to construct a light emitting device wherein each of the first group solid state light emitters
has a dominant wavelength within 20 nanometers of a first group wavelength; and each of the second group solid state light emitters has a
dominant wavelength within 20 nanometers of a second group wavelength, since such a combination would result in a lighting device with
improved color matching.

Regarding claim 25, Schuurmans discloses a method of fighting {(RGB based LED luminary 10, col. 2 in 63-65, col. 3 In. 56-63, Fig. 1),
comprising first group solid state light emitters (red LED light sources 11R, col. 3 In. 64 to col. 4 In. 9, Fig. 1) and second group solid state
light emitters (green LED light sources 11G, col. 3 In. 64 to col. 4 In. 9, Fig. 1), yet fails to disclose a method wherein each of the first group
solid state light emitters has a dominant wavelength within 20 nanometers of a first group wavelength; and each of the second group solid
state light emitters has a dominant wavelength within 20 nanometers of a second group wavelength, Salam discloses an LED lamp 81
(col. 13 in: 6-14, Fig. 8) comprising first and second sets of LED lamps {red LED 81 and green LEDs 80, 82, 83) whersin each of the first
group solid state light emitters has a dominant wavelength within 20 nanometers of a first group wavelength (col. 13 In. 28-51); and each of
the second group solid state light emitters has a dominant wavelength within 20 nanometers of a second group wavelength (col. 13 In.
28-51), for color matching. Since both references are directed toward LED lighting, it would have been obvious to one of skili in the art to
combine the lighting device (lighting device Fig. 8) of Adachi with the first group and second group solid state light emitters (red LED 81
and green LEDs 80, 82, 83) of Salam, to construct a light emitting device wherein each of the first group solid state light emitters has a
dominant wavelength within 20 nanometers of a first group wavelength; and each of the second group solid state light emitters has a
dominant wavelength within 20 nanometers of a second group wavelength, since such a combination would result in a lighting device with
improved color matching.

Claims 20 and 31 lack an inventive step under PCT Article 33(3) as being obvious over Adachi in view of Salam

Regarding claim 20, Adachi discloses a lighting device (lighting device Fig. 8, para. [0072] through [0082], Fig. 8, 8) comprising a first

' group solid state light emitters (red LEDs 16a); and a second group solid state light emitters (green LEDs 16b), yet fails to disclose wherein
each of the first group solid state light emitters has a dominant wavelength within 20 nanometers of a first group wavelength; and each of
the second group solid state light emitters has a dominant wavelength within 20 nanometers of a second group wavelength. Salam )
discloses an LED lamp 81 (col. 13 In. 6-14, Fig. 8) comprising first and second sets of LED lamps (red LED 81 and green LEDs 80, 82, 83)
wherein each of the first group solid state light emitters has a dominant wavelength within 20 nanometers of a first group wavelength (col.
13 In. 28-51); and each of the second group solid state light emitters has a dominant wavelength within 20 nanometers of a second group
wavelength (col. 13 In. 28-51), for color matching. Since both references are directed toward LED lighting, it would have been obvious to
one of skill in the art to combine the lighting device (lighting device Fig. 8) of Adachi with the first group and second group solid state light
emitters (red LED 81 and green LEDs 80, 82, 83) of Salam, to construct a light emitting device wherein each of the first group solid state
light emitters has a dominant wavelength within 20 nanometers of a first group waveiength; and each of the second group solid state light
emitters has a dominant wavelength within 20 nanometers of a second group wavelength, since such a combination would result in a
lighting device with improved color matching

Regarding claim 31, Adachi discioses a method of lighting (via lighting device Fig. 8, para. [0072] through [0082]), Fig. 8, 9) comprising a
first group solid state light emitters {(red LEDs 16a); and a second group solid state light emitters (green LEDs 16b), yet fails to disclose a
method wherein each of the first group solid state light emitters has a dominant wavelength within 20 nanometers of a first group
wavelength; and each of the second group solid state fight emitters has a dominant.wavelength within 20 nanometers of a second group
wavelength. Salam discloses an LED lamp 81 (col. 13 In. 8-14, Fig. 8) comprising first and second sets of LED lamps (red LED 81 and
green LEDs 80, 82, 83) wherein each of the first group solid state light emitters has a dominant wavelength within 20 nanometers of a first
group wavelength (col. 13 In. 28-51); and each of the second group solid state light emitters.has a dominant wavelength within 20
nanometers of a second group wavelength (col. 13 In. 28-51), for color matching. . Since both references are directed toward LED lighting,
it would have been obvious to one of skill in the art to combine the lighting device (lighting device Fig. 8) of Adachi with the first group and
second group solid state light emitters (red LED 81 and green LEDs 80, 82, 83) of Salam, to construct a light emitting device wherein each
of the first group soiid state light emitters has a dominant wavelength within 20 nanometers of a first group wavelength; and each of the
second group solid state light emitters has a dominant wavelength within 20 nanometers of a second group wavelength, since such a
combination would resuit in a lighting device with improved color matching

Claims 1-32 have indt;strial applicability as defined by PCT Article 33(4) because the subject matter can be made or used by industry.
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NOTES TO FORM PCT/1SA/220

] e the basic instructions concerning the filing of amendments under Article 19 The
Notes are based on the requirements of the Patent Cooperation Treaty, the Regulations and the Adrmnistrative Instructions
under that Treaty. In case of discrepancy between these Notes and those requirements, the latter are applicable. For more

detailed information, see also the PCT Applicant’s Guide, a publication of WIPO
In these Notes, “article,” “Rule” and “Secnion” refer to the provisions of the PCT, the PCT Regulations and t

Administrative Instructions, respectlvely;

These Motes are mtended to giv

he PCT

INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19

d the mtemnational search report and the written opinion of the international
d the claims of the international application It should however be emphasized
hication (claims, descnption and drawingst may be amended during the
Ity no need to file amendments of the claims under Article 19

The applicant has. after hawving receive

Searching Authority, onc opportumty tcamen
that, simce ail parts of the imternational app

ntermnational preliminary exarmnation procedure, there 15 usua
except where, e.g. the applicant wants the latter to be published for the purposes of provisional protection of has another

reason for amending the claims before international publication. Furthermore, it shouid be emnphasized that provisional
piotection 1s available 1 sorne States only (see PCT Applicant’s Guide, Volume I/A, Annexes Bl and B2)

The attention of the applicant is drawn to the fact that amendments 10 the clayms under Article 19 are not allowed where
the International Searching Authonty has declared, under Article 17(2), that no international search report would be

established {see PCT Applicant’s Guide, Volume I/A, paragraph 296)

What parts of the international application may be amended ?

Under Article 19, only the claims may be amended

During the international phase, the claims may also be amended (or further ammended) under Article 34 before the
International Preliminary Examining Authority The description and drawings may only be amended under

Article 34 before the International Preliminary Examining Authority.

Upon entry into the nationai phase, all parts of the international application may be amended under Article 28 or,

where applicable, Article 41.

When 7. Within 2 months from the date of transmuttal of the nternational search reportor 16 months from the priority date,
whichever time limit expires later It should be noted, however, that the amendments will be considered as having

been received on time if they are received by the International Bureau after the expiration of the applicable time
lirit but before the completion of the technical preparations for international publication (Rule 46.1)

Where not to file the amendments.?

The amendments may only be filed with the intermational
International Searching Authority (Rule 46 .2).

Bureau and nol with the receiving Office or the

Where a demand for international preliminary exarmnation has been/is filed, see helow.

How ? Either by cancelling one ormore entire claims, by adding one or more new claims or by amending the rext of one

or more of the claims as filed.

A replacement sheet rmust be submitted for each sheet of the claims which, on account of an amendment or

arnendments, differs from the sheet originally filed.

All the claims appearing on a replacement sheet must be numbered in Arabic
cancelled, no renumbering of the other claims is required. In all cases where claims
renumbered consecutively (Section 205(b)).

sumerals. Where a claim is
are renumbered, they must be

The amendments must be made in the language in which the international application is to be published.

What documents must/may accompany the amendments 7

Letter (Section 205(b)):

The amendments must be submitted with a letter.
The letter will not be published with the international application and the amended claims. It should not be
confused with the “Statement under Article 19(1)” (see below, under “Statement under Article 19(1)").

nch, at the choice of the applicant. However, if the langnage of the

The letter must be in English or Fre
if the lJanguage of the international

international application is English, the letter must be in English;

application is F rench, the letter must be in French.

Notes to Form PCT/ISA/220 (first sheet) (January 2004) . )
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NOTES TO FORM PCT/ISA/220 (continued)

The letter must indicate the differences between the claims as filed and the claims as amended. It must, in
pamcular_, mdlca‘te, in connection with each claim appearing in the international application (it being understood
that i1dentical indications concerning several claims may be grouped), whether

(i) the claim is unchanged;
(ii) the claim is cancelled;
(iti) the claim is new;
(iv) the claim replaces one or more claims as filed;
(v) the claim is the resuli of the division of a claim as filed.

The following examples illustrate the manner in which amendments must be explained in the accompanying

letter:

| [Where originally there were 48 claims and after amendment of some claims there are 51]:
“Claims | to 29, 31, 32, 34, 35, 37 10 48 replaced by amended claims bearing the same numbers,

claims 30, 33 and 36 unchanged; new claims 4910 51 added ”

[Where onginally there were 15 claims and atter amendment of all claims there are 11):

“Claims 1 to 15 replaced by amended claims 1 to 1.7
[Where originaily there were 14 claims and the amendments consist in cancelling some claims and 1n adding

16 and 17 added.” or

new claims]:
»
ged.

“Claims 1 to 6 and 14 unchanged; claims 710 13 cancelled; new claims 15,
“Claims 7 to 13 cancelled; new claims 15, 16and 17 added; all other claims unchan

4 [Where varnious kinds of amendments are made}:
d 19 cancelled; claims 14, 15 and 16 replaced by amended

“Claims 1-10 unchanged; claims 11 to 13, 18 an
claim 14; claim 17 subdivided into amended claims 15, 16 and 17; newclaims 20 and 2] added.”™

“Statement under Article 19(1)” (Rule 46.4)

The amendments may be accompanied by a sta
such amendments might have on the description and the drawings (which cann

The statem=nt will be published with the international application and the amended claims.
It must br in the language in which the international applicatign is to be published.

It must br. brief, not exceeding 500 words if in English or if translated into English.

It should not be confused with and does not replace the letter indicating the differences between the claims as filed
and as amended. 1t musi be filed on a separate sheet and must be identified as such by a heading, preferably by

using the words “Statement under Article 19(1).”
mments on the international search report or the relevance of citations

It may not contain any disparaging co
contained in that report. Reference to citations, relevant to a given claim, contained in the international search
report may be made only in connection with an amendment of that claim.

ternent explaming the amendments and indicating any impact that
ot be amended under Article 19(1))

Consequence if a demand for international preliminary examination has already been filed

If, at the time of filing any amendments and any accompanying statement, under Article 19, a demand for
international preliminary examination has already been submitted, the applicant must preferably, at the time of
filing the amendments (and any staternent) with the International Bureau, also file with the International
Preliminary Examining Authority a copy of such amendments (and of any statement) and, where required, a
traaslation of such amendments for the procedure before that Authority (see Rules 55.3(a) and 62.2, first
sentence). For further information, see the Notes to the demand form (PCT/IPEA/401).

rmational preliminary examination is made, the written opinion of the International Searching
t in certain cases where the International Preliminary Examining Authority did not act as
re it has notified the International Bureau under Rule 66.1bis(b), be
rmational Preliminary Examining Authority. 1fa demand is made, the
ty a reply to the written opinion together,
ths from the date of mailing of Form
hichever expires later (Rule 43bis.1(c)).

If a demand for 1nte
Authority will, excep
International Searching Authority and whel

considered to be a written opinion of the Inte
applicant may submit to the International Preliminary Examining Authori

where appropriate, with amendments before the expiration of 3 mon
PCT/ISA/220 or before the expiration of 22 months from the priority date, w

Consequence with regard to translation of the international application‘.’;r entry into the national phase
The applicant’s attention is drawn to the fact that, upon entry into the national phase, a translation of the claims as

amended under Article 19 may have to be furnished to the designated/elected Offices, instead of, or in addition to,

the translation of the claims as filed.

For further details on the requirements of each designated/elected Office, see the PCT Applicant’s Guide,

Volume II.

notes to Form PCT. 1S A/220 (second sheet) (January 2004)
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PATENT COOPERATION TREATY

From the INTERNATIONAL SEARCHING AUTHORITY

To: Kevin C Brown
PO Box 7068

PCT

E

Syracuse NY 1326‘11{”

L
i

P

i
i
i

1
|
1

LAY

NOTIFICATION OF TRANSMITTAL OF
THE INTERNATIONAL SEARCH REPORT AND
THE WRITTEN OPINION OF THE INTERNATIONAL
SEARCHING AUTHORITY, OR THE DECLARATIC

(PCT Rule 44.1)

Date of mailing
fe
1

day/month/year)

L
Applicant’s or agent’s file reference
931_007 WO

FOR FURTHER ACTION  See paragraphs | and 4 below

International application No.

PCT/US 07/01834

International filing date

(day/month/year) 24 January 2007 (24.01.2007)

Applicant | £ry | iohting Fixtures Inc

The applicant is hereby notified that the international search report and the written opinion of the International Searching
Authority have been established and are transmitted herewith.
Filing of amendments and statement under Article 19: X
The applicant is entitled, if he so wishes, Lo amend the claims of the international application (see Rule 46):
When? The time limit for filing such amendments is normally two months from the date of transmittal of the
international search report.
Where? Directly to the International Burecau of WIPO, 34 chemin des Colombettes
1211 Geneva 20, Switzerland, Facsimile No.: +41 22 740 14 35
For more detailed instructions, see the notes on the accompanying sheet.

1. X

2. [
3. ]

The applicant is hereby notified that no international search report will be established and that the declaration under
Article 17(2)(a) to that effect and the written opinion of the International Searching Authority are transmitted herewith.

With regard to the protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that:

D the protest together with the decision thereon has been transmitted to the International Bureau together with the
applicant’s request to forward the texts of both the protest and the decision thereon to the designated Offices.

no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made.

4. Reminders

Shortly after the expiration of 18 months from the priority date, the international application will be published by the
Intemational Bureau. If the applicant wishes to avoid or postpone publication, a notice of withdrawal of the international
application, or of the priority claim, must reach the International Bureau as provided in Rules 90bis.1 and 90bis.3, respectively,
before the completion of the technical preparations for international publication.

The applicant may submit comments on an informal basis on the written opinion of the International Searching Authority to the
International Bureau. The International Bureau will send a copy of such comments to all designated Offices unless an
international preliminary examination report has been or is to be established. These comments would also be made available to
the public but not before the expiration of 30 months from the priority date.

Within 19 months from the priority date, but only in respect of some designated Offices, a demand for international preliminary
examination must be filed if the applicant wishes to postpone the entry into the national phase until 30 months from the priority
date (in some Offices even later); otherwise, the applicant must, within 20 months from the priority date, perform the prescribed
acts for entry into the national phase before those designated Offices.

In respect of other designated Offices, the time limit of 30 months (or later) will apply even if no demand is filed within 19
months. -

See the Annex to Form PCT/IB/301 and, for details about the applicable time limits, Office by Office, see the PCT Applicant’s
Guide, Volume 11, National Chapters and the WIPO Internet site.

Name and mailing address of the ISA/US

Mail Stop PCT, Atin: ISA/US
Commissioner for Patents
P.0O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. §71-273-3201

Authorized officer:

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Lee W. Young -
% w %

Form PCT/ISA/220 (January 2004)

(See notes on accompanying sheet)
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PATENT COOPERATION TREATY

From the INTERNATIONAL SEARCHING AUTHORITY

To: Kevin C Brown
PO Box 7068
Syracuse NY 13261

PCT

NOTIFICATION OF TRANSMITTAL OF
THE INTERNATIONAL SEARCH REPORT AND
THE WRITTEN OPINION OF THE INTERNATIONAL
SEARCHING AUTHORITY, OR THE DECLARATION

(PCT Rule 44.1)

Date of mailing
(day/month/year)

28 APR 2008

Applicant’s or agent’s file reference

931_007 WO

FOR FURTHER ACTION  See paragraphs I and 4 below

International application No.

PCT/US 07/01834

International filing date

(day/month/year) 24 January 2007 (24.01.2007)

Applicant | =y Lighting Fixtures Inc

The applicant is hereby notified that the international search report and the written opinion of the International Searching
Authority have been established and are transmitted herewith.

. X

Filing of amendments and statement under Article 19: .
The applicant is entitled, if he so wishes, to amend the claims of the international application (see Rule 46):

When? The time limit for filing such amendments is normally two months from the date of transmittal of the
international search report.

Where? Directly to the International Bureau of WIPO, 34 chemin des Colombettes
1211 Geneva 20, Switzerland, Facsimile No.: +41 22 740 14 35

For more detailed instructions, see the notes on the accompanying sheet.

2. [
3. [

The applicant is hereby notified that no international scarch report will be established and that the declaration under
Article 17(2)(a) to that effect and the written opinion of the International Searching Authority are transmitted herewith.

With regard to the protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that:

]
L]

the protest together with the decision thereon has been transmitted to the International Bureau together with the
applicant’s request to forward the texts of both the protest and the decision thereon to the designated Offices.

no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made.

4. Reminders

Shortly after the expiration of 18 months from the priority date, the international application will be published by the
Intemational Bureau. If the applicant wishes to avoid or postpone publication, a notice of withdrawal of the international
application, or of the priority claim, must reach the International Bureau as provided in Rules 90bis.1 and 90bis.3, respectively,
before the completion of the technical preparations for international publication.

The applicant may submit comments on an informal basis on the written opinion of the International Searching Authority to the
International Bureau. The International Bureau will send a copy of such comments to all designated Offices unless an
international preliminary examination report has been or is to be established. These comments would also be made available to
the public but not before the expiration of 30 months from the priority date.

Within 19 months from the priority date, but only in respect of some designated Offices, a demand for international preliminary
examination must be filed if the applicant wishes to postpone the entry into the national phase until 30 months from the priority
date (in some Offices even later); otherwise, the applicant must, within 20 months from the priority date, perform the prescribed
acts for entry into the national phase before those designated Offices.

In respect of other designated Offices, the time limit of 30 menths (or later) will apply even if no demand is filed within 19
months.

See the Annex to Form PCT/IB/301 and, for details about the applicable time limits, Office by Office, see the PCT Applicant's
Guide, Volume II, National Chapters and the WIPO Internet site.

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US
Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-3201

Authorized officer:

PCT Helpdesk: 571-272-4300
PCT OSP: §71-272-7774

Lee W. Young /7

Form PCT/ISA/220 (January 2004)
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PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCHREPORT
(PCT Article 18 and Rules 43 and 44)

Applicant’s or agent’s file reference FOR FURTHER see Form PCT/ISA/220
931_007 WO ACTION as well as, where applicable, item 5 below.
International application No. International filing date (day/month/year) (Earliest) Prority Date (day/month/year)
PCT/US 07/01834 24 January 2007 (24.01.2007) 25 January 2006 (25.01.2006)

Applicant

LED Lighting Fixtures Inc

This international search report has been prepared by this International Searching Authority and is transmitted to the applicant
according to Article 18. A copy is being transmitted to the International Bureau.

This international search report consists of a total of D sheets.

E] It is also accompanied by a copy of each prior art document cited in this report.

1. Basis of the report
a. With regard to the language, the international search was carried out on the basis of:
the international application in the language in which it was filed.

D a translation of the international application into which is the language of
a translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b)).

b. [:] This international search report has been established taking into account the rectification of an obvious mistake
authorized by or notified to this Authority under Rule 91 (Rule 43.6bis(a)).

c. [:] With regard to any nucleotide and/or amino acid sequence disclosed in the international application, sce Box No. L.

2. L—_] Certain claims were found unsearchable (see Box No. II).
3. I:] Unity of invention is lacking (see Box No. III).

4, With regard to the title,
the text is approved as submitted by the applicant.
PP
D the text has been established by this Authority to read as follows:

5. With regard to the abstract,
the text is approved as submitted by the applicant.

D the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box No. IV. The applicant
may, within one month from the date of mailing of this international search report, submit comments to this Authority.

6. With regard to the drawings,
a. the figure of the drawings to be published with the abstract is Figure No. 1
as suggested by the applicant.
D as selected by this Authority, because the applicaﬁt failed to suggest a figure.
D as selected by this Authority, because this figure better characterizes the invention.
b. I:] none of the figures is to be published with the abstract.

Form PCT/ISA/210 (first sheet) (April 2007)
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INTERNATIONAL SEARCH REPORT International application No.
PCT/US 07/01834

A.  CLASSIFICATION OF SUBJECT MATTER
IPC(8): HO5 B 37/00 (2007.01)

USPC: 315/185R, 192
According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
USPC: 315/185R, 192
IPC(8): HO5 B 37/00 (2007.01)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
USPC: 315/187, 189, 190, 291, 293, 294 (text search - see terms below)

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

PubWEST(PGPB,USPT,USOC,EPAB,JPAB); Google
Search Terms: organic LED, organic light emitting diode, OLED, LED, light emitting diode, schematic, regulator, LM317, LM117, series,
parallel, PWM, pulse wave modulation, regulator, heat sink, fan, cool$, cooling.

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2006/0001381 A1 (ROBINSON et al.) 05 January 2006 (05.01.2008), para, [0003], [0037], 1-3, 5, 10, 11
[0038], [0046], [0050], [0052], [0054] through [0060] S
Y 4, 6-9, 12-27
Y US 2005/0093473 A1 (YEH et al.) 05 May 2005 (05.05.2005), para. [0013] 7.8
Y US 2004/0135522 A1 (BERMAN et al.) 15 July 2004 (15.07.2004), para. [0031]-[0032] 9,25
Y US 6,515,434 B1 (BIEBL) 04 February 2003 (04.02.2003), cal 1, In. 10-50. 12.27
Y US 6,793,374 B2 (BEGEMANN) 21 Septembar 2004 (21.08.2004), col 2, In. 44-50, col 4, In. 4,6, 20,22,23
19-28
A US 2005/0077838 A1 (BLUMEL) 14 April 2005 (14.04.2005), entire document, especially para. | 1-27
{0056]
A US 4,298,869 A (OKUNO) 03 November 1981 (03.11.1981), entire document 1-27
D Further documents are listed in the continuation of Box C. D
* Special categories of cited documents: “T”  later document published after the international filing date or priority
“A”  document defining the general state of the art which is not considered date and not in conflict with the aplglication but cited to understand
to be of particular relevance the principle or theory underlying the invention
“E™ earlier application or patent but published on or after the international X document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be comsidered to involve an inventivi

“L” document which may throw doubts on priority claim(s) or which is step when the document is taken alone :

cited to establish the publication date of another cilation or other .oy g5cument of particular relevance, the claimed invention cannot be

special reason (afi specified) . . considered to involve an inventive step when the document is
*“O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination -
means being obvious to a person skilled in the art

“P” document published prior to the international filing date but laterthan  «g» gocument member of the same patent family
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
28 June 2007 (28.06.2007) 28 AP R 2008
Name and mailing address of the ISA/US Authorized officer:
Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Lee W. Young
P.O. Box 1450, Alexandria, Virginia 22313-1450

o PCT Helpdesk: 571-272-4300
Facsimile No. 571-273-3201 PCT OSP: §71-272-7774

Form PCT/ISA/210 (second sheet) (April 2007)
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PATENT COOPERATION TREATY

From the

237

INTERNATIONAL SEARCHING AUTHORITY

To: Kevin C Brown
PO Box 7068
Syracuse NY 13261

PCT

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY

(PCT Rule 43bis.1)

931_007 WO

Co/momiiyecs) 28 APR 2008
Applicant’s or agent’s file reference FOR FURTHER ACTION

See paragraph 2 below

International application No.

PCT/US 07/01834

International filing date (day/montl/year)
24 January 2007 (24.01.2007)

Priority date (day/month/year)
25 January 2006 (25.01.2006)

IPC(8) - 315/185R, 192
USPC - HO5 B 37/00 (2007.01)

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

Applicant | £y ) johting Fixtures Inc

2. FURTHER ACTION

his opinion contains indications relating to the following items:

Certain defects in the international application

1. T
}AV{ Box No. I Basis of the opinion
D Box No. Il Priority
I:] Box No. 111
D Box No. IV Lack of unity of invention
Box No. V
D Box No. VI Certain documents cited
[___l Box No. VII
[]

Box No. VIII Certain observations on the international application

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

If a demand for intemational preliminary examination is made, this opinion will be considered to be a written opinion of the
International Preliminary Examining Authority (“IPEA”) except that this does not apply where the applicant chooses an Authority
other than this one to be the IPEA and the chosen IPEA has notified the International Bureau under Rule 66.1bis(b) that written
opinions of this International Searching Authority will not be so considered.

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited 10 submit to the IPEA
a written reply together, where appropriate, with amendments, before the expiration of 3 months from the date of mailing of Form
PCT/ISA/220 or before the expiration of 22 months from the priority date, whichever expires later.

For further options, see Form PCT/ISA/220.

3. For further details, see notes to Form PCT/ISA/220.

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US
Commissioner for Patents
P.0O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-3201

Date of completion of this opinion

29 June 2007 (29.06.2007)

Authorized officer: 7

7S

Lee W. Young d
PCT Helpdesk: 571-272-4300 / - /
PCT OSP: 571-272-7774

Form PCT/ISA/237 (cover sheet) (April 2007)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCT/US 07/01834

Box No. I Basis of this opinion

1. With regard to the language, this opinion has been established on the basis of:
the international application in the language in which it was filed.

D a translation of the international application into which is the language of a
translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b)).

2. [::l This opinion has been established taking into account the rectification of an obvious mistake authorized by or notified
to this Authority under Rule 91 (Rule 43bis.1(a))

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has been
established on the basis of:

a. type of material

D a sequence listing
D table(s) related to the sequence listing

b. format of material

D on paper

D in electronic form

c. time of filing/furnishing
D contained in the international application as filed
D filed together with the international application in electronic form
[:] furnished subsequently to this Authority for the’purposes of search

4. D In addition, in the case that more than one version or copy of a sequence listing and/or table(s) relating thereto has been
filed or furnished, the required statements that the information in the subsequent or additional copies is identical to that
in the application as filed or does not go beyond the application as filed, as appropriate, were furnished.

5. Additional comments:

Form PCT/ISA/237 (Box No. I) (April 2007)
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WRITTEN OPINION OF THE International application No.

INTERNATIONAL SEARCHING AUTHORITY PCT/US 07/01834

Box No. V Reasoned statement under Rule 435is.1(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

1. Statement

Novelty (N) Claims 4,6-9, 12-27 YES
Claims 1-3, 5,10, 11 NO

Inventive step (IS) ' Claims none YES
Claims 1-27 NO

Industrial applicability (1A) Claims 1-27 YES
' Claims none NO

2. Citations and explanations:

Claims 1-3, 5, 10 and 11 fack novelly under PCT Article 33(2) as being anticipated by US 2006/0001381 A1 to Robinson et al. (hereinafter
Robinson).

With respect to claim 1, Robinson teaches the claimed circuit for a lighting device comprising at least a first sub-circuit (FIG. 3, elements:
voltage converter 221, transistor 231, light-emitting element load 241 and signal conditioner 281), the first sub-circuit comprising at least a
first series current regulator (transistor 231) and a first group of solid state light emitters (light-emitting element load 241), the first group of
solid state light emitters comprising a plurality of first group solid state light emitters, and first series current regulator (transistor 231) and
the plurality of first group solid state light emitters (light-emitting element load 241) being arranged in series. (See Robinson, para. [0050].)

With respect to claim 2, Robinson teaches a circuit as recited in claim 1, wherein the circuit further comprises at least one rectifier (power
supply 21). The term "power supply" as used by Robinson to define a means for providing power from a power source to electronic
circuitry, the power being of a particular type, i.e. AC or DC, and magnitude. (See Robinson, para. [0046].)

With respect to claim 3, Robinson teaches a circuit further comprising at least one capacitor. In the embodiment illustrated in FIG. 1a,
power supply 11 may be used to convert AC power to DC power for example, and the voltage conversion means may be a DC-to-DC
converter. The DC-to-DC converter may be a step-down switch mode power supply (SMPS), such as a Buck converter. A Buck converter,
or other converter, may be used with standard external components such as a diode, capacitor, inductor and feedback components, as

taught by Robinson. (See Robinson, para. [0052].)

With respect to claim 5, Robinson teaches a circuit as further comprising at least a second sub-circuit (see FIG. 3, elements: voltage
converter 222, transistor 232, light-emitting element load 242 and signal conditioner 292), the second sub-circuit comprising at least a
second series current regulator (transistor 232) and a second group of solid state light emitters (light-emitting element load 242), the
second group of solid state light emitters comprising a plurality of second group solid state light emitters, the second series current
regulator (transistor 232) and the plurality of second group solid state light emitters (light-emitting element load 242) being arranged in
series, the first sub-circuit and said second sub-circuit being arranged in parallel relative to each other. (See Robinson, para.

[0054]-[0055].)

With respect to claim 10, Robinson teaches a circuit wherein the first sub-circuit comprises fewer than 10 solid state light emitters.
Robinsn 381 discloses a string of one or more light emitting diodes. (See Robinson, claim 1.)

With respect to claim 11, Robinson teaches a circuit wherein the first sub-circuit comprises fewer than 5 solid state light emitters.
Robinson 381 discloses a string of one or more light emitting diodes. (See Robinson, claim 1.)

Claims 7 and 8 lack an inventive step under PCT Article 33(3) as being obvious over Robinson in view of US 2005/0093473 A1 to Yeh et
al. (hereinafter Yeh)

With respect to claim 7, Robinson does not teach a circuit for a lighting device wherein an anode of the first series current regulator is
electrically connected to a cathode of one of said first group solid state light emitters. Yeh teaches such a circuit for a lighting device
wherein an anode of the first series of a current regulator (transistor 218, FIG. 2, col 2, In 60-67) being electrically connected to a cathode
of one of the first group solid state light emitters (lamp string 204). It would have been obvious to one of ordinary skill in the art connect the
lighting devices of Robinson as taught by Yeh in order to regulate the driving currents supplied to the lamp strings (204, 206, 208, 210)
with current mirror (212) having respective reference branches connected to respective lamp strings (204, 206, 208, 210).

With respect to claim 8, Yeh further teaches a circuit for a lighting device wherein all of the first group solid state light emitters (lamp
strings 204, 206, 208, 210) are upstream of the first series current regulators (transistor 216) to regulate the driving currents supplied to
the lamp strings (204, 206, 208, 210) with current mirror (212) having respective reference branches connected o respective lamp strings
(2(204, 206, 208, 210). (See Yeh, para. [0013] and Robinson, claim 1).

---See continuation in supplemental box—
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Claims 4 and 6 lack an inventive step under PCT Article 33(3) as being obvious over Robinson in view of US 6,793,374 B2 to (Begemann).

With respect to claim 4, Robinson discloses a circuit for a lighting device, yet fails to disclose a circuit further comprises at least one fan,
wherein the fan is electrically connected in series in at least the first sub-circuit. Begemann discloses an LED lamp (LED lamp, Fig. 2) with
a fan used during aperation of the lamp to generate forced air cooling. Hence it would have been obvious to one of ordinary skill in the art
to combine the fan of Begemann with the circuit of Robinson to canstruct a circuit comprising a series connected fan to balance the series
load and to enable heat dissipation from the circuit, as taught by Begemann. (See Robinson, para. [0050], and Begemann, col. 2, In.
44-50, and col. 4, In. 19-28.)

With respect to claim 6, Robinson discloses a circuit for a lighting device, yet fails to disclose a circuit further comprises at least one fan,
wherein the fan is electrically connected in series in at least the first sub-circuit. Begemann discloses an LED lamp (LED lamp, Fig. 2) with
a fan used during operation of the lamp to generate forced air cooling. Hence it would have been obvious to one of ordinary skill in the art
to combine the fan of Begemann with the circuit of Robinson to construct a circuit comprising a series connected fan to balance the series
load and to enable heat dissipation from the circuit, as taught by Begemann. (See Robinson 381, para. [0050], and Begemann 374, col. 2,
In. 44-50, and col. 4, In. 19-28.)

Claims 12-19, 21, 24, 26 and 27 lack an inventive step under PCT Article 33(3) as being obvious over Robinson in view of US 6,515,434
B2 (Biebl).

With respect to claim 12, Robinson teaches a method of lighting a circuit for a lighting device comprising at least a first sub-circuit (FIG. 3,
elements: voltage converter 221, transistor 231, light-emitting element load 241 and signal conditioner 291), the first sub-circuit comprising
at least a first series current regulator (transistor 231) and a first group of solid state light emitters (light-emitting element load 241), the first
group of solid state light emitters comprising a plurality of first group solid state light emitters, and first series current regulator (transistor
231) and the plurality of first group solid state light emitters (light-emitting element load 241) being arranged in series. Robinson fails to
disclose specifically a circuit wherein a sum voltage drops across the plurality of first group solid state light emitters and the first series
current regutator is in the range of from 1.2 to 1.6 times the first voltage. (See Robinson 381, para. [0050]). However, Biebl discloses that
the typical voltage drop across LEDs is a few volts (for Power TOPLED U=2.1V), the voltage drop across the LED remains constant during
voltage fluctuations, and LEDs are generally connected in series (cluster) in order to achieve befter drive efficiency. Depending on the
power supply system (12 V or 42 V), an appropriate number of LEDs can be combined to form a cluster. Hence it would have been
ohvious to one of skill in the art to combine the circuit of Robinson with the appropriate number of LEDs in a first group of solid state
emitters and the first series current regulator, with a known resistance, with a sum voltage drop of 1.2 to 1.6 times the first voitage as
taught by Biebl. (See Biebl, col. 1, in. 10-50.)

With respect to claim 13, Robinson discloses a method wherein the first voltage is in the range of from about 80 volts to about 140 volits.
Robinson discloses a power supply used to define a means for providing power from a power source to electronic circuitry, the power
being of a particular type, i.e. AC or DC, and magnitude and solid state devices are used for general illumination. North American and
Japanese domestic AC power supplies are of typical domestic voltages, between 110-127 VAC. (See Robinson, para. [0003] & [0037].)

With respect to claim 14, Robinson discloses a method wherein the first voltage is about 110 volts. Robinson discloses a power supply
used to define a means for providing power from a power source to electronic circuitry, the power being of a particular type, i.e. AC or DG,
and magnitude and solid state devices are used for general illumination. North American and Japanese domestic AC power supplies are
of typical domestic voltages, between 110-127 VAC. (See Robinson, para. [0003] & [0037].)

With respect to claim 15, Robinson discloses a method wherein the first voltage is about 220 volts. Robinson discloses a power supply
used to define a means for providing power from a power source to electronic circuitry, the power being of a particular type, i.e. AC or DC,
and magnitude and solid state devices are used for general illumination. Asian, European, African and Australian domestic AC power
supplies are of typical domestic voltages, between 220-240 VAC. (See Robinson, para. [0003] & [0037].)

With respect to claim 16, Robinson discloses a method wherein the first voltage is about 240 volts. Robinson discloses a power supply
used to define a means for providing power from a power source fo electronic circuitry, the power being of a particular type, i.e. AC or DC,
and magnitude and solid state devices are used for general illumination. Asian, European, African and Australian domestic AC power
supplies are of typical domestic voltages, between 220-240 VAC. (See Rabinson, para. [0003] & [0037].)

With respect to claim 17, Robinson discloses a method wherein the first voltage is about 277 voits. Robinson discloses a power supply
used to define a means for providing power from a power source to electronic circuitry, the power being of a particular type, i.e. AC or DC,
and magnitude and solid state devices are used for general illumination. Asian, European, African and Australian domestic AC power
supplies are of typical domestic voltages, between 220-240 VAC. 240V being about 277V. (See Robinson, para. [0003] & [0037].)

With respect to claim 18, Robinson discloses a circuit further comprising at least one rectifier. Robinson discloses, power source input to
the power supply may be of any magnitude and type, and the output from the power supply may also be of any magnitude and type. DC
power supplies are typically rectified. (See Robinson, para. [0038].)

With respect to claim 19, Robinson discloses a circuit further comprising at least one capacitor. (See Robinson, para. [0052] & Fig. 1a.)

—-See continuation in supplemental box—
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With respect to claim 21, Robinson discloses a circuit (Fig. 3) further comprising at least a second sub-circuit (voltage converter 222, node
202, signal conditioner 292, transistor 232, light emitting element load 242), the second sub-circuit comprising at least a second series
current regulator (signal conditioner 292, transistor 232) and a second group of solid state light emitters (light emitting element load 242),
the second group of solid state light emitters comprising a plurality of second group solid state light emitters (individual light emitting
elements illustrated), the second series current regulator (switching device 800, FET, BJT, relay) and the plurality of second group solid
state light emitters being arranged in series (Figs. 1a 1f), the first sub-circuit and the second sub-circuit being arranged in parallel relative

to each other. (See Robinson , paras. [0058], [0060].)

With respect to claim 24, Robinson discloses a method wherein all of the first group solid state light emitters (light-emitting element load
15, Fig. 1c) are upstream of the first series current regulator (switching device 900, Fig. 1c). (See Robinson, para. [0057] through [0060].)

With respect to claim 26, Robinson teaches a circuit wherein the first sub-circuit comprises fewer than 10 solid state light emitters.
Robinsn discloses a string of one or more light emitting diodes. (See Robinson, claim 1.)

With respect to claim 27, Robinson teaches a circuit wherein the first sub-circuit comprises fewer than 5 solid state light emitters.
Robinson discloses a string of one or more light emitting diodes. (See Robinson, claim 1.)

Claim 9 lacks an inventive step under PCT Article 33(3) as being obvious over Robinson in view of US 2004/0135522 A1 to Berman et al.
(hereinafter Berman).

With respect to claim 9, Robinson discloses a circuit yet fails to disclose a circuit wherin the first sub-circuit comprises at least 40 solid
state light emitters. Berman discloses an LED lighting system comprising 96 green LEDs, 72 red LEDs, and 24 blue LEDs. Selecting the
number of LEDs in each string can be based on equalization of voltage drops across each the multiple strings arranged in parallel, so as
reduce the wasted power in the control module, thus improving efficiency of the circuit. Hence it would have been obvious to one of skill in
the art to combine the amount of LEDs used in each sub-circuit of Robinson with the LED selection of Berman to improve the efficiency of

the control module and circuit. (See Berman para. [0031]-{0032])

Claims 20, 22 and 23 lack an inventive step under PCT Article 33(3) as being obvious over Robinson and Biebl as applied to claim 12, in
further view of Begemann.

With respect to claim 20, Robinson fails to discloses a method wherein the circuit further comprises at least one fan. Begemann discloses
an LED lamp (LED lamp, Fig. 2) with a fan used during operation of the lamp fo generate forced air cooling. Hence it would have been
obvious to one of ordinary skill in the art to combine the fan of Begemann with the circuit of Robinson to construct a circuit further
comprising at least one fan, wherein the fan is electrically connected in series in at least the first sub-circuit to balance the series load and
to enable heat dissipation from the circuit, as taught by Begemann. (See Begemann, col. 2, In. 44-50, and col. 4, In. 19-28.)

With respect to claim 22, Robinson discloses a method for a circuit for a lighting device, yet fails to disclose a circuit further comprises at
least one fan, wherein the fan is electrically connected in series to at least the first sub-circuit and said second sub-circuit. Begemann

discloses an LED lamp (LED lamp, Fig. 2) with a fan used during operation of the lamp to generate forced air cooling. Hence it would have
been obvious to one of ordinary skill in the art to combine the fan of Begemann with the circuit of Robinson to construct a circuit comprising
a fan, electrically connected in series to at least the first sub-circuit and the second sub-circuit to balance the series load and to enable
heat dissipation from the circuit, as laught by Begemann. (See Robinson, para. [0050], and Begemann 374, col. 2, In. 44-50, and col. 4, In.

19-28.)

With respect to claim 23, Robinson discloses a method for a circuit wherein an anode of the first series current regulator (switching device
900, Fig. 1c) is electrically connected to a cathode (downstream electrode of light-emitting element load 15) of one of the first group solid
state light emitters. (See Robinson, para. [0057] through [0060].)

Claim 25 lacks an inventive step under PCT Article 33(3) as being obvious over Robinson and Biebel, as applied to claim 12 in further view
of Berman.

With respect to claim 25, Robinson discloses a method yet fails to disclose a circuit wherein the first sub-circuit comprises at least 40 solid
state light emitters. Berman discloses an LED lighting system comprising 96 green LEDs, 72 red LEDs, and 24 blue LEDs. Selecting the
number of LEDs in each string can be based on equalization of voltage drops across each the multiple strings arranged in parallel, so as
reduce the wasted power in the control module, thus improving efficiency of the circuit. Hence it would have been obvious to one of skill in
the art to combine the amount of LEDs used in each sub-circuit of Robinson with the LED selection of Berman to improve the efficiency of

the control module and circuit. (See Berman para. [0031]-[0032].)

Claims 1 through 27 have industrial applicability as set out in PCT Article 33(4), because the subject matter claimed can be made or used
in industry.
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NOTES TO FORM PCT/1SA/220

These Notes are ntended to give the basic instructions concerning the filing of amendments under Article 19. The
Notes are based on the requirements of the Patent Cooperation Treaty, the Regulations and the Adrministrative Instructions
under that Treaty. [n case of discrepancy berween these Notes and those requirements, the latter are applicable. For more
detailed information, see also the PCT Applicant's Guide, a publication of WIPO.

In these Notes, “Article,” “Rule” and “Section” refer to the provisions of the PCT, the PCT Regulations and the PCT

Adrninistrative Instructions, respectively.

INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19

d the nternational search report and the writen opinion of the intemational
d the claims of the nternational application. It should however be emphasized
that, since all parts of the nternational apphication (claims, description and drawings) may be amended during the
intermational preliminary exarmination procedure, there 1s usually no need ta file amendrments of the clanms under Arucle 19
except where, €.8. the applicant wants the latter to be published for the purposes of provisional protection or has another
reasan for amending the claims before international publication. Furtherrore, it should be emphasized that prowsxonal
protection 1s available 1n sorne States only (see PCT Applicant '+ Cuide, Volumne /A, Annexes Bl and B2).

The attention of the applicant 1s drawn 10 the fact that amendments 10 the claims under Article 19 are not allowed where
the International Searching Authority has declared, under Article 17(2), that no international search report would be

established (see PCT Applicant ‘s Guide, Volume I/A, paragraph 296).

The applicant has. after having recerve
Searching Authonty, one opportunity tcamen

What parts of the international application may be amended 7

Under Article 19, only the claims may be amended.

r Article 34 before the

During the international phase, the claims may also be amended {or further amended) unde
ly be amended under

International Preliminary Examining Authority. The description and drawings may on
Articie 34 before the international Preliminary Examining Authority.

Upon entry into the nationai phase, all parts of the international application may be amended under Article 28 or,
where applicable, Article 4.

When 7 Within 2 months from the date of ransrmittal of the international search reportor 16 months from the priority date,
1t should be noted, however, that the amendments will be considered as having

whichever time limit cxpires later.
been received on time if they are received by the International Bureau after the expiration of the applicable time

limit but before the completion of the technical preparations for international publication (Rule 46.1).

Where not to file the amendments 7

The amendments may onl

y be filed with the International Bureau and not with the receiving Office or the
International Searching Authority (Rule 46.2).

Where a demand for international preliminary exarmnation has been/is filed, see below.

How ? Either by cancelling one ormore entire claims, by adding one or more new claims or by amending the text of one

or more of the claims as filed.
A replacement sheet must be submitted for each sheet of the claims which, on account of an amendment or
arsendments, differs from the sheet originally filed.

ment sheet must be numbered in Arabic pumerals. Where 2 claim is

All the claims appearing on a replace
|aims is required. In all cases where claims are renumbered, they must be

cancelled, no renumbering of the other ¢
renurmbered consecutively (Seetion 205(b)).

The amendments must be made in the langnage in which the international application is to be published.

What documents must/may accompﬁuy the ammendments 7

Letter (Section 205(b)):

The amendments must be submitted with a letter.
The letter will not be published with the international apphication and the amended claims. It should not be
confused with the “Giaternent under Article 19(1)” (see below, under “Statement under Article 19(1)™).

The letter must be in English or French, at the choice of the applicant. However, if the language of the
international application is English, the letter must be in English; if the language of the international
application is French, theletter must be in French.
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filed and the claims as amended. It must, in

The letter must indicate the differences between the claims as
| application (it being understood

particular, indicate, in connection with each claim appearing i the internationa
that 1dentical indications concerning several claims may be grouped), whether
(i) the claim is unchanged: ' _
(ii) the claim is cancelled;
(iii) the claim is new;
(iv) the claim replaces one or more claims as filed;
(v) theclaim is the result of the division of a:claim as filed. o )
;I‘he following examplesillustrate the manner in which amendments mustbe explained in the accompanying
etter:

| [Where originally there were 48 claims and after amendment of some claims there are 51]:
“Claims | to 29, 31,32, 34, 35,37 1048 replaced by amended claims bearing the same numbers,

claims 30, 33 and 36 unchanged; new claims 49 to 51 added.” )
2. [Where onginally there were 15 claims and afler amendment of all claims there are | 1

“Claims | to 15 replaced by amended claims 1 to [
re were |4 claims and the amendments consist in ca

ncelling some claims and n adding

3. [Where originally the

new claims]:
“Claims | to 6 and 14 unchanged; claims 7 to 13 cancelled; new claims 15, 16 and 17 added.” or

“Claims 7 to 13 cancelled; new claims 15, 16 and 17 added; all other clzims unchanged.”

4. [Where various kinds of amendments are made}:
“Claims 1-10 unchanged; claims 11 to 13, 18 and 19 cancelled; claims 14, 15 and 16 replaced by amended
claim 14; claim 17 subdivided into amended claims 15, 16 and 17, newclaims 20 and 21 added.”
«Statement under Article 19(1)” (Rule 46.4)
The amendments may be accompanied by a statement explaining the amendments and indicating any impact that
such amendments might have on the description and the drawings (which cannot be amended under Article 19(1)).

The statement will be published with the international application and the amended claims.
It must br in the language in which the international applicatign is to he published.

It must br. brief, not exceeding 500 words if in English or if translated into English.

it should not be confused with and does not replace the jetter indicating the differences between the claims as filed
and as amended. It must be filed on a separate sheet and must be identified as such by a heading, preferably by

using the words “Statement under Article 19(1).”

ng comments on the international search
e to citations, relevant to a given claim,
mendment of that claim.

It may not contain any disparagi report or the relevance of citations
contained in that report. Referenc contained in the international search

report may be made only in connection with an a

demand for international preliminary examination has already been filed

If, at the time of filing any amendments and any accompanying statement, under Article 19, a demand for
international preliminary examination has already been submitted, the applicant must preferably, at the time of
filing the armendments (and any staternent) with the International Bureau, also file with the International
Preliminary Examining Authority a copy of such amendments (and of any statement) and, where required, a
translation of such amendments for the procedure before that Authority  (see Rules 55.3(a) and 62.2, first
sentence). For further information, see the Nates to the demand form (PCT/IPEA/401).

If a demand for international preliminary examination is made, the written opinion of the International Searching
Authority will, except in certain cases where the International Preliminary Examining A.uthority did not act as
International Searching Authority and where it has notified the International Bureau under Rule 66.1bis(b), be
considered to.be 4 written opinion af the International Preliminary Examining Authority.. Ifa demand is made, the
applicant may submit tothe International Preliminary Examining Authority a reply to the written opinion together,
where appropriate, with amendments before the expiration of 3 months from the date of mailing of Form
PCT/ISA/220 or before the expiration of 22 months from the priority date, whichever expires later (Rule 43bis. 1(c)).

Consequence if a

onal applicaﬁon%r entry into the national phase

The applicant’s attention is drawn to the fact that, upon entry into the national phase, a translation of the claims as
amended under Article 19 may have to be furnished to the designated/elected Offices, instead of, or in addition to,

the translation of the claims as filed.

For further details on the requiremnents of each desi
Volume [L

Conseqguence with regard fo translation of the internaii

gnated/elected Office, see the PCT Applicant's Guide,
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SYRACUSE, NY 13261
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WRITTEN OPINION OF THE
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EXAMINING AUTHORITY /
(PCT Rule 66) 0/
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(day/month/year)
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Applicant’s or agent’s file reference
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IPC:
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25 January 2006 (25.01.2006)
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LED LIGHTING FIXTURES INC

The written opinion established by the International Searching Authority:

}x‘ is l____l is not

considered to be a written opinion of the International Preliminary Examining Authority.

L X

2. This. second (first, etc.) opinion contains indications relating to the following items:
lX] Box No. I Basis of the opinion
IZI Box No. II Priority
I___I Box No. [II Non-establishment of opinion with regard to novelty, inventive step and industrial‘applicability
D Box No. IV. Lack of unity of invention ) '
BoxNo. V Reasoned statement under Rule 66.2 (a)(ii) with regard to ndvelty, inventive step or industrial
applicability; citations and explanations supporting such statement
D Box No. VI Certain documents cited
l:] Box No. VII Certain defects in the international application
D Box No. VIII Certain observations on the international application
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The applicant is hereby invited to reply to this opinion.

When? See the time limit indicated above.

How? By submitting a written reply, accompanied, where appropriate, by amendments, according to Rule 66.3.
For the form and the language of the amendments, see Rules 66.8 and 66.9.

Also For the examiner’s obligation to consider amendments and/or arguments, see Rule 66.4bis.

For an informal communication with the examiner, see Rule 66.6.
For an additional opportunity to submit amendments, see Rule 66.4.

If no reply is filed, the international preliminary examination report will be cstabhshcd on the basis of this opinion.
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International application No.
WRITTEN OPINION OF THE

INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY PCT/US07/01834

Box No.I Basis of the opinion

1. With regard to the language, this opinion had been established on the basis of:
IX] the international application in the language in which it was filed.
D a translation of the international application into English , which is the language of a translation furnished for the
purposes of: '
D international search (under Rules 12.3(a) and 23.1(b))
D publication of the international application (under Rule 12.4(a))
D international preliminary examination (under Rules 55.2(a) and/or 55.3(a))

2. With regard to the elements of the inte.rnatiohal application, this opinion has been established on the basis of (replacemeht sheets
which have been furnished to the receiving Office in response to an invitation under Article 14 are referred to in this opinion as
“originally filed.”):

[:I the international application as originally filed/furnished
)I{ the description:

pages 1-20 as originally filed/furnished
pages NONE received by this Authority on
pages NONE received by this Authority on
ix{ the claims: )
pages 21-24 as originally filed/furnished
pages NONE as amended (together with any statement) under Article 19
pages 21 received by this Authority on 25 July 2008 (25.07.2008)
pages NONE received by this Authority on
[:I the drawings:
pages NONE . as originally filed/furnished
pages NONE -__received by this Authority on
pages NONE received by this Authority on

D a sequence listing and/or any related table(s) - see Supplemental Box Relating to Sequence Listing.

3. E{J The amendments have resulted in the cancellation of:

m the description, pages NONE
}x‘ the claims, Nos. 4
IZ] the drawings, sheets/figs NONE

}X‘ the sequence listing (specify): NONE

}X{ any table(s) related to the sequence listing (specify): NONE

4. D This opinion has been established as if (some of) the amendments had not been made, since they have been considered to go
beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)).

D the description, pages

I:l the claims, Nos.

[:I the drawings, sheets/figs

‘ I:‘ the sequence listing (specify’):

D any table(s) related to the sequence listing (specify):

5. D This opinion has been established taking into account the rectification of an obvious mistake authorized
by or notified to this Authority under Rule 91 (Rule 66.1(d-bis)) o
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. International application No.
WRITTEN OPINION OF THE .
INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY PCT/US07/01834

Box No.II  Priority

1. D This opinion has been established as if no priority has been claimed due to the failure to furnish within the prescribed time
limit the requested:

D copy of the earlier application whose priority has been claimed (Rule 66.7(a)).

I:] translation of the earlier application whose priority has been claimed (Rule 66.7(b)).

2. ' This opinion has been established as if no priority had been claimed due to the fact that the priority claim has been found
invalid (Rule 64.1). Thus for the purposes of this opinion, the international ﬁlmg date indicated above is considered to be
the relevant date.

3. Additional observations, if necessary:
The priority claim has been found invalid because the filing date of the prlonty application is outs:de the time period provided in PCT

Rule 4.10.
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International application No.
WRITTEN OPINION OF THE PCT/US07/01834
INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY
Box No.V Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step or industrial

applicability; citations and explanations supporting such statement

1. Statement

Novelty (N) Claims NONE YES
Claims 12. 18,19, 21 and 23 - NO

Inventive Step (IS) Claims NONE : YES
Claims 1-3 and 5-27 NO

Industrial Applicability (IA) ' Claims 1-3 AND 5-27 YES
Claims NONE NO

2. Citations and Explanations:
Please See Continuation Sheet

" Form PCT/IPEA/408 (Box No. V) (April 2007)
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International application No.
WRITTEN OPINION OF THE PCT/US07/01834
INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY

Supplemental Box
(To be used when the space in any of the preceding boxes is not sufficient.)

TIME LIMIT:

The time limit set for response to a Written Opinion may not be extended. 37 CFR 1.484(d). Any response received after the expiration
of the time limif set in the Written Opinion will not be considered in preparing the International Prehmmary Report on Patentability
(Chapter II of the Patent Cooperation Treaty).

V. 2. Citations and Explanations:

Claims 12, 18, 19, 21 and 23 do not meet novelty under PCT Article 33(2) as being anticipated by Ball (US Pat. 7,239,087).
Liked claim invention, Ball discloses a circuit for driving plural groups of LEDs strings having different numbers of LEDs
connected in series in one string while these strings connected in parallel. Each groups of LEDs string is controlled by each switch (820,
822, 824, 826) combine with a controller to act as regulator for regulating each LEDs string, wherein the regulator will boost/buck the
power supply to the LEDs according to a number of LEDs, In this instance, the regulator boost the total power provide to the lamp is
about 1.33 times of the supply source (col. 17, lines 59) and wherein the circuit comprises a rectifier (Fig. 3A) and a capacitor (Fig. 3B).

Claims 1-3, 5-11, 13-17, 20, 22 and 24-27 do not meet an inventive step under PCT Article 33(3) as being obvious over Ball in
view of Branc (US Pat. 4,685,303).

Regarding claims 1- 3, 5-7, 20 and 22, Ball discloses a circuit for driving plural groups of LEDs strings having different
numbers of LEDs connected in series in one string while these strings connected in parallel. Each groups of LEDs string is controlled by
each switch (820, 822, 824, 826) combine with a controller to act as regulator for regulating each LEDs string, wherein the regulator will
boost/buck the power supply to the LEDs accordmg to a number of LEDs and wherein the circuit comprises a rectlﬁer (Fig. 3A)and a
capacitor (Fig. 3B).
: Balld b the circuit includi i i . ith LEDSs in the circui

Form PCT/IPEA/408 (Supplemental Box) (April 2007)
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. International application No.
- WRITTEN OPINION OF THE PCT/US07/01834
INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY'

Supplemental Box
(To be used when the space in any of the preceding boxes is not sufficient.)

Branc discloses a circuit having cooler/fan (73, 98) either connected in parallel/series with LEDs (108, 109).

It would have been obvious to one having ordinary skill in the art at the time the invention was made to utilize fan/cooler as a
load connected in series to LEDs as taught by Branc into the Ball lighting circuitry for purpose of cooling the lamp system, made it free
from undesired heat, or the circuit can drive different (mechanic) load beside a lamp load.

Regarding claims 8- 11,°13-17 and 24-27, Ball in view of Branc discloses substantially the claim invention as noted above
except for LEDs are upstream of the series regulator or the supplied voltage in specific range such as 90-277volts or a number of LEDs
in one string are at a certain limited. - .

It would have been obvious matter of design choices to arrange regulators in downstream or upstream of LEDs string as long as
the regulators limit/regulate proper current values flow through the LEDs strings. The number of LEDs can be extended in different
arrangement more or less LEDs will affect the value of power supply provided to a whole LEDs string. One skill in the art would obtain
the above possible features to optimum the lighting system at a desired manner. Such implementation is considered as a routine skill in
the art.

BALL US 7,239,087 B2 (03.07.2007)

BRANC etal US 4,685,303 (08.11.1987)

Form PCT/IPEA/408 (Supplemental Box) (April 2007)
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PATENT COOPERATION TREATY

From the INTERNATIONAL SEARCHING AUTHORITY P CT

To: SR O R A
BURR & BROWN

INVITATION TO PAY ADDITIONAL FEES

Attn. Brown, Kevin C. ! -
P.0.Box 7068 f FED T B 2008
Syracuse, NY 13261

ETATS-UNIS D'AMERIQUE

(PCT Article 17(3)(a) and Rule 40.1)

ﬁ% yé“ﬁ%@@ a1 i Date of mailing
(day/month/year) 05 / 02 / 2008
Applicant's or agent's file reference PAYMENT DUE . /
within ONE MONTH from
931_020 wo the above date of mailing
international application No. International filing date
‘day/monthy/)
PCT/US2007/078368 (day/monthyear) 13/09/2007
Applicant
LED LIGHTING FIXTURES, INC.
1. This International Searching Authority
(i) considers that there are 2 (number of) inventions claimed in the international application covered

by the claims indicated ¥&I¥X/on the extra sheet:

and it considers that the international application does not comply with the requirements of unity of invention
(Rules 13.1, 13.2 and 13.3) for the reasons indicatedPEOw/on the extra sheet:

(i) has carried out a partial international search (see Annex) D will establish the international search report
on those parts of the international application which relate to the invention first mentioned in claims Nos.:

see annex

(i) will establish the international search report on the other parts of the international application only if, and to the extent
to which, additional fees are paid

2. The applicant is hereby invited, within the time limit indicated above, to pay the amount indicated below:

EUR _1.615,00 X 1 = EUR 1.615
Fee per additional invention number of additional inventions total amount of additional fees

Or, X =

The applicant is informed that, according to Rule 40.2(c), the payment of any additional fee may be made under protest,
i.e., a reasoned statement to the effect that the international application complies with the requirement of unity of invention
or that the amount of the required additional fee is excessive.

3. [___[ Claim(s) Nos. have been found to be unsearchable under
Article 17(2)(b) because of defects under Article 17(2)(a) and therefore have not been included with any invention.
Name and mailing address of the International Searching Authority Authorized officer
European Patent Office, P.B. 5818 Patentlaan 2 . , ;
NL-2280 HV Rijswijk Christine Voigt f
. 0 Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,
Fax: (+31-70) 340-3016

Form PCT/ISA/206 (July 1992)
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Annex to’Form PCT/SA/206 -
COMMUNICATION RELATING TO THE RESULTS International Application No
OF THE PARTIAL INTERNATIONAL SEARCH PCT/US2007/078368

B

1.The present communication is an Annex to the invitation to pay additional fees {Form PCT/ISA/208). It shows the
results of the intemational search established on the parts of the international application which relate to the invention
first mentioned in claims Nos.:

3 . . 3 b
2.Thiss%%mqur}1Yc]a ugg' i]gonrc]:)tt % igtg%aggga Egaor'gr? lepg(ratg/v%ich will be established according to Article 18 and Rule 43.

3.if the applicant does not pay any additional search fees, the information appearing in this communication will be
considered as the result of the international search and will be included as such in the intemational search report.

4.If the applicant pays additional fees, the international search report will contain both the information appearing in this
communication and the results of the intemational search on other parts of the intemational application for which such
fees will have been paid.

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Gategory © | Gitation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 5 973 483 A (J0 SANG-SO00 [KR]1) 1,8,9,
26 October 1999 (1999-10-26) 22,23

Y 2-6,9-22
column 1, line 256 - column 2, line 10
figure 1

Y JP 10 233669 A (MATSUSHITA ELECTRIC WORKS 2-6,9-22
LTD) 2 September 1998 (1998-09-02)

X 7
abstract

Y GB 2 249 840 A (HESSAMI ALIREZA GHAZI 2-6,9-22

HESSAMI ALIREZA GHAZI [GB])
20 May 1992 (1992-05-20)

X 7
abstract
figure 2

I:I Further documents are listed in the continuation of box C. Patent family members are listed in annex.

° Special categories of cited documents :

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

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

"E" earlier document but published on or after the international "X" document of particular relevance; the claimed Invention
filing date cannot be considered novel or cannot be considered to

"L" document which may throw doubts on priority claim(s) or invoive an inventive step when the document is taken alone

which is clted to establish the publication date of another " docurnent of 4 . i
4 " kA particular relevance; the claimed invention
cltatlon or other special reason (as specified) cannot be considered to involve an inventive step when the

"O" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu—
other means ments, such combination being obvious to a person skilled
in the art,

"P" document published prior to the international filing date but
later than the priority date claimed

"&" document member of the same patent #amilyr\

[ o ¥ L4l Ll LIOA e H
Form PCT/SA/206 (Annex, first sheet) {July 1992; reprint January 2004) FEUUOlTeT TTISeTI_T USATCUTPUOUl atton
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International application No.
INVITATION TO PAY ADDITIONAL FEES PCT/US2007/078368

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-6,8-23

power converter constituted by a flyback converter and a
boost converter sharing a common inductor

2. claim: 7
MOSFET current switching circuit for controlling current
flowing through LEDs

see Re Item IV of the Written Opinion of the International Searching
Authoroty of the present application

Form PCT/ISA/206 (extra sheet) (July 1992; reprint January 2004) Petitioner Hisense USA Corporatlon
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Patent Family Annex

International Application No
Information on patent family members

PCT/US2007/078368
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 5973483 A 26-10-1999 NONE
JP 10233669 A 02-09-1998  NONE
GB 2249840 A 20-05-1992 NONE
RetitionerHisense-USA-Corporation
Form PCT/ASA/206 (patert famlly annex) (July 1992; reprint Jarwary 2004) A ""'. '.""’V' it )
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Important Information

General

* Theclaims cannot be changed at this point in the procedure, the transmitted report is
not the international search report (see Art. 19 PCT).

¢ Any payment has to be made directly to this ISA, payments to other entities will not be
accepted.

* In case of atotal of more than 2 inventions found: when paying please specify
exactly which claims should be searched.

* An extension of the set time limit cannot be granted.

Payment by cheque:

* Thedateto be considered as the date on which the payment is made is the date
of receipt of the cheque at the EPO, provided that the cheque is met.

Copies of cheques sent by fax or by post are not considered to be a valid payment.
The fees shall be paid in euro, no equivalents in other currencies.
Payment or transfer to a bank account:

* Thedate to be considered as the date on which the payment is made is the date
on which the amount of the payment or the transfer is actually entered in a bank
account or Giro account held by the EPO.

* The fees shall be paid in euro, no equivalents in other currencies.

Payment by deposit account with the EPO;

* Thedate to be considered as the date on which the payment is made is the date
that the authorisation to deduct fees from the deposit account is received at the EPO.

Note: If you don’t have a deposit account with the EPO yourself you might want to consider using
the account of an associate as a safe and quick way of paying.
Payment by credit card:

¢ Payments by credit card are not possible.

Payments under protest according to Rule 40 PCT:

* The protest will not be accepted without a payment of additional fees.
* The protest has to be accompanied by a technical reasoning.

New amounts for procedural fees as from 01/ 04/ 2006 (see OJ EPO 2006,8)!

e additional search fee: EUR 1615,00
s protest fee: EUR 1065,00

Petitioner Hisense USA Corporation
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Important information

Rule 40 PCT has been amended as of 1 April 2005. For general information on the
protest procedure at ISA/EP, please refer to OJ EPO 3/2005, pages 226/227.

1. As in the past the payment of any additional fee may be made under protest i.e.
accompanied by a reasoned statement to the effect that the international
application complies with the requirement of unity of invention or that the amount
of the required additional fees is excessive according to amended Rule 40.2(c) PCT.

2. After due receipt of the payment of the additional search fee(s) under protest (i.e.
within one month from the date of the invitation), the EPO will, prior to
examination of the protest by the Board of Appeal, subject the invitation to pay
additional fees to an internal review. The result of this review will be communicated
to the applicant.

3. The fee for examination of the protest (Rule 40.2(e) PCT) is payable within one
month from the date of the invitation to pay additional fees {(Rule 40.14iii) PCT).
However, in order to allow the applicant to consider the result of the internal
review, the applicant may pay the protest fee within one month from the date of
notification of the result of the review.

4. Should the applicant wish to maintain his protest in light of the review he must pay
the protest fee within one month from the date of notification of the result of the
internal review, in which case the protest will be referred to the Board of Appeal.
Should the Board of Appeal find that the protest was entirely justified, the protest
fee shall be refunded.

5. In the event of the applicant already having paid the protest fee before notification
of the result of the review, the protest will be referred to the Board of Appeal
unliess the result of the internal review was that the protest was entirely justified
or the applicant indicates within one month from the date of notification of the
result of the review that he does not wish to continue the protest. In both cases,
the protest fee will be refunded.
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European Patent Organisation

Account details

Bank account

N©° 3 338 800 00 (BLZ 700 800 00)
Dresdner Bank

Promenadeplatz 7

D-80273 Minchen

SWIFT Code: DRESDEFF700

IBAN: DE20 7008 0000 0333 880000
BIC: DRESDEFF

Giro account

N° 300-800 (BLZ 700 100 80)
Deutsche Postbank AG
Bayerstr. 49

D-80138 Miinchen
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Electronic Acknowledgement Receipt

EFSID: 6796188
Application Number: 11745713
International Application Number:
Confirmation Number: 1290

Title of Invention:

Systems and Methods for Controlling a Solid State Lighting Panel

First Named Inventor/Applicant Name:

John K. Roberts

Customer Number:

65106

Filer: David C. Hall/Jessica French
Filer Authorized By: David C. Hall
Attorney Docket Number: 5308-703
Receipt Date: 12-JAN-2010
Filing Date: 08-MAY-2007
Time Stamp: 16:51:42

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document . L. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
708263
1 5308-703_IDS.pdf yes 5
0fe44519e891710f60c2c4f5¢21¢a795969d
d95e
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Multipart Description/PDF files in .zip description

Document Description Start End
Transmittal Letter 1 2
Information Disclosure Statement (IDS) Filed (SB/08) 3 5
Warnings:
Information:
3158719
. JP10233669_ref_Abstract_and
2 Foreign Reference . . no 23
_machine_translation.pdf
242920b07575fcce426fedc1844d36¢5¢98h)
Warnings:
Information:
956572
3 Foreign Reference GB2249840.pdf no 14
14911d38f29aa8d4cc6b02f345dfc1f324315
b28
Warnings:
Information:
766270
. JP2006242733_ref_abstract_an
4 Foreign Reference . . no 12
d_machine_translation.pdf
74cc5522bb8d317balba7830f74f2e45ae6
b2ce9
Warnings:
Information:
2381605
5 NPL Documents In_Plug_series.pdf no 18
157792a9ec30¢70e990c9a6381aab5472fa8]
534c
Warnings:
Information:
ISR d_Writt Opini Jul 144194
6 NPL Documents —an __i’lzggg.pz;mon_ uly no 13
1ae15ae48d59777b0b36e75949c4eed 1488
40ade
Warnings:
Information:
ISR d_Writt Opini Feb 2809803
7 NPL Documents -an __zg_zeor:)_&pr:::;;"on_ € no 18
e629eaad6c5b2c5e8e5efa2a27d265¢5345
8aab
Warnings:
Information:
ISR d_Writt Opini Apri 1064278
_and_Written_Opinion_Apri
8 NPL D t 11
ocuments | 28 2008.pdf ne
5583be5bc896cf1aec3f69f282¢103963071
cfa2
Warnings:
Information:
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) o 574806
2nd_Written_Opinion_of_the_|

9 NPL Documents PEA_Oct_20_2008.pdf no 6
3d5b1ff05 1fead 703ad 3th44b423464dd 891
7d7e
Warnings:
Information:
582503
10 NPL Documents Partial_ISR_and_Invitation.pdf no 7
72c49989556f8695de99194119a1ffc55e58f]
Warnings:
Information:
4798218
1 NPL Documents Perduijn.pdf no 22
9e7627a5229300b68827 deff27bfd1b95f9d|
85b2
Warnings:
Information:
US_Provisi |_Appl_No_6103 2596216
12 NPL Documents —rrovisional_AppIL_TNo_ no 50
9926.pdf
5c04eb8e20e2d7b0446ca873f54197042b1
dée31
Warnings:
Information:
Total Files Size (in bytes); 22439207

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Attorney Docket No. 5308-703 PATENT
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inre: John Roberts et al. Confirmation No. 1290
Application No.: 11/745,713 Examiner: David Lee Lewis
Filing Date: May 8, 2007 Group Art Unit: 2629

For: Systems and Methods for Controlling a Solid State Lighting Panel

Date: January 12, 2010
Commissioner for Patents
Box 1450
Alexandria, VA 22313-1450

N INFORMATION DISCLOSURE STATEMENT COVER LETTER
ir:
Attached is an Information Disclosure Statement listing of documents, together with a copy of any
listed foreign patent document and/or non-patent literature. A copy of any listed U.S. patent and/or U.S.
patent application publication is not provided herewith in accordance with 37 C.F.R. § 1.98(a)(2)(ii).
X In accordance with 37 CFR 1.97(b), the information disclosure statement is being filed:
[] (1) within three months of the filing date of a national application other than a continued
prosecution application under §1.53(d);
[](2) within three months of the date of entry of the national stage as set forth in §1.491 in an
international application;
X (3) before the mailing of a first Office Action on the merits; or
[7(4) before the mailing of a first Office Action after the filing of a request for continued
examination under §1.114,
(] In accordance with 37 CFR 1.97(c), the information disclosure statement is being filed after the
period specified in 37 CFR 1.97(b) above, but before the mailing date of any of a final action under §1.113, a
notice of allowance under §1.311, or an action that otherwise closes prosecution in the application, and is
accompanied by one of the following:
[1(1) The statement specified under 37 CFR 1.97(e), as follows:

L] 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

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

(1 (2) The fee set forth in §1.17(p);
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In re: .John Roberts et al.
Application No.: 11/745,713
Filing Date: May 8, 2007
Page 2 of 2

[ 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:

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

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

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

disclosure statement; and
[0 (2) The fee set forth in §1.17(p);

In accordance with 37 CFR 1.97(g), the information disclosure statement shall not be construed as a

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

be an admission that the information cited in the statement is, or is considered to be, material to patentability

as defined in §1.56(b).

[] The Director is hereby authorized to charge the fee specified in 37 C.F.R. § 1.17(p), and any fee

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

credit any overpayment to Deposit Account No. 50-0220.
ARespectfully subrhitted,

L}ﬁ’ %%M}:/(i

David C. Hall
Registration No.: 38,904
Attorney for Applicant(s)

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

accordary§ 1 Z@) to the U.S. Patent and Trademark Office on January 12, 2010.
At ,x/j,/

Name; Jessica French
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO.
11/745,713 05/08/2007 John K. Roberts 5308-703 1290
65106 7590 07/29/2010 |
EXAMINER
MYERS BIGEL SIBLEY & SAJOVEC, P.A.
P.O. BOX 37428 PATEL, NITIN

RALEIGH, NC 27627

| ART UNIT | PAPER NUMBER
2629
| MAIL DATE | DELIVERY MODE
07/29/2010 PAPER

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

PTOL-90A (Rev. 04/07) Petitioner Hisense USA Corporation
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Application No. Applicant(s)

11/745,713 ROBERTS ET AL.
Office Action Summary Examiner ArtUnit

DAVID L. LEWIS 2629

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)X] Responsive to communication(s) filed on 08 May 2007.
2a)[] This action is FINAL. 2b)[X] This action is non-final.
3)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4)X] Claim(s) 1-55 is/are pending in the application.

4a) Of the above claim(s) is/are withdrawn from consideration.
5[] Claim(s) _____is/are allowed.
6)X] Claim(s) 1-55 is/are rejected.
7)[] Claim(s) _____is/are objected to.
8)] Claim(s) _____ are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
10)X] The drawing(s) filed on 08 May 2007 is/are: a)[X] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

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

Attachment(s)
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DETAILED ACTION
Claim Rejections - 35 USC § 102
1. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(a) the invention was known or used by others in this country, or patented or described in a printed
publication in this or a foreign country, before the invention thereof by the applicant for a patent.

2. Claims 1-55 are rejected under 35 U.S.C. 102(a) as being anticipated by
Chida (WO 2007/049489) and English translation of detailed description

(Taisuke, JP2007-114628).

As in claim 1, Chida teaches of a lighting panel system, figure 1, comprising:
a lighting panel including a plurality of strings of solid state lighting devices
arranged across the panel in a first direction and positioned at intervals in a
second direction that is substantially orthogonal to the first direction, figure 1

item 40;

a current supply circuit configured to selectively supply a plurality of on-state
drive currents to the plurality of strings responsive to a plurality of control signals,

figure 1 item 30;

and a control system configured to selectively provide control signals to the

current supply circuit to selectively drive the plurality of strings, figure 1 item 10,
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the control system further including firing logic configured to determine a firing

order of the plurality of strings, figure 1 item 20.

As in claim 2, Chida teaches of, wherein the firing logic comprises rule-based
logic operative to generate a non-spatially-sequential firing order, figure 1 item

20, paragraph 24, 32, 39-41.

As in claim 3, Chida teaches of, wherein the rule-based logic comprises a rule
that a second string fired after a first string is non-adjacent the first string,

paragraph 24, 32, 39-41.

As in claim 4, Chida teaches of, wherein the rule-based logic comprises a rule
that a first string is fired simultaneously with a second string, wherein the first

string is non-adjacent the second string, paragraph 24, 32, 39-41.

As in claim 5, Chida teaches of, wherein the lighting panel further comprises a
plurality of bars that include portions of the plurality of strings, wherein the
plurality of bars extend across the panel in the first direction and are positioned
adjacent one another in a substantially parallel arrangement, paragraph 24, 32,

39-41.
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As in claim 6, Chida teaches of, wherein the firing order is operative to cause
a first firing, a second firing and a third firing, wherein the first firing occurs before
the second firing and the second firing occurs before the third firing, wherein the
first firing supplies current for at least one string in a first bar, the second firing
supplies current for at least one string in a second bar and the third firing
supplies current for at least one string in a third bar, wherein the second bar is
located below the first bar and the third bar is located above the second bar,

paragraph 24, 32, 39-41.

As in claim 7, Chida teaches of, further comprising:a first portion of the
plurality of strings including solid state lighting devices that emit light in a first
dominant wavelength, paragraph 24, 32, 39-41; and a second portion of the
plurality of strings including solid state lighting devices that emit light in a second
dominant wavelength, wherein each of the plurality of bars includes at least one
string of the first portion of the plurality of strings and at least one string of the
second portion of the plurality of strings and wherein each of the first portion of
the plurality of strings is fired in the firing order and then each of the second
portion of the plurality of strings is fired in the firing order, paragraph 24, 32, 39-

41.

As in claim 8, Chida teaches of, further comprising: a first portion of the

plurality of strings including solid state lighting devices that emit light in a first
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dominant wavelength, paragraph 24, 32, 39-41; and a second portion of the
plurality of strings including solid state lighting devices that emit light in a second
dominant wavelength, wherein at least one string of the first portion of the
plurality of strings is fired simultaneously with at least one string of the second

portion of the plurality of strings, figure 1, paragraph 24, 32, 39-41.

As in claim 9, Chida teaches of, further comprising: a first portion of the
plurality of strings in a first bar, figure 1, paragraph 24, 32, 39-41; and a second
portion of the plurality of strings in a second bar, wherein the first and second
portions of the plurality of strings are fired sequentially in the firing order and
wherein the firing order is configured to determine the location of the second bar

relative to the location of the first bar, figure 1, paragraph 24, 32, 39-41.

As in claim 10, Chida teaches of, further comprising: a first portion of the
plurality of strings including solid state lighting devices that emit light in a first
dominant wavelength, figure 1, paragraph 24, 32, 39-41; and a second portion of
the plurality of strings including solid state lighting devices that emit light in a
second dominant wavelength, wherein each of the first portion of the plurality of
strings is fired in the firing order and then each of the second portion of the

plurality of strings is fired in the firing order, figure 1, paragraph 24, 32, 39-41.
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As in claim 11, Chida teaches of, wherein the firing logic comprises random

logic operative to generate the firing order, figure 1, paragraph 24, 32, 39-41.

As in claim 12, Chida teaches of, further comprising a means for generating a
feedback signal configured to provide display performance information to the

control system, figure 1, paragraph 24, 32, 39-41.

As in claim 13, Chida teaches of,wherein the current supply circuit comprises
a plurality of phase drivers configured to supply a plurality of on-state drive
currents at a plurality of times in a firing cycle,wherein the plurality of strings of
solid state lighting devices comprise a plurality of string groups, each configured
to receive current from one of the plurality of phase drivers, figure 1, paragraph
24, 32, 39-41, and wherein the control system is further configured to determine
the plurality of times that each of the plurality of phase drivers begin to supply

current to the plurality of string groups, figure 1, paragraph 24, 32, 39-41.

As in claim 14, Chida teaches of, wherein the ratio of a quantity of the plurality
of phase drivers to a quantity of the plurality of strings of solid state lighting
devices is one and wherein each of the plurality of string groups comprises one
of the plurality of strings of solid state lighting devices, figure 1, paragraph 24, 32,

39-41.

Petitioner Hisense USA Corporation
Exhibit 1004 - Page 244 of 373



Application/Control Number: 11/745,713 Page 7
Art Unit: 2629

As in claim 15, Chida teaches of, wherein the control system is configured to
receive a synchronizing signal from a display controller configured to control a
display and wherein the firing order is synchronized with periodic operations of

the display, figure 1, paragraph 24, 32, 39-41.

As in claim 16, Chida teaches of method for controlling a solid state lighting
panel including a plurality of strings of solid state lighting devices configured to
extend from a first edge of the panel to a second edge of the panel in
substantially adjacent positions relative to one another, figure 1, paragraph 24,

32, 39-41,

the method comprising supplying a plurality of pulsed drive currents to the
plurality of strings in a non-spatially-sequential firing order, figure 1 item 20,

paragraph 24, 32, 39-41.

As in claim 17, Chida teaches of, further comprising:determining the firing
order that supplies current to a first string of the plurality of strings and a second
string of the plurality of strings, figure 1, paragraph 24, 32, 39-41; and defining
the second string of the plurality of strings, wherein the defining is based on a

location of the first string, figure 1, paragraph 24, 32, 39-41.
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As in claim 18, Chida teaches of, wherein defining the second string
comprises selecting one of the plurality of strings that is not adjacent to the first

string, figure 1, paragraph 24, 32, 39-41.

As in claim 19, Chida teaches of, wherein defining the second string
comprises selecting one of the plurality of strings that is located a minimum

quantity of strings from the first string, figure 1, paragraph 24, 32, 39-41.

As in claim 20, Chida teaches of, further comprising defining a third string of
the plurality of strings, wherein the third string is configured to be fired after the
second string and wherein the defining is based on a location of the second

string and the location of the first string, figure 1, paragraph 24, 32, 39-41.

As in claim 21, Chida teaches of, wherein defining the second string
comprises selecting one of a plurality of strings that is on a first side of the first
string and defining the third string comprises selecting one of the plurality of
strings that is on a second side of the second string, figure 1, paragraph 24, 32,

39-41.

As in claim 22, Chida teaches of, further comprising grouping a plurality of
portions of the plurality of strings on a plurality of bars, wherein the plurality of

bars extend across the panel from the first edge to the second edge and are
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positioned adjacent one another in a substantially parallel arrangement, figure 1,

paragraph 24, 32, 39-41.

As in claim 23, Chida teaches of, further comprising simultaneously supplying
current to the portion of the plurality of strings that are in the same one of the

plurality of bars, figure 1, paragraph 24, 32, 39-41.

As in claim 24, Chida teaches of, further comprising simultaneously supplying
current to a first string located in a first bar and a second string located in a

second bar, figure 1, paragraph 24, 32, 39-41.

As in claim 25, Chida teaches of, further comprising: generating a random
number; assigning a value to each of the plurality of bars; and simultaneously
supplying current to the portion of the plurality of strings on one of the plurality of

bars based on the random number, figure 1, paragraph 24, 32, 39-41.

As in claim 26, Chida teaches of, further comprising: supplying current to a
first portion of the plurality of strings according to the firing order, wherein the first
portion of the plurality of strings includes solid state lighting devices configured to
emit light in a first dominant wavelength, figure 1, paragraph 24, 32, 39-41; and
supplying current to a second portion of the plurality of strings according to the

firing order after supplying current to the first portion of the plurality of strings,
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wherein the second portion of the plurality of strings includes solid state lighting
devices configured to emit light in a second dominant wavelength, figure 1,

paragraph 24, 32, 39-41.

As in claim 27, Chida teaches of, wherein defining is further based on a
dominant wavelength of light emitted by the solid state lighting devices in the first

string, figure 1, paragraph 24, 32, 39-41.

As in claim 28, Chida teaches of, further comprising simultaneously supplying
current to a first string including solid state lighting devices configured to emit
light in a first dominant wavelength and a second string including solid state
lighting devices configured to emit light in a second dominant wavelength, figure

1, paragraph 24, 32, 39-41.

As in claim 29, Chida teaches of, further comprising: determining the firing
order that supplies current to a first string of the plurality of strings and a second
string of the plurality of strings, figure 1, paragraph 24, 32, 39-41; and defining
the second string based on a dominant wavelength emitted by the solid state
lighting devices in the first string and a relative position of the first string, figure 1,

paragraph 24, 32, 39-41.
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As in claim 30, Chida teaches of, comprising determining the firing order using

a numerical technique, figure 1, paragraph 24, 32, 39-41.

As in claim 31, Chida teaches of, further comprising: generating a random
number; assigning a value to each of the plurality of strings, figure 1, paragraph
24, 32, 39-41; and supplying current to one of the plurality of strings based on the

random number, figure 1, paragraph 24, 32, 39-41.

As in claim 32, Chida teaches of, wherein the numerical technique comprises

performing a non-linear calculation., figure 1, paragraph 24, 32, 39-41

As in claim 33, Chida teaches of, wherein the firing order comprises a

deterministic order based on at least one rule, figure 1, paragraph 24, 32, 39-41.

As in claim 34, Chida teaches of a system for controlling a solid state lighting
panel including a plurality of strings of solid state lighting devices that are
arranged to extend across the panel in a first direction and are positioned
adjacent one another in a second direction and that are supplied current by a

plurality of current drivers, figure 1, paragraph 24, 32, 39-41,

the system comprising: a sequence generator that generates a firing sequence

for firing the plurality of strings; and a controller that provides control signals,
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responsive to the sequence generator, to the plurality of current drivers, figure 1

item 20, paragraph 24, 32, 39-41.

As in claim 35, Chida teaches of, wherein the sequence generator comprises
a deterministic algorithm that determines a location of a subsequently fired string
based on a location of at least one previously fired string, figure 1, paragraph 24,

32, 39-41.

As in claim 36, Chida teaches of, wherein the sequence generator comprises
an algorithm that generates a sequence to fire a first string having a plurality of
solid state lighting devices that emit light in a first dominant wavelength and a
second string having a plurality of solid state lighting devices that emit light in a
second dominant wavelength, wherein the second string is fired after the first

string, figure 1, paragraph 24, 32, 39-41.

As in claim 37, Chida teaches of, wherein the sequence generator comprises
an algorithm that generates a sequence to simultaneously fire a first string having
a plurality of solid state lighting devices that emit light in a first dominant
wavelength and a second string having a plurality of solid state lighting devices
that emit light in a second dominant wavelength, figure 1, paragraph 24, 32, 39-

41.
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As in claim 38, Chida teaches of, wherein the sequence generator generates a

random sequence of firing, figure 1, paragraph 24, 32, 39-41.

As in claim 39, Chida teaches of, further comprising a plurality of bars that
include portions of the plurality of strings, wherein the plurality of bars extend
across the panel in the first direction and are positioned adjacent one another in

the second direction, figure 1, paragraph 24, 32, 39-41.

As in claim 40, Chida teaches of, wherein the firing sequence is configured to
simultaneously fire a first portion of the plurality of strings and then
simultaneously fire a second portion of the plurality of strings and wherein the
first portion is located on a first bar and the second portion is located on a second

bar, figure 1, paragraph 24, 32, 39-41.

As in claim 41, Chida teaches of, wherein the firing sequence is configured to
simultaneously fire a first string on a first bar and a second string on a second

bar, figure 1, paragraph 24, 32, 39-41.

As in claim 42, Chida teaches of, wherein the first string includes solid state
lighting devices that emit light in a first dominant wavelength and the second
string includes solid state lighting devices that emit light in a second dominant

wavelength, figure 1, paragraph 24, 32, 39-41.
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As in claim 43, Chida teaches of, further comprising: a first portion of the
plurality of strings including solid state lighting devices that emit light in a first
dominant wavelength, figure 1, paragraph 24, 32, 39-41; and a second portion of
the plurality of strings including solid state lighting devices that emit light in a
second dominant wavelength, figure 1, paragraph 24, 32, 39-41; wherein each of
the plurality of bars includes at least one string of the first portion of the plurality
of strings and at least one string of the second portion of the plurality of strings,

figure 1, paragraph 24, 32, 39-41.

As in claim 44, Chida teaches of, wherein the firing sequence is operative to
cause the first portion of strings to fire in a first sequence and to then to cause
the second portion of strings to fire in the first sequence, figure 1, paragraph 24,

32, 39-41.

As in claim 45, Chida teaches of, wherein the plurality of drivers comprise a
polyphase power supply configured to a supply a plurality of temporally shifted
drive currents to a plurality of groups of the plurality of strings, figure 1,

paragraph 24, 32, 39-41.

As in claim 46, Chida teaches of a method for controlling a solid state lighting

panel including a plurality of strings of solid state lighting devices configured to
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extend from a first edge of the panel to a second edge of the panel in
substantially adjacent positions relative to one another, figure 1, paragraph 24,

32, 39-41,

the method comprising supplying a plurality of pulsed drive currents to a plurality

of groups of the plurality of strings, figure 1 item 20, paragraph 24, 32, 39-41.

As in claim 47, Chida teaches of, wherein each group of the plurality of groups
comprises one of the plurality of strings and wherein one of the plurality of pulsed
drive currents is provided for each of the plurality of strings by one of a plurality of

phase drivers.

As in claim 48, Chida teaches of, further comprising receiving a synchronizing
signal from a display controller configured to control a refresh rate of display

pixels, figure 1, paragraph 24, 32, 39-41.

As in claim 49, Chida teaches of, further comprising synchronizing the plurality
of drive currents with a cycles of a periodic operation of a display panel, figure 1,

paragraph 24, 32, 39-41.
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As in claim 50, Chida teaches of, wherein the periodic operation comprises
refreshing pixels and wherein the display panel comprises an LCD display panel,

figure 1, paragraph 24, 32, 39-41.

As in claim 51, Chida teaches of lighting panel system, figure 1,

comprising: a lighting panel including a plurality of strings of solid state lighting
devices arranged across the panel in a first direction and positioned at intervals
in a second direction that is substantially orthogonal to the first direction, figure 1

item 40, paragraph 24, 32, 39-41;

a current supply circuit configured to selectively supply a plurality of on-state
drive currents to the plurality of strings responsive to a plurality of control signals,

figure 1 item 30, paragraph 24, 32, 39-41 ;

a control system configured to selectively provide control signals to the current
supply circuit to selectively drive the plurality of strings, the control system further
including firing logic configured to determine a firing order of the plurality of

strings, figure 1 item 10/20, paragraph 24, 32, 39-41;

and wherein the firing logic is configured to drive the plurality of strings in a

spatially non-adjacent, non-sequential firing order and/or to drive the plurality of
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strings at different times for at least a subset of the plurality of strings, paragraph

24, 32, 39-41.

As in claim 52, Chida teaches of, wherein the firing logic is further configured
to drive the plurality of strings and/or portions thereof at least partially based on
the spatial relationship between the plurality of strings and or portions thereof,

figure 1, paragraph 24, 32, 39-41.

As in claim 53, Chida teaches of, wherein the firing logic comprises rule-based
logic configured to generate a non-spatially sequential firing order, figure 1,

paragraph 24, 32, 39-41.

As in claim 54, Chida teaches of, wherein the rule-based logic further
comprises a rule that a second string fired after a first string is non-adjacent the

first string, figure 1, paragraph 24, 32, 39-41.

As in claim 55, Chida teaches of, wherein the rule-based logic further
comprises a rule that if first string is fired simultaneously with a second string,
then the first string is non-adjacent the second string, figure 1, paragraph 24, 32,

39-41.
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Conclusion

3. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to David L. Lewis whose telephone number is
(571) 272-7673. The examiner can normally be reached on M T W TH F from 9
to 5. If attempts to reach the examiner by telephone are unsuccessful, the
examiner's supervisor, Bipin Shalwala, can be reached on (571) 272-7681. Any
inquiry of a general nature or relating to the status of this application or
proceeding should be directed to the Group receptionist whose telephone
number is (571)-273-8300.

4. 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).

Examiner: David L. Lewis

April 12, 2010

/David L Lewis/

Primary Examiner, Art Unit 2629
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(ROBERTS)).INV. USPAT 02:41
L4 43 ((KEITH) near2 US-PGPUB; OR ON 2010/04/12
(VADAS)).INV. USPAT 02:42
1St 0 345/102.ccls. and US-PGPUB; OR ON 2010/04/07
(phase with driver) and {USPAT; EPO; 14:33
(random with number)  {JPO;
DERWENT:;
IBM_TDB
12 29 345/102.ccls. and US-PGPUB; OR ON 2010/04/07
(phase with driver) USPAT; EPO; 14:34
JPO;
DERWENT:;
IBM_TDB
1S3 1 345/102.ccls. and US-PGPUB; OR ON 2010/04/07
(phase adj driver) USPAT; EPO; 14:35
JPO;
DERWENT;
IBM_TDB
%] 77 345/102.ccls. and string {US-PGPUB; OR ON 2010/04/07
USPAT; EPC; 14:46
JPO;
DERWENT:;
IBM_TDB
4S5 14 345/102.ccls. and string {US-PGPUB; OR ON 2010/04/07
and random USPAT; EPO; 14:53
JPO;
DERWENT:;
IBM_TDB
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156 1 345/102.ccls. and string {US-PGPUB; OR ON 2010/04/07
and random.clm. USPAT; EPO; 14:56

JPO;

DERWENT;
: IBM TDB
187 2 345/102.ccls. and string {US-PGPUB; OR ON 2010/04/07
and (random or chaotic (USPAT; EPO; 15:00
or nonlinear or "non JPO;
linear").clm. DERWENT;
IBM _TDB
B 19 345/102.ccls. and US-PGPUB; OR ON 2010/04/07
(random or chaotic ). USPAT: EPO:; 15:03
clm. JPO;
DERWENT;
IBM _TDB
39 19 345/102.ccls. and US-PGPUB; OR ON 2010/04/07
f (random ).clm. USPAT; EPO; 15:06

JPO;

DERWENT;
z IBM TDB
1810 8280 string and (random ). US-PGPUB; OR ON 2010/04/07
clm. USPAT: EPO: 15:07

JPO;

DERWENT;
; IBM TDB
1811 63 string and (random ). US-PGPUB; OR ON 2010/04/07
cim. and backlight USPAT; EPO; 15:07

JPO;

DERWENT;
5 IBM TDB
iS12 6 string.clm. and US-PGPUB; OR ON 2010/04/07
(random ).clm. and USPAT; EPO; 15:14

backlight JPO;

DERWENT;
: IBM TDB
4813 1655 istring.clm. and US-PGPUB; OR ON 2010/04/07
(random ).clm. USPAT; EPO; 15:16

JPO;

DERWENT;
: IBM TDB
1S14 40 string.clm. and US-PGPUB: OR ON 2010/04/07
(random ).clm. and USPAT; EPG; 15:16

"345"/$.ccls. JPO;

DERWENT;
: IBM TDB
4815 77 345/102.ccls. and string {US-PGPUB; OR ON 2010/04/07
USPAT; EPQ; 15:17

JPO;

DERWENT;

IBM TDB
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S16 104 345/102.ccls. and order. {US-PGPUB; OR ON 2010/04/08
ab. USPAT: EPO:; 14:32
JPO;
DERWENT;
: IBM _TDB
1817 12 345/102.ccls. and order. {US-PGPUB; OR ON 2010/04/08
ab. and scan$5.ab. USPAT; EPQ; 14:32
JPO;
DERWENT;
5 IBM _TDB
1518 15 345/102.ccls. and logic. {US-PGPUB; OR ON 2010/04/08
ab. USPAT; EPQ; 14:54
JPO;
DERWENT;
5 IBM _TDB
4819 19 345/102.ccls. and logic  {US-PGPUB; OR ON 2010/04/08
and string USPAT; EPO; 14:59
JPO;
DERWENT;
5 IBM _TDB
S20 0 345/102.ccls. and logic  {US-PGPUB; OR ON 2010/04/08
and string and USPAT; EPO; 15:04
(nonsequenctial or (non {JPO;
adj sequential)) DERWENT;
5 IBM _TDB
1821 2 345/102.ccls. and US-PGPUB; OR ON 2010/04/08
(nonsequential or (non {USPAT; EPO; 15:05
adj sequential)).ab. JPO;
DERWENT;
5 IBM _TDB
18922 2 345/102.ccls. and US-PGPUB; OR ON 2010/04/08
(nonsequential or (non  {USPAT; EPO; 15:07
adj sequential)).clm. JPO;
DERWENT;
; IBM _TDB
1823 6 345/102.ccls. and US-PGPUB; OR ON 2010/04/08
(nonsequential or (non {USPAT; EPO; 15:07
adj sequential)) JPO;
DERWENT;
IBM _TDB
1824 2 07/175,405 US-PGPUB; OR ON 2010/04/08
USPAT; EPO; 15:09
JPO;
DERWENT;
: IBM _TDB
1825 339 {"345"/$.ccls. and US-PGPUB; OR ON 2010/04/08
(nonsequential or (non {USPAT; EPG; 15:10
adj sequential)) JPO;
DERWENT;
IBM _TDB
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1326 18 "345"/$.ccls. and US-PGPUB; OR ON 2010/04/08
(nonsequential or (non {USPAT; EPO; 15:10
adj sequential)).ab. JPO;
DERWENT;
; IBM_TDB
1827 91 (string or backight) US-PGPUB; OR ON 2010/04/08
same (nonsequential or {USPAT; EPO; 15:12
(non adj sequential)) JPO;
DERWENT;
IBM_TDB
1928 0 (string and backight) US-PGPUB; OR ON 2010/04/08
and (nonsequential or USPAT; EPO; 15:16
(non adj sequential)) JPO;
DERWENT;
; IBM_TDB
1829 229 {(string and backlight) US-PGPUB; OR ON 2010/04/08
and (nonsequential or USPAT; EPO; 15:16
(non adj sequential)) JPO;
DERWENT;
5 IBM_TDB
1830 29 (nonsequential or (non {US-PGPUB; OR ON 2010/04/08
adj sequential)) and USPAT; EPC; 16:02
(345/204 or 345/102). \JPO;
ccls. DERWENT;
; IBM_TDB
1831 29 (nonsequential or (non {US-PGPUB; OR ON 2010/04/08
adj sequential)) and USPAT; EPO; 16:04
(845/204.ccls. or JPO;
345/102.ccls.) DERWENT;
: IBM_TDB
1832 142  i(nonsequential or (non {US-PGPUB; OR ON 2010/04/08
: adj sequential) or USPAT; EPO; 16:10
random).clm. and JPO;
(345/204.ccls. or DERWENT;
; 345/102.ccls.) IBM_TDB
1833 25 (nonsequential or (non {US-PGPUB; OR ON 2010/04/08
adj sequential) or USPAT: EPO:; 16:10
random).clm. and JPO;
(345/204.ccls. or DERWENT;
345/102.ccls.) and IBM_TDB
(backlight or (back adj
5 light))
1834 161 {(nonsequential or (non {US-PGPUB; OR ON 2010/04/08
: adj sequential) or USPAT; EPQ; 16:12
random).ab. and JPO;
(backlight or (back adj {DERWENT;
light)).ab. IBM_TDB
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S35 12 (nonsequential or (non {US-PGPUB; OR ON 2010/04/08
adj sequential) or USPAT 17:12
random).ab. and
(backlight or (back adj
: light)).ab.
S36 12 (nonsequential or (non {US-PGPUB; OR ON 2010/04/08
adj sequential) or USPAT; USOCR 17:12
random).ab. and
(backlight or (back adj
light)).ab.
1837 83 (nonsequential or (non {US-PGPUB; OR ON 2010/04/08
adj sequential) or USPAT; USOCR 17:13
random).ab. and
(backlight or (back adj
light) or led ).ab.
S38 308 i(nonsequential or (non {US-PGPUB; OR ON 2010/04/08
f adj sequential) or USPAT; USOCR 17:16
random).ab. and
(string).ab.
S39 7 (random adj number) US-PGPUB; OR ON 2010/04/08
and 345/102.ccls. USPAT; USOCR 17:19
40 79 string and 345/102.ccls. {US-PGPUB; OR ON 2010/04/08
USPAT; USOCR 17:21
A 19 string and 345/102.ccls. {US-PGPUB; OR ON 2010/04/08
and logic USPAT: USOCR 17:24
2 420 backlight and (random {US-PGPUB; OR ON 2010/04/08
adj number) and led USPAT; USOCR 17:30
A3 1 backlight same (random ;US-PGPUB; OR ON 2010/04/08
adj number) same led  {USPAT; USOCR 17:31
4 3 backlight and (random {US-PGPUB; OR ON 2010/04/08
f adj number) and led USPAT; USOCR 17:38
and 345/102.ccls.
$45 1 (random adj order) and {US-PGPUB; OR ON 2010/04/09
: 345/102.ccls. USPAT; EPO; 10:50
JPO;
DERWENT;
IBM_TDB
46 62 ((random adj order) or US-PGPUB; OR ON 2010/04/09
(random adj number))  {USPAT; EPO; 10:57
and (345/102.ccls. or JPO;
345/88.ccls. or 345/72. \DERWENT;
ccls. or 345/204.ccls.) IBM_TDB
7 ¥4 0 (firing adj order) and US-PGPUB; OR ON 2010/04/09
(345/102.ccls. or USPAT; EPO; 12:06
345/88.ccls. or 345/72. JPO;
ccls. or 345/204.ccls.) DERWENT;
IBM_TDB
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148 335 i(firing adj order).clm. US-PGPUB; OR ON 2010/04/09
USPAT: EPO:; 12:06
JPO;
DERWENT;
; IBM_TDB
49 5 (firing adj order).clm. US-PGPUB; OR ON 2010/04/09
and red and blue and  {USPAT; EPO; 12:07
green JPO;
DERWENT;
5 IBM_TDB
1850 1342  (sequence adj US-PGPUB; OR ON 2010/04/09
generator) and red and {USPAT; EPO; 12:08
blue and green JPO;
DERWENT;
; IBM_TDB
1851 327 (sequence adj US-PGPUB; OR ON 2010/04/09
generator) and red and {USPAT; EPQ; 12:08
blue and green and JPO;
order DERWENT;
5 IBM_TDB
1852 1269  {(sequence adj US-PGPUB; OR ON 2010/04/09
generator) and red and {USPAT; EPO; 12:09
blue and green and JPO;
order and DERWENT;
; simultaneously IBM TDB
1853 240 {(sequence adj US-PGPUB; OR ON 2010/04/09
generator) and red and {USPAT; EPO; 12:09
blue and green and JPO;
order and DERWENT;
simultaneously and IBM TDB
(adjacent or
; nonadjacent)
1S54 1226 (sequence adj US-PGPUB; OR ON 2010/04/09
generator) and red and {USPAT; EPQ; 12:11
blue and green and JPO;
order and DERWENT;
simultaneously and IBM TDB
(adjacent or
nonadjacent) and
; current
1855 1222 (sequence adj US-PGPUB; OR ON 2010/04/09
generator) and red and {USPAT; EPO; 12:12
blue and green and JPO;
order and DERWENT;
simultaneously and IBM TDB
(adjacent or
nonadjacent) and
current and random
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S56 0 simultaneously.cim. and {US-PGPUB; OR ON 2010/04/09
(("non adjacent") or USPAT; EPO; 12:38
nonadjacent).cim. and  {JPO;
345/102.ccls. DERWENT;
; IBM_TDB
1857 13 simultaneously.cim. and {US-PGPUB; OR ON 2010/04/09
(("non adjacent") or USPAT; EPO; 12:38
nonadjacent).cim. and  {JPO;
"345"/$.ccls. DERWENT;
IBM_TDB
S58 31 simultaneously.cim. and {US-PGPUB; OR ON 2010/04/09
(("non adjacent") or USPAT; EPQ; 12:40
nonadjacent).cim. and  {JPO;
string DERWENT;
; IBM_TDB
1859 0 345/102.ccls. and US-PGPUB; OR ON 2010/04/09
(("non adjacent") or USPAT; EPO; 12:41
nonadjacent).cim. and  {JPO;
string DERWENT;
: IBM_TDB
1360 6 345/102.ccls. and US-PGPUB; OR ON 2010/04/09
(("non adjacent") or USPAT; EPC; 12:41
nonadjacent or JPO;
adjacent).clm. and DERWENT;
5 string IBM_TDB
1S61 112 1345/102.ccls. and US-PGPUB; OR ON 2010/04/09
sequen$6.cim. and USPAT; EPO; 12:44
string JPO;
DERWENT;
: IBM_TDB
1562 1 11/745713 US-PGPUB; OR ON 2010/04/11
: USPAT; EPQ; 20:29
JPO;
DERWENT;
IBM_TDB

4/12/10 2:45:36 AM
C:\ Documents and Settings\ dlewis\ My Documents\ EAST\ Workspaces\ 11_745713.wsp
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Complete if Known
Application Number 11/745,713
INFORMATION DISCLOSURE Filing Date May 8, 2007
STATEMENT BY APPLICANT First Named Inventor John Roberts et al.
Art Unit 2629
(use as many sheets as necessary) Examiner Name David Lee Lewis
Sheet | B1 [ of | B3 Attorney Docket Number 5308-703
U.S. PATENT DOCUMENTS
Examiner | Cite Document Number Publication Date Name of Patentee or Pages, Columns, Lines, Where
Initials* | No. Nomber Kind Gode [ known) MM-DD-YYYY Appticant of Cited Document | Relevant Passages or Relevant
Figures Appear
1. US 7,657,524 07/07/2009 Chevalier et al.
2. us 7,317,287 01/08/2008 Blumel
3. us 7,239,087 07/03/2007 Ball
4. us 7,213,940 05/08/2007 Van De Ven et al.
5. Us 7,202,608 04/10/2007 Robinson et al.
6. us 7,148,632 12/12/2008 Berman et al.
7. us 7,122,971 10/17/2006 Yeh et al.
8. US 7,088,334 08/08/2006 Adachi et al.
9. uUs 7,038,399 05/02/2006 Lys et al.
10. | US 7,014,336 03/21/2006 Ducharme et al.
11, us 6,858,994 02/22/2005 Vallrath
12. |US 6,836,081 12/28/2004 Swanson et al.
13. Us 6,793,374 09/21/2004 Begemann
14, | US 6,630,801 10/07/2003 Schuurmans
15. us 6,618,031 09/09/2003 Bohn Jr,, et al.
16. us 6,616,291 09/09/2003 Love
17. Uus 6,586,890 07/01/2003 Min et al.
18. |US 6,577,512 06/10/2003 Tripathi et al.
19. us 6,577,072 06/10/2003 Saito et al.
20. us 6,552,495 04/22/2003 C. Chang
21. Us 6,515,434 02/04/2003 Biebl
22. | US 6,510,995 01/28/2003 Muthu et al.
23. us 6,441,558 08/27/2002 Muthu et al.
24. Us 6,388,393 05/14/2002 lllingworth
25. US 6,362,578 03/26/2002 Swanson et al.
26. Us 6,351,079 02/26/2002 Willis
27, Us 6,329,764 12/11/2001 Van de Ven
28. UsS 6,329,760 12/11/2001 Bebenroth
29, Us 6,329,758 12/11/2001 Salam
30. Us 6,285,139 09/04/2001 Ghanem
31. us 6,236,331 05/22/2001 Dussureault
32. UsS 6,161,810 12/19/2000 Reisenauer et al.
33. |US 6,153,985 11/28/2000 Grossman
34, |US 6,150,771 11/21/2000 Perry
35. Us 6,051,935 04/18/2000 Bucks et al.
36. us 5,973,483 10/26/1999 Jo
37. uUs 5,812,105 09/22/1998 Van de Ven
Examiner . . Date 12/
Signature {David Lewis/ Considered 04/12/2010

*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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Application Number 11/745,713
INFORMATION DISCLOSURE Filing Date May 8, 2007
STATEMENT BY APPLICANT First Named Inventor John Roberts et al.
Art Unit 2629

(use as many sheets as necessary) Examiner Name David Lee Lewis
Sheet [ B2 [ of | B3 Attorney Docket Number 5308-703

38. | US 5,783,909 07/21/1998 Hochstein

39. |US 5,661,645 08/26/1997 Hochstein

40. Us 5,128,595 07/07/1992 Hara

41. us 4,988,889 01/29/1991 QOughton, Jr.

42, Us 4,685,303 08/11/1987 Branc et al.

43. | US 4,298,869 11/03/1981 Okuno

44, | US 3,787,752 01/22/1974 Delay

45, | US  2009/0184666 07/23/2009 Myers et al.

46. Us 2008/0278097 11/13/2008 Roberts et al.

47. | US  2008/0259589 10/23/2008 Van De Ven

48. | US  2008/0136313 06/12/2008 Van De Ven et al.

49. | US  2008/0130285 06/05/2008 Negley et al.

50. us 2008/0112170 05/15/2008 Trott et al.

51. us 2008/0112168 05/15/2008 Pickard et al.

52. | US  2008/0106907 05/08/2008 Trott et al.

53. | US  2008/0106895 05/08/2008 van De Ven et al.

54, | US  2008/0089053 04/17/2008 Negley

55. | US  2008/0088248 04/17/2008 Myers

56. | US  2008/0084701 04/10/2008 Van De Ven et al.

57. | US  2008/0084700 04/10/2008 Van De Ven

58. US  2008/0084685 04/10/2008 Van De Ven et al.

59. us 2008/0048582 02/28/2008 Robinson

60. | US 2007/0280624 12/06/2007 Negley et al.

61. | US  2007/0279903 12/06/2007 Negley et al.

62. Us 2007/0279440 12/06/2007 Negley

63. | US  2007/0278934 12/06/2007 Van De Ven et al.

64. us 2007/0278503 12/06/2007 Van De Ven et al.

65. | US  2007/0274080 11/29/2007 Negley et al.

66. | US  2007/0274063 11/29/2007 Negley

67. | US  2007/0267983 11/22/2007 Van De Ven et al.

68. us 2007/0263393 11/15/2007 Van De Ven

69. | US  2007/0236911 10/11/2007 Negley

70. | US  2007/0171145 07/26/2007 Coleman et al.

71. | US  2007/0170447 07/26/2007 Negley et al.

72. | US  2007/0139923 06/21/2007 Negley et al.

73. |US  2007/0139920 06/21/2007 Van De Ven et al.

74. | US  2007/0137074 06/21/2007 Van De Ven et al.

75. us 2007/0115248 05/24/2007 Roberts et ai.

76. | US  2004/0046510 03/11/2004 Allen

77. | US-  2001/0024112 09/27/2001 Jacobs et al.

Signature /David Lewis/ Considered 04/12/2010

*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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Complete if Known
Application Number 11/745,713
INFORMATION DISCLOSURE Filing Date May 8, 2007
STATEMENT BY APPLICANT First Named Inventor John Roberts et al.
Art Unit 2629
(use as many sheets as necessary) Examiner Name David Lee Lewis
Sheet | B3 [ of | B3 Attorney Docket Number 5308-703
FOREIGN PATENT DOCUMENTS
Examiner | Cite Foreign Patent Document Publication Date Name of Patentee or Pages, Columns,
Initials* No. Gouniry Code Number Kind Gode (7 MM-DD-YYYY Applicant of Cited Lines, Where
kr?ownn)y @ Number, Kind Gode { Document Relevant Passages or
Relevant Figures T
' Appear
78. | JP 10-233669 09-02-1998 Matsushita Electric JPO Machine Abstract
Works Ltd. Translation
79. | GB 2249840 05-20-1992 Alireza Ghazi Abstract
Hessami
80. | JP 2006-242733 09-02-1994 Matsuura Yuji JPO Machine Abstract
Miyagi Mitsunobu Translation
NON PATENT LITERATURE DOCUMENTS
Examiner | Cite Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, magazine,
Initials* No. journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or country where published T
81. in-Plug® series: IPS401, “High Efficiency, High Power Factor, Universal High Brightness WHITE
LED Controller”, ASIC Advantage Inc.
82. | International Search Report and Written Opinion corresponding to International Application
No. PCT/US2007/078368; Mailing Date: July 4, 2008.
83. International Search Report and Written Opinion corresponding to International Application
No. PCT/US2007/012708; Mailing Date: February 20, 2008.
84. International Search Report and Written Opinion corresponding to International Application
No. PCT/US2007/001834; Mailing Date: April 28, 2008.
85. | Second Written Opinion corresponding to International Application No.
PCT/US2007/001834; Mailing Date: October 20, 2008.
86. | Partial International Search Report corresponding to International Application No.
PCT/US2007/078368; Mailing Date: February 5, 2008.
87. Perduijn, “Light Output Feedback Solution for RGB LED Backlight Applications”
gg. | U-S. Provisional Application No. 61/039,926, filed March 27, 2008.
iDoc# 853530
Examiner Date 14y
Signature /David Lewis/ Considered 04/12/2010

*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.

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /BU/
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Complete if Known
Application Number 11/745,713
INFORMATION DISCLOSURE Filing Date May 8, 2007
STATEMENT BY APPLICANT First Named Inventor John Roberts et al.
Art Unit 2629
(use as many sheets as necessary) Examiner Name Richard A. Hjerpe
Sheet | A1 | of | A1 Attorney Docket Number 5308-703
U.S. PATENT DOCUMENTS
Examiner | Cite Document Number Publication Date Name of Patentee or Pages, Columns, Lines, Where
Initials® No. NirmberRind Coda ik MM-DD-YYYY Applicant of Cited Document Relevant Passages or Relevant
umber-Kind Code (if known) Figures Appear
D/ 1.1 US-  2006/0139954 A1 06-29-2006 Kobori et al. Pg.1;15-pg.5; 1 66; Figs. 1-12.
Nl 2.1US- 6,459,919 B1 10-01-2002 Lys et al. Whole Document
' 3. US-  2006/0176411 A1 08-10-2006 Furukawa Pg.2; 127 - Pg.4; 1 54;
DL/ Figs. 1, 2, 4-10,
iDL/ 4. US- 2005/0035728 A1 | 02-17-2005 Schanberger et al. Pg.1, 114 - Pg.6; 156; Fig. 1.
D/ 5. US- 2002/0145392 At 10-10-2002 Hair lll et al. Pg.1, 11 6 - Pg.5; 47; Figs. 1-8.
US-
uUs-
us-
US-
US-
us-
us-
FOREIGN PATENT DOCUMENTS
Examiner | Cite Foreign Patent Document Publication Date Name of Patentee or Pages, Columns,
Initials No. CK::untry Cods, Number, Kind Code (F MM-DD-YYYY Applicant of Cited Document Relel\—/lar\ftsl’:’g\égizgees o
own) . T
Relevant Figures
Appear
DL/ 6. | WO 01/63977 A1 08-30-2001 Production Solutions, Inc. | Whole Document | Abstract
NON PATENT LITERATURE DOCUMENTS
Examiner | Cite Include name of the author (in CARITAL LETTERS), title of the article (when appropriate), title of the item (book, magazine,
Initials* No. journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or country where published T
—_— 7. | International Search Report and Written Opinion (15 pages) corresponding to International
/DU Application No. PCT/US2008/005145; Mailing Date: September 2, 2008.
iDoctt 707389
Examiner , . . Date py
Signature /DaVid LGWES/ Considered 64/1 2/26E G

*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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Searching PAJ Page 1 of |

PATENT ABSTRACTS OF JAPAN

{11)Publication number : 2007-114628
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{57)Abstract:

PROBLEM TO BE SOLVED: To provide a backlight device configured
to prevent the light of the same color from being continually recognized
during the movement of a visual point on a display regardiess of an
image recognition period (a period in which the image is recognized on
movement of the visual point on the display), and an image display
device equipped therewith.

SOLUTION: The backlight device is equipped with a light emitting
section which emits light in N (specifying N22) kinds of colors and a
light controller which makes the light emitting section emit light in any
of the above colors, field by field, in which the light controller |
randomizes the order of the light emitting colors, frame by frame, within  «« « .+~ v
the frames. The image display device is equipped therewith.
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*NOTICES *

JP0 and INPIT are not responsible for any
damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the original precisely.
2.*** shows the word which can not be translated.
3.In the drawings, any words are not translated.

DETAILED DESCRIPTION

[Detailed Description of the Invention]
[Field of the Invention]

[0001]

This invention relates to the back light device used for the image display device of a field seguential system,
and the image display device using this.

[Background of the Invention]

[0002]

In recent years, development of the device which adopted the field sequential system ("FS method" is called
suitably hereafter) is furthered about the image display device. In FS method, the back light unit which used
LED [Light Emitting Dicode:light emitting diode] of each color of RGB (red, green, and blue) as the light source
as a back light of a display panel has provided, It is supposed that image display is performed by carrying out
the time sharing of each LED, and making it turn on by turns. By this method, since a color filter is not
needed, there is an advantage with reduction of a manufacturing cost and sufficient securable luminosity. In
an application concerned, each section by which time sharing was carried out as mentioned above is called
the "field."

[0003]

However, on the other hand, in the image display device of FS method, since it has the peculiarity which was
mentioned above, a new problem has also been generated about the luminescent color. For example, if an
image moves, the problem that coloring occurs in the edge part of the video pattern is mentioned to the
patent documents 1.

The solving means for this is introduced.

[0004]

If its attention is paid in order of the luminescent color of each LED, with the image display device by the
conventional FS method, light will be emitted, for example like "... /RGB/RGB/RGB/R ..." so that an order of
the luminescent color in each frame may become fixed.

[Patent documents 1] JP,2005-233982,A

[Description of the Invention]

[Problem(s) to be Solved by the Invention]
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[0005]

A motion of the viewpoint of the user in the case of seeing the picture of a display here is considered. Like
drawing 5 as an example, the case where a viewpoint tries to be moved at a B point is considered from the
state which has kept the viewpoint at the A point on a display. thus, a while moving a viewpoint viewpoint --
almost -- the line segment AB top -- P1 and P2 ... as -- it moves and picture information is recognized. Since
the frequency of such recognition of picture information is based on peculiar visual capability for every user, it
has a certain fixed cycle corresponding to the capability in many cases.

[0008]

Next, about the case where recognition of picture information is made a fixed cycle (this cycle is hereafter
called an "image recognition cycle”) as mentioned above, the relation between the movement state of a
viewpoint and the luminescent color of a back light is shown in drawing 6. The image recognition cycle in the
user A presupposes as an example that it is a part for the 4 fields here, and suppose similarly that it is a part
for the 6 fields by part for the 3 fields, and the user C by the user B.

[0007]

It will be set to B (blue) in P2, and will be set to R (red) in P3, and if it sees about the user A first, it continues,
and in the moment the position of P1 has a viewpoint, the luminescent color of a back light will be G (green),
and it will be set to G {(green} in P4. Thus, the user A does not produce sense of incongruity in particular in
order to recognize two or more colors one by one for a short time.

[0008]

However, if it sees about the user B, in the moment the position of P1 has a viewpoint, the luminescent color
of a back light is R (red), and P2, P3, and ... will also be continuously set to R (red). Therefore, the user B will
almost recognize the color of R (red) during movement of a viewpoeint. Thus, when the light of the same color
is recognized continuously, since only the color is emphasized and recognized by human being's eyes, there
is a problem of producing sense of incongruity visually in them. The illusion of the stripes-like pattern divided
for every luminescent color depending on the case arises.

[0009]

In a passage clear from drawing 6, the problem mentioned above also in the user C arises. That is, in the
image display device of FS method, in what becomes constant [ an order of the luminescent color for every
frame ] like conventional technology, when an image recognition cycle serves as an integral multiple of a
frame period, the problem mentioned above will arise.

[0010]

Then, this invention aims at offer of the image display device provided with the back light device and this only
the light of the same color was made not to recognize to be during movement of the viewpoint on a display
continuously regardless of an image recognition cycle in view of the above-mentioned problem.

[Means for Solving the Problem]

[0011]

To achieve the above objects, a back light device concerning this invention, A light-emitting part which emits
light in a color of N (referred to as N>=2} kind, and an emission control part which makes the above-
mentioned light-emitting part emit light for every field they to be [ any of each above-mentioned color ], It is a
back light device used for an image display device of a ***™**** field sequential system, and the above-
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mentioned emission control part considers an order of the luminescent color in a frame as composition (the
1st composition) made random for every frame.

[0012]

According to this composition, an order of the luminescent color for every frame becomes random.
Therefore, if a back light device of this composition is applied to an image display device of FS method, that
only the same color is continuously recognized during movement of a viewpoint on a display will decrease
regardless of an image recognition cycle. As a result, it becomes possible to make hard to produce
problems, such as only for the color to be emphasized and recognized and to feel uncomfortable visually. It
is a period assigned in order to make one picture display it as a "frame”, and consists of two or more fields.
[0013]

In the 1st composition of the above, the above-mentioned emission control part is good also in which frame
also as composition (the 2nd composition) which makes a color of the above-mentioned N kind said-field

[ every J-emit light respectively. If it has this composition, a light-emitting part will emit light at same rate as
each color of N kind also in which frame. Therefore, only a specific color does not emit light by high
frequency, and suitable image display is not barred.

[0014]

In the 2nd compaosition of the above, the above-mentioned emission control part has the luminescent color
concerning the field of the last in a frame of 1, and the good luminescent color concerning the first field in the
following frame alsc as composition (the 3rd composition) it is made to differ.

[0015]

If it has this composition, the same color will not emit light continuously by the 2 fields, for example like "B/B"
in "... /RGB/BGR/..."” Therefore, compared with what may emit light continuously by the 2 fields, more natural
image display of the same color becomes possible.

[00186]

In the 1st or 2nd composition of the above, it has further a randem number generator made to generate a
random number corresponding to each frame, and the above-mentioned emission control part is good also
as composition (the 4th composition) which determines an order of the luminescent color in the above-
mentioned frame according to the above-mentioned random number corresponding to the frame.

[0017]

If it has this composition, an order of the luminescent color for every frame will be decided according to a
random number which a predetermined random number generator generates. Therefore, by using a general-
purpose random number generator, for example, making an order of the luminescent color random for every
frame can be realized easily.

[0018]

A light-emitting part with which a back light device concerning this invention emits light in a color of N
(referred to as N>=2) kind, An emission control part which makes the above-mentioned light-emitting part
emit light for every field they to be [ any of each above-mentioned color ], It is a back light device used for an
image display device of a ******** field sequential system, and the above-mentioned emission control part
considers the length of the above-mentioned field as composition (the 5th composition) made random for this
every field.
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[0019]

According to this composition, the length of the field becomes random for every field, and width of emission
time of each color becomes random. Thereby, if a back light device of this composition is applied to an image
display device of FS method, the periodicity of an interval at which the same color emits light can be broken
down. Therefore, that only the same color is continuously recognized during movement of a viewpoint on a
display decreases regardless of an image recognition cycle. As a result, it becomes possible to make hard to
produce problems, such as only for the color to be emphasized and recognized and to feel uncomfortable
visually. It is possible to break down the periodicity of an interval at which the same color emits light in this
composition, even if an order of the luminescent color is constant.

[0020]

If it is an image display device by a field sequential system using a back light device applied to which 5th
composition from the above 1st, an image display device of FS method which made problems, such as
feeling uncomfortable visually, hard to produce is realizable.

[Effect of the Invention]

[0021]

If it is a back light device concerning this invention as described above, an order of the luminescent color for
every frame will become random. Therefore, if the back light device of this composition is applied to the
image display device of FS method, that only the same color is continuocusly recognized during movement of
the viewpoint on a display will decrease regardless of an image recognition cycle. As a result, it becomes
possible to make hard to produce problems, such as only for the color to be emphasized and recognized and
to feel uncomfortable visually.

[Best Mode of Carrying Out the Invention]

[0022]

As one working example of this invention, the liquid crystal display by FS method is mentioned, and it
explains below. The overall lineblock diagram of the liquid crystal display concerning this example is shown
in drawing 1. As shown in a figure, this liquid crystal display comprises the back light device 1, the liquid
crystal driver 4, and liquid crystal panel 5 grade.

[0023]

The composition of the back light device 1 is explained in detail. The back light device 1 comprises the
control section 10, the random number generation part 20, and LED driver 30 grade, and is divided roughly
into the emission control part 2 which makes the light-emitting part 3 emit light they to be [ any of RGB ], and
the light-emitting part 3 which comprises LED40R-40B and light guide plate 50 grade, and emits light to any
of RGB.

[0024]

The control section 10 has ROM, a register, an arithmetic unit, etc. which made the information etc. which
start in order of the control program concerning each device, or the luminescent color memorize, and
controls the overall processing operation in a liquid crystal display. A light emission pattern signal is
outputted to LED driver 30 and the liquid crystal driver 4. A light emission pattern signatl plays the role which
transmits the information, including an order of the luminescent color, etc., on a light emission pattern as it is
mentioned later.
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[0025]

The random number generation part 20 is a general-purpose random number generator etc., and generates
the random number corresponding to each frame. It is made to generate as a random number at this
example in the probability almost same in any of six kinds of integers from zero to five they are. This random
number breaks down the periodicity in an order of the luminescent color for every frame, and it is used in
order to prevent recognizing the same color continuously, so that it may state also later. Therefore, since the
random number which the random number generation part 20 generates does not interfere even if it does not
necessarily need to be completely random and it has the periodicity of the grade which is a range which can
attain the above-mentioned purpose, arbitrary random number generators can be used for it.

[00286]

LED driver 30 accepts a light emission pattern signal from the control section 10, and supplies electric power
to LED40R - 40B corresponding to this signal. LED driver 30 comprises PWM signal generation part 31, AND
gates 32R-32B, the switches 33R-33B, the constant current sources 34R-34B, etc., as shown in drawing 2.
R, G, and B which were given to the right of each number express the exception {red, green, blue} of a color.
It is good also as one per each color, and may be constituted from plurality per each color by the number of
LED40R - 40B.

[0027]

PWM signal generation part 31 generates a PWM signal in order to control the current amount supplied to
LED40R - 40B by an PWM [Pulse Width Modulation:Pulse Density Modulation] method. That is, by
controlling the width of the high-level pulse in a PWM signal, the duty ratio of current is adjusted through
opening and closing of the switches 33R-33B mentioned later.

[0028]

AND gates 32R-32B accept the light emission pattern signal from the control section 10, and the PWM signal
from PWM signal generation part 31, and output these logical products to the switches 33R-33B.

[0029]

The switches 33R-33B are closed when high-level signals are received from AND gates 32R-32B, and they
open conversely at the time of the signal carrier beam of a low level. Only when the switches 33R-33B have
closed, current is supplied to LED40R - 40B by the constant current sources 34R-34B.

[0030]

The emission control part 2 supplies predetermined electric power to LED40R - 40B by the above
composition. In response, LED40R - 40B will emit light, and the light will be led to the rear face of the liquid
crystal panel 5 by the light guide plate 50.

[0031]

The liquid crystal driver 4 accepts the light emission pattern signal and picture signal which were mentioned
above, and makes a liquid crystal panel drive. The liquid crystai panel 5 comprises two substrates which
countered mutually and were formed via the liquid crystal layer, an electrode provided on the substrate
corresponding to each pixel, TFT [Thin Film Transistor:thin film transistor] which functions as a switching
etement, etc. The penetration degree of the light from a back light can be adjusted, and a desired picture can
be displayed because this controls the optical rotation of a liquid crystal through the voltage between picture
element electrodes.
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[0032]

Next, it explains flowing into the processing in the emission control part 2, referring to drawing 3. About an
order of the luminescent color, an order corresponding to a next frame is first decided in each frame.
Specifically, the random number generation part 20 generates the random number corresponding to a next
frame. And the control section 10 reads this random number information, and writes in a register the
information which starts in order of the luminescent color corresponding to the random number concerned as
control information on a next frame. The information which starts in order of the luminescent color is matched
with the kind of random number by ROM in a control section, and is memorized.

[0033]

Next, according to the information which starts in order of the luminescent color (written in the register)
decided by the previous frame about luminescence processing, the control section 10 outputs a light
emission pattern signal to LED driver 30. LED driver 30 receives this, supplies electric power for any of
LED40R - 408 being for every field, and makes a light-emitting part emit light in a predetermined color.
[0034]

The information which starts in order of the luminescent color is set up like drawing 4 as an example here,
and the case where "3" occurs is explained as a random number corresponding to the n-th frame. In this
case, the control section 10 writes the information of "GBR" (mind made to emit light in order of G, B, and R)
which is an order of the luminescent color corresponding to a random number "3" in a register.

[0035]

Subsequently, if the n-th frame comes, based on the information in a register, in the 1st field in the frame, a
high level signal will be outputted to AND gate 32G, and the control section 10 will output a low-level signal to
other AND gates. As a result, only the switch 33G will open and close corresponding to a PWM signal, and
only LED40G [ green ] emits light. Only red LED40R is made to emit light and only blue LED40B is made to
emit light in the 2nd field in a similar manner succeedingly in the 3rd field.

[0036]

The control section 10 outputs an image display signal to the liquid crystal driver 4. In the period when the
light emission pattern signal is being interlocked with in, and the light emission pattern signal of a certain
color is outputted, an image display signal is a signal which specifies the pixel on which the color should be
displayed. The liquid crystal driver 4 makes the liquid crystal panel 5 drive in response to this image display
signal, so that a predetermined picture may be displayed.

[0037]

As for this liquid crystal display, an order of the luminescent color within a frame becomes random for every
frame by the above composition. Therefore, regardless of an image recognition cycle, that the same color is
continuously recognized during movement of the viewpoint on a display decreases. As a result, only the color
is emphasized and recognized and it becomes difficult to produce problems, such as feeling uncomfortable
visually.

[0038]

Although an order of the luminescent color for every frame is made random, within each frame, it is
supposed also with which color of RGB that light is emitted the said field part (a part for the 1 field [ This
example ]) every respectively. That is, a light-emitting part emits light at same rate as each color of RGB also
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in which frame. Therefore, only a specific color does not emit light by high frequency, and suitable image
display is not barred.

[0039]

While changing the rate of each color at random, it may be made for the rate of each color within a
prescribed period to become approximately regulated. For example, since the periodicity of the interval which
emits light in the same color also by making the length of the field random for every field collapses, that the
same color is continuously recognized during movement of the viewpoint on a display decreases regardless
of an image recognition cycle. According to the case where making the length of the field random makes
random an order of the luminescent color mentioned above, before the field comes, it is attained by using a
random number generator etc.

[0040]

For example, according to drawing 3, in each of 3rd field of the n-1st frame, and 1st field of the n-th frame,
the luminescent color is G (green) and the same color is emitting light continuously by the 2 fields. In order to
avoid continuation luminescence of such the same color, the luminescent color concerning the field of the
last in the frame of 1 and the luminescent color concerning the first field in the following frame may control to
differ.

[0041]

What is necessary is just to keep the order concerned in the n+1st frame from specifically serving as "RGB"
or "RBG", when an order of the luminescent color in the n-th frame is "GBR", for example. Therefore, when
information is set up like drawing 4, it is making a random number choose from 2-5, and this control is
attained so that a random number may not be set to 0 or 1. By doing in this way, the more natural image
display of the same color becomes possible compared with what may carry out continuation luminescence.
[0042]

Although one embodiment of this invention was described as above, the composition of this invention can
add various change in the range which is not restricted to this and does not deviate from the main point of an
invention.

[Industrial applicabitity]

[0043]

This invention is useful art about the image display device by a field sequential system.

[Brief Description of the Drawings}

[0044]

Drawing 1]It is an overall lineblock diagram of a liquid crystal display concerning working example of this
invention.

Drawing 2]t is a lineblock diagram of a LED driver concerning working example of this invention.

Drawing 3]It is an explanatory view about the contents of processing of an emission control part concerning
waorking example of this invention.

Drawing 4]it is an explanatory view about the information which starts in order of the luminescent color
concerning working example of this invention.

Drawing 5]It is an explanatory view about movement of the viewpoint on a display.

[Drawing 6]It is an explanatory view about the relation between an image recognition cycle and the
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luminescent celor.
[Description of Notations]
[0045]

1 Back light device

2 Emission control part

3 Light-emitting part

4 Liguid crystal driver

5 Liquid crystal panel

10 Control section

Page 8 of 8

20 Random number generation part (random number generator)

30 LED driver

31 PWM signal generation part

32R, 32G, 32B AND gate

33R, 33G, and 33B Switch

34R, 343G, and 34B Constant current source
40R, 40G, 40B LED

50 Light guide plate

[Translation done.]
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http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3 A%2F%2Fwww4.ipdl.inpit.go jp%2F... 7/23/10

Petitioner Hisense USA Corporation
Exhibit 1004 - Page 284 of 373



Attorney Docket No, 5308-703 ' PATENT
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re: Roberts, et al. Confirmation No.: 1290
Application No.: 11/745,713 Group Art Unit: 2629
Filed: May 8, 2007 Examiner: David Lewis

For:  Systems and Methods for Controlling a Solid State Lighting Panel

Date: October 18,2010
Mail Stop AMENDMENT
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

RESPONSE

Sir:

The present response is provided to address the issues raised in the Office Action
mailed July 29, 2010.

It is not believed that either an extension of time or payment of additional fees —
including fees for net addition of claims — is required, beyond those that may otherwise be
provided for in documents accompanying this paper. In the event, however, that an extension
of time is nccessary to allow consideration of this paper, such an extension is hereby
petitioned under 37 C.F.R. §1.136(a). Any additional fees belicved to be due in connection
with this paper may be charged to Deposit Account No. 50-0220. ‘

A Listing of Claims is provided for the Examiner's convenience, beginning on page 2 of

this paper.

Remarks begin on page 12 of this paper.
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Amendments to the claims:

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

Listing of Claims:

1. (Original) A lighting panel system, comprising:

a lighting panel including a plurality of strings of solid state lighting devices arranged
across the panel in a first dircction and positioned at intervals in a second direction that is
substantially orthogonal to the first direction;

a current supply circuit configured to selectively supply a plurality of on-state drive
currents to the plurality of strings responsive to a plurality of control signals; and

a control system configurcd to selectively provide control signals to the current supply
circuit to selectively drive the plurality of strings, the control system further including firing

logic configured to determine a firing order of the plurality of strings.

2. (Original) The system of Claim 1, wherein the firing logic comprises rule-

based logic operative to generate a non-spatially-sequential firing order.

3. (Original) The system of Claim 2, wherein the rule-based logic comprises a

rule that a second string fired after a first string is non-adjacent the first string.

4. (Original) The system of Claim 2, wherein the rule-based logic comprises a
rule that a first string is fired simultaneously with a second string, wherein the first string is

non-adjacent the seccond string.

5. (Original) The system of Claim 1, wherein the lighting panel further
comprises a plurality of bars that include portions of the plurality of strings, wherein the
plurality of bars extend across the panel in the first direction and are positioned adjacent one

another in a substantially parallcl arrangement.
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6. (Original) The system of Claim 5, wherein the firing order is operative to
cause a first firing, a second firing and a third firing, wherein the first firing occurs before the
second firing and the second firing occurs before the third firing, wherein the first firing
supplies current for at least one string in a first bar, the second firing supplies current for at
least one string in a second bar and the third firing supplies current for at least one string in a
third bar, wherein the second bar is located below the first bar and the third bar is located

above the sccond bar. .

7. (Original) The system of Claim 5, further comprising;:

a first portion of the plurality of strings including solid state lighting devices that emit
light in a first dominant wavelength; and

a second portion of the plurality of strings including solid state lighting devices that
emit light in a second dominant wavelength,

wherein each of the plurality of bars includes at least one string of the first portion of
the plurality of strings and at least one string of the second portion of the plurality of strings
and wherein cach of the first portion of the plurality of strings is fired in the firing order and

then each of the second portion of the plurality of strings is fired in the firing order.

8, (Original) The system of Claim 5, further comprising:

a first portion of the plurality of strings including solid state lighting devices that emit
light in a first dominant wavelength; and

a second portion of the plurality of strings including solid state lighting devices that
emit light in a second dominant wavelength,

wherein at least one string of the first portion of the plurality of strings is fired

simultaneously with at least one string of the second portion of the plurality of strings.

9, (Original) The system of Claim 5, further comprising:

a first portion of the plurality of strings in a first bar; and
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a second portion of the plurality of strings in a second bar,
wherein the first and second portions of the plurality of strings are fired sequentially in
the firing order and wherein the firing order is configured to determine the location of the

second bar relative to the location of the first bar.

10, (Original) The system of Claim 1, further comprising:

a first portion of the plurality of strings including solid state lighting devices that emit
light in a first dominant wavelength; and

a second portion of the plurality of strings including solid statc lighting devices that
emit light in a second dominant wavelength,

wherein each of the first portion of the plurality of strings is fired in the firing order

and then each of the second portion of the plurality of strings is fired in the firing order,

11. (Original) The system of Claim 1, wherein the firing logic comprises random

logic operative to generate the firing order.

12, (Original) The system of Claim 1, further comprising a means for generating a

feedback signal configured to provide display performance information to the control system.

13. (Original) The system of Claim 1,

wherein the current supply circuit comprises a plurality of phase drivers configured to
supply a plurality of on-state drive currents at a plurality of times in a firing cycle,

wherein the plurality of strings of solid state lighting devices comprise a plurality of
string groups, cach configured to receive current from one of the plurality of phase drivers,
and

wherein the control system is further configured to determine the plurality of times

that each of the plurality of phase drivers begin to supply current to the plurality of string

groups.
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14, (Original) The system of Claim 13, whercin the ratio of a quantity of the
plurality of phase drivers to a quantity of the plurality of strings of solid state lighting dcvices
is one and wherein each of the plurality of string groups comprises one of the plurality of

strings of solid state lighting devices.

15. (Original) The system of Claim 1, wherein the control system is configurcd to
receive a synchronizing signal from a display controller configured to control a display and

wherein the firing order is synchronized with periodic operations of the display.

16. (Original) A method for controlling a solid state lighting panel including a
plurality of strings of solid state lighting devices configured to extend from a first edge of the
pancl to a second edge of the panel in substantially adjacent positions relative to one another,
the method comprising supplying a plurality of pulscd drive currents to the plurality of strings

in a non-spatially-sequential firing order.

17. (Original) The method of Claim 16, further comprising:

determining the firing order that supplies current to a first string of the plurality of
strings and a second string of the plurality of strings; and

defining the second string of the plurality of strings, wherein the defining is based on a

location of the first string.

18. (Original) The method of Claim 17, wherein defining the sccond string

comprises selecting one of the plurality of strings that is not adjacent to the first string.

19. (Original) The method of Claim 17, wherein defining the second string
comprises selecting one of the plurality of strings that is locatcd a minimum quantity of

strings from the first string.
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20. (Original) The method of Claim 17, further comprising defining a third string
of the plurality of strings, wherein the third string is configured to be fired after the second
string and wherein the defining is based on a location of the second string and the location of

the first string.

21. (Original) The method of Claim 20, wherein defining the second string
comprises selecting one of a plurality of strings that is on a first side of the first string and
defining the third string comprises selecting one of the plurality of strings that is on a second

side of the second string.

22, (Original) The method of Claim 16, further comprising grouping a plurality of
portions of the plurality of strings on a plurality of bars, wherein the plurality of bars extend
across the panel from the first edge to the second edge and are positioned adjacent one

another in a substantially parallel arrangement.

23, (Original) The method of Claim 22, further comprising simultaneously
supplying current to the portion of the plurality of strings that are in the same one of the

plurality of bars.

24, (Original) The method of Claim 22, further comprising simultaneously
supplying current to a first string located in a first bar and a second string located in a second

bar.

25, (Original) The method of Claim 22, further comprising:

generating a random numbcr;

assigning a value to each of the plurality of bars; and

simultaneously supplying current to the portion of the plurality of strings on one of the

plurality of bars based on the random number.
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26. (Original) The method of Claim 16, further comprising:

supplying current to a first portion of the plurality of strings according to the firing
order, wherein the first portion of the plurality of strings includes solid state lighting devices
configured to emit light in a first dominant wavelength; and

supplying current to a second portion of the plurality of strings according to the firing
order after supplying current to the first portion of the plurality of strings, wherein the second
portion of the plurality of strings includes solid state lighting devices configured to emit light

in a second dominant wavelength.

27. (Original) The method of Claim 16, wherein defining is further based on a

dominant wavelength of light emitted by the solid state lighting devices in the first siring.

28. (Original) The method of Claim 16, further comprising simultaneously
supplying current to a first string including solid state lighting devices configured to emit
light in a first dominant wavelength and a second string including solid state lighting devices

configured to cmit light in a second dominant wavelength.,

29. (Original) The method of Claim 16, further comprising:

determining the firing order that supplies current to a first string of the plurality of
strings and a sccond string of the plurality of strings; and

defining the second string based on a dominant wavclength emitted by the solid state

lighting devices in the first string and a relative position of the first string.

30. (Original) The method of Claim 16, comprising determining the firing order

using a numerical technique.

31. (Original) The method of Claim 30, further comprising;:
generating a random number;

assigning a value to each of the plurality of strings; and
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supplying current to one of the plurality of strings based on the random number.

32. (Original) The method of Claim 30, wherein the numerical technique

comprises performing a non-linear calculation.

33. (Original) The method of Claim 16, wherein the firing order comprises a

deterministic order based on at least one rule.

34. (Original) A system for controlling a solid state lighting panel including a
plurality of strings of solid state lighting devices that are arranged to extend across the panel
in a first direction and are positioned adjacent one another in a second direction and that are
supplied current by a plurality of current drivers, the system comprising:

a sequence generator that generates a firing sequence for firing the plurality of strings;
and

a controller that provides control signals, responsive to the sequence generator, to the

plurality of current drivers.

35. (Original) The system of Claim 34, wherein the sequence generator comprises
a deterministic algorithm that determines a location of a subsequently fired string based on a

location of at least one previously fired string.

36. (Original) The system of Claim 34, wherein the sequence generator comprises
an algorithm that generates a sequence to fire a first string having a plurality of solid state
lighting devices that emit light in a first dominant wavelength and a second string having a
plurality of solid state lighting devices that emit light in a second dominant wavelength,

wherein the second string is fired after the first string.

37. (Original) The system of Claim 34, wherein the sequence generator comprises

an algorithm that generates a sequence to simultancously fire a first string having a plurality
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of solid state lighting devices that emit light in a first dominant wavelength and a sccond
string having a plurality of solid state lighting devices that emit light in a second dominant

wavelength.

38. (Original) The system of Claim 34, wherein the sequence generator gencrates

a random sequence of firing.

39. (Original) The system of Claim 34, further comprising a plurality of bars that
include portions of the plurality of strings, wherein the plurality of bars extend across the

panel in the first direction and are positioned adjacent one another in the second direction.

40. (Original) The system of Claim 39, wherein the firing sequence is configured
to simultaneously fire a first portion of the plurality of strings and then simultancously fire a
second portion of the plurality of strings and wherein the first portion is located on a first bar

and thc second portion is located on a second bar.

41, (Original) The system of Claim 39, wherein the firing sequencc is configured

to simultaneously fire a first string on a first bar and a second string on a second bar. .

42. (Original) The system of Claim 41, wherein the first string includes solid state
lighting devices that emit light in a first dominant wavelength and the second string includes

solid state lighting devices that emit light in a second dominant wavelength.

43, (Original) The system of Claim 34, further comprising:

a first portion éf the plurality of strings including solid state lighting devices that emit
light in a first dominant wavelength; and

a second portion of the plurality of strings including solid state lighting devices that

emit light in a second dominant wavelength;
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wherein each of the plurality of bars includes at least one string of the first portion of

the plurality of strings and at least one string of the second portion of the plurality of strings.

44, (Original) The system of Claim 43, wherein the firing sequence is operative to
cause the first portion of strings to fire in a first sequence and to then to cause the second

portion of strings to fire in the first sequence.

45, (Original) The system of Claim 34, wherein the plurality of drivers comprise a
polyphase power supply configured to a supply a plurality of temporally shifted drive currents
to a plurality of groups of the plurality of strings.

40, (Original) A method for controlling a solid state lighting panel including a
plurality of strings of solid state lighting devices configurcd to extend from a first edge of the
panel to a second edge of the panel in substantially adjacent positions relative to one another,
the method comprising supplying a plurality of pulsed drive currents to a plurality of groups

of the plurality of strings.

47, (Original) The method of Claim 46, wherein each group of the plurality of
groups comprises one of the plurality of strings and wherein one of the plurality of pulsed
drive currents is provided for each of the plurality of strings by one of a plurality of phase

drivers.

48. (Original) The method of Claim 47, further comprising receiving a
synchronizing signal from a display controller configured to control a refresh rate of display

pixels.

49, (Original) The method of Claim 46, further comprising synchronizing the

plurality of drive currents with a cycles of a periodic operation of a display panel.
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50. (Original) The method of Claim 49, wherein the periodic operation comprises

refreshing pixels and wherein the display panel comprises an LCD display panel.

51. (Original) A lighting panel system, comprising:

a lighting panel including a plurality of strings of solid state lighting devices arranged
across the panel in a first direction and positioned at intervals in a second direction that is
substantially orthogonal to the first direction;

a current supply circuit configured to selectively supply a plurality of on-state drive
currents to the plurality of strings responsive to a plurality of control signals;

a control system configured to selectively provide control signals to the current supply
circuit to selectively drive the plurality of strings, the control system further including firing
logic configured to detcrmine a firing order of the plurality of strings; and

wherein the firing logic is configured to drive the plurality of strings in a spatially
non-adjacent, non-sequential firing order and/or to drive the plurality of strings at ditferent

times for at least a subset of the plurality of strings.

52. (Original) The system of Claim 51, wherein the firing logic is further
configured to drive the plurality of strings and/or portions thereof at least partially based on

the spatial relationship between the plurality of strings and or portions thereof.

53. (Original) The system of Claim 51, wherein the firing logic comprises rule-

based logic configured to generate a non-spatially sequential firing order.

54, (Original) The system of Claim 53, wherein the rule-based logic further

comprises a rule that a second string fired after a first string is non-adjacent the first string,

55. (Original) The system of Claim 53, wherein the rule-based logic further
comprises a rule that if first string is fired simultaneously with a second string, then the first

string is non-adjaccnt the second string.
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REMARKS
Applicants appreciate the thorough examination of the present application as
evidenced by the Office Action of July 29, 2010. Applicants respectfully submit that the

pending claims are in condition for allowance for at least the reasons discussed herein.

Withdrawal of the Art Rejections Based on Chida Is Respectfully Requested
Claims 1-55 stand rejected under 35 U.S.C. §102(a) as being anticipated by PCT
Patent Publication WO 2007/049489 to Chida ("Chida"). (Office Action, page 2.) Since

Chida, which has a publication date of May 3, 2007, was not published in the English
language, the Office Action further bases the rejection on the English translation of the
detailed description of Japanese Patent Publication No. 2007-114628 to Taisuke ("Taisuke").
(Office Action, page 2.)

Applicants respectfully submit that Taisuke has a publication date of May 10, 2007,
which is after the filing date of the present application. In this regard, Taisuke is not prior art
under 35 U.S.C. §102(a) with respect to the present application.

Additionally, even if Taisuke may be used to provide an English translation of Chida,
Chida is not prior art with respect to these claims for at least the reasons set forth in the
attached Declaration Pursuant to 37 C.F.R. 1.131. In particular, Chida is effcctive as a prior
art reference as of May 3, 2010, the publication date of the international application.

However, Applicants have established conception of at least the subject matter of the
claims in the present application prior to May 3, 2007, coupled with diligence from prior to
that date to the filing of the present application on May &, 2007, as set forth in the Declaration
Pursuant to 37 C.F.R. 1.131. More specifically, the invention disclosure of Appendix A
(referenced in Section 3 of the attached Declaration) shows that the subject matter of the
claims was conceived on or before May 3, 2007. In particular, the invention disclosure of
Appendix A establishes conception of modified firing order of strings in a solid state
backlight unit. In fact, the invention disclosure of Appendix A includes figures and written
description that directly correspond at least to FIGS. 1, 5, 6, and 7 of the present application.

Moreover, prior invention may be established because the conception and reduction to
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practice of the invention occurred in the United States, in accordance with the requirements of
37 C.F.R. 1.131(a). Accordingly, Chida is not prior art with respect to the claims in the
present application.

In summary, the above statements, along with the attached Dcclaration and
accompanying documents, provide evidence of reduction to practice of the claims in the
present application prior to May 3, 2007, coupled with diligence from prior to May 3, 2007 to
the filing of the present application.

Because Chida and/or Taisuke are not prior art with respect to the present application
and presently pending Claims 1-55 therein, Applicants respectfully request withdrawal of all
prior art rejections of Claims 1-55 based on Chida and/or Taisuke. Applicants respectfully
request that the Examiner contact the undersigned attorney if any additional issues regarding
the art rejections and/or the attached Declaration should nced to be addressed. Applicants
have removed Chida and Taisuke as prior art to advance prosecution of the present
application to allowance without conceding any teachings of the cited art or agreeing with the

Examiner's assertions regarding the rejections of Claims 1-55.
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CONCLUSION
Applicants respectfully submit that pending claims are in condition for allowance,
which is respectfully requested in due course. Favorable reconsideration of this application is
respectfully requested. If any informal matters arise, the Examiner is encouraged to contact

the undersigned by telephone at (919) 854-1400.

Respectfully subqitted,

LI

N
Timothy J. Wall
Registration No. 50,743
Myers Bigel Sibley & Sajovec, P.A,

P. O. Box 37428

Raleigh, North Carolina 2762
g, 7 I hereby certify that this correspondence is being transmitted via the

Telephone: (9 1 9) 854-1400 Office electronic filing system in accordancc with § 1 .6_(a)(4) to the
Facsimile: (919) 854-1401 U.S. Patent and Trademark Office on October 18, 2010.

Customer No. 65106 .
Signature: }[\l/\)\, ('()/UZQ’? J[) n/qu )

Michele P. McMahan

CERTIFICATION OF TRANSMISSION
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In re; Roberts, et al. Confirmation No.: 1290
Application No.: 11/745,713 Group Art Unit: 2629
Filed: May 8, 2007 Examiner: David Lewis

For:  Systems and Methods for Controlling a Solid State Lighting Panel

DECLARATION PURSUANT TO 37 C.F.R. §1.131
Sir:
1, Keith J. Vadas, hereby declare and say that:

1. I am a named inventor of the subject matter of the inventions disclosed and
claimed in U.S. Patent Application Serial No. 11/745,713, filed on May 8, 2007 (hereinafter

"the present application").
2. Prior to May 3, 2007, I conceived the invention claimed in the rejected claims.

3. In support of the above statement of Section 2, I hereby submit as Appendix A
a copy of an invention disclosure I prepared and submitted to the Cree, Inc. patent department
before May 3, 2007 showing conception of the claimed invention. The dates within this

document have been blocked out, but are before May 3, 2007.

4, Due diligence was exercised from prior to May 3, 2007 to the filing of the

present patent application.

S. In support of the above statements of Section 4, I hereby submit as Appendix
B a copy of an email from Myers Bigel Sibley and Sajovec, P.A. dated April 19, 2007,
forwarding a final draft of the present application for my review; and as Appendix C a copy
of a letter from Myers Bigel Sibley & Sajovec, P.A. dated May 8, 2007, referring to the email
of April 19, 2007 and reporting the filing of the present application.

6. In summary, my statements herein and the documents I have concurrently
submitted show conception of the invention prior to May 3, 2007 coupled with due diligence

from prior to May 3, 2007 to the filing of the present application on May 8, 2007,
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7. [ hereby declare that all statements made herein of my own knowledge are
true, and that all statements made on information and belief are believed to be true. I further
declare that these statements were made with knowledge that willful false statements and the
like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18
of the United States Code and that such willful false statements may jeopardize the validity of

the application or any patent issued thereon.

K&JIL & N‘W Qctober 18, 2010

Keith 1. Vadas Date
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Application No. Applicant(s)

11/745,713 ROBERTS ET AL.
Office Action Summary Examiner AriUnit

Nitin Patel 2629

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)X] Responsive to communication(s) filed on 19 October 2010.

a)[] This action is FINAL. 2b)[X] This action is non-final.

3)[J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4\ Claim(s) 1-55is/are pending in the application.

4a) Of the above claim(s) ______is/are withdrawn from consideration.
5[] Claim(s) is/are allowed.
6)X] Claim(s) 1-55 is/are rejected.
7)[0 Claim(s) ____is/are objected to.
8)[] Claim(s) _____are subject to restriction and/or election requirement.

Application Papers

9)[1] The specification is objected to by the Examiner.
0)[] The drawing(s) filed on is/are: a)[_] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

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

Attachment(s)
1) & Notice of References Cited (PTO-892) 4) D Interview Summary (PTO-413)
2) [] Notice of Draftsperson’s Patent Drawing Review (PT0-948) Paper No(s)/Mail Date. ___
3) [] Information Disclosure Statement(s) (PTO/SB/08) 5) [ Notice of Informal Patent Application
Paper No(s)/Mail Date . 6) |:| Other:
U.S. Patent and Trademark Office
PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20110103
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Application/Control Number: 11/745,713 Page 2
Art Unit: 2629

DETAILED ACTION
Claim Rejections - 35 USC § 102
1. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(e) the invention was described in a patent granted on an application for patent by another filed in the
United States before the invention thereof by the applicant for patent, or on an international application
by another who has fulfilled the requirements of paragraphs (1), (2), and (4) of section 371(c) of this
title before the invention thereof by the applicant for patent.

The changes made to 35 U.S.C. 102(e) by the American Inventors Protection Act
of 1999 (AIPA) and the Intellectual Property and High Technology Technical
Amendments Act of 2002 do not apply when the reference is a U.S. patent resulting
directly or indirectly from an international application filed before November 29, 2000.
Therefore, the prior art date of the reference is determined under 35 U.S.C. 102(e) prior
to the amendment by the AIPA (pre-AIPA 35 U.S.C. 102(e)).

Claims 1-55 are rejected under 35 U.S.C. 102(e) as being anticipated by Yen et
al., (US 7,724,220).

As per claims 1, 16, 34,46, 51 Yen shows a lighting panel system, comprising: a
lighting panel (element 214 in fig.2)including a plurality of strings of solid state lighting
devices(RGB LED device in fig.3) arranged across the panel in a first direction and
positioned at intervals in a second direction that is substantially orthogonal to the first
direction; a current supply circuit(LED driver with current driving signal in fig.2)
configured to selectively supply a plurality of on-state drive currents to the plurality of

strings responsive to a plurality of control signals; and a control system 9element 22 in
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Application/Control Number: 11/745,713 Page 3
Art Unit: 2629

fig.2)configured to selectively provide control signals to the current supply circuit to
selectively drive the plurality of strings, the control system further including firing logic(in
fig.1b) configured to determine a firing order of the plurality of strings(in col.6 lines 36-
67) and sequence generator as taught by yen reference element 24 interface device.

As per claims 2-15, 17-33,35-45,47-50,52-55 it is well known in the art that
programming a controller to a do a function to randomly or sequentially order of frames
or scanning line as taught by Yen timing controller would have done the logic

sequencing as claimed in claim 2-5,17-33,35-45,47-50,52-55.

Conclusion
2. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Nitin Patel whose telephone number is 571-272-7677.
The examiner can normally be reached on 8:00-5:00.
If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, Shalwala Bipin can be reached on 571-272-7681. The fax phone number

for the organization where this application or proceeding is assigned is 571-273-8300.
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Application/Control Number: 11/745,713 Page 4
Art Unit: 2629

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)? If you would like assistance from a
USPTO Customer Service Representative or access to the automated information
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/Nitin Patel/
Primary Examiner, Art Unit 2629
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Attorney Docket No. 5308-703 PATENT
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re: Roberts et al. Confirmation No. 1290
Application No.: 11/745,713 Examiner; Patel, Nitin
Filing Date: May 8, 2007 Group Art Unit: 2629

For: SYSTEMS AND METHODS FOR CONTROLLING A SOLID STATE LIGHTING PANEL

Date: March 16, 2011

Commissioner for Patents
Box 1450
Alexandria, VA 22313-1450

5 INFORMATION DISCLOSURE STATEMENT COVER LETTER
ir:
Attached is an Information Disclosure Statement listing of documents, together with a copy of any
listed foreign patent document and/or non-patent literature. A copy of any listed U.S. patent and/or U.S.
patent application publication is not provided herewith in accordance with 37 C.F.R. § 1.98(a)(2)(ii).
] In accordance with 37 CFR 1.97(b), the information disclosure statement is being filed:
[J (1) within three months of the filing date of a national application other than a continued
prosecution application under §1.53(d);
[](2) within three months of the date of entry of the national stage as set forth in §1.491 in an
international application;
[](3) before the mailing of a first Office Action on the merits; or
[] (4) before the mailing of a first Office Action after the filing of a request for continued
examination under §1.114.
X In accordance with 37 CFR 1.97(c), the information disclosure statement is being filed after the
period specified in 37 CFR 1.97(b) above, but before the mailing date of any of a final action under §1.113, a
notice of allowance under §1.311, or an action that otherwise closes prosecution in the application, and is
accompanied by one of the following:
X (1) The statement specified under 37 CFR 1.97(e), as follows:

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

[ 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 '

[0 (2) The fee set forth in §1.17(p);
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Inre: .John Roberts et al.
Application No.: 11/745,713
Filing Date: May 8, 2007
Page 2 of 2

] 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:

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

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

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

[](2) The fee set forth in §1.17(p);

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

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

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

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

Respectfully sulymitted,

Timothy J. Wall
Registration No.: 50,743
Attorney for Applicant(s)

Customer Number 65106

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

919-854-1401 (Fax)

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

mm § 1.6(a)(4) to the U.S. Patent and Trademark Office on March 16, 2011.
' R. & mﬂﬁﬁ

Gwen R. Bailey
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Attorney Docket No. 5308-703 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re: Roberts, et al. Confirmation No.: 1290

Application No.: 11/745,713 Group Art Unit: 2629

Filed: May 8, 2007 Examiner: Nitin Patel

For: SYSTEMS AND METHODS FOR CONTROLLING A SOLID STATE
LIGHTING PANEL

April 6, 2011
Mail Stop AMENDMENT
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

RESPONSE

Sir:

The present response is provided to address the issues raised in the Office Action
mailed January 06, 2011.

It is not believed that either an extension of time or payment of additional fees —
including fees for net addition of claims — is required, beyond those that may otherwise be
provided for in documents accompanying this paper. In the event, however, that an extension
of time is necessary to allow consideration of this paper, such an extension is hereby
petitioned under 37 C.F.R. §1.136(a). Any additional fees believed to be due in connection
with this paper may be charged to Deposit Account No. 50-0220.

A Listing of Claims is provided for the Examiner's convenience, beginning on pagc 2 of
this paper.

Remarks begin on page 12 of this paper.
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Amendments to the claims:

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

the application:

Listing of Claims:

1. (Original) A lighting panel system, comprising:

a lighting panel including a plurality of strings of solid state lighting devices arranged
across the panel in a first direction and positioned at intervals in a second direction that is
substantially orthogonal to the first direction;

a current supply circuit configured to selectively supply a plurality of on-slate drive
currents to the plurality of strings responsive to a plurality of control signals; and

a control system configured to selectively provide control signals to the current supply ‘
circuit to selectively drive the plurality of strings, the control system further including firing

logic configured to determine a firing order of the plurality of strings.

2. (Original) The system of Claim 1, wherein the firing logic comprises rule-

based logic operative to generate a non-spatially-sequential firing order.

3. (Original) The system of Claim 2, wherein the rule-based logic comprises a

rule that a second string fired after a first string is non-adjacent the first string.

4. (Original) The system of Claim 2, wherein the rule-based logic comprises a
rule that a first string is fired simultaneously with a second string, wherein the first string is

non-adjacent the second string.

5. (Original) The system of Claim 1, wherein the lighting panel further

comprises a plurality of bars that include portions of the plurality of strings, wherein the
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plurality of bars extend across the panel in the first direction and are positioned adjacent one

another in a substantially parallel arrangement.

6. (Original) The system of Claim 5, wherein the firing order is operative to
cause a first firing, a second firing and a third firing, wherein the first firing occurs before the
second firing and the second firing occurs before the third firing, wherein the first firing
supplies current for at least one string in a first bar, the second firing supplies current for at
least one string in a second bar and the third firing supplies current for at least one string in a
third bar, wherein the second bar is located below the first bar and the third bar is located

above the second bar.

7. (Original) The system of Claim 5, further comprising;:

a first portion of the plurality of strings including solid state lighting devices that emit
light in a first dominant wavelength; and

a second portion of the plurality of strings including solid state lighting devices that
emit light in a second dominant wavelength,

wherein each of the plurality of bars includes at least one string of the first portion of
the plurality of strings and at least one string of the second portion of the plurality of strings
and wherein each of the first portion of the plurality of strings is fired in the firing order and

then each of the second portion of the plurality of strings is fired in the firing order.

8. (Original) The system of Claim 5, further comprising;:

a first portion of the plurality of strings including solid state lighting devices that emit
light in a first dominant wavelength; and

a second portion of the plurality of strings including solid state lighting devices that
emit light in a second dominant wavelength,

wherein at least one string of the first portion of the plurality of strings is fired

simultaneously with at least one string of the second portion of the plurality of strings.
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9. (Original) The system of Claim 5, further comprising;:

a first portion of the plurality of strings in a first bar; and

a second portion of the plurality of strings in a second bar,

wherein the first and second portions of the plurality of strings are fired sequentially in
the firing order and wherein the firing order is configured to determine the location of the

second bar relative to the location of the first bar.

10. (Original) The system of Claim 1, further comprising:

a first portion of the plurality of strings including solid state lighting deviccs that emit
light in a first dominant wavelength; and

a second portion of the plurality of strings including solid state lighting devices that
emit light in a second dominant wavelength,

wherein each of the first portion of the plurality of strings is fired in the firing order

and then each of the second portion of the plurality of strings is fired in the firing order.

11. (Original) The system of Claim 1, wherein the firing logic comprises random

logic operative to generate the firing order.

12. (Original) The system of Claim 1, further comprising a means for generating a

feedback signal configured to provide display performance information to the control system.

13. (Original) The system of Claim 1,

wherein the current supply circuit comprises a plurality of phase drivers configured to
supply a plurality of on-state drive currents at a plurality of times in a firing cycle,

wherein the plurality of strings of solid state lighting devices comprise a plurality of
string groups, each configured to receive current from one of the plurality of phase drivers,

and
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wherein the control system is further configured to determine the plurality of times
that each of the plurality of phase drivers begin to supply current to the plurality of string

groups.

14. (Original) The system of Claim 13, wherein the ratio of a quantity of the
plurality of phase drivers to a quantity of the plurality of strings of solid state lighting devices
is one and wherein each of the plurality of string groups comprises one of the plurality of

strings of solid state lighting devices.

15. (Original) The system of Claim 1, wherein the control system is configured to
receive a synchronizing signal from a display controller configured to control a display and

wherein the firing order is synchronized with periodic operations of the display.

16. (Original) A method for controlling a solid state lighting panel including a
plurality of strings of solid state lighting devices configured to extend from a first edge of the
panel to a second edge of the panel in substantially adjacent positions relative to one another,
the method comprising supplying a plurality of pulsed drive currents to the plurality of strings

in a non-spatially-sequential firing order.

17. (Original) The method of Claim 16, further comprising:

determining the firing order that supplies current to a first string of the plurality of
strings and a second string of the plurality of strings; and

defining the second string of the plurality of strings, wherein the defining is based on a

location of the first string.

18. (Original) The method of Claim 17, wherein defining the second siring

comprises selecting one of the plurality of strings that is not adjacent to the first string.
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19. (Original) The method of Claim 17, wherein defining the second string
comprises selecting one of the plurality of strings that is located a minimum quantity of

strings from the first string.

20. (Original) The method of Claim 17, further comprising defining a third string
of the plurality of strings, wherein the third string is configured to be fired after the second
string and wherein the defining is based on a location of the second string and the location of

the first string.

21. (Original) The method of Claim 20, wherein defining the second string
comprises selecting one of a plurality of strings that is on a first side of the first string and
defining the third string comprises selecting one of the plurality of strings that is on a second

side of the second string.

22. (Original) The method of Claim 16, further comprising grouping a plurality of
portions of the plurality of strings on a plurality of bars, wherein the plurality of bars extend
across the panel from the first edge to the second edge and are positioned adjacent one

another in a substantially parallel arrangement.

23. (Original) The method of Claim 22, further comprising simultaneously
supplying current to the portion of the plurality of strings that are in the same one of the

plurality of bars.

24. (Original) The method of Claim 22, further comprising simultaneously
supplying current to a first string located in a first bar and a second string located in a second

bar.

25. (Original) The method of Claim 22, further comprising:

generating a random number;
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assigning a value to each of the plurality of bars; and
simultaneously supplying current to the portion of the plurality of strings on one of the

plurality of bars based on the random number.

26. (Original) The method of Claim 16, further comprising:

supplying current to a first portion of the plurality of strings according to the firing
order, wherein the first portion of the plurality of strings includes solid state lighting devices
configured to emit light in a first dominant wavelength; and

supplying current to a second portion of the plurality of strings according to the firing
order after supplying current to the first portion of the plurality of strings, wherein the second
portion of the plurality of strings includes solid state lighting devices configured to emit light

in a second dominant wavelength.

27. (Original) The method of Claim 16, wherein defining is further based on a

dominant wavelength of light emitted by the solid state lighting devices in the first string.

28. (Original) The method of Claim 16, further comprising simultaneously
supplying current to a first string including solid state lighting devices configured to emit
light in a first dominant wavelength and a second string including solid state lighting devices

configured to emit light in a second dominant wavelength.

29. (Original) The method of Claim 16, further comprising:

determining the firing order that supplies current to a first string of the plurality of
strings and a second string of the plurality of strings; and

defining the second string based on a dominant wavelength emitted by the solid state

lighting devices in the first string and a relative position of the first string.

30. (Original) The method of Claim 16, comprising determining the firing order

using a numerical technique.
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31. (Original) The method of Claim 30, further comprising:
generating a random number;
assigning a value to each of the plurality of strings; and

supplying current to one of the plurality of strings based on the random number.

32. (Original) The method of Claim 30, wherein the numerical technique

comprises performing a non-linear calculation.

33. (Original) The method of Claim 16, wherein the firing order comprises a

deterministic order based on at least one rule.

34. (Original) A system for controlling a solid state lighting panel including a
plurality of strings of solid state lighting devices that are arranged to extend across the panel
in a first direction and are positioned adjacent one another in a second direction and that are
supplied current by a plurality of current drivers, the system comprising:

a sequence generator that generates a firing sequence for firing the plurality of strings;
and

a controller that provides control signals, responsive to the sequence generator, to the

plurality of current drivers.

35. (Original) The system of Claim 34, wherein the sequence generator comprises
a deterministic algorithm that determines a location of a subsequently fired string based on a

location of at least one previously fired string.

36. (Original) The system of Claim 34, wherein the sequence generator comprises
an algorithm that generates a sequence to fire a first string having a plurality of solid state

lighting devices that emit light in a first dominant wavelength and a second string having a
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plurality of solid state lighting devices that emit light in a second dominant wavelength,

wherein the second string is fired after the first string.

37. (Original) The system of Claim 34, wherein the sequence generator comprises
an algorithm that generates a sequence to simultaneously fire a first string having a plurality
of solid statc lighting devices that emit light in a first dominant wavelength and a second
string having a plurality of solid state lighting devices that emit light in a second dominant

wavelength.

38. (Original) The system of Claim 34, wherein the sequence generator generates

a random sequence of firing.

39. (Original) The system of Claim 34, further comprising a plurality of bars that
include portions of the plurality of strings, wherein the plurality of bars extend across the

panel in the first direction and are positioned adjacent one another in the second direction.

40. (Original) The system of Claim 39, wherein the firing sequence is configured
to simultaneously fire a first portion of the plurality of strings and then simultaneously fire a
second portion of the plurality of strings and wherein the first portion is located on a first bar

and the second portion is located on a second bar.

41. (Original) The system of Claim 39, wherein the firing sequence is configured

to simultaneously fire a first string on a first bar and a second string on a second bar.

42. (Original) The system of Claim 41, wherein the first string includes solid state
lighting devices that emit light in a first dominant wavelength and the second string includes

solid state lighting devices that emit light in a second dominant wavelength.
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43. (Original) The system of Claim 34, further comprising;:

a first portion of the plurality of strings including solid state lighting devices that emit
light in a first dominant wavelength; and

a second portion of the plurality of strings including solid state lighting devices that
emit light in a second dominant wavelength;

wherein each of the plurality of bars includes at least one string of the first portion of

the plurality of strings and at least one string of the second portion of the plurality of strings.

44, (Original) The system of Claim 43, wherein the firing sequence is operative to
cause the first portion of strings to fire in a first sequence and to then to cause thc sccond

portion of strings to fire in the first sequence.

45. (Original) The system of Claim 34, wherein the plurality of drivers comprise a
polyphase power supply configured to a supply a plurality of temporally shifted drive currents
to a plurality of groups of the plurality of strings. ’

46. (Original) A method for controlling a solid state lighting panel including a
plurality of strings of solid state lighting devices configured to extend from a first edge of the
panel to a second edge of the panel in substantially adjacent positions relative to one another,
the method comprising supplying a plurality of pulsed drive currents to a plurality of groups

of the plurality of strings.

47. (Original) The method of Claim 46, wherein each group of the plurality of
groups comprises one of the plurality of strings and wherein one of the plurality of pulsed
drive currents is provided for each of the plurality of strings by one of a plurality of phase

drivers.
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48. (Original) The method of Claim 47, further comprising receiving a
synchronizing signal from a display controller configured to control a refresh rate of display

pixels.

49. (Original) The method of Claim 46, further comprising synchronizing the

plurality of drive currents with a cycles of a periodic operation of a display panel.

50. (Original) The method of Claim 49, wherein the periodic operation comprises

refreshing pixels and wherein the display panel comprises an LCD display panel.

51. (Original) A lighting panel system, comprising:

a lighting panel including a plurality of strings of solid state lighting devices arranged
across the panel in a first direction and positioned at intervals in a second direction that is
substantially orthogonal to the first direction;

a current supply circuit configured to selectively supply a plurality of on-state drive
currents to the plurality of strings responsive to a plurality of control signals;

a control system configured to selectively provide control signals to the current supply
circuit to selectively drive the plurality of strings, the control system further including firing
logic configured to determine a firing order of the plurality of strings; and

wherein the firing logic is configured to drive the plurality of strings in a spatially
non-adjacent, non-sequential firing order and/or to drive the plurality of strings at different

times for at least a subset of the plurality of strings.

52. (Original) The system of Claim 51, wherein the firing logic is further
configured to drive the plurality of strings and/or portions thereof at least partially based on

the spatial relationship between the plurality of strings and or portions thereof.

53. (Original) The system of Claim 51, wherein the firing logic comprises rule-

based logic configured to generate a non-spatially sequential firing order.
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54. (Original) The system of Claim 53, wherein the rule-based logic further

comprises a rule that a second string fired after a first string is non-adjacent the first string.

55. (Original) The system of Claim 53, wherein the rule-based logic further
comprises a rule that if first string is fired simultaneously with a second string, then the first

string is non-adjacent the second string.
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REMARKS
Applicants appreciate the thorough examination of the present application as
evidenced by the Office Action of January 6, 2011. Applicants respectfully submit that the

pending claims are in condition for allowance for at least the reasons discussed herein.

Claims 1, 16, 34, 46 and 51 Are Patentable Over Yen
Claims 1-55 stand rejected under 35 U.S.C. §102(e) as being anticipated by U.S.
Patent No. 7,724,220 to Yen et al. ("Yen"). (Office Action, page 2.)

As an initial matter, Applicants note that the Office Action concludes that the prior art
date of the reference is determined under the provisions of §102(e) prior to the amendment by
AIPA because the changes made to §102(e) do nbt apply when the reference is a U.S. Patent
resulting directly or indirectly from an international application filed before November 29,
2000. (Office Action, page 2.) Applicants respectfully note that the foreign application
priority data corresponding to Yen appears to be Jan. 12, 2006, which is substantially after
November 29, 2000. In this regard, a §102(e) priority date for Yen would be determined
using the current provisions of §102(e).

Additionally, Applicants respectfully submit that Claims 1, 16, 34, 46 and 51 are
patentable over Yen for at least the reason that Yen fails to disclose or suggest several of the
recitations therein. For example, Claim 1 recites:

A lighting panel system, comprising:

a lighting panel including a plurality of strings of solid state
lighting devices arranged across the panel in a first direction and positioned at
intervals in a second direction that is substantially orthogonal to the first
direction;

a current supply circuit configured to selectively supply a plurality
of on-state drive currents to the plurality of strings responsive to a
plurality of control signals; and

a control system configured to selectively provide control signals to
the current supply circuit to selectively drive the plurality of strings, the
control system further_including firing logic configured to determine a
firing order of the plurality of strings. (Emphasis added.)
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Regarding Claim 1, the Office Action asserts that Yen shows a lighting panel system
including a lighting panel (element 214 in fig. 2) including a plurality of strings of solid state
lighting devices (RGB LED device in fig. 3). (Office Action, page 2.) Applicants
respectfully disagree. Other than using solid state light emitters (LEDs), Yen appears to be
entirely non-analogous art. For example, Yen appears to describe an LED current driving
system 20 for an LCOS display that includes an LCOS panel that “is used to receive image
data and to display image.” (Yen, column 2, lines 48-49 and 61-62.) In contrast with a
lighting panel, an LCOS panel includes a "micro-projection" or "micro-display" technology
that uses liquid crystals instead of individual mirrors. Thus, Yen does not disclose or suggest
a lighting panel, as recited in Claim 1.

Additionally, as Yen appears to describe controlling current to individual ones of the
LEDs, Yen does not disclose or suggest a lighting panel including “a plurality of strings ot
solid state lighting devices,” as recited in Claim 1. For example, Yen describes combined
current sources “to stably and precisely control the current flowing through the corresponding
LED, and to improve the color quality of the image.” (Yen, column 2, lines 14-19.) In
contrast with providing current to strings of LEDs, Yen describes that “[e]ach LED driving
unit outputs a driving current to a corresponding LED.” (Yen, column 3, lines 19-21.) In this
regard, Yen does not disclose or suggest selectively providing current to the strings of solid
statc lighting dcvices.

Further, Yen does not disclose or suggest “a control system... including firing logic
configured to determine a firing order of the plurality of strings,” as recited in Claim 1. As
discussed above, since Yen does not disclose providing current to strings of solid state
lighting devices, then Yen necessarily does not disclose or suggest determining a firing order
of strings of solid state lighting devices. Applicants respectfully submit that Claim 1 is
patentable over Yen for at least the reason that Yen does not disclose or suggest scveral of the
recitations of Claim 1, the allowance of which is respectfully requested.

Claims 16, 34, 46 and 51 are distinguishable over Yen for similar reasons as discussed
above regarding Claim 1. For example, Claim 16 recites, in part “supplying a plurality of

pulsed drive currents to the plurality of strings in a non-spatially-sequential firing order.” As
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discussed above, Yen does not disclose or suggest strings of solid state lighting devices. In
this regard, Yen is wholly silent regarding a firing order of strings, much less “a non-spatially
sequential firing order,” as recited in Claim 16. Accordingly, Yen does not disclose of
suggest several recitations of Claim 16, the allowance of which is respectfully requested.

Similarly, Claim 34 recites, in part “a solid state lighting panel including a plurality of
strings of solid state lighting devices...a sequence generator that generates a firing sequence
for firing the plurality of strings.” As discussed above, Yen does not disclose or suggest
strings of solid state lighting devices. In this regard, Yen is wholly silent regarding “a
sequence gencrator that generates a firing sequence for firing the plurality of strings,” as
recited in Claim 34. Accordingly, Yen does not disclose of suggest several recitations of
Claim 34, the allowance ofvwhich is respectfully requested.

Similarly, Claim 46 recites, in part “supplying a plurality of pulsed drive currents to

a plurality of groups of the plurality of strings.” As discussed above, Yen does not disclose or
suggest strings of solid state lighting devices. The recitations of Claim 46 include even
further distinctions in that the strings of solid state lighting devices are fired in groups, in
contrast with individual LED drivers in Yen. In this regard, Yen is wholly silent regarding
“supplying a plurality of pulsed drive currents to a plurality of groups of the plurality of
strings,” as recited in Claim 46. Accordingly, Yen does not disclose of suggest scveral
recitations of Claim 46, the allowance of which is respectfully requested.

Similarly, Claim 51 includes multiple recitations similar to those discussed above
regarding Claims 1, 16, 34 and 46 and is patentable over Yen for at least the same reasons,

the allowance of which is respectfully requested.

Dependent Claims are Patentable

Applicants traverse the rejection of the dependent claims as each of these claims
depends from a base claim that is believed to be in condition for allowance. Additionally,
several of the claims are separately patentable over the cited art. For example, Claim 2 recites
“rule-based logic operative to generate a non-spatially-sequential firing order.” For at least

the same reasons discussed above regarding Claim 34, Yen does not disclose or suggest non-
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spatially-sequential firing order. Although Yen does describe that the three LEDs 13, 14, 15
can be conducted sequentially, such sequence is wholly unrelated to relative spatial properties
among the LEDs much less strings of LEDs. As such, dependent Claim 2 is separately
patentable over Yen, the allowance of which is respectfully requested. Additionally, Claims 3
and 4 depend from Claim 2 and include additional recitations corresponding to the rule-based
logic recited in Claim 2. As such, dependent Claims 3 and 4 are separately patentable over
Yen, the allowance of which is respectfully requested. Claim 52 includes similar recitations
as discussed above regarding Claim 2 and thus is separately patentable over Yen for at least

the same reasons.

Additionally, dependent Claim 5 recites, in part “a plurality of bars that include
portions of the plurality of strings.” The Office Action does not allege and Yen does not
disclose or suggest that ones of the LEDs described therein are arranged in and/or include a
plurality of bars that include the plurality of strings. Accordingly, dependent Claim 5 is
separately patentable over Yen, the allowance of which is respectfully requested.
Additionally, Claims 6-9 depend from Claim 5 and include additional recitations
corresponding to the plurality of bars recited in Claim 5. As such, dependent Claims 6-9 are
separately patentable over Yen, the allowance of which is respectfully requested. Claims 22-
25 and 39-41 include similar recitations as discussed above regarding Claims 5 and 6-9 and

thus are separately paténtable over Yen for at least the same reasons.

Additionally, dependent Claim 15 recites, in part “wherein the control system is
configured to receive a synchronizing signal from a display controller configured to control a
display and wherein the firing order is synchronized with periodic operations of the display.”
The recitations of dependent Claim 15 further emphasize the non-analogous nature of Yen
relative to Applicants’ invention. For example, as discussed above, Yen appears to describe a
LCOS display. As such, Yen cannot reasonably be interpreted to receive a synchronizing
signal from display controller to synchronize the firing order with the periodic operations of
the display since Yen appears to be describing the display itself. Accordingly, dependent

Claim 15 is separately patentable over Yen, the allowance of which is respectfully requested.
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Additionally, Claims 47-49 include similar recitations as discussed above regarding Claim 15
and thus are separately patentable over Yen for at least the same reasons. Yet further,
dependent Claim 50 depends from Claim 49 and recites that the display panel comprises an
LCD display panel, a technology that is wholly distinct and superfluous relative to the LCOS
display described in Yen. Accordingly, Claim 50 is separately patentable over Yen, the

allowance of which is respectfully requested.

Regarding the remaining dependent claims, 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

Applicants respectfully submit that pending claims are in condition for allowance,
which is respectfully requested in due course. Favorable reconsideration of this application is
respectfully requested. If any informal matters arise, the Examiner is encouraged to contact

the undersigned by telephone at (919) 854-1400.

<e%ully submitted,
O 3\\&\3\

Timothy J. Wall
Registration No. 50,743

Myers Bigel Sibley & Sajovec, P.A,

P. O. Box 37428

Raleigh, North Carolina 27627
gh, North Ca a 27 1 hereby certify that this correspondence is being transmitted via the

Telephone: (919) 854-1400 Office electronic filing system in accordance with § 1.6(a)(4) to the
Facsimile: (919) 854-1401 U.S. Patent and Trademark Office on April 6, 2011.
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New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTO/SB/06 (07-06)

Approved for use through 1/31/2007. OMB 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 OMB control number.

# |f the entry in column 1 is less than the entry in column 2, write “0” in column 3.
** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20”.
*** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3”.

PATENT APPLICATION FEE DETERMINATION RECORD | Application or Docket Number | Filing Date
Substitute for Form PTO-875 11/745,713 05/08/2007 | [ 7o be Mailed
APPLICATION AS FILED — PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY [] OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($) RATE ($) FEE ($)
L1 Basic Fee N/A N/A N/A N/A
(37 CFR1.16(a) (b} or (c))
[ searcH Fee N/A N/A N/A N/A
(37 CFR1.16(K). (i), or (m))
|:| EXAMINATION FEE
(37 CFR 1.16(0), (B), or (@) N/A N/A N/A N/A
O e K K- A
INDEPENDENT CLAIMS ) N _ _
(37 CFR 1.16(h)) minus 3 = X $ = X $ _
If the specification and drawings exceed 100
O sheets of paper, the application size fee due
ASF;P&%U?N SIZE FEE is $250 ($125 for small entity) for each
¢ 16(s)) additional 50 sheets or fraction thereof. See
35 U.S.C. 41(a)(1)(G) and 37 CFR 1.16(s).
[] MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL TOTAL
APPLICATION AS AMENDED — PART I
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
| 04/06/2011 | \rrep PREVIOUSLY EXTRA RATE® | Fee (9) RATE ($) FEE ($)
E AMENDMENT PAID FOR
S Ig}(?)') (27 OFR « B5 Minus | * 55 -0 X$ = OR | x sso= 0
5 .
5 g;ig;;grﬁe&th» « 5 Minus | =5 -0 X$ = OR | x $220= 0
<§E I:l Application Size Fee (37 CFR 1.16(s))
|:| FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL TOTAL
ADD'L OR ADDL 0
FEE FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
AFTER PREVIOUSLY EXTRA RATE (§) FEE ($) RATE ($) FEE ($)
— AMENDMENT PAID FOR
5 ;r.?g(?)l) (37 CFR * Minus I * _ X $ = OR | X$ =
S s ] - = A o
5 I:l Application Size Fee (37 CFR 1.16(s))
=
<C |:| FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL TOTAL
ADD’L OR ADD’L
FEE FEE

Legal Instrument Examiner:

/BRENDA HINES/

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 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, 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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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.Uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
65106 7590 077112011
MYERS BIGEL SIBLEY & SAJOVEC, P.A. PATEL, NITIN
P.O. BOX 37428
RALEIGH, NC 27627 | ART UNIT PAPERNUMBER |
2629
DATE MAILED: 07/11/2011
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. |  CONFIRMATION No.
11/745,713 05/08/2007 John K. Roberts 5308-703 1290

TITLE OF INVENTION: SYSTEMS AND METHODS FOR CONTROLLING A SOLID STATE LIGHTING PANEL

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional NO $1510 $300 $0 $1810 10/11/2011

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 SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES, verify your current If the SMALL ENTITY is shown as NO:
SMALL ENTITY status:

A. If the status is the same, pay the TOTAL FEE(S) DUE shown A. Pay TOTAL FEE(S) DUE shown above, or
above.

B. If the status above is to be removed, check box 5b on Part B - B. If applicant claimed SMALL ENTITY status before, or is now

Fee(s) Transmittal and pay the PUBLICATION FEE (if required) claiming SMALL ENTITY status, check box 5a on Part B - Fee(s)

and twice the amount of the ISSUE FEE shown above, or Transmittal and pay the PUBLICATION FEE (f required) and 1/2
the ISSUE FEE shown above.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Pagel1of3 | . ]
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commlssmner for Patents
P.O.Box 1
Alexandria, Virginia 22313-1450

or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
ppropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
1cated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for

malntenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
Eapers. Each additional paper, such as an assignment or formal drawing, must

ave its own certificate of mailing or transmission.

65106 7590 07/11/2011
MYERS BIGEL SIBLEY & SAJOVEC, P.A. Certificate of Mailing or Transmission
I hereby certify that this Fee(s) Transmittal is being deposited with the United
P.O. BOX 37428 States Postal Service with sufficient postage for first class mail in an envelope
RALEIGH, NC 27627 addressed to the Mail Stop ISSUE FEE address above, or being facsimile
transmitted to the USPTO (571) 273-2885, on the date indicated below.
(Depositor's name)
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
11/745,713 05/08/2007 John K. Roberts 5308-703 1290
TITLE OF INVENTION: SYSTEMS AND METHODS FOR CONTROLLING A SOLID STATE LIGHTING PANEL
| APPLN. TYPE SMALL ENTITY | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional NO $1510 $300 $0 $1810 10/11/2011
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
PATEL, NITIN 2629 345-102000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). . 1
(1) the names of up to 3 registered patent attorneys
| Chan%e of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. . ! . 2
(2) the name of a single firm (having as a member a
[ "Fee Address" indication (or "Fee Address” Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ ndividuat Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
[ Issue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) | Payment by credit card. Form PTO-2038 is attached.
(] Advance Order - # of Copies (1 The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. . Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature Date

Typed or printed name Registration No.

This collection of information 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 v. epending 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 toalt'f}lle Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, Alexandgrla Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commlss1oner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313-1450.

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.Uspto.gov

| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. |  CONFIRMATION NoO. |
11/745,713 05/08/2007 John K. Roberts 5308-703 1290
65106 7590 07/11/2011 | EXAMINER |
MYERS BIGEL SIBLEY & SAJOVEC, P.A. PATEL, NITIN
P.O. BOX 37428
RALEIGH, NC 27627 | ART UNIT PAPER NUMBER |

2629

DATE MAILED: 07/11/2011

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is 751 day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 751 day(s).

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 Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page3o0f3 | . ]
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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.

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.

. 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.

. 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).

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.

. 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)).

. 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.

. 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.

. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local

law enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or
regulation.
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Application No. Applicant(s)

. . 11/745,713 ROBERTS ET AL.
Notice of Allowablllty Examiner Art Unit
NITIN PATEL 2629

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF 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. [X] This communication is responsive to 4/6/2011.
2. X The allowed claim(s) is/are 1-55.

3. [J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

a)[d Al b)[Some* c)[INone ofthe:
1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [0 Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* 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.

4. [] A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

5. [J CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(a) [0 including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) [ hereto or 2) [J to Paper No./Mail Date _____.
(b) O including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date ____.

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. [ ] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)
1. [ Notice of References Cited (PTO-892) 5. [ Notice of Informal Patent Application
2. [[] Notice of Draftperson's Patent Drawing Review (PTO-948) 6. [] Interview Summary (PTO-413),
Paper No./Mail Date .

3. X Information Disclosure Statements (PTO/SB/08), 7. [ Examiner's Amendment/Comment

Paper No./Mail Date 3/16/2011
4. [J Examiner's Comment Regarding Requirement for Deposit 8. [ Examiner's Statement of Reasons for Allowance

of Biological Material

9. [] Other )

/Nitin Patel/
Primary Examiner, Art Unit 2629

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-06) Notice of Allowability Part of Paper No./Mail Date 20110630
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Issue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

11745713 ROBERTS ET AL.
NITIN PATEL 2629
ORIGINAL INTERNATIONAL CLASSIFICATION

CLASS SUBCLASS CLAIMED NON-CLAIMED

345 102 G 9 | a 3/36 (2006.01.01)
CROSS REFERENCE(S)
CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
X Claims renumbered in the same order as presented by applicant O CPA O T.b. O R.1.47
Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original

1 17 33 49

2 18 34 50

3 19 35 51

4 20 36 52

5 21 37 53

6 22 38 54

7 23 39 55

8 24 40

9 25 41

10 26 42

11 27 43

12 28 44

13 29 45

14 30 46

15 31 47

16 32 48
NONE

Total Claims Allowed:
55

(Assistant Examiner) (Date)
/NITIN PATEL/
Primary Examiner.Art Unit 2629 06/30/2011 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 8,9

U.S. Patent and Trademark Office

Part of Paper No. 20110630
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Application/Control No. Applicant(s)/Patent Under
Reexamination
Search Notes 11745713 ROBERTS ET AL.
Examiner Art Unit
Nitin Patel 2629
SEARCHED
Class Subclass Date Examiner
345 72, 88,102, 204 6/17/2011 NP
SEARCH NOTES
Search Notes Date Examiner
EAST SEARCH, keywords and subclasses, uspat, uspgpubs, epo, jpo, 6/17/2011 NP
derwent, ibm; inventor name search;
INTERFERENCE SEARCH
Class Subclass Date Examiner
UPDATED ABOVE CLASS AND SUBCLASS 6/17/2011 NP
PGPUB DATABASE 6/17/2011 NP

/DAVID L LEWIS/
Primary Examiner.Art Unit 2629

U.S. Patent and Trademark Office
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UNITED STATES PATENT AND TRADEMARK OFFICE

Page 1 of 1

BIB DATA SHEET

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. 1290

CLASS
345

SERIAL NUMBER
11/745,713

FILING or 371(c)
DATE
05/08/2007
RULE

GROUP ART UNIT
2629

ATTORNEY DOCKET
NO.
5308-703

APPLICANTS
John K. Roberts, Grand Rapids, MI;
Keith J. Vadas, Lowell, Ml;

*k CONTINUING DATA kkkkkhkkhkhkhkkhhhhhkhhhkhhd
*k FOREIGN APPLICATIONS kkkkhkdkhkhkhhhkhkhhkhkkhkhkkd

** IF REQUIRED, FOREIGN FILING LICENSE GRANTED **
05/31/2007

Foreign Priority claimed D Yes QNO

35 USC 119(a-d) conditions met D Yes BNO

Verified and /NITIN PATEL/
Acknowledged Examiner's Signature

STATE OR
COUNTRY

Ml

D Met after
Allowance

Initials

SHEETS
DRAWINGS

12 55

TOTAL
CLAIMS

INDEPENDENT
CLAIMS

5

ADDRESS

MYERS BIGEL SIBLEY & SAJOVEC, P.A.
P.O. BOX 37428

RALEIGH, NC 27627

UNITED STATES

TITLE

Systems and Methods for Controlling a Solid State Lighting Panel

FEES: Authority has been given in Paper

|Q All Fees

|0 1.16 Fees (Fil

ng)

FILING FEE ; ;
RECEIVED |No. to charge/credit DEPOSIT ACCOUNT |2 1.17 Fees (Processing Ext. of time) |
3280 No. for following: |EI 1.18 Fees (Issue) |
|EI Other |
|0 Credit |

BIB (Rev. 05/07).
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EAST Search History

EAST Search History

EAST Search History (Prior Art)

Search Query

Default
Operator

Plurals

Time Stamp

81 1060890

led or (light near2 emit
$4 near2 (diode or
element or display))or
lightnin$4 near2 device

$2

US-PGPUB;
USPAT; EPO;
JPO;
DERWENT:;
IBM_TDB

OR

ON

2011/01/03
03:48

S22 189679

S1 same (current or
voltage)

US-PGPUB;
USPAT; EPO;
JPO;
DERWENT;
IBM_TDB

OR

ON

2011/01/03
03:49

8 {33224

S2 same (on or off or
idle)

US-PGPUB;
USPAT; EPO;
JPO;
DERWENT;
IBM_TDB

OR

ON

2011/01/03
03:49

= siss

S3 same control$4
near3 (line$2 or signal

$2)

US-PGPUB;
USPAT; EPO;
JPO;
DERWENT;
IBM_TDB

OR

ON

2011/01/03
03:50

& ie0s

$4 and "345"/$.ccls.

US-PGPUB;
USPAT; EPO;
JPO;
DERWENT;
IBM_TDB

OR

ON

2011/01/03
03:51

S5 1796

S5 and @ay< ="2008"

US-PGPUB;
USPAT; EPO;
JPO;
DERWENT;
IBM_TDB

OR

ON

2011/01/03
03:53

77 1300601

current with (on or off)

US-PGPUB;
USPAT; EPO;
JPO;
DERWENT;
IBM_TDB

OR

ON

2011/01/03
05:50

S8 474621

(current or voltage)
with (on or off)

US-PGPUB;
USPAT; EPO;
JPO;
DERWENT;
IBM_TDB

OR

ON

2011/01/03
05:50

So 155254

"1" same S8

US-PGPUB;
USPAT; EPO;
JPO;
DERWENT;
IBM_TDB

OR

ON

2011/01/03
05:50
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1510 19908 S9 same (order or US-PGPUB; OR ON 2011/01/083
sequenc$4 or pattern USPAT; EPO; 05:52
or non near2 adjac$4 JPO;
or non near2 sequent$4 {DERWENT;
; or sequent$4) IBM_TDB
1511 8840 S$10 same (control$4 or \US-PGPUB; OR ON 2011/01/083
cpu or mpu or USPAT; EPO; 05:53
processor or JPO;
MICroprocessor) DERWENT;
; IBM_TDB
S12 72 S11 and 345/102,204. US-PGPUB; OR ON 2011/01/03
ccls. USPAT; EPO; 05:53
JPO;
DERWENT;
3 IBM_TDB
1813 1060890 :led or (light near2 emit {US-PGPUB; OR ON 2011/01/03
$4 near2 (diode or USPAT; EPO; 05:55
element or display))or  JPO;
lightnin$4 near2 device (DERWENT;
5 $2 IBM_TDB
1S14 19138 S$13 same S8 US-PGPUB; OR ON 2011/01/03
: USPAT; EPO; 05:55
JPO;
DERWENT;
; IBM_TDB
1815 2574 S14 same (order or US-PGPUB; OR ON 2011/01/083
f sequenc$4 or pattern USPAT; EPO; 05:55
or non near2 adjac$4 JPO;
or non near2 sequent$4 DERWENT;
: or sequent$4) IBM_TDB
1816 1424 S15 same (control$4 or \US-PGPUB; OR ON 2011/01/03
cpu or mpu or USPAT; EPO; 05:55
processor or JPO;
MICroprocessor) DERWENT;
5 IBM_TDB
1817 232 S16 and "345"/$.ccls. US-PGPUB; OR ON 2011/01/03
USPAT; EPO; 05:56
JPO;
DERWENT;
: IBM_TDB
1518 1193856 iled or light near2 emit {US-PGPUB; OR ON 2011/06/17
$4 near2 (element or USPAT; EPO; 11:28
diode) or solid near2 JPO;
state near3 (device or DERWENT;
: diode or element) IBM_TDB
1S19 28639 $18 same current near2 {US-PGPUB; OR ON 2011/06/17
(supply or control$4) USPAT; EPO; 11:29
JPO;
DERWENT;
IBM_TDB
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S0

18595

$19 same (on or off or
idle$4 or emit$4 or
static or dynamic)

US-PGPUB;
USPAT; EPO;
JPO;
DERWENT:;
IBM_TDB

OR

ON

2011/06/17
11:30

Y

2227

S20 same (order or
sequen$4 or parti$4 or
cluster or chunk$2)

US-PGPUB;
USPAT; EPO;
JPO;
DERWENT:;
IBM_TDB

OR

ON

2011/06/17
11:31

2

475

S21 and "345"/$.ccls.

US-PGPUB;
USPAT; EPO;
JPO;
DERWENT;
IBM_TDB

OR

ON

2011/06/17
11:31

=3

1388608

non near2 order or non
near2 sequent$6 or
random$4

US-PGPUB;
USPAT; EPO;
JPO;
DERWENT;
IBM_TDB

OR

ON

2011/06/17
13:08

24

18980

$23 same $18

US-PGPUB;
USPAT; EPO;
JPO;
DERWENT;
IBM_TDB

OR

ON

2011/06/17
13:08

59

S24 and 345/102.ccls.

US-PGPUB;
USPAT; EPO;
JPO;
DERWENT;
IBM_TDB

OR

ON

2011/06/17
13:09

26

14336

(non near2 sequential
$4 or iregular$$ or
nonsequential$4)

US-PGPUB;
USPAT; EPO;
JPO;
DERWENT;
IBM_TDB

OR

ON

2011/06/17
13:21

1470

S26 with (element or
device or diode)

US-PGPUB;
USPAT; EPO;
JPO;
DERWENT;
IBM_TDB

OR

ON

2011/06/17
13:21

528

86

S27 and "345"/$.ccls.

US-PGPUB;
USPAT; EPO;
JPO;
DERWENT;
IBM_TDB

OR

ON

2011/06/17
13:21

29

104121

(strings or panle or
rows)with (light or bulb
or tube or solid near2
state or diode or led)

US-PGPUB;
USPAT; EPO;
JPO;
DERWENT;
IBM_TDB
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1830 {10513 {S29 same current US-PGPUB; OR ON 2011/06/17
USPAT; EPO; 15:36
JPO;
DERWENT;
z IBM TDB
1831 28 S30 same (non-spatially {US-PGPUB; OR ON 2011/06/17
or nonspatially or non {USPAT; EPO; 15:42
near2 adjacent$4 or JPO;
irregular$4) DERWENT;
; IBM_TDB
1832 1151 830 same (non-spatially {US-PGPUB; OR ON 2011/06/17
or nonspatially or non USPAT; EPO; 15:43
near2 adjacent$4 or JPO;
irregular$4or alternat DERWENT;
$4) IBM_TDB
1833 1173 S30 same (non-spatially {US-PGPUB; OR ON 2011/06/17
or nonspatially or non USPAT; EPO; 15:43
near2 adjacent$4 or JPO;
irregular$4 or alternat DERWENT;
$4) IBM_TDB
S34 120 S33 and "345"/$.ccls. US-PGPUB; OR ON 2011/06/17
: USPAT; EPO; 15:43
JPO;
DERWENT;
: IBM_TDB
1835 11036 control$5 with (non- US-PGPUB; OR ON 2011/06/17
f sequential$4 or USPAT; EPO; 22:01
nonsequential$4) JPO;
DERWENT;
IBM_TDB
1836 32 S35 same (light or led  {US-PGPUB; OR ON 2011/06/17
or tube or bulb or solid {USPAT; EPO; 22:02
near2 state) JPO;
DERWENT;
5 |BM_TDB
1837 1370 control$5 same (non-  {US-PGPUB; OR ON 2011/06/17
sequential$4 or USPAT; EPO; 22:10
nonsequential$4)same  JPO;
(led or light or devcices {DERWENT;
or elements or cluster IBM_TDB
or chunks or group$4
or bulb or tube)
S38 36 S37 and "345"/$.ccls. US-PGPUB; OR ON 2011/06/17
: USPAT; EPO; 22:11
JPO;
DERWENT;
5 IBM_TDB
1839 1257 control$5 same (non-  {US-PGPUB; OR ON 2011/06/17
: sequential$4 or USPAT; EPO; 22:14
nonsequential$4).clm.  JPO;
DERWENT;
IBM_TDB
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1340 0 S39 and 345/4.ccls. US-PGPUB; OR ON 2011/06/17
USPAT; EPO; 22:15

JPO;
DERWENT;
IBM_TDB

A1 20 S39 and "345"/$.ccls. US-PGPUB; OR ON 2011/06/17
USPAT; EPO; 22:15

JPO;
DERWENT;
IBM_TDB
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Complete if Known
Application Number 11/745,713
INFORMATION DISCLOSURE Filing Date May 8, 2007
STATEMENT BY APPLICANT First Named Inventor John K. Roberts
Art Unit 2629
(use as many sheets as necessary) Examiner Name Patel, Nitin
Sheet | C1 | of | C1 Attorney Docket Number 5308-703

U.S. PATENT DOCUMENTS

Examiner | Cite Document Number Publication Date Name of Patentee or Pages, Columns, Lines, Where
Initials* No. - - MM-DD-YYYY Applicant of Cited Document Relevant Passages or Relevant
Number-Kind Code (if known) )
Figures Appear
1. US-  2006/139954 A1 06-29-2006 Kobori Tomoki et al.
Us-
US-
Us-
Us-
FOREIGN PATENT DOCUMENTS
Examiner | Cite Foreign Patent Document Publication Date Name of Patentee or Pages, Columns, Lines,
initials* No. Countrv Gode. Number. Kind Code (i MM-DD-YYYY Applicant of Cited Document | Where Relevant Passages
kr?:vcnr)y oae, Number, a or Relevant Figures Appear | T
NON PATENT LITERATURE DOCUMENTS
Examiner | Cite Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, magazine, journal,
Initiais* No. serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/for country where published T
2| Communication pursuant to Article 94(3) EPC dated February 7, 2011 corresponding to
European Application No. 08 743 161.5; 6 pages

Examiner INitin Patel/ Date 06/30/2011

Signature Considered

*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.

ALL BREFERENCES CONSIDEREP&tifiohdt HiYetisB SN EBrpoBlidsGH. /NF/
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where

apé)ropriale. 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 1 for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmiltal, This certificale cannot be used for any olther accompanying

Eapers. Each additional paper, such as an assignment or formal drawing, must

ave its own certificate of mailing or transmission.

65106 7590 071112011
MYERS BIGEL SIBLEY & SAJOVEC, P.A. Certificate of Mailing or Transmission
P.O. BOX 37428 I hereby certify that this Fee(s) Transmittal is being deposited with the United
ASg States Postal Service with sufficient postage for first class mail in an envelope
RALEIGH, NC 27627 addressed to the Mail Stop ISSUE FEE address above, or being facsimile
transmitted to the USPTO (571) 273-2885, on the date indicated below.
(Deposilor's name)
(Signature}
(Date)
APPLICATION NO. I FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
11/745,713 05/08/2007 John K. Roberts 5308-703 1290
TITLE OF INVENTION: SYSTEMS AND METHODS FOR CONTROLLING A SOLID STATE LIGHTING PANEL
l APPLN. TYPE SMALL ENTITY ‘ ISSUE I'EE DUE I PUBLICATION FEE DUE | PREVY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE I
nonprovisional NO $1510 $300 $0 $1810 10/11/2011
[ EXAMINER | ART UNIT | crass-suscrass I
PATEL, NITIN 2629 345-102000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list . s
CFR 1.363). (1) the names of up to 3 registered patent atlorneys 1 Myers Bigel Slbley
[J Change of correspondence address (or Change of Correspondence or agents OR, alternatively, & Sa_} ovec
Address form PTO/SB/122) attached. (2) the name of a single firm (having as a member a 2
[ "Fee Address" indication (or "Fee Address" Indication form registered attorney or agent) and the names of up lo
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required, listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed lor
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)

Cree, Inc. Durham, NC
Please check the appropriate assignee category or categories (will not be printed on the patent) : [ Individual morpora(ion or other private group entity [ Government
4a, The following fee(s) are submitted: 4b, Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
XK issue Fee [ A check is enclosed.
X% Publication Fee (No small entity discount permitted) J Payment by credit card. Form PTO-2038 is attached.

Advance Order - # of Copies )a@le Director is hereby authorized to charge the required fee(s), any deficiency, or credit any
overpayment, to Deposit Account Number - (enclose an extra copy of this form).

5. Change in Entity Status (from slatus indicated above)
Ja. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. e, Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature W\N\/ Date 7*/ )‘//‘/ /,/

Typed or printed name Timothy J. Wall Registration No. 50,743

This collection of information is required by 37 CER 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. Tl is collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submitting the completed application form to the USPTO. Time will vary de nding upon the individual case. Any comments on Lhe amount of time you require o complete
this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S, Department of Commerce, P.O.
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,

Alexandria, Virginia 22313-1450.
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number,

PTOL-85 (Rev. 02/11) Approved for use through 08/31/2013. OMB 0651-0033 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: 11745713

Filing Date: 08-May-2007

Title of Invention:

SYSTEMS AND METHODS FOR CONTROLLING A SOLID STATE LIGHTING

PANEL
First Named Inventor/Applicant Name: John K. Roberts
Filer: Timothy Jennings Wall/Michele McMahan
Attorney Docket Number: 5308-703
Filed as Large Entity
Utility under 35 USC 111(a) Filing Fees
Description Fee Code Quantity Amount Sullaj-s'l's(tsa)l in
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Utility Appl issue fee 1501 1 1510 1510
Publ. Fee- early, voluntary, or normal 1504 1 300 300
Petitionar Hisense USA-Corporation
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Description Fee Code Quantity Amount SU{JJ-STS::; in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1810

Petitioner Hisense USA Corporation
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Electronic Acknowledgement Receipt

EFSID: 10996611
Application Number: 11745713
International Application Number:
Confirmation Number: 1290

Title of Invention:

SYSTEMS AND METHODS FOR CONTROLLING A SOLID STATE LIGHTING

PANEL

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: 5308-703
Receipt Date: 21-SEP-2011
Filing Date: 08-MAY-2007
Time Stamp: 09:52:06

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

yes

Payment Type Deposit Account
Payment was successfully received in RAM $1810

RAM confirmation Number 14678

Deposit Account 500220

Authorized User

File Listing:
Document . L. . File Size(Bytes)/ Multi Pages
Number Document Description F"ﬂéﬁﬁoner Hispasayétids COP@OV@@J)ﬂifaPPL)
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154159
1 Issue Fee Payment (PTO-85B) 5308-703-Issue-Fee.pdf no 1

e3c477b368b79ab9cf0387ba%e2928f8deef]
dsc5

Warnings:

Information:

31981
2 Fee Worksheet (SB06) fee-info.pdf no 2
9e87843e569e86bbab2d2efac15a2¢11953
Warnings:
Information:
Total Files Size (in bytes); 186140

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.

Petitioner Hisense USA Corporation
Exhibit 1004 - Page 359 of 373




UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
11/745,713 11/01/2011 8049709 5308-703 1290
65106 7590 10/12/2011

MYERS BIGEL SIBLEY & SAJOVEC, P.A.
P.O. BOX 37428
RALEIGH, NC 27627

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is 1211 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):

John K. Roberts, Grand Rapids, MI;
Keith J. Vadas, Lowell, MI;

IR103 (Rev. 10/09) Petitioner Hisense USA Corporation
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PTOIAAS0 0712}
‘ Speeoverd for use thvgugh THI02014. DMB 08510035
(5 Patentand Traderverk Dffice; LS DEPARTMENT OF COMMERGE

Urictar the Pansrwo Reduction Aot 6f 1288, ne persons are required 1o respond to & colledtion of information unless Bdisplays & bl OB condrol nuimbes
¢ { X : & PR

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO

under 37 CFR 3. 73(chL
Vhereby appoint:

Bl Procttoners associaled with Sustomer Numbes 1 4 @3 6 6

Practisioner(s} named Selow (T more ihan ten pafent praclitioners are Y be pamed, then a customer number must be ugsd):

Name Registeation Namg L Registatino
Muvibey Mumber

¥ As stiormeyls) oragedtis)lo represent the indersigned before the United States Patentand Trademark Dffice (USPTO} incormrection with
any and alf patent spptications assigned pniy to the underaigned acoording o the USPTO assignment records of assignmants documents
atiached o this formy i accwrdance with 37 CFR3.73{c).

Pleass change the corespondence address for e application identifiedin the attached statement unger 37 CER .73} o

=2 The-address associated with Customer Mumber «% 46 366

Fiemvar
Aradividual Nama

Addeess

ity Siate Zip

Couniry

Teleghons Emiai

Assignes Namia and Address. Gree, Inc.
4800 Silicon Drive
Durham NC 27703

T A copy of this form, together with a statement under 37 CFR 3.73(c) {Form PTO/AIAE or equivalent) is required t be
§ Filed tn each application In which this form is used. The statement under 37 CFR 3.73{c} may be compieied by one of
The practitionsrs sppointed in this form, and must tdantify the application in which this Power of Atlorney is o be Hled.

SIGNATURE of Assignee of Record

Sl et Data | 3

ama Julio'Garceran Tefephone §18-407-5343

Titls Chief Intellectual Property Counsel - Cree, inc.

RN

Thie cottecticn of nfurmaliofn ks requifed by {1 AR and Snrmaton i requint e o of
by e USHTO {0 process | an apglication. Corfigentiality fs givemad oy S0 129 8nG ST OFR T and 134T g
to complete, including gatsribg, preparing, ang submitiing the coniplated application form 8 the IBPTOL Tinewill vary dapending upon the individis
comments on the amount of tme you tequirs i3 somplete this form andier suggestions for reducing this burden, shout bie ssntin he Chist feformation Oflioer,
11L&, Patert and Trademark Ofics, U3, Dapariment of Commarce, PLO, Box 1480, Alexandria, VA Z2313-1450, DONOT SEND FEER OR COMPLETEDR
FORMS TO THIS ADDRERS, SERYD TO: Commissioner fos Fatents, PO, Box 1450, Mexandris, VA ZZT1E-1450,

If o nead assistance in completing thefarm, \,Tﬂg ?e«%iiﬁgﬁhoe%j 88 elaédesﬁ%"ﬂeﬁﬁéfb\ C orpor ation
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PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031

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

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)

Cree, Inc.

Application No./Patent No.: 11/745,713 Filed/Issue Date: /8/2007
Titled: SYSTEMS AND METHODS FOR CONTROLLING A SOLID STATE LIGHTING PANEL

Cree, Inc. a Corporation

Applicant/Patent Owner:

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.)
states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below):
1. The assignee of the entire right, title, and interest.

2. |:| An assignee of less than the entire right, title, and interest (check applicable box):

|_| The extent (by percentage) of its ownership interest is %. Additional Statement(s) by the owners
holding the balance of the interest must be submitted to account for 100% of the ownership interest.

|:] There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire
right, title and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

3. |:| The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made).
The other parties, including inventors, who together own the entire right, title, and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

4. |:| The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below):

A. An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel 019555 , Frame _0719 , or for which a copy
thereof is attached.

B. D A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. From: To:

The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
2. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

[Page 1 of 2]

This collection of information is required by 37 CFR 3.73(b). 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 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT 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-PT0-9199 and select option 2. ]
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PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031

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

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)

3. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

4. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

5. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

6. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

|:| Additional documents in the chain of title are listed on a supplemental sheet(s).

As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain of title from the original owner to the
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.

/Timothy J. Wall/ 2/20/2017

Signature Date

Timothy J. Wall 50,743

Printed or Typed Name Title or Registration Number

[Page 2 of 2]
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Electronic Acknowledgement Receipt

EFS ID: 28405161
Application Number: 11745713
International Application Number:
Confirmation Number: 1290

Title of Invention:

PANEL

SYSTEMS AND METHODS FOR CONTROLLING A SOLID STATE LIGHTING

First Named Inventor/Applicant Name:

John K. Roberts

Customer Number:

65106

Filer:

Timothy Jennings Wall/Cheryl Ramey

Filer Authorized By:

Timothy Jennings Wall

Attorney Docket Number: 5308-703
Receipt Date: 20-FEB-2017
Filing Date: 08-MAY-2007
Time Stamp: 16:25:48

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment no
File Listing:
Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number u 'PH ! Message Digest | Part/.zip| (ifappl.)
444920
1 5308_000703_373_Statement_| yes 3
and_POApdf ddddd183d030446ef466de7dbdb10ed3b7|

dfele3
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Multipart Description/PDF files in .zip description
Document Description Start End
Power of Attorney 3 3
Assignee showing of ownership per 37 CFR 3.73 1 2
Warnings:
Information:
Total Files Size (in bytes): 444920

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
11/745,713 05/08/2007 John K. Roberts 5308-703
CONFIRMATION NO. 1290
146366 POA ACCEPTANCE LETTER

Sage Patent Group/Cree
PO BOX 30789 IR AT EA

RALEIGH, NC 27622-0789 00000089
Date Mailed: 02/24/2017

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 02/20/2017.

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.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/dtdinh/
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Doc Code: PA..

C PTO/AIAIB2B (07-13)
Document Description: Power of Attorney Approved for use through 03/31/2021. OMB 0651-0035

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number

POWER OF ATTORNEY BY APPLICANT

\

I hereby revoke all previous powers of attorney given in the application identified in either the attached transmittal letter or
the boxes below. :

-

Application Number ' Filing Date

(Note: The boxes abave may be left blank if information is provided‘on form PTO/AIA/82A.))

1 hereby appoint the Patent Practitioner(s) associated with the following Customer Number as my/our attorney(s) or agent(s), and
to transact all business in the United States Patent and Trademark Office connected therewith for the application referenced in
the attached transmittal letter (form PTO/AIA/82A) or identified above:

OR 158862

D | hereby appoint Practitioner(s) named in the attached list (form PTO/AIA/82C) as my/our attorney(s) or agent(s), and fo transact '
all business in the United States Patent and Trademark Office connected therewith for the patent application referenced in the
attached transmittal letter (form PTO/AIA/82A) or identified above. (Note: Complete form PTO/AIA/82C.)

Please recognize or change the correspondence address for the application identified in the attached transmittal
letter or the boxes above to:

The address associated with the above-mentioned Customer Number
OR

I—__l The address associated with Customer Number:
OR

D Firm or
Individual Name
Address

Clty | State | . {zp |

[

Country
Telephone | Email |

1 am the Applicant (if the Applicant is a juristic entity, list the Applicant name in the box):

IDEAL INDUSTRIES LIGHTING LLC

I:I Inventor or Joint Inventor (title not required below)
D Legal Representative of a Deceased or Legally Incapacitated Inventor (title not required below)
Assignee or Person.to Whom the Inventor is Under an Obligation fo Assign (provide signer's title if applicant is a juristic entity)

D Person Who Otherwise Shows Sufficient Propristary Interest (e.g., a petition under 37 CFR 1.46(b)(2) was granted in the
application or is concurrently being filed with this document) {provide signer’s fitle if applicant is a juristic entity)

SIGNATURE of Applicant for Patent

The undersigned (whose title is supplieg pelow) is authorized to act on behalf of the applicant (e.g., where the applicant is a juristic entity).

Signature h. | Date (Optional) |'september 19, 2019
Name Craig K. Atwater )
Title Senior Vice President and General Manager

NOTE: Signature - This form must be signed by the applicant in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements
and certifications. If more than one appiicant, use multiple forms.

Total of 1 forms are submitted.

e —— e r=rraam:

This collaction of Information Is required by 37 CFR 1.131, 1.32, and 1.33. The information [s required to obtaln 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 1.11 and 1.14. This collection is estimated to fake 3 minutes to complete,
Including gathering, preparing, and submitting the completed application form te the USPTO. Time will vary depending upon the individual case. Any comments on the amount
of ime you raquire to complets 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 22313-1450. 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, calf 1-800-PTO-9189 and select option 2.

Petitioner Hisense USA Corporation
Exhibit 1004 - Page 367 of 373



Electronic Acknowledgement Receipt

EFS ID: 37940668
Application Number: 11745713
International Application Number:
Confirmation Number: 1290

Title of Invention:

SYSTEMS AND METHODS FOR CONTROLLING A SOLID STATE LIGHTING

PANEL

First Named Inventor/Applicant Name:

John K. Roberts

Customer Number:

146366

Filer:

Dennis J. Williamson/Meredith DeRosa

Filer Authorized By:

Dennis J. Williamson

Attorney Docket Number: 4308-703
Receipt Date: 05-DEC-2019
Filing Date: 08-MAY-2007
Time Stamp: 14:24:45

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment no
File Listing:
Document .. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
160266
1 1535-703.pdf yes 3

88965334346f736edeabbe04cde0dfOabff2
3152
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Multipart Description/PDF files in .zip description
Document Description Start End
Assignee showing of ownership per 37 CFR 3.73 1 2
Power of Attorney 3 3
Warnings:
Information:
Total Files Size (in bytes): 160266

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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1635-7072

PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031

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

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)
Ideal Industries Lighting LLC

Applicant/Patent Owner:

Application No./Patent No.: 11/745,713 Filed/lssue Date: 095-08-2007

Tittled: SYSTEMS AND METHODS FOR CONTROLLING A SOLID STATE LIGHTING PANEL

Ideal Industries Lighting LLC _a corporation

{Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.)

states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below)i
1. The assignee of the entire right, title, and interest.

2. D An assignee of less than the entire right, title, and interest (check applicable box):

|_| The extent (by percentage) of its ownership interest is %. Additional Statement(s) by the owners
holding the balance of the interest must be submitted to account for 100% of the ownership interest.

D There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire
right, title and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

3. D The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made).
The other parties, including inventors, who together own the entire right, title, and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

4. D The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1, 2 or 3 above {not option 4) is evidenced by either (choose one of options A or B below):

A. |:| An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel , Frame , or for which a copy
thereof is attached.

B. A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. From: John K. Roberts, Keith J. Vadas To: Cree, Inc.
The document was recorded in the United States Patent and Trademark Office at
Reel 019555 , Frame 0719 , or for which a copy thereof is attached.
> From: Cree, Inc. To: Ideal Industries Lighting LLC

The document was recorded in the United States Patent and Trademark Office at
Reel 049902 , Frame 0679 , or for which a copy thereof is attached.

[Page 1 of 2]
This collection of information is required by 37 CFR 3.73(b). 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 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT 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-PT0O-9199 and select option 2.
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PTO/AIA/96 (08-12)
Approved for use through 01/31/2013. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)

3. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
4, From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.
5. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.
6. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

D Additional documents in the chain of title are listed on a supplemental sheet(s).

D As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain of title from the original owner to the
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersig hitle is supplied below) is authorized to act on behalf of the assignee.

13/5 /2001

Signature < Date

Dennis J. Williamson 32,338

Printed or Typed Name Title or Registration Number
[Page 2 of 2]
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
11/745,713 05/08/2007 John K. Roberts 4308-703
CONFIRMATION NO. 1290
158862 POA ACCEPTANCE LETTER

MYERS BIGEL, P.A.
P.0. BOX 37428 IR I MY
000000113199853

RALEIGH, NC 27627
Date Mailed: 12/09/2019

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 12/05/2019.

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.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

[zretta/
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
11/745,713 05/08/2007 John K. Roberts 4308-703
CONFIRMATION NO. 1290
146366 POWER OF ATTORNEY NOTICE

Sage Patent Group/Cree
PO BOX 30789 IR I MY

RALEIGH, NC 27622-0789 319983
Date Mailed: 12/09/2019

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 12/05/2019.

* The Power of Attorney to you in this application has been revoked by the assignee who has intervened as
provided by 37 CFR 3.71. Future correspondence will be mailed to the new address of record(37 CFR 1.33).

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

[zretta/
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