1 ADDRESSABLE LED ARCHI TECURE Field of the Invention [0001] The present
invention generally relates to light emtting diodes (LED), and nore
particularly to a LED architecture that enables serially connected LEDs to
be <controlled individually. Background of the Invention [0002] Light
emtting diodes (LEDs) are gaining popularity in the past several years

because they offer sever%Dﬁﬂm%%% Okm@éml | i ght sources. For

exanple, LEDs are small "I'n size, col ors and provide
versatility in a broad range of applications. Sone of these applications
include traffic indicators, autopotive lightings and |ight display

devi ces. [0003] A typical LED I iFg‘H@ °§§}§’(IéWPb‘(l°1hrchi tecture conprises an
array of LEDs coupled to a plurality of LED drivers. The LED driver is one
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requi red by tre,L(ED,s. @Iﬁso, vol tage fluctuations may cause the LEDs to
change t feptFolleddndivisiyelbut . The LED driver prevents the vol tage fluctuations
by regulating the current flow ng through the LEDs. [0004] The LED I|i ght
system can be designed in a variety of configurations. One basic
configuration conprises a LEBatkigveundefithedavémdion chai n of serially
connected LEDs. In particular, the LED driver generates a pul se-nodul at ed
current to control the brightness of the serially connected LEDs. However,
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Each nul tangeefeipphicdionk EBodid ofethesk24bplisations include traffic indicators, automotive
lightings and light display devices.
[0003] A typical LED light system or architecture comprises an array of LEDs
coupled to a plurality of LED drivers. The LED driver is one of the important components
of a LED lighting system because it serves as the power supply for the LED lighting
system. In particular, the LED driver converts a higher input AC power to the proper low-
voltage DC power required 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 each LED 140 individually, it has certain



coupled to a plurality of LEDs 140. Specifically, each channel 122 of the
mul ti ple channel LED driver 120 is coupled to one LED 140. Al though the
mul ti pl e channel LED driver 120 is able to control the brightness of each
LED 140 individually, it has certain 29 limtations. For exanple, each
channel 122 is only able to drive one LED 140. Al so, every LED 140 is
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Therefore, there is an inperative need to have an inproved and sinple way
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bl ock di agyJ.a th ressable LED architecture in accordance with one
enbodi mh@ﬁﬁuﬁ%cogﬁg@%ﬂ? i nvention. [0009] FIG 3 illustrates a bl ock

di agram of a LED device in accordance with one enbodiment of the present
invention. [0010] FIG 4 illustrates the drive current output froma chain
controller in accordance viBripf Bessriptionof theWDrayinghe present invention.

Det ai | ed Description of the Invention [0011] The present invention may be

under st O?O%OSED rer eigeifje%e&) )émrb%]:iglgeenqg %céocl)rdlingeto the present invention will now be

described with reference to the Figures, in which like reference numerals denote like
elements.

[0007] FIG 1 illustrates a block diagram of a prior art LED system comprising
multiple channel LED drivers.

[0008] FIG 2 illustrates a block diagram of the addressable LED architecture in
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




fol | ow ng detailed description of certain enbodi ments 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

i npl enented in applications such as |age display screens, or display
features in personal digital assistants, cell phones, digital still
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swi t chi ngredetgrmingd drive cetpgnts 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 wherein the plurality of LED controllers control the
operation of the serially connected LEDs in response to the switching signals, thereby
controlling the operation of the serially connected LEDs individually.
[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




controlling the operation of the serially connected LEDs individually.
[0015] Now referring to FIG 2, the LED architecture 1 conprises a naster
controller 20, a plurality of chain controllers 40, and a plurality of LED
devices generally represented by the nuneral 60. The master controller 20
can be any type of mcro- controller unit, and is electrically coupled to
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generating drive currents to control the chains of LED devices 60 will be discussed in
detail below.

[0017] Referring to FIG 3, the LED device 60 comprises a LED 70 coupled to a
LED controller 80, wherein the LED controller 80 can be an integrated component of the
LED device 60. Alternatively, the LED device 60 and the LED controller 80 can be
separate components, wherein the LED controller 80 can be a dedicated 2 or 6 pins IC that
is electrically coupled to the LED device 60, particularly to the LED 70. The LED
controller 80 is configured to receive 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 each LED 70 via the LED controller 80, thus different colors or




detail below [0017] Referring to FIG 3, the LED device 60 conprises a LED
70 coupled to a LED controller 80, wherein the LED controller 80 can be an
i ntegrated conponent of the LED device 60. Alternatively, the LED device
60 and the LED controller 80 can be separate conponents, wherein the LED
controller 80 can be a dedicated 2 or 6 pins ICthat is electrically
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[0020] In the daisy chain configuration, the chain controller 40 is coupled to the
V+ node of a first LED device 60a. The V- node of the first LED device 60a is then
coupled to the V+ node of a second LED device 60b. Similarly, the V- node of the second
LED device 60b is coupled to the V+ node of a third LED device 60¢c. The V- node of the
last LED device 60p in the chain is then coupled to a ground terminal.

[0021] The operation of the LED architecture 1 will now be discussed. Basically, a
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 ’ghe 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




termnals 85 of switch controller 84 are uniquely coupled to the V+ and V-

nodes for each of ‘the plurality of LED devices 60, which will be discussed
in detail below. The charge punp 86 is coupled to the V+ node and V- node.
Furthernore, the charge punp 86 is coypled to the switch controller 84 for
t he purpose of maintaining the voltage supply to the switch controller 84.
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a series of voltage swings between 200 mV to 500 mV. The series of voltage swings serve
as switching signals that control the operation of the chain of LED devices 60.
Specifically, the switching signals comprise data bytes or a string of binary numbers (e.g.
10110010...) for controlling the operation of the switch controllers 84 in the chain of LED
devices 60. During the bulk drive, the chain controller 40 provides a constant drive current
and no data is transmitted during this period.

[0025]) In this embodiment, the switch controller 84 drives the NMOS 82 in
response to the switching 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] (i1) 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] (1) Vbright =3.5V - 4.5V

[0031] (ii) Vdark, Vdata_hi =2.5V

[0032] (iii) Vdata, Vdata_low = 2.0V




Is assigned at 3 mA. It is contenplated that the high drive current pul se
and | ow drive current pulse can be assigned with different current val ues
and are not restricted to the above exanple. [0023] FIG 4 illustrates the
drive current generated by the chain controller 40. The drive current is
driven in a plurality of frames. For exanple, each franme has a period of 10
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82 is open, it permits electrical current to flow through the LED 70, wherein the LED 70 is

turned on. When NMOS 82 is close, it becomes 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 example in a first 10 ms frame, the chain controller
40 generates drive current pulses comprising switching signals to turn on or 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



[0032] (iii) Vdata, Vdata low = 2.0V 7 [00331 During the Data State, the
switch controller 84 drives the NMOS 82 to Vdata. However, due to the slow
response of the NMOS 82 at the Data State, the Vds sw ngs between
Vdata_| ow and Vdata_hi. [0034] As discyssed above, each switch controller
84 has a plurality of address termnals 85. The address term nals 85 are
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devi ce agﬁl,me Fidecsyallp divided| ntognig pegiogds.cxlereia caddupgriad qomnrises the copwel, and
address 48548 984 fheBrfk iRd can be coupled to the V- node. By varying the
swi tching signals of t%e drive current, the <chain controller 40 is able to
control the switch controllers 84 in the chain of LED devices 60, and thus
all owi ng each LED 70 to be controlled individually. Specifically, the
switch controller 84 controls the NMOS 82 in response to the sw tching
signals. Suppose NMOS 82 is open, it permts electrical current to flow

t hrough 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 ins 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 ms frane, the desired LEDs 70 are either turned on or off. Also, the
drive current pul ses generated in the second 10 ns frame will determ ne
whet her the LEDs 70 remain on or off in the followng third franme. Hence,
each of the LEDs 70 is either turned on or off for each particular frane.
Due to the fact that the 10 ins franes 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] Wiile this detailed description has set forth sone
enbodi nents of the present invention, the appended clains are sufficiently
supported to cover and will cover other enbodi nents of the present
invention which differ fromthe descrilyped enbodi nents according to various
nodi fications and i nprovenents. For exanple, 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 conpLamest ary MOSFETS (CMOS) can be used
as the switch 82. Also, each frame of the drive current may conprise nore
t han one control header. For exanple, one frame can be eqFaILy givideg ]
into twowegs rein each period conprises the contro eader and the
bul k dri ve. tl?a%fxﬂgg What is clainmed is: | Alight emtting di ode (LED)
architecture conprising: a plurality of chain controllers configurgd to
ener at e _.pr edet nlned drj rents, wherein the predeterm ned drive
gurrent S 1rloncl @m‘@m#@o‘gﬂgﬁr@@m HedPiFMIFingt |LED devi ces, wher ei n t he

plurality of %?@n‘gﬁ‘t‘&' &%ﬁalﬁrc%nt?@l'iérsal:(l)ﬁf eg%h%%tet;geée%rﬁ@edpmﬂfre%h{'rg%{fs Yo one

chains of LED devicés, wherein each c aln evices is couple
of the pMmherdin the poédetdrmiimedabivercotreets sncludeassvaichingaigmalsED devi ce  conpri ses:

at | east aone LE ontrol upl ed Io %ﬂ# wherei n.the LED
controller is I?B??ﬁ%&?e‘ﬁéféw&%.v erFH’eakeV\PlPEa}W rsir EP%’W%F“CB‘?H I'ling
the oper abh@etedf tof fi?m & BRiraBRdoMbIRsiRd Bf UED REHES, 'v@%rélfl &GbRRIcRano LeDl ers
generate predetermned drive currents to
devices is coupled to one of the plurality of chain controllers, wherein each LED device
comprises:
at least one LED; and
a LED controller coupled to the LED, wherein the LED controller is
configured to receive the switching signals for controlling the operation of the
LED; and
wherein the plurality of chain controllers generate predetermined drive currents to

control the operation of each 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.




control the operation of each 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 claim11l, wherein the LED
controller conprises: a switch coupledgto the LED, and a switch controller
coupled to the switch, wherein the switch controller opens or closes the
switch in res i I . signad and .wherei n the itch . when
opened aI%I' ows ﬁgﬂ@g%[? ?1{:0211 g%tﬁ}rlgréefﬁ élﬁgl’f‘ivlgev{/e ﬁ[}rl% %ﬁal{t}%é’ %E ) c%té(ﬁ}géf%catnhbee
swi t ch whiedicated aseglatebohips. el ectrical current around the LED. 3. The LED
architecture of claim2, wherein each LED device further conprises a
charge punp for maintaining the voltage supply to the switch controller. 4.
The LED g chi tjgget : ' rej | ' t kRSt St or.
107 5. e LED Srich (i EHARChPIpTE; fhBrell et Kntsfid GBS { JARGGE

cont r ol | entsgrated chiy. dedi cated integrated chips. 6. The LED architecture of
claim1, wherein the LED controller can be a dedicated integrated chip. 7.
The LED architecture of claim1, further conprising a nmaster controller
coupled o th@eRIEM &lchitdct@b ol 1© oM b@pasi ?ﬁfsk’? chﬁ@ol@%&tﬁﬂe °
controller controls the operation of the pluralfty of chain controllers.
8. The LED pluedlity of chaie coftrollexs, mvifsreinttbe iastet hentnal ke epnicals tthobpeeatianast be
coupl ed t laurality, of chain controllers via 12C, SPI or CAN
connect i t(gﬁr)les?lu%%tﬁ%f‘éhﬁlﬁfoéﬁﬁ?rﬁecture of claim7, wherein the master
controller can be a mcro- controller unit. 10. The LED architecture of
claim1, wherein each chain of LED devices may conprise different colors
or typesSof LEhgLED archiectpepiglain T.ovhaeia the master aomtrollgh earebe coupded to

el ectronigg ﬂgﬂléﬁ’ chafi®lofifibids {08 $ﬁho&f/?ﬂ%oﬁ&%§i‘gﬁ§ ing of large display

S .
screens, ofr ay neans | n personal digital assistants,

9. The LED architecture of claim 7, wherein the master controller can be a micro-

controller unit.

10. The LED architecture of claim 1, wherein each chain of LED devices may

comprise different colors or types of LEDs.

11. 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 least 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




cell phones, digital still caneras, and cancorders. 12. A nethod of
controlling the operation of at |east one chain of serially connected

light emtting diodes (LEDs), conprising: generating predetermned drive
currents by a chain controller, whereinqthe chain controller is coupled to
the at | east one chain of serially connected LEDs, wherein the

predet er m ned r S, 1 .nGglisge nals ecei:.vin it chi ng
signals by a pvlgljlijér (\gﬁ tt%g glﬁﬁﬁlébogg“n oﬁO?’eP s‘,lgljgv\‘%gl Frg)li %h ea ?‘lra{l?n Ott; the %Fna dl i ty
of LED caohnaitdédel.EDk $n aspgisedo tie @Vl&h(iﬁg $ipeals elidréetlyl wmnn@cmedpaﬁﬁbn ofind
wherein the plurality of LED con |l ers control the operation of the
seriallyt %Sﬁﬁgﬁféﬂﬁfﬁééﬁqﬁ¥@§’ ¥ to the switching signals, thereby
controlling the operation of the serially connected LEDs individually. 13.
The nethod of claim 12, further conprising: transmtting digital signals by
a nasterléontﬂﬂwhnﬂhmhn%déhnrzHEHMﬂsbﬂmﬁdmgirolIer is coupled to the chain

controller, ere| t.er ntroll er ro t he predeter d, drlve
currents gener nfB gﬁétnaﬁﬂﬁ?ﬂs BQS ﬁtm%ﬁtqrétomr‘iqi? Whereteth gepstsr Celllté‘il”1

wher ei n tagplea s e @h%fﬁ Etltdobler G\ﬁﬂ:raﬁ thOHRLRH cérﬁrcﬁl@? Bontﬁﬁ@'t eﬁ@&@téﬂlh V' a
12C, SPI or CAN connections. 15. The nethod of claim 1 reln eac

t he pl uraifliVFyumntEE@e@aicdbbthee:th@m@mrpﬂd;rses swi tch coupl ed to the LED,
and switch controller coupled to the switch, wherein the switch controller
opens or closes the switch in response to the switching signals, wherein

the swital. whelhe 1ap@oe dfdigns3,elvRsieln Gl m&dér &itrolier E4iPBe BiSE@ho thén LED,
wherein the switch when closed shunts electrical current around the LED.

16. The rBtiRcanEelles|vig IRCLBPI oeAN gonpptions. | east one chain of serially
connected LEDs may conprise different colors or types of LEDs.

15. The method of claim 12, wherein each of the plurality of LED controllers
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, 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.



