Attorney Docket No. 5308-703

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.
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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.
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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.

14
EX2005



Attorney Docket No. 5308-703

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.

32
EX2005



Attorney Docket No. 5308-703

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
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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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