1 ADDRESSABLE LED ARCHI TECTURE Field of the Invention
[0001] The present invention generally relates to
light emtting diodes (LED), and nore particularly to
a LED architecture that enablles seriall y connect ed
LEDs to be controlled individually. Background of the
| nventi on [ 000AIDIPRERSABKE LERY apodes(isEDs) are
gaining popularity in the past several years because
they offer several advantages over conventional Iight
sources. For exanpl e, pickEPBthNavaikdd 1N size, able to
produce nmore colors and provide versatility in a broad
range of applications. Some of these applications
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cortlipll @diitidualypl urality of LED drivers. The LED driver
is one of the inportant conponents of a LED |lighting
system because it serves as the power ﬁuppIE)[/) go_r t he
LED lighting syst rticular, .the L river
converts a hi gher gélﬁhé%ﬂgaﬁg\’\g‘f'iqvghf’% proper | ow

vol tage DC power required by the LEDs. Al so, voltage
to change their |ight

] ayse the LEDs
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LEResrgmuodll iim sizey able o prafuce andrc gol@t iaﬁdq}rm@‘]ﬁ veRawlit§ in a broad
configyrat.ion gonpri.ses a LED driver coupled to a .
ranf0 B} ARG FRE bb TSt Raioeses Wiyt dudianors puomotive
lighliels ghid N&tt d r&bRss.@a pul se-nodul ated current to
M co%rol %ﬁe | ﬁ? ht nesss of the serially connected
[0093EDs. Hoheyrical ERDPslighdrsvsigur et pshitdoes aonpréneshhartadyest LEDs

pver t o] ght ness of .each
conblelhis § Bhutfty DI TG e, P DRERET Mg o5 fa?eglmpﬁgg%t cogiponents
of £AED LEMingheysvdrddatdnte ifsdMtd hphi 'ﬁ_(;\@&nﬁﬂpphEQrcmé Y&D lighting
is typically used in the system or example, FIG 1
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[0004] The LED light system can be designed in a variety of configurations, One

basic configuration comprises a LED driver coupled to a chain of serially connected LEDs.
In particular, the LED driver generates a pulse-modulated current to control the brightness
of the serially connected LEDs. However, this configuration does not enable the LED
driver to control the brightness of each individual LED. In order to control the brightness
of each LED individually, a multiple channel LED driver is typically used in the system.
For example, FIG 1 shows a system that comprises a master controller 110 coupled to a
plurality of multiple channel LED drivers 120. Each multiple channel LED driver 120 is
coupled to a plurality of LEDs 140. Specifically, each channel 122 of the multiple channel
LED driver 120 is coupled to one LED 140. Although the multiple channel LED driver
120 is able to control the brightness of each LED 140 individually, it has certain



LED driver 120 is coupled to one LED 140. Al though the

mul tiple channel LED driver 120 is able to control

the brightness of each LED 140 individually, it has

certain 2 linitations. For eXanple, each channel 122

is only able to drive one LED 140. Also, every LED
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npl t PCB. | Furt hernore
eV%?“‘h@nﬂ‘g‘? ipreopeied @4%1%?@3&%% FB@%@ L datrigpdr20. gesulting in a
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river 120. [0005] Therefore, there is an |rrpera|¥
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f .LEDs di ot her things,
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s accor
individiedly icomrelidble. now be descri bed with reference tot he
Figures, in which like reference nunerals denote |ike
el ements. [0007] FIG1 illustrates a bl ock diagram of

a prior art LED sy$ &9 St D | e channel
LED drivers. [0008]&2{@6 ZHﬁH ust rat’reygn1 %I ock di agram

of the addressable LED architecture in accor dance
[00061 t h onePrefiyodi erabbdiafentsheccprdagnd thapesstaihvelEOONiI now be

FIL.LG 3 illustrates ock dj ag ramof a LED device in
des%\%‘&%f&’é‘hc@ﬁ?ﬂf‘%‘}? @n‘g‘e bﬁéﬂ%&u ‘r’FeWPlcé}f ikeniefgenegepemerals denote like
clethégntion. [0010] FIG 4 illustrates the drive current

output froma chain controller in accordance with one

[00@&hbhodi rreﬂlG bfillusimipy @bk dingrent oDa pribetaati LED system comprising

1l;)e crl f .the Invention [0011] The present
mu'ﬁ m B nder st ood nore readily by reference

[oodsp t he IfIQi b omipahtaded Blo'clé‘%él@&ﬁrdfﬁhé QBd@Esa®R' £ ADrchitecture in
enbodi nents of the invention. [0012] This disclosure

accqidapgestithpnesrabaiinen) of thapesant hivewteanur e that i s abl e
[0059? FIG 3 illustrates a block diagram of a LED device in accordance with one

embodiment of the present invention.
[0010] FIG 4 illustrates the drive current output from a chain controller in

accordance with one embodiment of the present invention.
Detailed Description of the Invention

[0011] The present invention may be understood more readily by reference to the
following detailed description of certain embodiments of the invention.

[0012] This disclosure teaches an addressable LED architecture that is able to
control a plurality of LEDs individually. The LED architecture can be implemented in
applications such as large display screens, or display features in personal digital assistants,

cell phones, digital still cameras, and camcorders. It is contemplated that the LED



control a plurality of LEDs individually. The LED
architecture can be inplenented in applications such
as | arge display screens, or display features in
personal digital assistants,3 cell phones, digital
still caneras, and canctorders. It is contenplated that
archhestWEDs ot lanitéd tosht ubeyd afiplesl hulalse dndladdshehearRepeations such
nples but al so includes other applications suc as

asW@ RESHYC Sy st ems. [ 0013] Accordingly, in one aspect,
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controller is configured to receive the smntchlng
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controlling the geratlon of chains of seria
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117 e ned drj n chain cqntrolle
e ST T il G b Protr. Gy dhe T chateglier is coupled
to theasleadnene badin @fsefigily abhnecRAMNEDS edhdElSiheVied&LMined drive
t he predetern1ned drive currents i ncl ude swi'tchi ng

curignisnizpekd er%&hmmgggws,t whEivins byiiellisg tsigralspby paplutafitof LED
con{'rgi?els(:%%fe% S of Yl’P: e%l% arfztg (I}ri 01?6 t%)gterogclgu Irlglc{oéﬁ/leg fto %%Q of the

controllers i's cou

serigldy reaheded EIE)s, amﬂ wherfedi thd PpurRlitlr 8l ILAD @bnkblRrs control the
contr ers.control tB operation of the serjally
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40,
COHtEﬁ%EéI‘?%Llf‘B? “éfﬁ&Ba*Er%Bn%kﬁl&éQ plaalyy of LED devices generally

represented by the numeral 60. The master controller 20 can be any type of micro-
controller unit, and is electrically coupled to the plurality of chain controllers 40. The
electrical connections between the master controller 20 and the plurality of chain
controllers 40 can be 12C, SPI or CAN. Furthermore, the master controller 20 and the
plurality of chain controllers 40 receive electrical power from a power input terminal (not
shown) for energizing their operations. The master controller 20 controls the operation of

the plurality of chain controllers 40 in order to control the overall display and brightness of



represented by the numeral 60. The master controller

20 can be any type of mcro- controller unit, and is

el ectrically coupled to the plurality of chai n

controllers 40. The electridal connections between

the master controller 20 and the plurality of chain
thedafid raedHiersirad 0. ddie dheinl@Gitro8Bt 40caiChNa cﬁdfchfé@ﬁﬁ@%ﬁzﬁed chip (IC)

ster controller 20 and the plurality of chain
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ool P Lopy SN SRR 0P U BB b oin o
devkaea v e e ddicadedchahs LB hicBUE@LON. thiNenAUKAR BER Almber of
chai n conflguratlon is that there

| ementing a dais
LEP%H’&‘?%W Khe %ﬁﬁ@%‘i/ Py shgbnmesetronireiterddy iEseh 6bain gontroller 40
is éi rlf‘ﬁ?g (g‘ﬁﬁl&? t? halihit A eh! &l 6&%9%%2)3?‘/&6H ﬁ)@?%hown)

ain i'guration provides sinple co
Fur&ldlmme eﬂ&yp%ﬂlﬂyayﬁuﬂmm EUhth&dﬁrﬂD4@ alk@&:lﬂ?(ﬁh@ﬂ I’th@foﬂleﬁﬁion of
d n.be cascaded in the LED architecture
CO"Eeﬁ%%“diﬁlfagrg%ae‘awsaﬁ&géﬂ% wegtling. EBepeipe engbe typaef signals
recéi&Y fiehd ad 1ﬁé/sté% c%'nﬂ‘gil@r PRSLER of A LRk §5ntﬁ)ngrSEﬁf Boula generate

chain controller 40 s €lectrically cou
drivgheuirrengst tol @mixdéviae soBesponding qinamaonf LEDede(vm:ets (ﬁlld\.h&)method of

gengﬁéglgggfé)lﬁrnt%;cglfrrepﬁ gc:g)gl [ ]ﬁycl@fnsc%ﬁ,g@s trol ‘ﬁrabbe discussed in

detadiediees 60 via the power |ine. Dependlng on the type
of signals received fromthe master controller 20,
[001ghch of ReferremdpFlcohtthellES} devioe 4B wbupgierses AED 7@couged to a

c pondi ng .chai n
LEIggéﬁtgéelse? W%\%ré d 81[6 lg.? nn(ﬂf e actapf?g grl Wgra&sfgogmogent of the
LED alesizat&0ol mﬂemmhanynshthDEﬂhd@a/m%daﬁc WHD cBRtroller 80 can be
di scussed in detail below [0017] Referring to FIG 3,
sepqIple COBPORAT vEhern disnkde sentrallar 86 cap be gulsHisated @ o 6 piEOIC that
is cfRMdaPl! &JupBQ: oMIRIEED d ceLE@E%ﬁQEulghgqé 6§Q 1539 798 #Re LED
i ntegrated conponent of the evi c :
contp ez r89as |cveﬂ1gqred Rereb&iie devdide Grcandzcnb@tddHEdm the corresponding

chamoc%tnﬁoh efli() nd tﬁe L%‘f) controller 80 controls the operation of the LED 70 in
response to the drive current,

[0018] The anode terminal of the LED 70 is coupled to a V+ node, and the cathode
terminal coupled to a V- node. Furthermore, the LEDs 70 in a single chain of LED devices
60 can be of the same color, for example red, green, yellow or white. Alternatively, a
single chain of LED devices 60 may comprise a combination of different colors of LEDs
70. Different colors or types of LEDs have different operating characteristics, which is
difficult to control if they are combined in a single chain. However this embodiment

controls the operation of cach LED 70 via the LED controlier 80, thus different colors or



separate conponents, wherein the LED controller 80 can
be a dedicated 2 or 6 pins ICthat is electrically
coupled to the LED device 60, particularly to the LED
70. The LED controller 80 |§ configured to receive
the drive currents generated fromthe corresponding
typehail l.EId b bklseriad comndtddnie 4 ERgROsH®bF @/EBAevices 60, thereby
controls the. op ?tlon of the LED 70 in response to
QIFYe?igl

enfiapeing the, yersql ¢ [H&1sThitestiradode termnal of the
ootdfD 70 i gheoup &QltitoﬁelaS(yémH%‘?s% at Wiithélrﬁ%b? g&ﬁ@ﬂgonl_lgggr 84, and a

term nal coupl ed
charge ipump 86. ngﬂhe otiwhr8dfs tEplekw dRsLEBO?(l;amhéremoﬁactshﬁtch 82 is
0 reen, yellow or whit

iy Rdofoany SRS HoSr b uniagatsg Gypther types
of BQT¥RES thad KeARH NThE QRief 88lid fegdRit h&&h%@r agfu? f ﬁ@?os The gate

70. Different colors or types of ave er ent
tergival aft tha HINA&SRs epurded ohe \‘Aﬁltdhcorﬁ:mlidn $4, itluudirnint torminal coupled

r are.conbi,ned Si
o FENeU KL i A kRTGE KR UGS 1 S Rler A Gvith conoller 84
haseaplhrdl#o? @ddiess fehBinaBDydmenlllk akleednc8 byttht ulefd 85€Rherein the
r 5 types of LED can be serially connected in

Pi“‘é‘?l T reFaleAn Rl $atretaupdasl BothetVie ety or dhhendei nhe address
terrﬁﬁﬁls‘ﬂ%%?‘%‘ﬂll:chtcx%tgélietr 139 aIréEBna{I& cBﬁﬁ%&Jg) lh% V-I[ 910({1 gﬁ ng)ré]es for each

LED contr ol rses ‘a
of tho mlurality ext 1g24) davndesa60 ,ohiackyevip lbﬂm@:ﬁsseiﬂhﬁ dsmltlﬁeﬂb\BZ Ths charge

wh he tch 82
P”"b‘? 5&%528{1 ‘it‘h it r’%dafaﬂﬁhler%m{e Ig}Ple %@wge pymp 86 is
cougﬁzd%’ H{eeslmicﬁtc%i;tr&'l@tsfl%p@l'é h]}g'ﬂe?)rge? ggﬂ%lnﬁlﬁiﬂ R Qd'iﬁiég?%pé)ly to the

e used. The swtch 82 is ereln tera
SW!NW@Sntrqimséate termnal of the NMOS 82 is coupl ed to
er 8 the drain termn

£ upl ed
0000 P Ve GV el sri gt B B pircongpr 48 eoupikd o the
V+Wodoede. firkhe EDMidhbe 60at rdlel er n&fk ohds MsPLEMAIdY @éa is then
address term nals generally referenced by the nuneral

couplsd touher bt Rodenel a wcgthE evfee@lir Sewilady, thn ¥ sodSofahe second

de. dd
5L T 0805 TR TR TS et
last i@]ﬂ)ﬂ(ﬁdcd @pt 1Inehé/dhaihm i then qagesl b argre@aenerngthalt he

urality of LED devices 60, which will be discussed
f""ﬂ det ai fiyhetféwewn? thedllp gechitgetpis ow1l| sow bagisedssed Bagcally, a

LEY ha$ 46 v@iﬁg VMTag'tQQﬁiSp of Up 1855 rn? g@@x%ﬁgg ﬁﬁ'mm?s At a low

iIs coupled he Sw tch control

curtpul oo ssamplenassnthan i mg, tlhaebxvg;ﬁtmﬁg@f slweppElb fsdndipsificant. Thus, a
smaﬁvc\:'ihggg% 1?1%% cgucl)xen?drlve4 results in a significant change in the forward voltage drop
of the LED. Typically, the change in the forward voltage drop is from 200 mV to 500 mV.
This embodiment uses the range of forward voltage drop (200-500 mV) as a transmission
medium for controlling the individual LEDs,

[0022] In operation, the master controller 20 transmits digital signals to the
plurality of chain controllers 40, wherein each of the plurality of chain controllers 40 is
pre-assigned with a unique identity. In response to the digital signals, the plurality of
controllers 40 generate drive currents to control the chains of LED devices 60.

Specifically, a particular chain controller 40 generates drive currents to control each



[0020] In the daisy chain configuration, the chain

controller 40 is coupled to the V+ node of a first

LED devi ce 60a. The V- node of the first LED device

60a is then coupled to the ¥+ node of a second LED

device 60b. Simlarly, the V- node of the second LED
indifevdiad €. 6D 0i in thoupdied{ LA Hevides 60AThOEhan thhtkdllek BD transmits a
.g?le\(i ce 60c. The V- node of the last LED device 60p in
highygaivecarent Rulse, knecastasy adighovaltage dieriagressr hED. 7Q, @od tnsmit a
low B8vORRTAL | ; L . Ni: :

BRI e R ol DAL ER PUERASHPAS L 1 PR B8 usaion
purgpssy. Gf high drovedciBrevt pulse oravsignabatr AtiAngndhne dow ideivs cudént pulse
. adow current, for exanpl es han.5 mA, the )
s el A EAT U HePrEmEtes LRy PRI R Palse gy low drive
curdi@ DEBe| dAn tHeCasSidhe® W thddiFéRenk @8 MEAiSy ] sa%nw?l' ABInbi F&Rcted to the

change in the forward voltage drop of the LED.
aboygsk@aPley, the change in the forward vol tage drop is

om 200y t. . ... This epbodi nent uses the r e
{00?1; f or war 36‘?‘%%3%3 @éo%lvfﬁ&-eg%we% Iile§ﬁgﬁ§ﬁpt§§1iﬂ%|40. The
driveedirtem fsaitiven it 4 plurdlitg of fremef dF o Steipld BR%: frdORR]a peiod of 10
operation, the master controller 20 transmts digital
ms.gyvRrandhe Grst hans ¢fithe Bpmeys ebizapdrnthe sanirell Heades, 219l the remaining

' | | f. Ln.contrallers, 40,
R L T I
frame, ¢dngrotihgidealand ibghadisye tivencpllintisdd oythefaboeoatangple,eir®l may be

40 eﬂsr?tge d%i ve currents to control the chains of
aSSl@EﬁQH ICCEE VBYSS Specifically, a particular chain
oo&pnt r ol | BiridDtRERBIBE RS bV ?fé%e??ﬁes%%% d‘?&ﬂlto'ilgl %@ﬁ&ﬂeratcs a

6 individual LED 70 in the chain of L evi ces
serighef kighidnive ontrens| fubses 4DmA)amg o wsiriae chirglt milsey €3 mA) to produce
urr pul se t ener.at.e hj l.Lage dro Cross. a
o s BB B 5 e TR 200 ooy B e opt i swinies serve
as geneiiagesigndloWhyolkba@e HoBpaeliegsott MR bERIn 70 LEY devices 60.
i]lustration purposes, the high drive current pul se
Spepificaldsthhevitehing signalanamptiee dasmbites ora sungeribinuy sembers (e.g.
[ Si - N nt enpl at e hat, .t he hi gh
1880 8RB ot B SRRSO Bt oL
devives 6 sDgriagl thel tulk dili ¥4, elieatHainCatntiolitr MBhrdeRleaN Bortt BAYe current
" estfricted to ége, a@ove exanple. [0023] FIG 4
andin0|dgta i Jppunifad during IeRfTi8nt  generated by the chain
[ooZ8pnt ! Ol 18 hf0embbgimdHh Uk &Hﬁ&f%nﬁ-&hﬁr#&’ Alivkd (fe NMOS 82 in
plurality of frames. For exanple, eac rane has a
respoesd tdthefswi@hingssignethe tedrabyt bentfdllisd the eprafontdfahé LBM®70. For
i.s..assi gned &8s I\WIS cant r%l dh.eader and the renmining
¢ S ¢dr

illustration purposes, can iven In three operating modes:

[0026] (1) Data State (Vds = Vdata),

[0027] (ii) Drive-Hi State (Vds = Vbright), and

[0028] (iii) Drive-Low State (Vds = Vdark), wherein Vds represents the drain-

source voltage of the NMOS 82.

[0029] Furthermore, the voltage levels are predetermined as:
[0030] (i) Vbright = 3.5V - 4,5V
[0031] (i1) Vdark, Vdata hi = 2.5V

[0032] (iii) Vdata, Vdata_low = 2,0V



9 ms of the franme is assigned as the bulk drive. It is
known to one skilled in the art that the frane,
control header and bulk drive are not limted to the
above exanpl e, and may be agsigned w th other val ues.
[0024] During the control header of the franme, the

[oosdjai n coniufiaklthe Dioa generat esirkh ahbAsS 94 daiveh 1dr NNADS 82 to
current pul ses (5 nA) and [ ow drive current pul ses (3

Vdniay Hewvpresadiseto the sk essporsevdd hagdMn $yst thethiwe Staghe Vds
Swﬁ% s QRO VINa fggpa (%a(?; @f voltage swings serve as

tching signal A control the operation of the
[oogf)ai n of AhEl&cdeseldmvﬁ,Oeach Spéchfdoaablly, 84 hes S\Mﬁrﬁhﬂynﬁ address

oS F8° BSTouTHoA8 %S B FoveOrBhgha e ahd V- nodes for
eve?y‘é%%ﬂ% L s ﬁa‘fﬁcﬁ%rﬁ{z}ﬂ* é@%EDSfEV ds ke el %kﬁnf}l in the

devices 60. During t rrve Re chai n
first by ddviey 604 guidosi tersisal Sastharke whupled to ula E’ﬁtnodamhd address

P E o B3 SR el o N rpePorn diF stEPROLDhvice c0b,

addNOBerB2nd 1 01854, 8SPRAS 8e LOuIELISHE KOG &wmlré;s &P BDY5c, 85d
control ling the operation of the LED 70.

can; hel qpaplegttp dhe Yuppéds eBy VaWeng\mv@@hmrmmlmf thedrive current, the

cha{}%cﬁﬁsoﬂ@f%@% flg%%%ﬁfl @g thzlé%%%téo[?%{;a% a'%?f‘;d(ﬁtsof LED devices

60,and tlﬁL&QiIl&}w(g édch D ve1d bweSitadIRd(iVdsidaalve aSiSécaﬁcall the switch
Vds represents the drain- source voltage o
Conffﬁﬁ ngeols ‘Fe@@é SEZrip HesPRBYCO thhawidiinggenaleviyppose NMOS

82 @8}%519 rlﬁgﬁﬁg?{s@cfg % P@gg:tna%hﬁ(g\lr ‘clg'I é;}y\(h'[eg_giﬁ]’?() %éfaY?xn (e PMD 70 is

turﬂddama Witela Ny DB W23s 2lo& iffbecbf@83jshéduciragt sdethBaba shunts current
State S C | l.er 84 dr the NMOS 82 to
‘VH@%‘SL%% re‘a&&mgﬂés I%‘P‘ﬁ\?\‘/‘rfl%é?ﬁnse of the NMOS

[003‘355E at t hgs Badcasseti albBve t e c\ﬁq}:n cSWMAES Reéé’i%?zﬁ% s drive currents to
Vdat a_| ow and Vdata_hi. [0034] As discus ove,

COH&QU’WMQ&:‘H’ dhidwillye rF084xma1§c an plﬁms‘tdl()l iy frame atlel clis controller
ddress.t.erm S 85 ay e uni que

40 pé}tfésddltl\ée %lﬁéer\/_pugﬁ%cq}pp%%a% §Wﬂ ing 51gna s to turn on 01y turn off the
desired LEDs 70 in the chain of LED devices 60. In the second 10 ms frame, the desired

LEDs 70 are either turned on or off. Also, the drive current pulses generated in the second
10 ms frame will determine whether the LEDs 70 remain on or off in the following third
frame. Hence, each of the LEDs 70 is either turned on or off for each particular frame.
Due to the fact that the 10 ms frames are occurring very fast, the human naked eye does
not visualize the actual turning on/off of the LEDs 70 but sees the variation in brightness
of the LEDs 70.

[0036) While this detailed description has set forth some embodiments of the
present invention, the appended claims are sufficiently supported to cover and will cover
other embodiments of the present invention which differ from the described embodiments
according to various modifications and improvements. For example, a single chain of
LED devices 60 may comprise a combination of different colors of LEDs 70 instead of a

single color. Furthermore, other types of transistors such as bipolar junction transistors



every switch controller 84 in a particular chain of
LED devices 60. For exanple, in the first LED device
60a, address ternminal 85a can be coupled to the V+
node, and address termninal s885b, 85c, 85d can be
coupled to the V- node. In the second LED devi ce 60b,
(BAgdiresmpl@neiumgl BIOBFETSBEMOZN cbe be Uit ed tHeOs vt S‘é'" Also, each
node, and address term nals 85c, 85d can be coupl ed
frapg of ffae drivenguEsnt ppy gamprisgmerethenione hpmg()@egdm Fopexample, one
I er 40, s _abl e
fr e o U AL e SR, SR el Hep ey B fieh® conteo
headevargietbe bol0,draved t hus al | owi ng each LED 70 to be
controlled individually. Specifically, the switch
controller 84 controls the NMOS 82 in response to the
swi tching signals. Suppose NMOS 82 is open, it
permts electrical current to flow through the LED 70,
wherein the LED 70 is turned on. Wen NMOS 82 is
close, it becones a short circuit and thereby shunts
current around the LED 70, wherein the LED 70 i s now
turned off. [0035] As discussed above, t-he chain
controller 40 generates drive currents to control the
LEDs 70 individually. For exanple in a first 10 ns
frame, the chain controller 40 generates drive
current pul ses conprising switching signals to turn on
or turn off the desired LEDs 70 in the chain of LED
devices 60. In the second 10 ns frame, the desired
LEDs 70 are either turned on or off. Also, the drive
current pul ses generated in the second 10 ns frane
will determ ne whether the LEDs 70 remain on or off in
the followng third frane. Hence, each of the LEDs 70
is either turned on or off for each particular frane.
Due to the fact that the 10 ns frames are occurring
very fast, the human naked eye does not visualize the
actual turning on/off of the LEDs 70 but sees the
variation in brightness of the LEDs 70. [0036] Wile
this detail ed description has set forth sone
enbodi nents of the present invention, the appended
clainms are sufficiently supported to cover and wl |
cover other enbodinents of the present invention
which differ fromthe descri bed enbodi nents according
to various nodifications and inprovenents. For
exanpl e, a single chain of LED devices 60 may
conprise a conbination of different colors of LEDs 70
instead of a single color. Furthernore, other types
of transistors such as bipolar junction transistors 8



(BJT) or conplenmentary MOSFETS (CMOS) can be used as
the swtch 82. Also, each frame of the drive current
may conprise nore than one control header. For
exanple, one franme can be efually divided into two
peri ods, wherein each period conprises the contro
header and the bulk drive. 9 CLAIMS What is clained
is: 1. Alight emtting diode (LED) architecture
conprising: a plurality of H controllers
configured to generate predeterm ned drive currents,
wherein the predeterm ned drive currents include
Whegtustcthinadissi gnal s; a plurality of LED devices, wherein
the plurality of LED devices are serially connected
to forma plurality of chains of LED devices, wherein
1. each 1ihakRit - ' o .0 one of the
pIuré%@ty O?ﬁ%ﬁggiag%%%%g F%?%?g%ﬂéﬁgP% each LED
deva plaralgp npelicdesontiatletsemafigard t¢ EBeraa gredeteEMined drive currents,

controller coupled to the LED, wherein the LED
whE S bSpredieefigHB Bfirt St H5He DaTANE FEPSN ¢ chi ng

si gnahali®r o CDBLY @VibdRg viRe:iARRE PN 0bs LR® abERs ARerially

wherein the plurality of chain controllers generate
congpaétie dpimadplaralie of wheiatel 1D dontesoWheteen opdr ehdinwf LED

: cont | IR each chain of LED devices,,. ,

dov s SRR 61 Hlork Ny g e s o Mermo el Soeh LED device
comprdevi dual ly in the each chain of LED devices. 2. The

LED ar chi ﬁect ure of claim1, wherein the LED

cont r ol |8deasbersrileldsand 3 switch coupled to the LED,

and a swj 1] ) W .t ch, r wher ej :
the ow toh contray far iR 8 Lprh Sendith B LER bR Roner is
r egpofigereddotikeciswitha hivitchisg gialals, foandnwhBingi the tdperation of the
svvi[gﬁg_ %Qhen opened allows electrical current to flow

t hr H¥he LED, wherein the switch when closed

shumiceiglBE prura of UhLiRRbn @I derddifte b detedminbd &irlvERurrents to
architecture of claim?2, wherein each LED device
controf theepparangr o§esctn LED controller in each chain of LED devices, thereby

controlling the operation of each LED individually in the each chain of LED devices.

2. The LED architecture of claim 1, wherein the LED controller comprises:

a switch coupled to the LED; and

a switch controller coupled to the switch, wherein the switch controller
opens or closes the switch in response to the switching signals, and wherein the switch
when opened allows electrical current to flow through the LED, wherein the switch when

closed shunts electrical current around the LED.

3. The LED architecture of claim 2, wherein each LED device further comprises a

charge pump for maintaining the voltage supply to the switch controller.

4, The LED architecture of claim 2, wherein the switch is a NMOS transistor.



charge punp for maintaining the voltage supply to the
switch controller. 4. The LED architecture of claim?2
wherein the switch is a NMOS transistor. 10 5. The
LED architecture of claim1,1herein the plurality of
chain controllers can be dedicated integrated chi ps.
5. 6. The LEEDa@hicduitdre f Wla@maf, wHeadimitle, plWREEEbNcliahecdidedllers can be
controller can be a dedicated integrated chip. 7. The
dedigatpdingagratetehipe of claim 1, further conprising a
master controller coupled to the plurality of chain
controllers, wherein the master controller controls
6. t heTbpeER awhitafiuretdfelphur, abvihdryinahe ¢ED BoteNteF Qb BE §.dedicated
.. 8. t? .LED architecture of claim7, wherein the master
Integkiie gWPer can be coupled to the plurality of chain
controllers via 12C, SPI or CAN connections. 9. The
LED architecture of claim7, wherein the master
7. conthol.EBrarchitechee af etiign o5 fuctbot covbprasingia irtasted Gontrbhier coupled to
LED archi tect ur f claiml1. wherein each chain of LED .
tre SRR BC G55 EisiisPierse wBle R ienipenin chrgage f5rpists e operation of
the pRIPslity b chaif@ohtkiMeay, chi tecture of claim 1, wherein the :
el ectronic device is selected fromthe group
consi sting of |arge display screens, or display neans
in t.gi.tal istants, .cell phones., digqital
8 v PR EEDRnc MRl Elor SRR AeRin o Thos BT RBRRUR ¢ b%oupled to
the pbmalitg ol cign theradieerdh (DM SH calC AN asinedienschai n of
serially connected light emtting diodes (LEDs),
conprising: generating predeterm ned drive currents by
9. @ CP@ NEGORERRLNGE of MMEHEY N, @incéﬂglfrﬂast&pcr&xfrgi1l:re£an| & a micro-
coupled to the at | east one chain of serially
congroli¢remtted LEDs, wherein the predetermined drive
currents include swtching signals; receiving
switching signals by a plurality of LED controllers,
10. Wherigd MERRGR:IBlccte of RLIMIA! 1L twhdEinlL&nCANkS Y BES dkjces may
coupled to one of the serially connected LEDs, and 11
comytiise differerieoloruerly pesyofdfEDED control l ers control the
operation of the serially

il. The LED architecture of claim 1, wherein the electronic device is selected from the
group consisting of large display screens, or display means in personal digital assistants,

cell phones, digital still cameras, and camcorders.

12. A method of controlling the operation of at Icast one chain of serially connected
light emitting diodes (LEDs), comprising:

generating predetermined drive currents by a chain controller, wherein the chain
controller is coupled to the at least one chain of serially connected LEDs, wherein the
predetermined drive currents include switching signals;

receiving switching signals by a plurality of LED controllers, wherein each of the

plurality of LED controllers is coupled to one of the serially connected LEDs, and



connected LEDs in response to the swtching signals,
thereby controlling the operation of the serially
connected LEDs individually. 13. The nethod of claim

12, further conprising: trankhitting digital signals

by a naster controller, wherein the master controller

i s whotsph elde phurtilig ShBED comntdlid eontrdth@eedgerdith® of the serially

mastg g)ont roller controls the predeterm ned drive
conugrted LDyl esnonstiopie sricling signalsnthetsiby spntralling Tikreoperation of

umqsﬁﬁgaxg&ﬁabngD%%Khwggéﬁkn the master controller can

be coupled to each chain controller via 12C, SPI or
CAN connections. 15. The nethod of claim 12, wherein

eac ral LED controllers conprises: a
?%%‘“8%1?@ 028 é ﬁ%ﬁ"ﬁonﬁ?{&‘% switch controller
C 0 Uﬁhrﬁﬂuttﬁlg}d?@teﬁ WidnaR, by%ﬁ%ﬁkﬁc&rﬁ%il%w&}fe?elﬁ ‘Pf‘ig f9¢bEontroller is

ens or closes the switch in response t
CO dtt@ﬁh‘hQh%lng‘-ﬁa’lr@icmﬁfvéci@lmﬂlﬁh&mClOUhOkMTamntlobehedredetermmed

d“ﬁ%%?%@ﬁ%%ﬁ&%&d% tﬁe%ﬁgﬁ%}ttggflowthrough t he LED,

€ SW shunts el ectri cal
current around the LED. 16. The nethod of claim 12,

Ijgel n the at Ieast one chain of serially connected
14.| Epbhe mgihadoniprlpie 1di Prheredmthemastes contreligasn die ¢Epked to each

Mﬁ%ﬁé&kg;j@%ﬁﬁ#ﬁéggr egﬂo BSTRACT  The present

i nvention provi S&AbI e light emtting
di odes (LED) architecture that is able to control a

pI alit i vi.dual I The present invention
5. ﬁihew%]??f{/ oG gy U Sishe o Alrelry p&tdt icoptrollers
nsgg | east one chain of serially connected LEDs.

I G 2 acconpani es the Abstract.
a switch coupled to the LED; and

a switch controller coupled to the switch, wherein the switch controller
opens or closes the switch in response to the switching signals, wherein the switch when
opened allows electrical current to flow through the LED, wherein the switch when closed

shunts electrical current around the LED.

16. The method of claim 12, wherein the at least one chain of serially connected LEDs

may comprise different colors or types of LEDs.



