WO 2012/ 019389PCT/ CN2010/ 078683 LED SW TCHI NG CI RCU T FOR VARYI NG | NPUT
VOLTAGE SOURCE CROSS- REFERENCE TO RELATED APPLI CATI ONS [0001] This PCT
appl i cat iwo 20i2zi1pmobenefit of U S. Provisional Patent Applricadioomsdss.

61/ 373,058, filed August 12, 2010, the entirety of which is incorporated by
reference herein. TECHNI CAL FI ELD OF THE | NVENTI ON [ 0002] The present
invention relates to switching circuitry used in driving LED |ight sources.
In particular, circuitry in which LEDs are driven by a regul ated current

source. BACK ND OF THE. | NVENT]I 000 Conventionally, LEDs may be
i ven” b kD QT LAY CURENTT FOR MARY TN INEUE SOLAN R SORREEN  he
LEDs and hence naintains the light output of the LEDs. FIG 1 shows a

typical circuit for driving an LED circuit in which Vis an input voltage
source, Dis representative of a string of LEDs and Gis a current source.

In SUC?W_MFEBﬂ@ TOfI@EL%’EEWEAPl@LiC%W;f@N@gh D, the source input

vol t ag nmust i gher than the forward voltage of the LEDs D.

[ 0004] However, if voltage of input voltage source V is nmuch higher than

t he forwar[000d] t &hs PCD, applmatienvailasge Hewgfii sobr BsentPravisionaknPatsotir ce
G Such an, occurrence nmy. cause_a significant power |0sSs in current, source
G par tinpdicatiop iYo.c @/ Eht.038urfdledcAugust) ilaeafm&;rﬂmer%@meqf SUMORRYS OF

THE | NVENTI ON .
mcorporated by reference herein.

TECHNICAL FIELD OF THE INVENTION

[0002] The present invention relates to switching circuitry used in driving LED
light sources. In particular, circuitry in which LEDs are driven by a regulated current

source.

BACKGROUND OF THE INVENTION

[0003] Conventionally, LEDs may be driven by a current source that regulates
the current flowing through the LEDs and hence maintains the light output of the
LEDs. FIG. 1 shows a typical circuit for driving an LED circuit in which V is an input
voltage source, D is representative of a string of LEDs and G is a current source. In
such a circuit, in order for current to flow through D, the source input voltage of V
must be higher than the forward voltage of the LEDs D.

[0004] However, if voltage of input voltage source V is much higher than the
forward voltage of D, a large voltage drop is present in current source G. Such an
occurrence may cause a significant power loss in current source G, particularly if

current source G is a linear current source.

SUMMARY OF THE INVENTION

[0005] In accordance with a first aspect of the present invention, an LED array

switching apparatus, comprises: a plurality of LED segments D1 to Dn connected in



[ 0005] In accordance with a first aspect of the present invention, an LED
array switching apparatus, conprises: a plurality of LED segnents D1 to Dn
connect edwOro12W»B912/ 019389PCT/ CN2010/ 078683 seri es, e&Ch/dNEDodEgsent
having a forward voltage; a voltage supply coupled to the plurality of LED
segnents; and a plurality of constant current sources GlL to Gn, coupled to
out puts of LED segnents D1 to Dn, respectively, each of the constant

cur rentes@lreaeh I0EDNE g‘rﬂeﬁtcmlqhg PSR @lﬁdqer; Yo kAGULFIPIN L oripdé® t@ 1l an
open state such that as the voltage of the voltage supply increases, LED
segnenphuratiey 94 LEbedegmeaty] drid at plurality af kioglsemt famrventdsoaceadel t&DGn,
string, and as the voltage of the voltage supply decreases, segnents are
swi t chedupler tnoutmrewddLELD segmentED kit ilay, sespectimglywi aaght ol the sonstant
recently lit segnent, .[0006]. I n anot her aspect, .the LED array sw tching
appar atbErent pewees s pwashable: bpfyreenswe et ragydating stase aaatq@u@p@rh gtate

ret :Euéf;hm % fhervoltags pEc s8ied stBpBhw el LETDSCBEN A %figg%i@éed

v ¢ P afth TEGOT il GILep JBLRd Robidfe SCEPT St il B hENBRE 6F she

of Sec%ﬁﬁg@rb%bgw dEERRBE SOMNMERE s&@ﬁﬁ@?. 8&“&1‘1&%@%% @k LEP
to DI, , and to the fti ch,

segnent s respective rst swt erei n when the

first @Hh%étaﬁﬁng‘W&‘tﬂﬂﬁ:&h@sﬁﬂ@c&ﬁﬂ?ﬂitis%gﬁ%hitye, the first switch becomes
cl osed and the second constant current sources are di sabled and the

const ant c[000éht [isancthes agpectadid VED amdywdhweitching sgravamhsoutthet coinprises:
toggle switcher is active, the second switch is closed and the const ant
current tegglecewitaher thatdiasemn angput Hbatstgghes betveteana foar outputsogr g sscond
active. [ 000 I n anot her aspect, n the second out put of the toggle
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the LED segnments formng the LED string at any given tine.
2012/ 02 &pRORGAIYONR L @) ORBOARt switch, wherein when the first output of the toggle

switcher is active, the first switch becomes closed and the second constant current
sources are disabled and the constant current sources are active, and when the second
output of the toggle switcher is active, the second switch is closed and the constant
current sources are disabled and the second constant current sources are active.

[0007] In another aspect, when the second output of the toggle switcher is active,
the LED segments are switched on and lit in an opposite order from when the first
output of the toggle switcher is active.

[0008] In another aspect, the toggle switcher toggles at a frequency of greater
than 20Hz.

[0009] In another aspect, successive ones of the plurality of constant current
sources are switched on and off such that only one of the plurality of constant current
sources supplies current to the LED segments forming the LED string at any given

time.



[ 0010] In another aspect, each of the plurality of constant current sources
includes circuitry that detects a current flow ng through the LED string
and enablwe 20r2/dp3sabl es that constant current source bageu/aNotovesasat ect ed
current. [0011] In another aspect, the voltage supplied by the voltage
supply is a rectified AC vol tage signal. [0012] In another aspect, the
vol tage supply includes a triac dimmer having an RCtimng circuit, and the
LED array pe10fhimanetligiuatpddt! tdagh 6ONRE ?ﬁfr'aliﬁy Rifeedpstafit 'ceitdntCodices to
t he vol tage supply and the constant current sources, the bleeder circuit

i ncl udimgudedypesisry that dericts 4 bardehe €ldevingithmtigh thei InBDogteingldel ¢iabdesoect
the bypass resistor across the input voltage, to allow sufficient charging
cur r entlisabldsethgtippinstant cwrenfesomre basathomr the détectaghanrente rectifi ed i nput
voltage is_| ow enough to indicate that the triac is off, and toQ di scopnect
the bypass[00dd] stibanethenaspret; t%ﬁatolmetsg@@hieé by G lgssupply pun cegtetiedat
the tri z%f i ztﬁon. . [ 0013] In accordance with another aspect of the

pr esent™G YOUALE §H"4here i s provided a nethod of driving an LED array that

i ncludes a at.| f e . LNg:Ser] ch, LED
segnent haL@hgj a“f ékr{%'glre&55@?%%@?%%5%@?@8@bp"gﬁ@éasgéﬁgﬁ‘!éghﬁ%ﬁ%ﬁ@aﬁ% ity
of LEDggggﬂﬁg : i : &l t

coupled to ou p%ltr @ﬂgfﬁ}_ﬁkﬁgggﬁ{gy Dﬁ\g{lgﬁ%%f cﬁg@ggﬁtﬁé’g%ﬁﬁﬁrﬁg 'npétjho@&der
conpr i gpguit(@upbénot the VQltﬁg@@uﬂ%l}k hRd bt @aRtHHPAIYenSsdieesadienBleeder

swi tching on successive ones of € constant current sources, so as to form
a hi gheirctitrinahdlingla bgpadsEfessdton, nthe dletder tibnis dgieniopesatde dosahinieay the
others of the constant current sources, such that only one of the plurality
of conbypass cesistentacsewsr s iuppyvokeages uor alowt sufifireentECharging eusrendriai bey
the LED stfi ng at any given tine; and (b) vm_%n t he vol t age .of the voltage
suppl y SPRPlRE Fedhe i tHing pirpgitowhsncthssclibied ndpubvoltage dsAewasrowgly fent

2 | o Pt RATRE Bhticiao Uorndg Sidoiges it %%é%f%%%k?gﬁéﬁﬁhé?@sffng
of " vo'3baby By B e HABR G B B RaBER O hurr ent. Sour cos suppl fes

cur rent togfdi%p]'-ﬁpa%%f@dﬁtc% {@thMaRgtHedCaddelt I HRG Fbs@tY iflieheidnt itﬁ@re is
the LED

[0014] In another aspect, when the voltade supply i's I ncreasing,
segnmenpovdtied auseafsd yelivatdes [ED theysthat iclafled 9 1kBRALE 8FTEDSegments
[ 0015] "I n anot her aspect, when the voltage supply is decreasing, the LED
segmenDsl &r Brscmuesséd @l yeresyeaeh [fiFOmcghers thavingg afforwerd EbltsggrendRage
[0016] In another aspect, circuitry in the plurality of constant current
sour cesupplysesnpled terthe fluvalitg thh]i:%Dg pegrEEnSegndrm pluality né constaohicnreah
and di sabling_ of respective ones of the constant current sources is

per f or RearceR G héo Kbl cotHied e Ospials ®TcluE Pesgments D1 to Dn, respectively. The

method comprises: (a) when the voltage of the voltage supply is increasing:

switching on successive ones of the constant current sources, so as to form a higher
forward voltage LED string of the LED segments and disabling others of the constant
current sources, such that only one of the plurality of constant current sources
supplies current to the LED segments forming the LED string at any given time; and
(b) when the voltage of the voltage supply is decreasing, switching on successive ones
of the constant current sources, in reverse order from the switching on performed in
step (a), so as to form a lower forward voltage string of the LED segments and

disabling others of the constant current sources, such that only one of the plurality of



BRI EF DESCRI PTI ON OF THE DRAW NGS [0017] The figures are for

I llustration purposes only and are not necessarily drawn to scale. The

i nvent i orwoteeldfi93showever, my best be understood by refPerameelciogsdshe

det ai |l ed description which follows when taken in conjunction wth the
acconpanyi ng drawi ngs i n which: [0018] FIG 1 is a circuit diagramof a
conventional LED driving circuit that utilizes a current source; [ 0019]

FI G 2cbasthiHneur@nal sotr@sk sip plié2dupfend o ﬂﬁummogcgn@ﬁtgrf@miﬁ%ﬂ theLE i n
accordance with an enbodi nent” of the present invention; [ 0020] FI GS.

3A- 3F stringlategryagbrenitimst rati ng current paths taken through the circuit of
FIG 2 at different voltages |evels of the source voltage, in accordance
with an enf@®didhelt amothére appectenvhémvidat vokage suppdp2is] nRirgasingj sha LED
functional block diagramof the circuitf of FIG 2 with an optional set of
curren@egm@n@eagefsapcwwedfgiaﬁgegftotﬂh%s'iygwg@f theohBD: $fgmems. i n accor dance
with an as of the present invention; 0022] FIG, 5 is a cjrcuyi
i aar am opBBEL Oln G aePs G MERah BE valtesd (NEkY (s TehSing: fthe FLED 5.
WO 201gé£&18§%9£%%%}\%191§1%%%ed from the string of the LED segments.
[0016] In another aspect, circuitry in the plurality of constant current sources
senses current flowing through LED segments and the switching on and disabling of
respective ones of the constant current sources is performed on the basis of the sensed

current.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The figures are for illustration purposes only and are not necessarily
drawn to scale. The invention itself, however, may best be understood by reference to
the detailed description which follows when taken in conjunction with the
accompanying drawings in which:

[0018] FIG. 1 is a circuit diagram of a conventional LED driving circuit that
utilizes a current source;

[0019] FIG. 2 is functional block diagram of a circuit for LED array switching
in accordance with an embodiment of the present invention;

[0020] FIGS. 3A-3F are diagrams illustrating current paths taken through the
circuit of FIG. 2 at different voltages levels of the source voltage, in accordance with
an embodiment of the present invention;

[0021] FIG. 4 is a functional block diagram of the circuit of FIG. 2 with an
optional set of current sources for averaging of the usage among the LEDs, in
accordance with an aspect of the present invention;

[0022] FIG. 5 is a circuit diagram showing a practical implementation of the

circuit shown in FIG. 2;



[0023] FIG 5; [0024] [0025] [0026] [0027] [0028] [0029] [0030] in FIG 5;

WO 2012/019389 PCT/CN2010/078683

[0023] FIG. 6 is a diagram of the voltage waveform across nodes A and B in
FIG. 5;

[0024] FIG. 7 is a diagram of the current through element M1 in FIG. 5;

[0025] FIG. 8 is a diagram of the current through element M2 in FIG. 5;

[0026] FIG. 9 is a diagram of the current through element M3 in FIG. 5;

[0027] FIG. 10 is a diagram of the current through element DX1 in FIG. 5;

[0028] FIG. 11 is a diagram of the current through element DX3 in FIG. 5;

[0029] FIG. 12 is a diagram of the current through element DX4 in FIG. 5;

[0030] FIG. 13 is a diagram showing the input waveform at the AC main source
in FIG. 5;

[0031] FIG. 14 is a circuit of a bleeder circuit that can be used with the circuit of
FIG. 5.

DETAILED DESCRIPTION OF THE INVENTION

[0032] FIGS. 2-14 illustrate aspects of preferred embodiments of LED array
switching apparatus. For an LED lighting device to work using a varying mput
voltage source, such as a rectified AC source, the switching apparatus in accordance
with the present invention divides the LED string into a series of multiple segments.
When the input voltage is low, only the first LED segment is lit up. As the input
voltage increases, subsequent LED segments are switched in series to form a higher
forward voltage string. Contrarily, if the input voltage decreases, the sequence is
reversed and segments are removed from the string starting with the last light-up
segment.

[0033] FIG. 2 shows the functional blocks of the proposed circuitry. It is
assumed that the LED string is divided into n LED segments D1 to Dn, where n>1.
Each LED segment may consist of one or more LEDs. G1 to Gn are constant current
sources which can be disabled, that is, changed to an open circuit condition, by

current sense signals from successive current sources.



[0031] FIG 5. FIG 6 is a diagramof the voltage waveform across nodes A
and Bin FIG 7 is a diagramof the current through elenment ML in FIG 5;
FIG 8 iswea2izgesasm of the current through el enent M i RCFICB208/078d8®&. 9 i s
a diagramof the current through elenent MB in FIG 5; FIG 10 is a diagram
of the current through element DX1 in FIG 5; FIG 11 is a diagramof the
current through elenent DX3 in FIG 5; FIG 12 is a diagramof the current

through el posa| D4 operdtida oPthdtieuit dfIG i@ ardesbavednltiagirefatence
waveformat the AC main source FIG 14 is a circuit of a bleeder circuit

that céan HI&GSIsRA-3M,tfortthe edsecini whodh thETAlIthED IDEBCRISARINGNN@Rug HiFoNsdrT| ON
[0032] FIGS. 2-14 illustrate aspects of preferred enbodi nents of LED array
swi t chiWbermpbareeltage BorVanisLEpt dbghvei thy desward woltage lofubibly segwaemfi g,

I nput vol tag% source su@s as a rectified AC squrce, the sw tchi ré% )
appar atWgenhbaginsrtaaiew throweh hED segment iyl andi@mrentisiogees (He 3D ithg
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Zggxﬂt}&&% thé SRSk fhedBr-iakd $b1thS&% Sf BED SbhiDYMhd BED sd SHEAUB2, as
shown in FIG. 3B. As the current through LED segment D2 is increasing to a
threshold value, which is preferably set lower than the regulating value of current
source G2, current source Gl is disabled, becoming an open circuit. The current
through LED segment D1 and LED segment D2 is then regulated by current source
G2, as shown in Fig 3C.

[0035] FIG. 3D shows the current path in the circuit when V1 has been
increased to the point at which current source Gn-1 regulates the current through LED
segments D1 to Dn-1. Further increasing V1 causes LED segment Dn to conduct, as
shown in FIG. 3E. FIG. 3F shows the current path when the current through LED
segment Dn is increased to trigger current sources G1 to Gn-1 to be in the open
condition.

[0036] As would be understood by one of ordinary skill in the art, the switching
sequence shown in FIGS. 3A-3F would be reversed if the voltage of V1 is declining.
In particular, the situation in which the voltage of V1 is high enough to pass a
regulated current through LED segments D1 to Dn and current source Gn is shown in
FIG. 3F. As V1 is decreased, the current through Gn starts to decrease and to a point
below the threshold value, current source Gn-1 is enabled and current begins to flow
through current source Gn-1 as shown in FIG. 3E. When V1 decreases to a value

below the sum of forward voltage sum of LED segments D1 to Dn, current through

LED segment Dn is stopped, as shown in FIG. 3D.



[0033] FIG 2 shows the functional blocks of the proposed circuitry. It is
assuned that the LED string is divided into n LED segnents D1 to Dn, where
n>1. EachwOBDi2#agssent nay consi st of one or nore LEDs. GLTIGN2@GV/088683
constant current sources which can be disabled, that is, changed to an open
circuit condition, by current sense signals from successive current
sources. WD 2012/ 019389PCT/ CN2010/ 078683 [ 0034] The operation of the
circuit of [083F] AsicanbXesleTeshhhe foRkidia o ®iseriptiof, i tid SircufoBFIGT Of
the case in which the voltage of V1 is ranping up fromzero. Wen the

vol t ag& Bl s¥gnient j[nbicoadavs ifhmyf onsvafche alonagmt afurtdnd sepageasnis ddnductingent
begins to flow through LED segnent Dl and current source GL , as shown in
FI G 30n therethet handr LEDHegregni Bnemly ronductsaihcurtensd aghroeEn 9e gnrductdig.as
voltage_ of V1 is further increased. LED segnent D2 begins to conduct when
V1 readhss, ihepstaiar LtER $ecgm@?th\lonabf§§ediseéem%@ then kR segment

] ﬁ%??QQq?S’EI@?ﬁ?ﬁ?&@EPQ Gaetitn dln ol b evamiess 4o Lﬁ%g%_?%’é%% FRp°
becom AeelR T @ Pu TRC RN ARues KA6LEN CRRIE] el S RGN G 1 -

j - RO o i g 3C
[003s] Hreehd g SRRSBHLE, B QR R oYL S8R 1o R SRR IC 2o

i ncreased [gp3BfleARQaRtbétedthiit FIGUAT B c8REACSORRe ket EsPIa @ tdhRe TSI hgat
t hrough LED segnents D1 to Dn-1. Further increasing V1 causes LED segnent

Dn to eqpdisihpleaseignignal bufputS) anlde) . 3Prefeeatslyt fiee ealidlentvirgich PHENs t he
current through LED segnent Dn is Increased to trigger current sources Gl
to Gn- kohfigheed sudhhthae piessecantfiiisi 418. togglinf 0@ Fedqubacypaboge BOHINdBrSidd thdy
one of ordinary skill in the art, the sw tching sequence shown in FIGS.

3A- 3F yporudegtioa ofefliclkeed Whanh® ebthagreglé switdlerdes] iimiangve, thepswitcl 8Tk
the situation in which the voltage of V1 is high enou:gh to ;%ass a .re]g)ul at ed
cur r entonheag oLl sutshesopiest olopad.agerrent seunces duk tdodn Tnsarghdizabled.

Lo a paIdEVGONGNT bbb sandilons s Beu SOITIS, e e I GaT AN
wen-vio e Rgabitey R 8L R ol oPRl EEH ABsFpdu Ao S8Ry ScRonciteb

o abmin el 3 oesh B R 05 Bess ™™ [ 0087) "Ac can be aeen trom the
any one. of (RS (AT, bEdREs RS ) Bome A IR g FPeP S RARERS

LED segimpl PrRat %ok U@lstq g}]ﬁ%"réedlé BIeYr s&;ifh ST%CB”% éd‘gandT%Hg?n't”
operation, LED segnent D1 wou & Used nore often than ségnent :

FI' G 4sbgrcas WP ko AR oz 0pbrftidildl C Uhtthishatuaies, 4988 is%mﬁﬁgm@m ZeFD
segments DI to Dn. The circuit includes a set of additional current sources
GI' 1 - voliagandnbke uinr 8t ciouitcef IdG.t bg@he veili behdre Tifst ackldettiny sbgment
circuit of FIG 2.  [0038] As can be seen in FIG 4, the current source
set t ofgllewsdibyclnerl, j8dt thasoppesite efpyleateorcary irs thynarcwitivp il e. Q arlthsQover
Preferably, the toggle switcher TS1 is configured such that these outputs
are t obigg. e asage @gﬂ?nbﬁ[)cﬁb‘ﬁ%aﬁ@ﬂ%,e QW avoi d the perception of flicker.

Uhis (Eut(:) oulobgel ofs® éf%tgﬁ,hée bractint deBileck Sreleitoritlis, OLTA¢ aF SABRALrih
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[0030] IRy BntE e SRHaLEGE FoptatRbRTn i, A aflPHiShduiPa FYE! K0P

cl osed RIVIsEr@id, Sonisistedf Eut DEBK Bel -0 Xableth forward RolthkeioT sPeRadh, andl
current sources GI1l to GIn are operational. In this situation, if V1 is
ranpi ngs diviledmntoed segimkehasgeThefirsksegmenhkrac? rickiDs (6fX Flagd DX2Apnwhile thde
the first conducting segment followed by Dn-1, just the opposite of what
occur s s¢epnchand fhiedisegroen®) caclehahasinge drEDi (X3 tand IDXdgeespectitel y) EDs

wi |l average out.



[0040] FIG 5 shows a practical detailed inplenmentation of the proposed
circuit shown in FIG2 with n = 3. In the figure, the AC 220V main voltage
source iswa2oeanpIsped signal. The vol t age wavef orm acr osTHNt@10A78G8d B i S
shown in FIG 6. The LED string, consists of four LEDs DX1-DX4, with
forward vol tage of 50V each, and is divided into 3 segnents. The first
segnent has 2 LEDs (DX1 and DX2) while the second and third segnents, each
have a sinpoa1}ERs( £33 mndebXdin Hes eV atahsist¥© M1, resistors R1 and R11,
2012/ 019389PCT/ CN2010/ 078683 [ 0041] As can be seen in the figure,
transi staosishir Q1raesl diodesD Rfoand &ddstantr @nsest sour€i tlwatddrivesdeEDE D& Tna@d
constant current source that drives LEDs DX1 and DX2. Transistor QL1 turns
of f tr &2 stloansistonr@h 1 tthenscokfrteansisthr ddywhemts eumentvthroegh esmsistoredhd| d
val ue. [0042] FIG., 7 shows the current waveform of transistor M.

Vv ef ofwh@éﬁh%bﬁk’di’ﬂb}eto the current in transistors M and M3 are shown

2 OGP S BBl af T Ht b R 51 SBhe
i . i DX3

1, LBl RISy Vi 5 0 o N1 AP 50 RS,

DU FHEEDLHE L W AR PR, PO Yy RSOV RO Dot

sui t abhgd TeXUaekpadthie IR TORtRR&Ht 31 BD BIXITRY the<di@¥éhtistink bBtrapsistts M1,
optional bleeder circuit can be added to provide a current path for the
triac di2nmad BE3RG/Hilethegcairenudf D@D XBestthe atrrent alitn oFlt@nsisdorshui@saad
form of bleeder circuit which connects to node A and B of FIG 5. The

bl eedeMZircuit acts like a resistive load for the di mer when the triac is
not conducting. A bypass resistor 110 is switched on by transistor 2N60 to
connect ac 1t REGy E%tSﬁpWédhﬁﬂpnut GWITERGWaXA mrﬁ@me%ﬁma%p@wsuﬁomet age

is | whi ¢h i ndi cat t i [ ff). Wth.the b | st

compt oahguERieoREeE g ik Bngayclnalhs tuyrens eion il be R Faes dhs e
cor Bltomioeliet IS REr Challli 2
wen ¢ pircPT @b WS g el it i€ sy SHERRLICEROTR A RRBIRLLET
vhen foed gt , e e’ t n)
pover 1aathart e bah Do PRAITY 4 RBRF i AR Bl ThAR TR ¢

i1 ust Hatiag cinchidedsdn BRIty & 6ff. | FIGH 14 dpvwpRrRebe Bldddet ResRitovhich
ordinary skill in the art that a variety of alternate and/or equival ent

i mpl emeohaddtons nody AaensuBsifi Fief. fldre bleedspernciit @acenhke ianesissiveHowd fand
descri bed wi thout departing fromthe scope of the present invention. This
provi stlundimeepwien thentrias iis moéwesduciang ovebypass wmsinemi 10ns switchgl on by
2012/ 019389PCT/ CN2010/ 078683 vari ati ons .of the specific enbodi nents .

di scus §88skare? NoOtReFImSEE aciasstheiraeatiad dpwayokage Whenete isstibied) ingut ed

(2)8I132/ / 8%@&55@%?&%@@8%%5@@%&%‘ tﬁ%lt?ﬁ%sis to?f)r. ee&ffi'th tf\l/é\obypass resistor completing

the circuit, sufficient charging current can be supplied to the internal RC timing

circuit of the triac dimmer to ensure proper operation. When the rectified input
voltage is high (which indicates the triac is on), the bypass resistor is disconnected by
transistor 2N60 to minimize wasteful power dissipation.

[0044] Although specific embodiments have been illustrated and described
herein, it will be appreciated by those of ordinary skill in the art that a variety of
alternate and/or equivalent implementations may be substituted for the specific
embodiments shown and described without departing from the scope of the present

invention. This provisional application is intended to cover any adaptations or



CLAI M5 What is clained is: 1. An LED array sw tching apparatus,

conpri si ng: a plurality of LED segnents D1 to Dn connected in series,
each LED wegnenmtiolsavi ng a forward vol tage; a vol tage suppyCrNeowgl7e@3t o t he
plurality of LED segnents; and a plurality of constant current sources

GlL to Gn, coupled to outputs of LED segnents D1 to Dn, respectively, each
of the constant current sources being swtchabl e between a current

regul abhfigtishabe tlenshevifioRebsdigienits ddutdet hé@®it. NFheRfbagat if intdirledothhage
supply increases, LED segnents are switched on and Iit to forma higher

f or war ¢his ahvageor BERlshited gnlyabd tlas claies \aoldt thg e quivaleets\théteade suppl y
decreases, segnents are switched off and renoved fromthe LED string
starting with the nost recently |lit segnent. 2. The LED array sw tching
apparatus according to claim1, further conprising: a toggle swtcher that
has an output that toggles between a first output and a second out put
conplenentary to the first output; a first switch coupled to the first

out put of the toggle swtcher; a second switch coupled to the second
output of the toggle switcher and to the plurality of constant current
sources; and a plurality of second constant current sources GIl to GIn
coupled to outputs of LED segnents Dn to D1, respectively, and to the first
swi tch, wherein



when the first output of the toggle switcher is active, the first swtch
becones cl osed and the second constant current sources are disabled and the
const ant wWORPENM938OUr ces are active, and when t he secorN20wioIsHs3of t he
toggle switcher is active, the second switch is closed and the constant
current sources are disabled and the second constant current sources are
active. WD 2012/ 019389PCT/ CN2010/ 078683 3. The LED array sw tching
apparatus according to claim2, wherein when the second out put of the
toggle switcher is active, the LED segnents are switched on and lit in an
opposite order fromwhen the first @ILAIMS®f the toggle switcher is active.
4. The LED array sw tching apparatus according to claim3, wherein the

toggl e sw V\ﬁﬁﬁristcﬁﬂﬁie%lsisat a frequency of greater than 20Hz. 5. The LED
array switching apparatus according to claim1, wherein successive ones of

the plural it Xnof EDoAghRBviteHiH EappHaHIC 88niprRigyd t ched on and of f such that
only one of the pluralilty of constant current sources supplies current to

the LED segputadity ofnMLBD sé@nbiH9 BilrionPnatommscted e seticsreeach LE® sdmehED
array switching apparatus according to claim1l, wherein each of the

pl ur al hayingfa éanveardrntoltages ent sources includes circuitry that detects a
current flowi ng through the LED string and_enabl es or disables that

constant cavelage ssppbecaiided tothe phirabtyeet &L segaants; and 7. The LED array

he. vol t agh IHUBAI #6 CATHaBE FATET ALK SHe & habOuPied . OFHRITE E5 LFFDy

tehi . laim 1 : Dy
S eOLDBRRSTS! U, S5O TARNRIS e Lor G Sl MGHRE SRR eine
SW tCh'st@tcﬁhl}&fé“bE@Irﬁﬁ '&%uﬁ%ﬁ?%@?ﬁﬁn stafe %ﬁegﬁr?ﬁ%%taté GRUPhEA. 40 dhde
vol tage supply an e constant urref%t sources, the bleeder circuit

i ncl udivBitage BY PRS SolteS¢E StFPly tnbrRESEIED figisatits akaﬁ;wcﬁ@@ oabiRl lieteRirgct

I
t he bypass resistor across g,he i nput” voltage, to allow sufficient charging
current hiphee fuppird edoltapd HeEIRCstring, nandiascdid ,volkage bdhetheecbdithge duppbut
voltage is |ow enough to indicate that the triac is off, and to di sconnect
t he bydasisasesissgorenhere swgchepwft and ragwvied fiipghthenblifhstrng staitemg evithhat
the triac is on. .
the most recently lit segment.
2. The LED array switching apparatus according to claim 1, further comprising:
a toggle switcher that has an output that toggles between a first output and a
second output complementary to the first output;
a first switch coupled to the first output of the toggle switcher;
a second switch coupled to the second output of the toggle switcher and to the
plurality of constant current sources; and
a plurality of second constant current sources GT1 to GTn coupled to outputs of
LED segments Dn to D1, respectively, and to the first switch, wherein
when the first output of the toggle switcher is active, the first switch becomes
closed and the second constant current sources are disabled and the constant current
sources are active, and
when the second output of the toggle switcher is active, the second switch is

closed and the constant current sources are disabled and the second constant current

sources are active.
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9. A nmethod of driving an LED array that includes a plurality of LED
segnents D1 to Dn connected in series, each LED segnent having a forward
vol t age, woOvoizmEgsosupply coupled to the plurality of LEDTE&20nm78683and a
plurality of constant current WO 2012/ 019389PCT/ CN2010/ 078683 sources Gl to
Gn, coupled to outputs of LED segnents D1 to Dn, respectively, the nethod
conprising: (a) when the voltage of the voltage supply is increasing:

swi t chi ng 3NTHYCICERS iMBy BeiscHihg tdppacs tarBbrdiHEM BN lafAU, CRBerdif valed @hd Or m
a higher forward voltage LED string of the LED Segnents and di sabling

ot her ssefortcheuipansfaht tegrleawitdmuricastiveube BBt sepmhontoaee efvifched wnuaed i ty

of constant current sources supplies current to the LED seﬂme_nts form ng

t he LEDt &1 anppasitaeydyi rem wihen;thaditst aytpuhef thawaglt swetehor istantivicol t age

supply is decreasing, . ..switching on sugcessiye ones of fhe constant

current sotr é88 LER asqye sedtching AppRLE RECRHIRE [0 $éain Spavlicseieths eglep
so as,.to, forma

, I f d I i f the LED t d
() R0 b BSRb T LIRS O e, LD searent end,
I it f . i . t
P RIS ARy PRGBS S,

LED i : i , I t t i
LED 17k OF LA L SIS B o e g cply

LED segfBmifshe plurality-of ddhstait ket s@ﬁféﬂsnﬁléﬁiﬁeb@r@rn&% tB6 I Ii RGnichts
claim9, wherein when the voltage supply is decreasing, the LED segnents

are sufcessiginbkyl FPnatriagd at namdibhen sitié.ng of the LED segnents. 12. The
met hod of driving an LED array according to claim9, wherein circuitry in
t he pl ural 6t YhofLERrastamswitechmenapparatuseacovsdisgstocelaimant, whensimgactn ot tlogh
LED segnents and the switching on and disabling of respective ones_of  the
const afturdliry ehcogsiant cyrient sepfessmigustest %&cuagryi thapdetacss depmeentcliowang .

through the LED string and enables or disables that constant current source based on
the detected current.

7. The LED array switching apparatus according to claim 1, wherein the voltage
supplied by the voltage supply is a rectified AC voltage signal.

8. The LED array switching apparatus according to claim 1, wherein the voltage
supply includes a triac dimmer having an RC timing circuit, and the LED array
switching circuit further comprises:

a bleeder circuit coupled to the voltage supply and the constant current sources,
the bleeder circuit including a bypass resistor, the bleeder circuit being operable to
connect the bypass resistor across the input voltage, to allow sufficient charging
current to be supplied to the RC timing circuit, when the rectified input voltage is low
enough to indicate that the triac is off, and to disconnect the bypass resistor when the
input voltage is high enough to indicate that the triac is on.

9. A method of driving an LED array that includes a plurality of LED segments
D1 to Dn connected in series, each LED segment having a forward voltage, a voltage

supply coupled to the plurality of LED segments, and a plurality of constant current

11
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sources G1 to Gn, coupled to outputs of LED segments D1 to Dn, respectively, the
method comprising:

(a) when the voltage of the voltage supply is increasing:

switching on successive ones of the constant current sources, so as to form a
higher forward voltage LED string of the LED segments and disabling others of the
constant current sources, such that only one of the plurality of constant current
sources supplies current to the LED segments forming the LED string at any given
time; and

(b) when the voltage of the voltage supply is decreasing,

switching on successive ones of the constant current sources, in reverse
order from the switching on performed in step (a), so as to form a lower forward
voltage string of the LED segments and disabling others of the constant current
sources, such that only one of the plurality of constant current sources supplies
current to the LED segments forming the LED string at any given time.

10. The method of driving an LED array according to claim 9, wherein when the
voltage supply is increasing, the LED segments are successively added to the string of
the LED segments.

11. The method of driving an LED array according to claim 9, wherein when the
voltage supply is decreasing, the LED segments are successively removed from the
string of the LED segments.

12. The method of driving an LED array according to claim 9, wherein circuitry
in the plurality of constant current sources senses current flowing through LED
segments and the switching on and disabling of respective ones of the constant current

sources is performed on the basis of the sensed current.
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