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1

SYSTEMS AVD METHODS FOR
COI((TROLLLVG A SOLID STATE LIGHTLVCI

PAVEL

I'l I.D OI TIIB INVI.NTION

Thc pres(nlt invention relates to solid state lighting. and
more particularly. controlluig a sohd state hghtuig panel.

BACKGROUND io

Solid state lighting arrays are used filr a number ol lighting
apphcations. I'or example. solid state h hting panels includ-
ing armys of solid state lnmps hnve been used as direct illu-
mination sources. for example, in architecturtd and/or accent
lighting. A solid state lamp may include. for example, a pack-
aged light emitting device including one or more light cmit-
ling diodes (I.I',Ds) hxlrganic I,I'.Ds typically include semi-
conductor layers forming p-n junctions. Organic Ll',Ds

(01 FDs), which inclndc organic light emission laycrw arc ic
another type of solid state hght emitting device. Typically, a

solid state light mnitting device generates light thmugh the
recombination of electronic camera. i.e, electrons and holes,
in a light emitting layer or region.

Solid state lighting panels nre conunonly used as back- "

li hts 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 ol'ohd state hghting
arrays for backhghts of larger displays. such as LCD televi-
siml displavs "o

I'or smaller ICD screens, backlight assemblies typically
employ wiute LL(D lmnps tlmt include a blue-emitting LL'D

coated lvith n wavelength comvrsion phosphor ibat converts
some of the blue light emiued by the LED into yellow. light.
The resulting light, which is a combination of blue light and "»

yellow light, inay appear white to an observer. liow clsr.
wlule light generated by such an arrmigenient nlay appear
white. objects illuniinatcd by such light mny not appear to
have a natural coloring. bemiuac of thc limited spew trum of the
light. I'or exmuple, becmise the light may hmu little energy in sa
the red portion of the visible spectrtlm, red colors in an object
may not be illuminated well by such ltgvtt. As a result, the
object may appear to have an u nnatura I coloring w hen viewed
under such a light source.

Tile colorrendertng index of a light source is an oblective ss
measure of the ability of the light generated by the source to
accurately illuminate a broad range of colors. The color ren-
dering uidex ranges from essentially zero for monocluomatic
sour'res to trill'IV 100 libr'ncandmsci'iu sonlccs I,igbt gener-
ated from a phosphorbased sohd state ttvptt source may have c

a relatively low color rendering index.
For large-scale backlight and illumimiuon applicntionw it

is often desirable to prov ide a limiting source tluit genems tea a
white light having a high color rendering index, so that
objects and,'or display screens illuminated by the hghting s

panel may appear more natuml. Accordingly, such lig»ting
sources may typically include mi array of solid stew. lamps
uicludmg red, creen uid blue light emitting devices IVhen
red, green and blue light emitting devices are eiwrcized
simultaneously. thc resulting combined hght mny appear ul
wlute, or nearly white. depending on the relative intensities of
the red, green and blue sources. There are many different lnies
of hght that may be considered "white." I'or example, some
"wlute'ight. such as light generated by sodium vapor lamps,
mny appmr more yellowish, while other "white" livbt, such r
as hght genemted by some tluorescent lamps. may appear
more bluish in color.

Solid state lanlps, such as I,FITs. are current-controlled
dew ices in the sense that the intmisity of the light mnittcd from
an LL'D is related to the muount ofcurrent dnven tlu ough the
LED. One common method for conuol ling the current drivcll
it(rough the solid suite lainps to whieve desired intensity aod
color mixing is a Pulse Width Modulation (PWM) scheme.
PWM schcnms pulse the solid state lamps altertmtcly to a full
current '*ON" state tollowed by a zero current "OFI'" state.
However, firing all of the solid state lmnps simultaneously
may result ul undesirable electrtcal poller system pertor-
mance due. for exmuple. to po~er factor spikes and/or elec-
tronlagnctlc lnuvfcrcnce due to the associatcxt current rush.
Sequenunliy lirin the strings indcqlendcntly and'or m com-
binations without regard to relative string location within the
display, however. cml produce undesimble display character-
lstu:s.

SIIMMARY

In sonic embodimentw tlm control system may include
firing logic that may deternune a firing order of the nndtiple
strings. In some embodiments, the control system may be
configured to drtve the multiple strtngs or portions thereof ui
a spatially non-adlacent. non-sequential or spatially random
tiring order. In some embodimentm tlm control system may be
configured to dnve the multiple stnngs or pomona thereof at
different times and/or phases for at least some of the multiple
strtngs or portions thereof. hl some embodiments. the control
system is configured to dri~e the nudtiple stnngs anrpor por-
tions thercofat leasl pmtially ba~md on thc spatial relationship
between the muluple strings or portioos therwlf and at di lfer-

ent plmses for at least some of the multiple strings or portions
thereof. In some embodiments, thc firulg logic may include
rule-based logic that may operate to generate a non-spatially-
sequmitial firing order In some cmbodimentm tlm rulc-based
logic niay uicludc a rulc that a second string tired aller a first

stnng is non-adjacent the first suing. In some embodiments,
tlm rtllc-based logic may filrther include a rtde tlmt a first
stung is lircd simultaneously with a second strut mid lhc first
string is non-adjacent the second string.

A lighting panel system includes nndtiple strings of solid
state hghtuig devices arranged linearly across the panel in a

first direction and po st tioncxt at intervals in a second direction
that is substantially orthogonal to thc tirst direction The
system also uicludes a current supply circuit that can selec-
tively supply multiple on-state drive currents to the nniltiple
slnngs ui response lo control signals. The system further
includes a control system that can selectively provide control
signals to the current supply circuit ul selectively drive the
multiple stnngs. The control system can include tirulg lo ic

that can detertnine a firtng order of the nuiltiple strtngs.
In other embodimenm. the tiring logic can ulclude rule-

bused lo ic that can opemste to genemlte a non-spatially-se-
quential firing order Tlm rulc-based logic can include a rulc
that a second string tired afiera first strut is non ad)scent the
first suinc. 'I he rule-based logic can also include a rule that a

lirst string is fired simultmleously with a second string and the
lirst struig is non-ad)scent the second strulg

In further embodiments, the fighting pmiel can include

multiple bars tlmt extend across the pmiel in thc first dirixtmn
and are positioned adjacent one another in a substantially
paml let nrmngcmcnt, such that the bars each include some of
the multiple strtn s. In some embodiments. the tiring order
can cause a first firing, a second firing and a tlfird tiring, wlfich
each cml supply current in a string in each of the first bar, the
second bar, and the tlurd bar. where the second bar is below
the first bar and the third bar is above the second bar. In other

Petitioner Hisense USA Corporation 
Exhibit 1003 - Page 15 of 25



tjs 8,049,709 B2

mnbodiinents, fiat and second portions ol'he strings can
include solid state ligttting devices that emit light in a tirst
dominant wavelength and a second dominant wavelength,
rcspectivcly, where each of the bars includtms at leimst one
strmg of tlm Iirst portion and at toast mie string of the second
portion and the strings in the first portion are fired in the firing
order and then the stn ngs ui the second portion are Iired in the
tinng order In yet other embodunents, at least one string of
the first ponion can be tired simultaneously with at least onc

1(1
stung from the second portion.

Other embodiments can include a first ponion of stnngs in
a tirst bar aml a second portion of stung s in a second bar where
the first and second portions are tired sequentially in the firing
order and the firing order detemiines the location of the sec-

ond bar in response to the locauon of the first b u.

In further embodinicntw a fimt portimi of the strings
includes solid state lighting devices tluit emit light in a tirst
dominant wavelength and a second portion of strings includes
solid state lighung devices tlltlt 1'.n1it h ht in a second domi- c

nant wavelen th. ~here the lirst portnm is lircd in the tiring
order and then the second portion is fired in the firing order.

In yet further embodunents, the Iinng logic can be mndom
logic that can operate to generate the tiring order.

In other embodinmnts, a means for generatinv a feedback "

signal is included to provide display performance informa-
tion to the control system.

Some embodunents can utclude methods of controlling a

solid state lightuig panel having multiple stnngs of sohd state
liglning dm ices contigured to extend Ikisn a first edge of tbc 1(1

p uiel to a second edge of the panel in substantially adjacent
positloils relative to one another. Such methods can uiclude
supplying pulsed dave currents to thc stnngs in a nofl"spa-
tially-sequential tinng order.

In sonm embodinwnts, tlm firing order can be determined "»

to supply current to a first string and second string, whcrc thc
second suan can be defined based on the location ot the first
string. In some emlxidimcnts. thc second string can be
delincd by selcmting a string that is non-adjacent the tirst
string and/or selecting a string that is located a mininnun sn

quantity of strings from the first string. In other cmbod immit s,
a tiurd struig that is fired after the second string can be dehned
based on the locations of the first and second strings. In some
other embodiltlcllts, thc sccolld string can be dcfiiwd by
selecting a struig on a first side of the first string and the third ss
string can be define by selectinv a string on a second side of
the second struig

In further enibodiments. nniltiple ponions of the strings
can be grouped on multiple bars that can extend acrixss the

puiel from the tirst edge to the second edge and that are u

positioned adjacent one another in a substantially parallel
arrangement In yet further embodiments, the portion ol'tnngs

in the same bar can be supplied current simulta-
nrmUsly Ili 11tlmr embodinwms, a random number cnn bc
generated. a value can be assigned to each bar arid current can 1

be supplied to the portion of strings on n bar bnsed on the
rmulom numbim

In yet other embodimenms. a lirst ponion of strings that
includes s oh d state lighting devices

configured

t emit light in
a lirst dominant w avclcngth can be supplied current accord- Ci

ing to the tinng order and then a second portion of strings tlmt
includes solid state lighting devices configured to emit light in
a second dominant wavelength can be supplied current
according to the tiring order.

In lintier embodiments, defining tlm second string midior r
third string can be based on a dominant wavelength emitted
by the solid state lighting devices in the first string.

In yet furtlmr embodiments, a tirst string having solid stnte
ltgvtttn devices configured to enut Itvptt in a first donunant
wavelength and a second string having solid state lightuig
dcviccs configured to emit light in a second dominant tv avc-

length can be sinniltaneously supphed current.
Other embodiments can include determining tlie firing

order th u supplies current to a tirst stnng and a semmd stnng
and detinm the second stung based on a dominmit v;ave-
lcngth ol'lm lirst string and a relative position ol'fie lirst
stun .

Yet other embodiments can include defining the finng
order using numerical tccluuques. IJsing a numerical tech-

mqne in some embodiments can uiclude generatuig a random
number, ns signing a 1 a lue to each of tlm strings and supp lying
current to one of the stnngs based on the value o I'the r mdom
number. In some other mnbodiments, using a numerical tech-
nique can include performing a non-linear calculation

In Iurther embodiments, the finng order can uiclude using
a deterministic order based on at least one nile

.s ligfiting pmml systcni tlmt includes multiple strings of
solid state lighting devices that are arranged to extend across
the panel in a first direction and are positioned adjacmit one
another in a second direction and that are supplied current by
nuiltiple current drivers can also include a controller that
provides control signals to the currmit drivers and a sequence
genemtor that genemtes a tinng sequence for finn the mul-

tiple strings.
In some embodiments. the sequence generator cats utclude

a deternnnistic algontlun that determines a location of a sub-

scqucntlv tired string, from the location of n previously fired
stun .

In other embodiments, the sequence genemitor can uiclude
an algoritiun that gencratcs a firing scqimnce to tire a lirst

stung lmving sohd state lightuig devices that enut light ui a
first dominant wavelength and a second string having solid
state lighting devices tlmt emit b ht in a second domumnt
wavelength, where the second stniig is fired after the tirst

util tlg.
hi yct other embodimeniw tlm seqtlence gmierahir can

include an algoritlun that genemtes a sequence to sinnilta-
ncously fire a fimt string lmving solid state lighting devices
that enut 11@it ui a first donunant ivavelen th and a second
string lmving solid state libdtting devices tliat emit light in a

second dominant wavelength
In further embodiments, the sequence generator can gen-

emte a mndom sequence of firing.
Yet furrier embodiments can uiclude bars that include

portions of the strings and extend across the panel in the first
direction and ari'. pixsitimied adlacent mie another in tlic SCC-

ond direction. Some embodiments can include a tinng
sequence that is configured to simultaneously fire a first por-
tloll 11f tllc stllligs tinll 1hcn a secolltl portion i11 tile stl1llgs
where the first portion is located on a tirst bar and the second
portion is located on a second bar Other embodiments cmi

include a firmg scxtuence that simultaneously tires a lirst
string on a first bar and a second string on a second bar. In
some embodiments thc timt string cmi mclnde solid state
lighting devices tluit enut light inn first domin uit vavelength
and the scmond string can include solid state lighting devices
that emit light in a second dominmit wavelength.

Yet other embodiments can include a first portion ofstrmgs
that include solid state lighting devices tlmt emit tight in n first
dominant wavelen th mid a second portion of the struigs that
include solid state lighting devices that emit light in a second
dominmit wavelength where each of the bars includes at least
one stung of the tirst portion of stnngs and at least one stnng
from the second portion of strings. In further embodiments,
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the firing sequence can be operative to cm&sc the first portion
of strings to fire in a first sequence and then to cause the
second ponion of strings to hre &n the first sequence.

BRIL'I& DL&SCRIPTION OF TIIL'f««WINGS 1

The accompm&yiug dravnngs. wh&ch are included to pro-
v&de a further understanding of the u&vent&on and are incor-
porated in and constitute a part of fl&is application. illustrate
certa&n embod&ment(s) of the u&venuon. &O

FIG. I &s a block d&agrmn illustmting an overview of sys-
tems and methods for controlling a sobd slate bghting panel
u& accordance w&th some embodiments of the u&vention.

FI(i 2 isa block diagram illustrating a fmnt vimv ol'a solid
state lighting panel according to some embodnnen(s of the
invention.

I'1(i 3 is a block diagram illustrating a fmnt view ofa solid
state light&ug panel luivu&g light&ng b us uccord&ng to some
embodiments of the invention.

FI(i 4 is a block diagrmn illustrating a I'runt vimv of a o

lighting bar as illustrated in FIG. 3 accord&ng to some
embodiments of the invention

FIG. 5 is a block diagram illustraung a l&ght&ng tile accord-
ulg to sonic enlboduuents of tl'Ie h&vent&on.

I'l(i. 6 is n block diagram illustrating a light cmitmr cluster "

accord&n to some embodunents of the invention.
FIG. 7 & s a schematic diagram ofa li vd&tu&g t&le & flu stmted in

FICi 5 according to some cmlx&diments of the &nventmn

FIG. 0 &s a block d&apau»llustratu&g systems and methods
I'or controlling a solid state lig)iting panel in nccordancc with io

some embod&ments of the invent&oo.

FIG. 9 &s a block d &&I g»" fu lllus tratulg si'stems and tnethods
I'or controlling a solid state bghting panel in accordance with
other embodiments of the invent&on

FI(i. 10 is a block diagram illustrating systmns and meth- "»

odsforcontrollin asolidstatelightingpanclusuiganniltiplc
phase power supp ly &n accordance w&th some emlxidunents of
the invention

Fl(iS 11A a&xl 11B illustrate auining dia rmn and u

corresponding graph of a dynamic power load, respectively, so

for systems and methods o I'using a single p1m se power supply
for controllin a sohd state h hting panel in accordance w&th

some embodiments of the invention.
FICiS 12A and 12B illustrate a timin diagnsm and a

corresponding graph of a dynam&c poiver load, respect&vely, s.

for systems and methods of using a nniltiple phase power
supply for controlling a sol&d state 1&ght&ng panel &n accor-
dm&ce with some embodin&ents of the invent&on.

PI(IS 13A and 13B iilustratea tmiing diagrmn and n

correspondu&g raph of a dynanuc pov'er load, respecuvely, u

for systems and methods of using a nuiltiple phase power
supply for con&rolling a solid state lightu&g panel u& accor-
dm&ce w&th some embodiments of the invent&on.

FI(i 14 is a block diagram illustrating systen&s and meth-
ods fi&r'ontrollu&g a solid state hghung panel syncluonixed 1

with nn LCD display in accordance with other embodiments
of'hc invention

I'ICi. 15 is a flow d&agr un &flusuating operauons for con-
trolling a solid state lighting panel synclm&ni zed w ith an L('I )

display in accordnncc with other mnbodimcnis of thc uiven- 0&

uon.
FI(i. 16 is a floii diagrmn iflustrnting operations for con-

troll&ng a sohd state li htu&g panel accord&n to some embod&-

ments of the invention.
FIC). 17 is a flow diagran& iflustrnting operations for con-

troll&ng a solid state hghting panel accordu&g to other embod&-

ments of the invention.

FI(i. 10 is a tlow diagram illustmting operations for con-
trolling a solid smte lighting panel according to furrher
embod&ments of the invention.

FI(i. 19 is a tlow diagrmn illustmting operations for con-
irolhng a solid state l&ghtu&g panel according to yet further
embodunents of the invention.

FICi. 20 is a table illustratin an exemplary string finng
sequence accordu&g to some emboduuents of the u&venuou.

DETAILED DESCRIPTION OI'MBODIMENTS
OF Ti I 0 INVENTION

Embod&ments of the present invention now w&ll be
described more fully Imreinafter with reference to the accom-

panyingg

draw ings. in v Inch em bod& ments of the invm&i &on nre
shown. 'Ihis invention mav, lx&waver, be embodied in many
different forms and shonld not bo construed as limited to the
emboduuents set forth harem. Rather. these embodiments are
pmvided so tl&at this disclosure will be thorough and com-

p lcto, and w ill fully cimvcy the scope of the invention to those
skilled in the art. Like m&mbers refer to like elements tlu ough-
o&i I

It will be tu&derstood that, alfl&ought'erms first. second,
etc. may be used herein to describe various elements, these
elenmnts should not be limited by these terms. Tlmse tern&s

are only used to distu&gu&sh one element from another. For
example. a first element could be termed a second element,
and, s&milarly. a second element could be termed a first ele-
ment. &vithout departing fmm the scope of the present u&ven-

tioil As used herein„ the tern& "aild/or'* includes any and all
comb&nntions o I'one or more of the assocuited listed items

It will be undersuiod that when an element such as a layer.
region or substrate is referred to as being "on*'r extending
'*onto" another element. &t can be directly on or exlend
direcrly onto the other element or intervening elemm&ts may
also bc present In contrast, when an clement is rcfi:rred to as
be&ng "d&rectly on" or extend&ag "directly onto" another ele-
nmnt, there arc no inter& ening elements present It will also be
understood that whm& m& element is referral to as being "con-
nected'* or "coupled" to another element, it can be directly
connected or coupled to the other element or intervening
elements may be present. In contnist, when an element is
referred to as being "directly connected'r "directly
coupled'* io m&otlmr clement. there arc no intervening ele-
ments present. It &&ill also be undemtood that when a first
element. Operation, signal, an&1'or value is referred to as
"responsive to" another element, cond&lion, signal and/or
value. the first element, condition. signal, and/or value can
exist and/or operate cmnpleteiy responsive to or partially
responsive to the other element, cond&tion, s& nal. and/or
vahie.

The temnnology used herein is for the purpose o f describ-
u&g part&euler embodiments only and is not intended to be
limiting of the invention. As used herein, thc singular fonna
"ah "an'* and *'the'* are intended to u&elude the pl u nil forms as
well. unless the context clearly indicates otherwise. It will be
furtlmr undcrsiood that the terms "comprises" "comprising,'*
"includes" and/or "&ncludu&g," wheo used hereu&. spec&fy the
presence of stated features, integers, steps, opemtions, ele-

m&nts, and/or components, but do not preclude the presence
or addit&on of one or more other feamres. integers. steps,
operations, elements, con&ponents, and/or groups thereof.

Unless othe&wise defined. all tern&s (includ&n tecluucal
and scientific terms) used herein 1&ave the san&e mern&ing as
commonly understood by one of ordinary skill in the a&t to
which tlus invention belongs. It w&ll be further understood
that terms used herein should be interpret&xi as Imving a
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meaning that is amsist ent with their meaning in the contexr of
this specificat&on and the relevant art and w&ll not be mter-
preted in an idealized or overly fonna I sense unless expressly
so dctined herein

The present invent&on is descnbed below w&th reference to 1

flowchart illustrations and/or block diagrams of methods.
sy'sic&&is alii colllputcl pn1gI&Ill& pIod&lets &Iccol'dlilg m1

embodiments of the invention. It w ill be understood that some
blocks oi'the flowclmrt illustrations and&or block diagrmns,
and combinations of some blocks in the tlowchart illustm- io

tions and/or block diagrams. can be implemented by com-
putcrprogrmuinstructio&1s ThcsccompilterprogmnIinstruc-
tions may be stored or uuplemented in a nncrocontroller,
microprocessor, digital signal processor /DSP), field pro-
granunable gate array fFPCiA), a state machine, pro ram-
mable log&c controller (PL(') or other processing circuit, gen-
eral purpose computer, special pnrposc con&puter, or other
pro rammable data process&ug apparatus such as to produce
a nmchine. such that the instnictions, which execute via the
processor oi'the compu&er or otlicr programmablc data pro- o

cess&ng apparatu~, create means for implement&ng the func-
tions/acts specified in the tlowchart anil'or block diagram
block or blocks.

ll&ese computer progmm mstructions may also be stored in
a computer readable nmmory that can direct a computer or "

other proy ammable data processing apparatus to funct&on &n

a particular manner, such that the instructions stored in the
eoimputer readable mcnmry produce an article of manufnc-
ture u&eluding uistruction means v,luch implement the func-
tion/act specified in thc flim chmt and/or block diagram block "o

or blocks
Tl&e computer proazam instn&ct&ons may also be loaded

oil&0 a colilputc&'r oilier pnigl'aluinabli. data pmccssing
appamtus to cause a senes oi opem&tional steps &o be per-
formed on the computer or other progranunable apparatus to "»

pro&fice a computer implemented process such that thc
uis true tions wluch execute on the computer or other program-
mablc apparatus provide steps fiir implenmnting tlm func-
tions/ac&s specified &n the flov chart and&or block ibagrmn
block or blocks. It is to be understood that the funct&ons/acts sr&

m&ted in the blocks may occur out of the order m&ted in thc
operational illustrat&ons. I'or example, two blocks shown in
succession may in fact be executed substantially concurrmitly
or thc blocks may sometimes be executed in thc re&ursa order.
depend&ng upon the fiu&ctionality/acts involved. Although ss
some ofthe diagran&s include arro&vs on communication paths
to show a prunary d&rection of commun&cat&on. &t &s to be
understood that conununication may occur &n the opposite
direction &o the depicted arro&Vs

Some embodunents of the invention may ause from tlie o

recognition that where emitter strings in a panel are fired in a

spatuilly seqilcntlal oi'dcn ii Ilotmcable "s~eep'* or "water-
fall" across the display nuiy result. Tlus effect can be more
cxaggcratcd at a beat frequency that is related to the differ-
ence between the refresh frequency of the panel and the 1

pulse-width-modulation (p)&/M) frequency of a pulse-width
modulation signal used to adjust the brightness oftlm display
Accordu&gly, some embodiments establish a non-spaually
sequential firing order to avoid or reduce the formation of a
"sweep" across thi. pm&el A ligh&uig panel system c ui utilize 01

a control system that selectively provides control signals to
selectively drive the strings in the panel. Some embodinwnts
can use finng lo ic to determme a finng order in a determui-
isnc manner. Other embodiments can include a sequence
gcncrator that gm&crates a tiring sequence Some en&bodi- r
ments can include a polyphase power supply configured to
provide power to emitter strings u& a temporally distributed

manner Some cn&bodiments include receiving a synchrimiz-

ing signal fmm a display contmller. Morcovcr, in some
embod&ments. the subsequent finno of a stun cmi be deter-
mused by the Iocaiion and/or dominmit wavelcngfl& oi'a pre-
viously f&rcxf string. In this mm&imr, a noticeable '*swccp'*

effect can be reduced.
Reference &s now made to I'ICi. I, wh&ch &s a block d&agmn&

illustrating a lugh level v&ew of systems u&d methods Ior
controlling a solid state lighting panel in accordance with
some embod&ments of the mvention. A solid state light&ng

panel 102 can be driven by a current driver 104 that &s con-

ligurcd to provide current to light en»(ting devices in the
lighting panel 102. C'ontrol of the display can be achieved by
controlling the current provided by the current driver 104,
wh&ch &s respons&ve to control s&goals generated by a control-
ler 106 The controller 106, in conjunction with a color man-
age&i&i:lit u&1&t I 08, cilli pcl'foll&1 tlic pn1ccxsllig tmsks ncccssa&y

to genemte the control sip&als for the current driver 104. The
color management unit 108 u&dfiir the co&&troller 106 can use,
Ilor example, perl'onuance data I'rom disphiy per(i&mls&lcc
feedback sensors 110 and user input 112 to achieve the
desired display perfonnance.

Reference &s now made to FIC&. 2, which is a block diagmm
illustrating a front view of a solid state lighting panel 200
accord&n to some embod&ments of the invent&on. The light-
ing panel ZUU includes nuiltiple strings 204 of sol&d state
l&ghtuig dev&ces 206. Although d&scussed in the context of
stnngs 204. embodiments of the systems and methods here&n

may include firing modules m&d'or groups ofmodules of'solid

state l&ghtmg devices 206 that are not arranged as stru&gs. In
some embodunents, a stung 204 may be defined by the elec-
u ical and/or the spatial relationship bct&veen &hc solid state
hghtuig devices 206 therein. The stnngs 204 can be generally
arranged to extend across the pm&el 200 in a fimt direction 214
from a first cdgc 210 to a scmmd cdige 212 The stnngs 204
can be po s&tioned at uitervels along a second d&rec non 216. In
sonw embodiments thc strings 204 can bc positioned substan-

tiallyy

parsi h.l to one another. In son&e other embodimmi&s thc
first direction 214 can be substantially orthogonal to the sec-
ond dircctio&1 216 'Thc strings 204 can include electrical
connection components 208 for provid&ng electrical connec-
tivity to an electrical po&ver source ln some embodiments, the
solid state lighting devices 206 are connected in an electrical
series configuration to fom& each string 204. The electncal
series configuration permits the solid state lighting devices in
any string to be controlled together tluough electncal current
regulation. Although not shown, some embodnnents can
include strings 204, or portions Ihereof; having solid state
1&ght&ng dev&ces 206 that are connected ui an electncally
parallel configurafion where the string 204 can be controlled
through, for cxmnple, vohage regulntion.

Reference &s now made to I'1(i. 3, which &s a block diagmm
illustrating a front view of a solid state lighting panel 300
havuig bars 302 accordin to some embodiments of ihe inveil-
tion. In some embodiments, thc bars 3UZ can extend across
the pm&cl 300 in a first direction 314 m&d be positioned adja-
cent one another u& a seimmd direcuon 316. Each bar 302 mu&

include onc or more strings 304 of solid state lighting devices
306 &hat can bc. for exmnplc. Conncctcsf in series. The stri&1gs

3U4 can include electrical connection components 308 for
providing electrical connectivity to an clcvtrical pinver
source. 11&e electr&cal power source can be current and/or
voltage regulated, depending on the configuration of the
strings A solid state lighting pmml of some embodiments can
include bars 302 that ure vert&cally onented and/or arrmiged
in a variety of row and colunm configurations. Moreover. bars
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can be cmlfigurcd in a conlbinntion of diff(.rent sizes and/or
shapes u.ithin the same panel 300.

Reference is nolv made to FICi. 4, wluch is a block diagrmn
illustrating a front view of a bar 402 according to some
embodiments of the invention. In some embodiments, a bar s

402 can include multiple strings 404A-C that cmi each
ulclude multiple solid state lighting devices 406A-C'. Butch

stung 404 can be configured to be substantially the same or
each one cmi difli:r in mlc or more (lays In soinc cmbodl-
nlcnts. Ll(ch stl'lllg 404A-C lllcludcs solid state hghtuig ul

devices 4U6A-C that enut licit In a different donunant v,ave-
length For example, solid stme lighting devices 406A can be
configured to enut light having a donunant wavelength gen-
ernlly corresponding to the color red. Similarly, solid state
lighting devices 406B md 406C: can be amli ural to emit
light having dominant um elengths corresponding to the col-
ors green and blue, respectively A bar 402 of somo cmbodi-
menus can include one uid/or more stnngs 404 having solid
state iigjtting devices 406 of different colors. For example, a

bar 402 can include nt least onc string 404 having rcd solid za

state lighting devices, at least one string 404 having green
solid state lighting devices. mid at least one string 404 laving
blue solid state hgting devices. In tlus manner. by selectively
controlling the amount and/or duty cycle of current supplied
to each string. the color hue and/or brightness of tlm light "

enut ted by the bar cml be controlled. The stnn s 404A-C can
be controlled independent of one another or as a group cor-

responduig to the bar 402 Althoughdiscussed with rcl'erence
to solid state li hting devices conii ured to enut light lmving
diffbrcnt doluillanl uavLlcflgths, il'IL sl'slcnis and lite(ho(LS la
herein may also be utilized in systems using sohd state light-
ulg devices configured to enut li Jtt ui a single dominant
uavelcn th Fiulhcnnnrc, systems, etc, may use solid state
LED's including phosphors that. when enengtzed. enut 11 ht
having multiple wavclcngths mid/or tluit othcnvise anit "»

broad spcvtnim light. such a(, lilr example, a phosphor coated
blue LED.

Rcfcrence is nou made to FICi. 5, wlfich is a block diagram
Illustrating a lilc 502 accordulg to some cnibodilnents of thc
invention. Multiple tiles 502 can be connected to form a bar. so

Tlm tile 502 can include a flat group ol'trings 504 and a

second group of stnngs 505. each Including multiple light
emitter clusters 506. As illustrated in FICI. 6, which is a block
dingram illustmting a light emitter clusmr 506 according to
some embodiments of the invention. a light enutter cluster ss
506 cml include multiple solid state light emitters 508A-D.
The solid state hght enutters 508A-D c ui each emit liglu In a

different donunant wavelength. I(or example. the solid state
emitter cluster 506 can include a red emitter 508A, a lirst

reen emitter 508B. a second green emitter 508C mid a blue c

enutter 5 08D. other colors ofemitters and'or color combina-
lions may be used.

As illustrated in I'IO. 5, current can be conducted to the
strlflgs Ihrough I on(acts 510 For cxi(nl plL, 'ills'nc or nloi ( of
the first group of strings can be tired tluou h the first gmup 1

supply current contacts 512 and the first group return current
contacts 513 Simfiarly, any one or more of the second group
of stnngs 505 aui be lired throu h the second group supply
current contacts 515 and the second group return current
contacts 514. so

Reference is now made to i1O. 7. (vhich is a schematic
diagram of a tile as discusscxl nbovc regarding FI(i 5 accord-
Ing to some embodiments of the invention. The tile 502
includes tile first gmup of strings 504A-D having correspond-
ing, current supply and return contncts 512A-D and 513A-D. /
respectively. L'ach strulg 504 can include solid state hghting
devices 508 configured to emit liglit in a dominant uave-

length. For example, string 504A can include reed cmitters
508A. Other strings can include emitters configured to emit
light in difTerent dominant wavelengths or colors. hl some
cniixldinmnts a group of strings 504 cml include one or more
stnngs having red emitters 508A, one or more stnngs having
green emitters 5UUB, 5081.'. and one or more strings having
blue emnters 508D. In some embodunents, the first group of
stnngs 504 can be armnged to uiclnde the emitter stnng
anodes 512 on thc same side of the bar 502 ns thc emitter
stnn cathodes 514 of the second group of strings 505.

Reference Is now made to 11C(. 8, which is a block diagmm
illustrating systems mid/or mctlulds I'or controlling a solid
state 11 hting pmiel in accordance with some embodiments of
the invention. A control system 800 sclccctivcly provides con-
trol signals to a current driver 808 or other type ol'electriaal
polver supply circuit that responsively drives multiple solid
state lighting devices in a solid state lighting panel 810 The
control system 800 can uiclude Iiruig logic 802 tluit can
determines firing order for the nniltiple strings A firing order
may dctcrmiiw. an order in which individual strings of solid
state lipttin devices and/or @oops of strings of solid state
lighting devices are supplied current. In some embodiments,
the Iirnl order may deternune the order In wluch striilgs are
fired within a sin/ac phase of a power supply. In the single
plulse context, the temporal delay betwcvn firing consecu-
tively tired strulgs may be on the order of. for example,
seven l microseconds. In some embodiments. the tiring order
maydeterminethe Iiringorderol'strings supplied powcrl'rom
different phases of a polyphase power supply. In the
polyphase contexk the temporal delay benvcx.n firing strings
using consecutive power supply phases may be on the order
of. for example. nulhseconds.

One common method for controllmg thc currait driven
tluough the strings Is a Pulse Width Modulation (PWM)
scheme. PWM sclmmes pulse the solid state lamps alternately
to a full current '*ON'tate folloucd by a zero current'*OFFI*

state. The output of the stnng may be controlled by varying
tlm duty cycle, which is the percent of tlm cycle that the string
is placed in mi '*ON" state

In some embodiments, the firing logic 8U2 can include
rule-based logic that can generate a non-spatially-sequential
firing order. I'or example. the rule based logic may include a

rule that a second string fired after n first string is not adjacent
the tirst string in the panel 810 In some embodiments, a nde
may be tlmt the first and second stnngs can be fired simulta-
neously and are not adjacent one miother.

In some embodiments. the sohd state lighting panel 810
can also ulclude multiple bars, as discussed above regarding
FICi. 3, that can extend ncross the pmml in a lirst direction and
that can be positioned adi scent one another In a substantially
parallel arrangement. The firing order can be operative to fire
dilT(:rent strings based on the klcation ol'he bnr that the
stnngs are in. For example, the firing order may be such that
each subsequently fired string is located in a bar on a ditT(.rent

side of thc pre(i(aisly Iirai struig. I'or example. where first,
second, and third strings are fired sequentially. the second
string can be in a bar bclov, that ol'thc fir. t string and the third
stnng can be ui a bar above tlu(t of the second stnng.

The panel 810 of some anbodiments can include different
Pol lions Ol'thc slllllga thai lllCludc solid state li hting devices
that emit light in different dominant v;avelengths. Some
anbodiments include at least onc string of each d(mlinant
uavelength ui each of the bars. The struigs oi a first dominant
wavelength can be fired In the firing order and then the strings
of a second dominant u:avclengtb can be fired in tlm tiring
order. Theiinngordercanberepeatedforeachofthepoitions
ofstrings ln some embodiments, the string ofa first dominant
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wavelength can bc fired siimdtaneously v;ith a string of a

second dominant &vavelmigth Where the strings of first and
second wavelengths are fired sequentially. the firing order can
be used to dc(ennme the loaitmn of'a sccmid bar based on the
location of'thc firq bar.

'Ilia firillg li1g1c of some embodiments can also use modom
logic to genennte the firing order. The random logic cmi be
applied as to the bars where some or all of the strings on a bnr
are fired simultaneously and thc bar that is t)red is dcmnnincd
using random logic. For example. ui a panel 810 fmvinng nine
bars. a first fired bar determined by random logic may be bar
number three. counting from iop Io bouom The second fired

bar can be randomly selected from renmining bars one, two.
and four tlu ough nine. If the random logic selects bar number
six for the second finn . the third fired bar is mndomly
sclcctcd I'rom the remnining bars one, tivo, liiur, five. and
sc&'en through nine. Similarly, tlm randoni logic cmi bc

applied to individual strings.
Some embodinnn&ts can also utclude means for generating

a feedback signal that can prov&dc display performance infor-
mation to thc control system 800 'I he means can include
performance sensors. such as thermal sensors and color sen-
sors, among others.

Rcfcrence is now made to FICi. 9, which is a block diagrmn
illustmtin systems mid methods for contmlling a solid state
lighting panel according to some other embodiments of the
uivention. A system 900 I'or controlluig a solid state hghtuig
panel 910 that includes multiple strings of solid state lighting
devices cmi include a scqimnce gcncrator 902 that can gener-
ate a I iong sequence for finng the nnil tip 1e strings ui the panel
910. The firinn sequence is received by a controller 904 tlmt
can provide control signals to a current driver 908 Thc cur-
rent dover 908 cats selectively provide mirrent to the multiple
strings in the pniml 91U.

The sequence generator 902 can include a deterministic
algoritlun tlmt detennuies the location and/or identity of a

subsequently fired string based on thc location ofa previously
fired string In smnc enibodiments, the de(enmnistic algo-
rithm can use locations ofmultiple previously firexf strings to
select the next string to be fired. The sccquencc generator 902
of some embodiments can generate a sequence where a first
fired string includes solid state liJn&ting dew ice s that emit light
in a first dominant wavelength and Ihen a second fired string
includes solid state lighting devices that emit light in a second
dominant uiwelength Other embodiments can simulta-
neously fire two and/or more suings having solid state light-
ing devices that enut light in difTerent dominant wavelengths,
Thc sequence gcnerah&r 902 can also generate a random liring
sequence that can fire the stun s in a random sequence based
on location and/or dominmit wavelength.

The system mm include nndtiplc bars tlmt each include a

po&&ion of the stun s, such tlmt the bars extend acmss the
pm&el in a first direction and are positioned adjacent imc
another in a second direction. Iii some embodunents. the first
direction and the second direction can be substantially
ortho@mal The firing scqucnce can cause the simultmieouis

finug of the portion ol'strings on one beret a ume. The firuig
sequence em&also cm&se a simultaneous firing of one or more
struigs on onc bnr nnd one or more strinns on anotficr bar. In
son&e em(lofti&le&its. tile sllllllltalleoilslv fired stlillgs Call

include snlid state ligluing devices tlmt emit light in more than
one donunant wavelen th. I'or example, a first stnng can emit
light in a first dominant wavelength and a second string can
en&it light in a second doniinnnt wavelength. Funhcr, a single
stung can uiclude different sohd state lighting de~tees tlmt
enut fivgt in different dominant wavelengths.

Reference is now nuide to FI(i 10, which is a block dia-
gmm Illustmting systems and methods for controlling a solid
state lighting panel using a multiple phase power supply ui
accordance u ith sonic embodinwnts of the invention. A con-

s trol system 1000 selectively pro~ides control signals to a

current drivers 1008 or other type ofelectrical power supply
circuit that responsively drives multiple sohd state lighting
device strings 1012 in a solid state hgnting panel 1010. The
control system 1000 cmi include firing logic 1002 tluu can

ln deternune a firing order for the multiple stnngs. In some
embodunents, the firing logic 1002 can include rule-based
logic Illa& call get&erato a lloll" spat&

ally-sexi &wntial

(iruig order
In some embodiments, the firing logic 1002 can include a

spatially sccquential firinn order.
Thc current drivers 1008 can include multiple p liese drivers

1014 corresponding to N different power phases, for
example Each of tho phase drivers 1014 is configured to
pmvide power to one or more different stnngs 1012 corre-
sponding to that phase. For example. a solid state finjiting

zn panel 1010 i&&ay i&le)i&dc twenty-simon stri&igs tl&at are pow-
ered by nine di figrent phase drivers 1014. In this manner. each
pliasc driver I U14 can provide power to three phase strings
1012. The finn order of the strings 1012 uitlun each phase
group may be configured to be non-spatially sequential. Fur-
ther, the determination rnvarding wlfich strings 1012 are in

each phase roup may also be non-spatially sequential.
By providing multiple plmses. each phase driver 1014 cmi

be configured to begin firing at a di(Terent time within the
penod. as deternuned by, for example, the firuig logic. In this

&n matuwr, tlm firing of tlm strings 1012 cmi be per(i&rnmd in a

more uniform manner w&thin ench period. By temporally
displacing the firing of the different stnngs 1012 using mul-
tiplc phtwse drivcrs 1014, the pmik dyumnic pi&war load e 9 bc
reduced. which may reduce the power modulation. Reducuig

"» the power modulation may improve thc perfonnance consis-
tency ol'other electrical components in a system, such ag liir
example. LCD du vers in a display. For ex maple, reductions in
tlm magnitude and duration of peak-to-peak po&vcr load
changes nmy result in reduced output di(Terences in the I,C'

an display drivers that result therefrom.
Further advantages nuiy also be renlized including, li&r

example. a reduction ui electmmagnetic interference (L&MI),

a reduction in radio frequency interference (RFI), and/or an
increase in system circuit response that may bc achieved by
reducuig the size of a power supply output filter. Since large
bursts of I',MI/Rl'I associated u ith large deviations in power
I&a&la&illa&loll &11&Iy result ili Illgllei susceptlbillc/''eqillreiliellts
for other system components, a reduction in L'Ml/Rl'I may be
adv:uitageous. Additionally, ns the quantity of phases per

n stung increase~. the current per plrase decreases. uluch may
further reduce EMI.

Reference is nou mnde Io FI(iS. 11A and llB. uluch
illustrate a timing din~sin and a yaph of a corresponding
dynamic pc&vcr load, respectively, Ior systems and methods

s of using a suigle phase pouer supply I'or controlling n solid
state lighting panel in accordance with some embodiments of
the invention. Thc timing diagram 1100 plots tlm string
groups 1110 versus time 1120, winch is diwded into penods
TU and Tl that may correspond to, for example. cycles in an

0& alternating current (AC') power system For example. in a

sixty Hertz po&v er system, each period is approx unately 16. Ci7

milliseconds. The string grimps 1110 mny include one or
more struigs of sohd state liogt emitters.

When driven using a single phase pow er supply, the string
groups 1110 will begin firing near Ihc ben imiing of the period.
L&ach stnng gmup 1110 may stop firin at a ddTerent time.
depending on tlie duty cycle determined for that particular
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string group 1110. For cxmnple, a first string group 1112 may
have a duty cycle of 50"/v. v;hich mern&a that the stnng group
IIIZ will be driven for approximately 50/I of the length of
the period. Similarly, a second string group 1114 may have a
60'!v duty cycle and a tlurd string youp 1116 may have a 30'/v 1

duty cycle
Refernng to IlCi. I I 8 „ lvhich plots the percentage ofmax&-

mum power versus time, the pow er load is 100'/«ofmaximum
&shen all of lhc string groups 1110 fire at time tl near thc
be uuung of the penod.Ai t&me t2, the third stnng 1116 turns u&

off wluch reduces the power load to 66 7/v ofnnxinuun. At
time t3, thc second string 1114 nims ofl; which reduces the
po~er load to 33 3 "/v of max&noun and at time t4. the first
string 1112 turns otT, which drops tlm power load to 0. In this
manner. the dynnmic power load eccl as beg& ceo 0 a&ul 100'/s
each period. Moreover, since the duration of the hibd& and low
values of power load are each signiiicant portions of thc
period, atlempgs ul &mprovuig the dynunic power fond
through filtering may have adverse consequences regarding

power supply response Altlu&ugh, for illustratim& purposes. it o

&s assumed that strings consume the same amount of power,
this may generally not be the case. For example, a rcd string
may consume more po~er than a blue string, wh&ch may
consume more or less power than a green string.

Rcfcrence is now made to FI(iS. 12A and 12B, which tue "

a titning d&&&agan& and a graph of a corresponding dynmnic
po&ver load. respectively, illustrating systems and methods of
using a nn&lt&pie phnse power supply I'or controlling a sol&d

state hgt&ng panel in accordance with some embodiments of
lhc invenli&m. Tlm liming diagram 1200 plots thc string &o

groups 1210 versus time 1220, which &s div&ded uuo periods
T and nudtiples thereof. The string groups 1210 may u&elude

onc or morc sirings of solid state hght cmittcrs. Although
illustrated as three phases m&d stnng youps. nuiltiple phase
cmbodinwnts may include any number ofphases from 2 up to "»

lhc number of strings mid/or groups ol'emitters
When dnven usuig a multiple phase or polyphase po~er

supply, thc string groups 1210 will begin firing at prcdcter-
inined times tiuouglu&ut the penod T such that llm dynmnic
po&ver loading may be reduced by shifting some of the po&ver sr&

load to the later portion of tlm period In contrast with thc
stung gmups d&scussed abo~e regarding Iilti. II 6, the string
groups 1210 may be started at different times to eliminate the
case where all string groups are tiring during the lirst portion
of the penod. I'or example. in the case of three stnngs and/or ss

groups of strings, a period T may be subdivided into three
substantially equal port&ons For example, a first string gmup
1212 may be configured al operate at a 50% duty cycle and
fire near the beginning of'he period 0 Sim&larly. a second
struig youp 1214 may be configured to iired at a 60/s duty u

cycle after 1/3 tune &ufits and a tlfird string group 1216 may be
conli urcxI to fire at a 45/'o duty cycle after 2T/3 time umts in
the penod. Thus. the first string group 1212 tires at the begu&-

ning of tlm fi&st third of the period, dw. sec&md string group
1214 liras at lhe beginmng of the second tlnrd of the period 1

and the third suing group 1216 fire at the begimfing of the
linal third of the period This pattern wmtinucs f&ir each sub-
sequent period such that each siring lires at a predetermined
time during each period

Referring lo FICi IZB. which plows the pcrccntagc ol'he 0&

single phase max&mum power versus time, the power load is
33 3'/s when the first string group 1212 fires at tinw. t I nm r the
beguuun of the penod. At time t2, the second stun gmup
1214 begins firing, wluch increases the power load to /ifi.7'/w

At time C3, tlm tirst string group 1214 turns off. which drops r
the power load to 33.3 "/v. At time t4, the tlurd stnng gmup
1216 fires, which increases the power load back to 66.7v/v

until near the end of the period, when tlm second string group
1214 turns otT. The power load cont&nues at 33.3'/I 1&tto the
next period m&til the first string youp 1212 turns on again,
which increases the power load back to 66.7/I The dynamic
power load modulates between 33.3"/v and 6Cx7'/s of the
single phase maximum power each period. By reducing the
mabn&tude ol'he peak to peak dyn unic loads the ell'active-
ness of power supply filters such as capacitors can be
llnplovcd

Although illustrated and discussed relet&ve to 100/s of the
singve phase maxunum power. as may be determ&ned by the
po&ver required to lire all string gmups simultaneously, in
some embod&ments, the maximum power load may be deter-
mined bmscd on the maximun& number of string gmups thar
are fired at any point during a period Thus, lilr example. the
dynamic power load in the presm&t example may be deter-
n&ined as the quantity of power required to tire t&so string
gmups s&multmieously In this manner. the dvn un&c poller
load may vary from 5021v to 100"/w with a brief 0'/a interval,
tlult may, in some cmbodimenls, bc filtered out bascxI m& thc
durst&on of the interval. Althouglu as illus&rat&xi, the system
utilizes tluee ditTercnt groups, each driven by a different
phase. ui some embodiments. a systeni may use. for example,
nine phases to drive. for example, twenty-seven different
strings. In this nmnncr. each string gr&nip may include three
stun s. It should be apprec&ated that as the ratio of phases to
strings increases and approaches unity, the dynanuc power
load may decrease correspondin ly In some embodiments, a
polyphase power supply may be used &n conjunction w&th a
nm&-spatially-sequential tiring order Altlx&ugh. fi&r illustra-
t&on purposes. il &s assumed &lail slriogs consume the smne
amount of power, this nmy generally not be the case. For
example. a red string may con; unic morc power that a blue
sl&1&lg and/ol a green string.

Some embodiments may include providing one plmsc per
stung Forcxmnplc, rcli:rm&ca is&x&w madan&FIGS 13A and
13B, wh&ch are a t&nung d&agan& and a graph of a correspond-
ing dynmnic power load, respectively, illustmtinv systems
md methods o I'using a n&ultiple pb&&sc po&ver supply Iraving u

phase for each string. By way of example, a display may
include nine strings 1310 ofsolid 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 fbr each of
the nine dilTcrcnt strings 1310. In this manner, oach string
may be fired independent of the others. I'or example, each of
the strings 1310 may begin and end tiring at different time
lntcrv&lls 1320. I&l tilts i&lan&ter, the dynam&c power load, as
illustnlted in the graph of I&ICi. 13B. can realize a reduced
dynamic r u&ge

F&ch phase may beg&n and end at a different t&me and each
string may be driven at a different load factor. In some
embodunenhs. &lie phases may bc temporally separated
responsive to the nmnber of different phuses. For example,
where each cycle has a period ofT seconds and there are nine

phases, lhe delay between each successive phase may be T/0
seconds Two consecutive periods for each of the nine phases
is shown to illustrate thc resulting dynamic p&xvcr load during
operat&on. I or ex nnple, u& the firmg scheme illustrated u&

Flii. 13A, the power load is substantially evenly distributed
al'oulld 'ill dvcragi: of appn)x&11&ately C&7 /s and dkvntes plus or
nunus 11'/v from the avenge value.

In some cmbodinwnts. timing the firing of thc strlllgs i&lay

be determined algontlunically and may be dynanucally
adjusted depending on the state of the system. Different vari-
ables within algorithms and/or different algorithms may be
used at vanous levels and'or lu&es of requested light output.
For example, a particular algoritlun and/or set of variables
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may be used to determine the timing oft1m firing of tlm strings
when the sohd state lighting pmiel is in a miiumum output
configuration. In some embodiments, a display may include,
a greater number of strings mid/or phases. I'or example. a

display may include twenty-seven strings that ure configured s

to be driven by nine phases. In some embodiments. a nventy-
seven strut display may be driven by twenty-seven phases.
Although, for illustration purpose~, it is assumed that strings
cons ianc the s une mnin mt o I'pow er, this may gmmm I ly not bc
the case. i(1

Reference is novi made to FIG. 14, which is a block dia-
gram illustrating systems mid mctluids lor controlling a solid
state lighting panel synchmnized with an LCD display in
accordmice with orlmr mnbixliments of the invention. A dis-

play device 1400 may uiclude an I CD panel 1410. including i.

a twoi-dimensional arrangement of liquid crvsta I shutters, that
is controlled by an I,C'D controller 1430 Tlic L('13 controller
1430 may control the output image 1460 by varyuig on/off
values of the L('D shutters corresponding to different color
pixels Sllicc all oil(put llliagc 1460 may typmally mcludc io
dynamic content, the LGD controller 1430 may be confi ured
to refresh the pixels at a predetermined refresh rate.

The LCD panel 1410 relies on dynanuc it@it transmission
to control an output image 1460 so the display device 1400
may also include a solid stnte backlight pmiel 1420 contig- "

ured to provide figt to be selectively transmitted tluough the
shutters of the LGD panel 1410. A solid state backliJvtt panel
1420 may include multiple struigs o f so lid state hght enuuera
that can be controlled to aclueve a desired color hue and/or
luminous intensity srarying tlm output of a string, may bc io

accompitshexI, for exmuple, by iinng the stung for a portion
ofa penod, ii luch muy be contm lied by a backlist controller
1440 In some cmbodimcnts, tfic refresh rate of tlm I.C:D
controller 1430 may be syncluonized with the tiring ol the
solid state backlight panel 1420 by sending a synchronizing "»

signal from the I,C:D con(relict'o thc backlight controller
1440. In tins mmuier. unwarned eiTects due to the interference
of non-synchronizixI processes operating at diffi:rent fre-
quenmcs may bc reduced. Syncluomized display and bnck-
lighting may be used in conjunction with single phase potter ao

supply systcrns anChor polyphase power supply systmns
Additionally, syncluonization may be used in con)unction
with a non-spatially-sequential firing order.

Refi.rmicc is now made to FIG 15, which is a block dia-
gram illustmiting systems/methods for contmlling a solid as

state backlighting panel synchronized with an LC'D panel in
accordmice v,ith some embodiments of the invention. An
LGD panel 1510 is controlled by a display controller 1530.
which refreslms the pixels in thc I C:D panel 1510 at a prede-
termined refresh mate. A sohd state backlightuig panel 1520 c

lllilv also be included for providmg luminance tluough the
LED panel 1510. Thc solid state backlighting panel 1520 may
be controlled by a backlight controller 1540 that cmi dnve
multiple strings of solid state light emitters using a current
driver 1560. The output of the solid state backhglitiiig pallpl s

1520 may be controlled by firing tlie emitters for specific
portions ofa period Thc displav controller 1530 nmy send a

syncluomzing signaI 1550 to the backlight con(miler 1540
such that the firing mte of the strings corresponds to the
refresh rate of thc I.C'.D display 1520 In this manner. the ni
visual effects from interference betwimn the refresh rates of
the I (:D display 152(l and the solid state ligitting panel 1510
may be reduced.

Reference is now made to 11G. 16, ivhich is a block dia-
gram illustrating sysmms/methods for controlling a solid (
state it+ting panel according to some embodunents of the
invention. The operations 1600 include supplying drive cur-

rents to strings in a solid state lighting panel in a non-spa-
tially-sequential hung order (block 1610). The non-spatially-
sequential firing order can be accomplislied using, for
cxamplc. a randomly generated firino order or a deterministic
firing order. A determim stre finng order can be nile-based and
use rules, such as a rule that the directional relationship
between a subsequently fired string and a previously lired
stung alternates with each firing. Some embodunents can
include a nile defining thc niinimum number of bars mt(For
stun s betiveen sequentmlly mid,'or simultaneously fired
stnngs. L'mbodiments can also include a rule tlmt sequentially
and/or simultanexiusly fired strings are non-adjacent and/or
are in non-ad)scent bars.

Refi:rence is now nuide to FICi 17, which is a block dia-

gram illustrating systems/methods liir controlling a sohd
state lighting panel according to other embodiments of the
invmition. Thc operations 1700 include supplying drive cur-
renm to strings of sohd state lightin devices arranged in a

panel in a non-spatially-mpiential firing order (block 1710).
A liring order for a lirst string and a second string is dctcr-
mined (block 1720). The firing order detemunes the order in
which the strings ivill be supplied current. A second suing is
defined based on a location of the first stung (block 1730). I)y
defining the second string based on the location of the first
string, a non-spatially-scxiucntial firing order can be accom-
plished. In some embodimems the second stnng can be
defined by selecting a string that is non-adjacent the first
stung and/or is ui a bnr that is non-adjucent the bar tint
uicludes the first string. 11te second stung can also be defined
by selecting a string such tfiai a minimum quantity of strings
and/or bars are benveen the lirst md second stnngs. A third
stung can also be defined based on the locations of the first
string and thc second string For cxamplc, w hcri: thc second
stung is in a first direction relative to the hrst struig, the third
string is selected to be in a second direction relntive to thc
second string

Reference is now made to I'IG. 18, v'luch is a block dia-
grim illustrating systems/nwthods for controlling a solid
state lightiu panel according to further embodiments ol'thc
invention. fhe operations 1800 include supplying dove cur-
rents to strings of solid state lighting devices in a solid state

ligating panel in a non-spatially-sequential finng order (block
1010). Ilia operations can also include grouping the strings
on multiplo bm s that extend from a lirst edge of thc panel to a

second edge of the panel (blocl 1820). The first und second
edges can be opposite one another in a panel configured in a

rectiluiear geometry. The bars can be arrmiged adlacent one
another and can be substantially parallel to one another in
some embodiments. Simm embodiments include simulta-
neously supplying current to the portion of stnngs that are in
a imme one of the bars. Embodiments can also include simul-
taticmusly supplyin current to strings located in morc than
one of the bars. In some embodunents. u rmidom number ctui
bc generated. a value can be assigned to each bar, and current
c m be simultaneously supplied to the stung s in the bar having
a value corresponding to the random number.

Refi:rcncc is now made to FI(i 19, which is a block dia-

gram illusuating systems'methods for controlluig a sohd
state lighting panel in yct further embodiments of the inven-
tion Thcoperations1900 include supplvingdrivecurrents in
strings of solid state hghting devices in a solid state lighting
panel in a non-spatially-sequential tiring order (block 1910).
The operations can also uiclude supplyuig current to strings
having solid state lighting devices tlmt emit it/»t in a first
dominmit wavelength in tlm firing order (block 1920).
Limbodiments can also include supplying current to struigs
having solid state lighting devices that emit light in a second
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dominant wavelength in the firing order (block 1930). In this
manner. the strings of a first v avelength are fired in a

sequence and then stnngs of a second w avelength are fired in
the sequence

Reference is now made to I'ICV. 20, wluch is u table illus-
trating an exemplary string firing sequence according to some
emb(xlunents of the uiventioii. The table 2000 corresponds to
a sequence for a solid state lighting panel lmving tlu ee differ-
ent color or vsvol aug th strings at mich o I'nine panel positions
The panel positions, wluch, in some embodunents. can be
bars. are designated as the strinvg munber (colunm 2030) and
thc color of each stun is demgnatcd (colunui 2010). The
Iinng sequence (colunm 2020) indicates each stun 's posi-
tion in the sequence ol'iring A spatial delta value for each
struig lists the number of places beiween the present struig
and tlie last fired string in the sequence and is listed for each
string (cohuun 2040). This sequence, for exmnple. pmvidcs
that the strings of each cokir are fired ms a sequential group
mid that one color group is tired afier miother color croup. For
example, all ol'he rcd strings are fired in a location based
sequence then all of the green stnngs are fired in the sequence
and then all of the blue strings are fired in the sequmice. Note
that since no value in the spatial delta column 2040 is less than
tluee. there are no stnngs fired closer tlmn tluee positions
mvay from the previously fired string I'urtlmr, within each
color group. since the spatial delta alternates between positive
and negative values. each string fired is located in a different
direction relative to the previously tired strutg from the direc-
tion between the previously fired string and its predecessor.

Althougft some embodiments are dcscribcxI in connection
with I.CD backlights, embodunenks of the invention may be
used for other purposes, such as general lighting. In the draw-
ings and spcmlication, there lvitc been disclosed typical
embodiments of the invention md, although speciiic terms
are employed, they are used in a generic and dc script ivc amis e

only mid not I'or purposes ol'imitauon, thc scope ol'hc
lilvcirtloll belilg sct fortll 111 tile folloivlllg claillls.

That which is claimed is
k ek lighting panel system. comprising:

alightingpanclincludingaplurality ufstringsofsolid state
li Jtttng devices arranged acmss the panel ina firstdirec-
tion and positioned at intervals in a second direction tltat
is substantially orthogonal to thc lirst direction,

a current supply circuit confievured ui selectively supply a

plumlity of on-state drive currents to the plumlity of
strings responsive to a plurality of contml signals: and

a control system configured to selecuvely provide control
s(gttais to the current supply circuit to selectively drive
the plurality ofstnngs. the control system further includ-
ing firing logic configured to determine a firing order of
the plurality of strings.

2. I'he system ol claun I, wherein the Iiruig lo ic com-
prises nile-based logic operative to generate a non-spatially-
sequential finng order.

3. The system of claim 2, wlierein the rule-based logic
comprises a nile that a soconJ string lircd al'ter a lirst string is
non-adjacent the first string

4. The systmn of claim 2, wlmrein the nile-based lop'c
comprises a rulc that a first string is fired simultaneously with
a second string. wherein the first string is non-adlacent the
second stung.

5. The system ofclaim l. Vvherein the hghting panel further
comprises a plurality of bars that include portions of the

plurality of strings, tv herein thc plurality o fbara extend across
the panel ui the Iirst direction and are positioned ad lucent one
anotlier in a substantially parallel arrmigement.

6. The system of claim 5, wherein the firing order is opera-
tive to cause a first firing, a second firing and a third firing,
wherein the first Iirin occurs before the second Iinng mid the
second liring occurs beiiire the third liring, wherein the lirst

liring supplies current for at least one string in a lira( bar. the
second firing supplies current for at least one string in a

second bar and the tlnrd firing supphes current for at least one
stun in a third bar, ivhereui the second bar(a located below

tlm first bar and the third bar is located above the second bar.
io

7. The system of claim 5. further comprising:
a first portion of the p1urahty of strings including sob d state

lighting devices thni en(it light in a Iirst doinuiant w ave-

length: and
a second portion of the plurality of strings including solid

state lightuig devices that emit light in a second domi-
nant wmeicngth,

wherein each uf tlm plurnlity ol'bars includes at least onc

string of the first portion of the plurahty of strings and at

a least one stung of the second portion ol'the pluralityol'trings

mtd wherein each of the Iirst poruon of the plu-
rality of strings is tired in the firing order and then each
of the second portion of the phuahty of strings is fired in
the finng order.

0 The system ofclaim 5. I'urthercmnprising
a first portion of rim pl nrality of strings including solid state

ligating devices that emit light in a first domuiant wave-

length: and
a scwond portion ol'he plurality of strings including sohd

"o
stam lighting devices tlbat emit light in a second domi-

nant v;avelength,
ivherein at least one string of the first portion of the plural-

ity of sirings is fired simultaneously with at least onc
string of the second portion of the plurality of strings.

9. The system of claim 5. further comprising:
a Iirst pun(on of the plurality of stnngs in a first bar, and
a second portion of the plumlity of strings in a smond bar,
wherein the first and second portions of tlm plurality of

an stnngs are fired sequentially in the firing order and
ivherein the finn. order is conligured to dctennuic the
location of thc sccmid bar relative to Ihc loaition ol'the
first bar.

10 Thc systeni of claim I, further coniprising
a first portion of the plurality of strings including solid state

licking devices that emit livgt in a first dominant wave-
length: and

a second portion of the plumlity of strings including solid
SI((fc lightin dcvlcem thill ('.luit bght in a second domi-

u nant v;avelen th,
wherein each of the first portion of the plurality of strings is

tired in the firing order uid then each of the second
portion of the plurality of struigs is tired in the Iinng
order.

1 11 Tile svsten1 111 cltuiu I. wllemlil tile Illillg 81glc Im1111.

prises mndom logic operative to generate the firing order.
12 The system ofclaim I, further comprismg a means Iior

genemmng a fecxiback signal configured to provide dmsplay
performance inf(imiation to the control system.

01 13 Thc systmn of claim I,
wherein the current supply circmt compnses a plumliq of

pluise drivers configured to supply a plurality ofon-state
drive currents at a plurality of times in a Iiring cycle.

whereui the plurality of strings of solid state lighting
devices comprise a plurality of string groupm each con-
figured to receive current from one of the plurahty of
phase drivers. and
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v herein tfm control system is further configurcd to deter-

mine the plurality of times tlmt each of the plurality of
plmse drivers begin to supply current to the plurality of
slfing groups

14. The system ofclauu 13. wherein the mtlo of a quantity s

ofthe plurality of phase drivers to a quantity of the plurality of
strulgs ot sobd state hghtitlg devices Is one and tvherein each
of the plurality of string y o ups comprises one of the plurabty
ol'strings ol'solid aisle lighting devicvc.

15. The system of clauu 1, v hereul the contml system ls l(1

configured to recco e a syncluonizing stvgnat from a display
controller contigured Io control a display and wherein the
tinng order ls syncluomzed v,ith penodic operations of the
display

16 A method for controlluig a sohd state lighting punel
including a plurality of strings of solid state lighting devices
contigurcd to extend from a tirst edgo of the palml Io a second
edge of the panel in sub st uui ally adjacent positions relative to
one another, the method comprising supplying a plumlity of
pulsvd dritc currmlts to Ihe plurality of strings in a non- so

spatially-sequential tiring order.
17. The metlmd of claim 16. further comprising
determlnulg the finn order tlmt supplies current to a tirst

string ofthe plurabty ot'strings and a second string of the
plumlity of strings, and

defining the second suin of the plurality of stnngs,
wherein the defining is based on a location of the first
suulg

18. The method of claim 17, whereui dehnlng the second
string mlmprisvs selocling onc of the plurality of strings that lo

Is uot adiaceut lo lhe tirsl stnitg.
19. The method of claim 17. wherein detinulg the second

string, cmnprisvs selecting one of the plurality of strings that
Is located a minimum quantity of strings from the first string.

20. Tlm nwthod of claim 17, further comprising detining a "»

Ihird strin of the plurabty ol'stringm u hcrcin the third stung
Is configured to be lired alter the second striiig and wherein
the defining is based mi a Inc ation of tlm second string and the
locatiml of the tirsi string

21. The method of claim 20. wherein defining the second ao

string comprises selecting one of a plurality of strings that is
on a first side of the first stnng and defining the third string
comprises selecting one of the plurality of strings that is on a

second side of the second string.
22. The method ofclaim 16. further conlpll slug gl'oupnlg a a.

plurality ofportions of the plurality of strings on a plurality of
bms. wherein the plumlity of bars extend across the panel
from the first edvee to the second edge and are positioned
adjacent one amither in a subsiantially parallel arrangemeni

23. The method ot claim 22. further composing simulta- u

neously supplying entreat to the portion of the plumlity of
strulgs that are In the s une one of the plurnluy ofbnrs

24. The method of claim 22. further composing simulta-
ncvusty supplying current to a filst string located in a first bar
and a second stung located in a second bar. :t

25. The metliod of claim ZZ. further comprising
gelmrating a random munbcr:
assi~jug a value to each ol'he plurahty of bars: and

sinniltaneou sly supplying current to thc portion of the p lu-

rality of strings on onc of tbc pluraluy of bars based on 01

the random number.
26. Thc nwthod of claim 16, further comprising
supplying current to a lirst portion of the plumbty of strings

according to the finng order, ivherein the first portion of
thc plurality of strings includes solid state lighting I
devices configured to emit light In a first dominunt v ave-

length; and

supplying current to a second ponion of the plumlity of
strings according to tlm firing order after supplying cur-

rent to the first portion of the plurahty of strings, whereul
thti second portion of the ptumtity ol'strings includes
sohd state hghting dcviccs configured to emit light in a
second dominant wavelength.

27 The method of claim 16. whereui detilung ls further
based on a donulrant wavelength ol'hght enut ted by die sohd
state lighting dcviccs in thc tirst string.

28. The method of claim 16, fiirther compnsing simulta-

neouslyy

supplying current to a first string including sob d state

hgbting devices conti urcd to emit h bt in a first don»imnt
wavelength and a second string including solid state fivjiting
dcwices configured to emit light in a second dominant v;ave-

length.
29 The method of claim 16, further comprising.
dcternuning the tiring order that supplies current to a first

string of the plum 1 ity ofstrings and a second string ofthe
plurahty of strulgs: and

detining the second string bnsed one dominant u avelenglh
emitted by the solid state lighting devices in the first

string and a relative position of the first stung.
30. Tile method of claim 16. comprlsin determlnuig the

liring order using a nunmrical teclmiquc.
31 Tho method of claim 30, further comprising:
generating a random number;
assi nulg a value to each of the plurality of sirings: uld

supply ulg current to one of thc plurality of strings based on
the random number.

32. The method of claim 30, wherein the numencal tech-
mque composes performitig a non-linear calculation.

33 Tbc method ofclaim 16, wherein lhc tiring order com-

prises a detemlinistic order based on at feast one rule.
34. A system for controlling a solid state lighting panel

ulcludlng a plurality of strings of sohd state bghting devices
that arc arrmlgcd to extend across tlm panel in a fin t dirccction

anti are positioned adjacmlt olm another in a second direction
and that are supphed current by a plurality ofcurrent drivers,
tht: svslcnl ctuupl ising

a scxtuence I:OCItlfor that gcnLYalcs a firing sctiilt:ncC liir

firing the plurality of strings: and
a controller that provides control signals, responsive io the

sequence generator, to the plurality of current dri~ers.
35. The system ofclaim 34. wherein the sequence genera-

tor compnses a deternuiusuc algontluu that determines a

location of a subsequently fired strulg based on a location of
at least one previously tired string

36 The system ofclaim 34. wherein the sequence geneni-
alr comprises an algorithm that generates a sequence to fire a

tirst string having a plurality of solid state lighting dew ices
that emit hght In a first dominant wavelen th and a second
string having a pturatiti ol'olid state lighting devices that
emit light m a second dominant wavelength, uherein the
second string is fired after the hrst string.

37 The system ofclaim 34. wherein thc sequence gt:ncra-
Ior composes an algontlml that enerates a sequence to
simultaneously fire a first string having a plurality of solid
state lighlulg dhviccs tlmt emit light in a lirsl domiiuint tvavc-

length and a second string lmving a plurality of sobd state
lighting devices that emit light in a sccctmd dominmit wave-
length.

38. The system ofclaim 34. wherein the sequence genera-
tor gcnemtcs a random sequence of firing.

39. The system of claim 34, fiulher comprisuig a phu stiiy
of bars that include portions of the plurality of strings,
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wherein the plurality of bars extend across the panel in the
first direction and are positioned adjacmit one another in the
second direction.

40. The system ol'claim 39, wherein the firin scxluence is
conligured hi siinultancously lire a first portion ol'thc plunil-

ity of strings and then simultaneously fire a second portion of
fiie plurabty of strings and wherein tire lirst portion is located
on a iirst bar and&he second portion is lomted one second bar.

41 The system of claim 39, wherein thc firing scxlucncc is
i(1

configured to simultaneously fire a first string on a first bar
and a second stnng on a second bar.

42 The systmu of claim 41. v berm

niche

lirst string includes
solid state lighting devices that emit light in a first dominant
wavelengtli and the second string includes solid state lighting
devices that enut ltgltt in a second dominant wavelength.

43 The system ofclaim 34, furllmrcomprisifig
a first portion of tlm plurality of strings including solid state

lighting devices that emit light in a first dominant v;ave-

length, and "(1

a second portion of the plurality of strings uicluding solid
state ligitting devices that emit light in a second domi-
nant wavelength:

v'herein each of the plurality of bars includes at least one
string ol'thc lirst portion of lie plumlity ol'strings and at "-'cast

one string of the second portion ol'thc plurnlily of
stiliigs.

44. Tire system of claun 43, wherein the finng scxiuence is
operative to cause lhe first poruon of stnngs lo lire in a lirsl

"(1
sequence and to then to cause the second ponion of strings to
fire in the first sequence.

45. The system ofclaim 34, wherein the plumility ofdnvers
comprise a polyphase power supply configured to a supply a

plurality of temporally shifted drive currents to a plurality of
roups of the plurality of stnngs.

46. s( method for controlling a solid state lighting panel
nicluduig a plurality of stnngs ol sobd state lighting devices
configured to extend from a first edge of the panel to a second
cdgeofthepmiel insubctantiallyisljaccntpositions relative bi

«I(
one another, the method comprising supplyuig a plunality of
pulsed dove currents to a plurality ofgroups ofthe phu ality of
slriiigs

47. The method of claim 46, v,herein each group of the
plurality of ~(( oops comprises onc of tlm plurality of strings

and ivhcrein one of the plurality of pulsed drive currents is
pmvided for each of the plumlity of strings by one ol'

plurality of phase drivers.
40 The method of claim 47, fttrthcr comprising receiving.

a synchronizing si mta I from a display controller configured to
control a rcl'rcsh rate ol'display pixels

49 Thc nmthod of claim 46, furtlmr comprising synclmt-
nizing the plurality ol'drive currents with a cycles of a peri-
odic operation of a display panel

50 Thc method of claim 49, ii hcrcui the periodic operation
coniprises refreshing pixels and wherein thc display pmiel
cmnpriscs an I C'D display panel

51 A lighting ptmel system, coniprising:
a lighting panel including a plurabty of strings o I'solid stale

lighting devices arranged across the panel in a tirst dircv.-
iion and positioned at intervals in a second direction lbnl
is substamially orthogonal to the hrst direction:

a current supply circuit configured to selectively supply a

plurality of on-state drive currents to the plurality of
stria s responsive lo a plurahty of control signnls,

a cmitrol sixtem configured to selectively provide control
styvtals to the current supply circuit to selectively dri~e
the plurality ofstrings. the control system further includ-
uig finn logic coniigured to deternune a iinng order of
the plumlity of strings: and

wherein thc firing logic is configured to drive the pbu ality
of strings in a spatially non-adiacent. non-sequential
firing order and/or to dove the plurality of strings at
dilfi:rent times I'or at lmist a subset of lhe plurality of
stiliigs.

52 'Thc system of claim 51, wherein lhe tiring logic is
further conti ured to dove the plunility of strings and(or
portions thereofat least pan(ally based on the spatial relation-
ship between the plurality of strings mid or porti(ms thereof

53 The system of claim 51, u herein the finng logic com-
prises rule-based logic configured to geimrate a non-spatially
sequential linng order

54 The system of claun 53. uhereui the rule-based logic
further coniprises a rule that a second string fired aficr a first
stung is non-adjacent the first siring

55. The system of claim 53. wlierein the rule-based logic
furtlmr comprises a rule that if first string is fired simulta-
neously with a second strin . then the first stnn is non-
adjacent the second string
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