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 |ight

sources. For exanpl e, pickEPBthNavaikdd 1N size, able to
produce nore colors and provide versatility in a broad

range of applications. Some of these applications
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cortlipll @diitidualypl ural ity of LED drivers. The LED driver

is one of the inportant conponents of a LED |lighting
system because it serves as the power supply for the

LED lighting syst rt.icular, .the LED driver
converts a hi gher gélﬁbé%ﬂgaﬁg\’\g‘f'iqvghf’% proper | ow
vol tage DC power required by the tLEDihaﬁlg:of h\éi(jlrt?igght
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LEResrgmuodll iim sizey able ¢ yprafuce andric ol @t iaad q}rm@‘lﬁ veRawlit§ in a broad

configyrat.ion gonpri.ses a LED driver coupled to a .
ranf0 B} ARG FRE bb TSt Raioeses Wiyt dudianors puomotive
lightiRy elid N&Ht d@@NETRYRSs.a pul se-nodul ated current to

control the brightness of the serially connected
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is typically used in the system or example, FIG1

SYsteRoiR PArtcykir dhe LR dibvsispnests achighastiemrut ddhpovetilte theliiOper low-
voa QP& rBquired by the LEDs. Also, voltage fluctuations may cause the LEDs
to change their light output. The LED driver prevents the voltage fluctuations by
regulating the current flowing through the LEDs.

[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 ecach LED 140 individually, it has certain



plurality of multiple channel LED drivers 120. Each

mul ti ple channel LED driver 120 is coupled to a

plurality of LEDs 140. Specifically, each channel 122

of the multiple channel LED2driver 120 is coupled to

one LED 140. Although the nultiple channel LED driver
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wherein the brightness of each LED is individually
controll able. Brief Description of the Drawi ngs [0006]
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Figures, in which like reference nunerals denote |ike
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ordan h one enbodi ment of the present
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enbodi nent of the present invention.
accordance with one embodiment of the present invention.

[0009] 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



Det ai | ed Description of the Invention [0011] The
present invention nmay be understood nore readily by
reference to the follow ng detailed description of
certain enbodi ments of the iRvention. [0012] This
di scl osure teaches an addressable LED architecture
architetturiess abi lemited tocthabete aapiplssaut biso hclbdddother applications such
ividually. The LED architecture can be inpl enented
as ék“néﬁ§WP€§tlons such as large display screens, or
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[0015] Now referring to FIG 2, the LED architecture 1 comprises a master
controller 20, a plurality of chain controllers 40, and a plurality 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



control l ers, wherein each of the plurality of LED
controllers is coupled to one of the serially
connected LEDs, and wherein the plurality of LED
controllers control the opedation of the serially
connected LEDs in response to the swtching signals,
thet INED edbghitectnd 1 ol ThenGainhenopdeatd ean 8¢ atdegicaRuiilehdated chip (10)
.connect.ed LEDs individually. [0015] Now referring to
WItR0303 Pifhe LED architecture 1 conprises a naster
ntroll -t ' ontroller )it .
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20 and the plurality of chain controllers
LERzicvicgdp to thegaspectivg ¢hadr pmrim]let #& amd shusrthe daisy cHaliecordBuration

. . rakit f,chain ol lers 40 receive . .
pro@fils blble, P Aidrt i@ b G S bR R Lou S L it Reofes b ohain of LED
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chain of seriall connect ed LED devi ces
driviengureniss toacaiviod yhaih edmesponding nhain ohLEDhdevacksai®. ae @éthod of

i npl nting a, dai sy,chai n confi tion is th t here ,
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chain configuration provides sinple connections and
[0017] | ows 3fgirmeRo|Ffiotitthe LIER tihererof eomphieeschAbED o chiided to a

' e < y e LED architecture 1,
Lty R EaR: B, SRR PRI R e 80 SR B PRt Gt it of the
LEI2 alevicol d0ed AyrantiseRgltle: NESL 86vie0 80 okl 8 13> Bagfler 80 can be
chain controller 40 is electrically coupled to a

SePAIRGCAMPPN§IER Vihstsip ghe %@D@pgtrgli%&%an be geledisaicd Shwinyyins IC that
is egeiéggd&?gmug)lled: %gthgl fé'l?%lt c%l%v%ceggiﬂ,cﬁe?ritigulﬁﬁwtf) b €D 48. The LED
controller 80 is configured to IB?CGiVC the drive currents generated from the corresponding
chain controller 40, and the LED 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



correspondi ng LED devices 60 via the power |ine.
Dependi ng on the type of signals received fromthe
master controller 20, each of the chain controllers 40
woul d generate drive currenbs to control their
correspondi ng chain of LED devices 60. The nethod of
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wever .t enbodi nent .. contro he o of
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LED has a forward voltage drop of up to 4.5 V in normal operating conditions. At a low
current for example less than 5 mA, the brightness of the LED is insignificant. Thus, a
small change in the current drive 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



of transistors may be used. The switch 82 is referred
hereinafter as the NMOS. The gate term nal of the
NMOS 82 is coupled to the switch controller 84, the
drain termnal coupled to tBe V+ node, and the source
term nal coupled to the V- node. The switch controller
indgviduddsER 79l iurtat chyin of LaEdedsest . n"Thatsaig eaﬁmlelrm transmits a
t he nuneral 85, wherein the urality
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respoBss uJel\hpcse.stcﬁﬁlg signals, thereby controlling the operation of the LED 70. For

illustration purposes, the NMOS 82 can be driven 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



Specifically, a particular chain controller 40
generates drive currents to control each 6 individual
LED 70 in the chain of LED devices 60. The chain
controller 40 transmits a hi¥gh drive current pulse to
generate a high voltage drop across a LED 70, and
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vol t age drop across the LED 70. For illustration
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skilled in the art that the frame, control header and
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60, gem elnntadalsmﬁmg &RLIIED 00 thbgbomtrdlled isdikidRally PEb&SScF, the switch

mAz drive current pulses (3 mA) to produce
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During the bulk drive, the chain control
congpbing a7t imdstidrilyd Foy exauple ant firgri@ mmfrahab,ahé shain controller

40 LOBEAMAN R it S CronBitg Prabad deolt e off the
desB&d LEDsI7SIRARS ehdi® of NBDSIVI@RI6NT 18 ignadknd 1 &1s&Pine, the desired
controlling the operation of the LED 70. For

LED§ Y atercathponrisdrayoyedt. Akse, tvdgvgguicem plyl,sesjgwmﬁed int the second
10 B RS ORI Ak Hrer 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



[0026] (i) Data State (Vds = Vdata), [0027] (ii)
Drive-H State (Vds = Vbright), and [0028] (iii)
Drive-Low State (Vds = Vdark), wherein Vds represents
the drain- source voltage of 8 he NMOS 82. [0029]
Furthernore, the voltage levels are predeterm ned as:

(BIQQ3 Gon(pldmMting U OSFE IS CMOSY Yad 003bdd (4 the s\éﬂﬁﬁhksz Also, each
Vdata hi = 2.5V [0032] (iii) Vdata, Vvdata |low = 2. OV

frame of @m@yvmfeﬁgmﬁ SOMRtise BoE dan phe ngqldha@@ntl po b}lwemple one

B o PSR 6 (a5, Pk B oot Bt Py tne conteo

headdsandsthe hgkk dseeween Vdata | ow and Vdata hi. [0034] As
di scussed above, each switch controller 84 has a
plurality of address termnals 85. The address
termnals 85 are uniquely coupled to the V+ and V-
nodes for every switch controller 84 in a particular
chain of LED devices 60. For exanple, -in the first
LED devi ce 60a, address term nal 85a can be coupled to
the V+ node, and address termnals 85b, 85c, 85d can
be coupled to the V- node. In the second LED device
60b, address term nals 85a, 85b can be coupled to the
V+ node, and address term nals 85c, 85d can be
coupled to the V- node. By varying the sw tching
signals of the drive current, the chain controller 40
is able to control the switch controllers 84 in the
chain of LED devices 60, and thus allow ng each LED
70 to be controlled individually. Specifically, the
switch controller 84 controls the NMOS 82 in response
to the switching signals. Suppose NMOS 82 is open, it
permts electrical current to flow through the LED 70,
wherein the LED 70 is turned on. Wien NMOS 82 is
close, it becones a short circuit and thereby shunts
current around the LED 70, wherein the LED 70 is now
turned off. [0035] As discussed above, the chain
controller 40 generates drive currents to



control the LEDs 70 individually. For exanple in a
first 10 ns frane, the chain controller 40 generates
drive current pul ses conprising switching signhals to
turn on or turn off the desPred 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
ms frame will determne AMSt he LEDs 70 remain on
or off inthe followwng third frane. Hence, each of
the LEDs 70 is either turned on or off for each
Whobistclagmbdiis:frame. 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

1. LEDg jj i ; l.Get d ' -L.ght ness of the
LEDs . O? gﬁ%‘d‘g%]%%m}y%‘?@% g?%\:cﬁggﬁ%lg cri ption has
seta plorality sbehmiendrodilleentosfighret! he gerprats prddeicnuiend ideine currents,
t he ended clains are suffigiently suppgrted to
Wh%%\?éﬁ%ﬁ%ﬁ%‘?ﬁ“e@évé‘? cur fir%elrm]é‘a‘f)amt?%% glggaﬁsq he present
i nveptur@iywhl ERDAdéieds, ffeaih RBe (ﬂ)‘ﬁﬁﬁfigb_@ﬂ LEMANBRLS serially

according to various nodifications and inprovenents.
conpggtediafpine a plugiliiylod chainisrofot ED| depidtey berigOadtayhain of LED

: ' ohi | f. . different calors,of .LEDs 7 ,
e FRTRE LRI SO e Pl CrrFim e Sein tdeD device
congfristy:ansi stors such as bipolar junction transistors 8

(BJT) or conplenentary MOSFETS (CMOS) can be used as
t he swi taéﬁeaé nepleld: atdach  frame of the drive current

may conpy i §§ 'E?ﬁﬁoitlm&@&i ?c?'i]llielr ?Ihlj]e@ﬁ«%rggl frr LED controller is

exanpl e, one rame can be equal 'y div Into
perdoofigyredtterecsive dohswischiog seoapr fos esntrhBingaht ropkration of the
heaﬂ%B_ and the bulk drive. 9 CLAIMS Wat is clained

i's .’%‘Iight emtting diode (LED) architecture

CONPlidr&innBe F@mﬂlt&' bkhdi¥ BhuONAL Peit@RL HPldeBi Bined drive currents to
configured to generate predetermned drive currents,
confgpkthe pparpéoppédetle Linlhednidoliarenceacheti bAdFEiddevices, thereby

conﬁWliB& I?l{encgpe%t%ri]laclf Rach 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.



a plurality of LED devices, wherein the plurality of
LED devices are serially connected to forma
plurality of chains of LED devices, wherein each chain
of LED devices is coupled t®¥one of the plurality of
chain controllers, wherein each LED device conprises:
5. at TeastDomehitdcire afidlaamIER Heasmh () plafaliePupbifsh tohtddiers can be
G{;ED, wherein the LED controller is configured to
dedieted Weeeraied dhiptching signal's for controlling the
operation of the LED; and wherein the plurality of
chain controllers generate predeterm ned drive
6. cur Thal&t archtentreaf ddim hpehatinahe OfERashirdiEPcan be a dedicated
..contraller in each chain of LED devices, thereby
mt(@bﬂ?‘i gl?lpi ng the operation of each LED individually in
the each chain of LED devices. 2. The LED architecture
of claim1l, wherein the LED controller conprises: a
7. swi ThhLEBuptlstictuoe vhdainED; fuather @ngwisigha aaster eddt@tler coupled to
the gag%ﬁg%g?ft cg]agwlsqg%n%ﬂltg%QWh\ghaeﬁﬁ i I nmtglgtgro%m@t lhr gc?{g}orlso %hleegperation of
the pWrlethiofighgih ge@kSllerand wherein the switch when opened :
allows electrical current to flow through the LED
wherein the swtch when closed shunts electrica

cure. r . 3. The.LED architectyre of
5 ol al B P RS RE ot e, whyRal B R C B e poupted o
the phmalge of ulpn tomtrolRinail I rEPIhe AroLémgetiguppl y to the

switch controller. 4. The LED architecture of claim 2,
wherein the switch is a NMOS transistor. 10 5. The

9. LEDpy ehit ﬁEﬁi%c@ur@fof%llz@m,lwg&@ﬁ"{ t‘ﬁ% Mids &l [)glnj %{Qﬁ & a micro-
chain controllers can be 'dedicated I ntegrated chips.
congollahmitl ED architecture of claim1, wherein the LED

controller can be a dedicated integrated chip. 7. The
LED architecture of claiml1, further conprising a

10. MasTiy LEINakHiteRfur€ QRIS 11O wherein each chain of LED devices may

comprise different colors or types of LED:s.

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



the plurality of chain controllers, wherein the master

controller controls the operation of the plurality of

chain controllers. 8. The LED architecture of claim?7,

wherein the master controlletl can be coupled to the

plurality of chain controllers via 12C, SPI or CAN

conmietdionise plurafliyeol ERDacahidiRed wosrdlf thel @eftibn of the serially

wher il’f, he master controller can be a mcro- )
congries Gy hyAtRONSaL 9, e eiteking steanist Bty soprolnait aperation of
the WBGAI81 brBaGH ERBkIndfidkbR. devi ces may  conpri se

different colors or types of LEDs. 11. The LED

architecture of claim1l1, wherein the electronic device

is | ected f.rpmthe. group consisting of |arge
lidiséﬁ%§w&€gé€ﬁgfnda’gﬁgﬁﬁ HEdHS in personal digita

as sirgisaliitig di%i@il lsiRARNESa mAkt8} EtroBkL, |v!/he?ﬁm@§iast@1n&ntroller is

cancorders. 12. A nethod of controlli'ng the operation
cougfedylp the ghain savtrelirai whetinséeinadstey cootrnéatadtrolsi thpredetermined

s &m Lt | (L] conprising: generating
d”‘%ﬁé"%b@%ﬁ%@%ﬁ%%&%ﬁ ?Oerﬁ{g@mby a chain controller,
wherein the chain controller is coupled to the at

Ieaft one chain of serially connected LEDs, wherein
14.t heThpethaderhslawey 1dr wheredtheemester aentuelter sah thehtaugled to each

chaiil @abBer Vi Fﬁb’\@m%ﬁwﬁ‘é&ﬁ% ;§isgnal s by a plurality of

LED controller’s, erein each of the plurality of LED
controllers is coupled to one of the serially

conpected L , ,and 11 wherein the plurality of LED
IS‘COEF1 eol“feg]f‘% ggrﬁl?léﬂ léhé"}lﬁ"ﬁ?épa?ﬁcbn‘)fofhet Rewralayi off LD controllers
confiPRBect ed LEDs in response to the swtching signals,

thereby controlling the operation of the serially

connect edswiBbscoupigidve thedlBL;.and3. The met hod of cl ai m

oy’ a mast SPEORDH TS oubErG: e hdheaBeiet din Rorstarontioller

opehsor clos! el sivach RereePaisa 16 o §akdnily sivhat alikrtil8he switch when
master controller controls the Ere etérmned drive

opepgeh dlEtsselefirien spwenttg flomethevighrihe bhbDr sihiewin 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.



14. The nmethod of claim 13, wherein the nmaster
controller can be coupled to each <chain controller
via 12C, SPI or CAN connectigns. 15. The net hod of
claim12, wherein each of thé&plurality of LED
controllers <conprises: a switch coupled to the LED
and a switch controller coupled to the switch, wherein
the switch cont @ r closes the switch in
response to théiﬁakﬁéhﬁﬁgigﬁg alMCHIIREFEEY t he switch
when opened allows electrical current to flow through
the LED, wherein the switch when closed shunts

el ectrical current aroundBYRAED 16. The met hod of
claim 12, wherein the at |east one chain of serially
connected LEDs nmay conprise different colors or types
of TEDgre ADDREEHABIE IRl ARGHJECHARE [ABEERMEhy di#es (LED)

Eresent invention provi des an addressable Ilght _ ‘
arcifecfyre fhat ds gie & eantf a phraliiyiddifilpseindivadually. Jibe @resent invention
fur@RPHEREdA PLsiRI &Y YAl % 1edNDRTERE S 1 seri
uli nv‘ie)nt ilon further %@%ﬁ&}ﬁtﬂg %¥%g)gl Jc)Jijf é’tclg%_{hog?lc?%]dl of serially
compeledpEPat i on of at | east one chain of serially

connected LEDs. FIG 2 acconpanies the Abstract.

FIG. 2 accompanies the Abstract.



