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source G particularly if current source Gis a linear current source.
which are incorporated by reference herein.

BACKGROUND 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.

[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.



WO 2012/ 019456PCT/ CN2011/ 071695 BRI EF SUMVARY OF THE | NVENTI ON [ 0005] In
accordance with a first aspect of the present invention, an LED array
swi t chi ngvepperEb4ss conprises: a plurality of LED arraygcaranangadidon a
serial path, each LED array having a forward vol tage; a voltage supply

coupl e(h/é | yral ity gij EJQE) : lurality of current sources
sel ecti E@ﬂgng&tq [ aﬁ@iﬁu@aﬁ of the current sources being
swi t chabl e between a current regulating state and an open state; and a
controller that outputs at |east one control signal generated based on at
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sources are controlled so as to break the serial path into one or nore
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voltage, and/or when a predetermined level of current passes through the one or
more current sources, at least one switch is closed and one or more associated

current sources are controlled so as to break the serial path into one or more

parallel paths each including less than all of the LED arrays.

[0006] In another aspect, for at least a portion of time during which the voltage of
the voltage supply is below at least one reference voltage, the one or more parallel
paths comprise a plurality of parallel paths each including at least one of the LED
arrays, the plurality of parallel paths supplying current to all of the LED arrays.

[0007] In another aspect, the LED array switching apparatus further comprises: at
least one diode arranged in the serial path of the LED arrays intermediate between
a first group of LED arrays and a second group of LED arrays; and a switchable
parallel current path that connects the voltage supply to a point in the serial path

between the diode and the second group of LED arrays, the at least one diode



[0008] In another aspect, the nunber of LED arrays in the first group of
LED arrays is equal to the nunber of LED arrays in the second group of LED
arrays. [WOQ@9izdimsanot her aspect, a plurality of parall ecTEazha/gupPplies
current to all of the LED arrays when the voltage of the voltage source is
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prevent occurrence of any off period of |ight output at a zero crossing
portion of the AC voltage. [0011] In another aspect, the valley-fill
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anot her aspect, the plurality of LEDs form ng the at | east one of the
plurality of LED arrays are arranged in parallel. [0014] In another aspect,
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LED arrays when the voltage of the voltage source is higher than the forward
voltage of both of the first or second group of LED arrays, but is less than the at

least one reference voltage.

[0010] In another aspect, the voltage source is a rectified AC voltage, and the
switching apparatus further comprises: valley-fill circuitry configured to prevent
occurrence of any off period of light output at a zero crossing portion of the AC

voltage.

[0011] In another aspect, the valley-fill circuitry includes at least one energy
storage capacitor that discharges when the rectified AC voltage drops below half

its peak value to prevent any off period of the light output.

[0012] In another aspect, at least one of the plurality of LED arrays comprises a

plurality of LEDs.

[0013] In another aspect, the plurality of LEDs forming the at least one of the

plurality of LED arrays are arranged in parallel.

[0014] In another aspect, the controller comprises one or more voltage

comparators.



[ 0015] In another aspect, the controller conprises a mcrocontroller.
[0016] In another aspect, the mcrocontroller is configured to detect a
faul t in wo20BDiswssay and nodify a switching sequence t@CcexN200®71d98
faulted LED array. [0017] In another aspect, the at |east one reference
voltage,.js_a plurality of reference voltages, and the at ] east one switch
o & DiabTer 1 wotlsk denires, Mg foTRleT JOINESEH SARITOSPBOUSt or ence vol  ages
corresponds with a respective one of the switches. [0018] In accordance
with a second aspect of the present invention, an LED array sw tching
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current regulating state and an open state. The voltage conparator, the

swi t ch rafidence vehiageouindshe aopeasatand ogéiches $ phlratiopiof svaitchdsemndheach

vol tage of the voltage source is below the reference voltage, the switch is
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path into one or nore parallel paths each including |ess than all of the
LED ar rsagischesnd (b) when the voltage of the voltage supply is greater than
or equal to the reference voltage, as the voltage of the voltage supply

i ncreases, LED arrays are switched on and Iit to forma higher forward

vol tage LED string, ,and as _the vol tage of ﬁgf vol tage supply decreases, LED
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i nternme etween a first arrays ana a second group o
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supply to a poin sefi es path between the diode and the second group
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is equal to the nunber of LED arrays in the second group of LED arrays.
The voltage comparator, the switch and current sources cooperate together such
that: (a) when the voltage of the voltage source is below the reference voltage, the
switch is closed and the current sources are controlled so as to break the serial path
into one or more parallel paths each including less than all of the LED arrays, and
(b) when the voltage of the voltage supply is greater than or equal to the reference
voltage, as the voltage of the voltage supply increases, LED arrays are switched on
and lit to form a higher forward voltage LED string, and as the voltage of the

voltage supply decreases, LED arrays are switched off and removed from the LED

string starting with the most recently lit array.



[0022] In another aspect, a plurality of parallel paths supplies current to

all of the LED arrays when the voltage of the voltage source is higher than

t he forwawo 2oltisgye of both of the first or second groupcefcCN2ED/ard@vays, but

is less than the reference voltage. [0023] In another aspect, the voltage
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approximately equal to sumof the forward voltages of the LED arrays in the
second group of LED arrays. [0026] In another aspect, at |east one of the
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group of LED arrays and a second group of LED arrays; and a switchable parallel
current path that connects the voltage supply to a point in the series path between
the diode and the second group of LED arrays, the diode preventing current from
the parallel current path from flowing in the direction of the first group of LED

arrays.

[0021] In another aspect, the number of LED arrays in the first group of LED

arrays is equal to the number of LED arrays in the second group of LED arrays.

[0022] In another aspect, a plurality of parallel paths supplies current to all of the
LED arrays when the voltage of the voltage source is higher than the forward
voltage of both of the first or second group of LED arrays, but is less than the

reference voltage.

[0023] In another aspect, the voltage source is a rectified AC voltage, and the
switching apparatus further comprises: valley-fill circuitry configured to prevent
occurrence of any off period of light output at a zero crossing portion of the AC

voltage.

[0024] In another aspect, the valley-fill circuitry includes at least one energy
storage capacitor that discharges when the rectified AC voltage drops below half

its peak value to prevent any off period of the light output.



[0028] The figures are for illustration purposes only and are not
necessarily drawn to scale. The invention itself, however, may best be
under st oosiolg1vmapessence to the detail ed description whi ebTifaN2bvwg1asben
taken in conjunction with the acconpanying drawi ngs in which: [0029] FIG 1
is acircuit diagramof a conventional LED driving circuit that utilizes a
current source; [0030] FIG 2 is functional block diagramof a circuit for
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t he ci wi th an ‘current sources for averaging
of the usage anong the LEDs, in accordance with an aspect of the present
invention; [0033] FIG 5 is a circuit diagramshow ng a practi cal
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of the voltage wavef orm across nodes A and B
plurality of LEDs.

[0027] In another aspect, the plurality of LEDs forming the at least one of the

plurality of LED arrays are arranged in parallel.
BRIEF DESCRIPTION OF THE DRAWINGS

[0028] 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:

[0029] FIG. 1 is a circuit diagram of a conventional LED driving circuit that

utilizes a current source;

[0030] FIG. 2 is functional block diagram of a circuit for LED array switching in

accordance with an embodiment of the present invention;

[0031] 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;



[0035] FIG 7 is a diagramof the current through elenent ML in FIG 5;
[0036] FIG 8 is a diagramof the current through elenment M in FIG 5;
[ 0037] FIv@0 2017894856di agr am of the current through el eneRCTNN20N/0F1635 5;
[0038] FIG 10 is a diagramof the current through elenment DX1 in FIG 5;

0039 di f h h el Fl.G 5;
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Main S QUESEddbe R fth 2 aspect of the present invention;

[0033] FIG. 5 is a circuit diagram showing a practical implementation of the

circuit shown in FIG. 2;

[0034] FIG. 6 is a diagram of the voltage waveform across nodes A and B in FIG.
5;

[0035] FIG. 7 is a diagram of the current through element M1 in FIG. 5;

[0036] FIG. 8 is a diagram of the current through element M2 in FIG. 5;

[0037] FIG. 9 is a diagram of the current through element M3 in FIG. 5;

[0038] FIG. 10 is a diagram of the current through element DX1 in FIG. 5;
[0039] FIG. 11 is a diagram of the current through element DX3 in FIG. 5;
[0040] FIG. 12 is a diagram of the current through element DX4 in FIG. 5;
[0041] FIG. 13 is a diagram of the light output waveform of the circuit in FIG. 5;

[0042] FIG. 14 is a diagram showing the input waveform at the AC main source in

FIG. 5;

[0043] FIG. 15 is a circuit of a bleeder circuit that can be used with the circuit of

FIG. 5;



[0043] FIG 15 is a circuit of a bleeder circuit that can be used with the
circuit of FIG 5; WD 2012/019456PCT/ CN2011/071695 [0044] FIG 16 is
functi onavokbreakodsagram of a circuit for LED array sw Pcmiangoimw7am®sor dance
with a second enbodi ment of the present invention; [0045] FIG 17 is
functional block di agram show ng how a m crocontroller can be used with the
circuit of FIG 16; [0046] FIG 18 is functional block diagram of an

emhoo AR 1ot s BT LR A el A2 AP RGR Hebdnd oy e in
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second enbodi nent of the present invention; [0048] FIG 20 is a circuit
di agram showi ng a practical inplenmentation of the circuit showm in FIG 18;

[0045] FIG. 17 is functional block diagram showing how a microcontroller can be

used with the circuit of FIG. 16;

[0046] FIG. 18 is functional block diagram of an example circuit for LED array

switching in accordance with the second embodiment of the present invention;
[0047] FIGS. 19A-19G are diagrams illustrating current paths taken through the
circuit of FIG. 18 at different voltages levels of the source voltage, in accordance

with the second embodiment of the present invention;

[0048] FIG. 20 is a circuit diagram showing a practical implementation of the

circuit shown in FIG. 18;
[0049] FIG. 21 is a diagram of the rectified mains voltage in FIG. 20;

[0050] FIG. 22 is a diagram that shows the LED arrays that are conducting during
a half AC cycle;

[0051] FIG. 23 is a diagram of the current through element D1 in FIG. 20;
[0052] FIG. 24 is a diagram of the current through element D2 in FIG. 20;
[0053] FIG. 25 is a diagram of the current through element D3 in FIG. 20;

[0054] FIG. 26 is a diagram of the light output waveform of the circuit in FIG. 20;



[0049] FIG 21 is a diagramof the rectified mains voltage in FIG 20;
[0050] FIG 22 is a diagramthat shows the LED arrays that are conducting
during a Wwel2h12a@945¢cl e; [0051] FIG 23 is a diagram of trhe/a2oriéxiesshr ough
element D1l in FIG 20; [0052] FIG 24 is a diagramof the current through
element D2 in FIG 20; [0053] FIG 25 is a diagramof the current through
elenment D3 in FIG 20; [0054] FIG 26 is a diagramof the |ight output

wavef or, t i cuit.in Fl 20; WO 2012/ 019456PCT/ CN2011/ 071695 [ 0055]
Fre o T0085, TR g iadhal 6 pine ueh{RE AL AR SONEE: [ 0086] FI & 28
Is a diagram of an exenplary valley-fill passive power factor correction
circuit; [0057] FIG 29 is a diagramof the mains voltage waveformw th the
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el ement e vall ey~ Circul
correction circuit;

[0057] FIG. 29 is a diagram of the mains voltage waveform with the valley-fill

circuit;

[0058] FIG. 30 is a diagram of the current through element D1 with the valley-fill

circuit;

[0059] FIG. 31 is a diagram of the current through element D2 with the valley-fill

circuit;

[0060] FIG. 32 is a diagram of the current through element D3 with the valley-fill

circuit;

[0061] FIG. 33 is a diagram of the light output waveform of the circuit with the

valley-fill circuit; and

[0062] FIG. 34 is a current waveform of the AC mains source with the valley-fill

circuit.
DETAILED DESCRIPTION OF THE INVENTION

[0063] FIGS. 2-34 illustrate aspects of preferred embodiments of LED array
switching apparatus. For an LED lighting device to work using a varying input

voltage source, such as a rectified AC source, the switching apparatus in



[0059] FIG 31 is a diagramof the current through elenent D2 with the

val ley-fill circuit; [0060] FIG 32 is a diagramof the current through
el enent D8Owntdnivdse val l ey-fill circuit; [0061] FI G 33pc3/@dilagi@am of the
l'i ght out put waveformof the circuit with the valley-fill circuit; and
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switched in series to form a higher forward voltage string. Contrarily, if the input
voltage decreases, the sequence is reversed and arrays are removed from the string

starting with the last light-up array.

[0064] FIG. 2 shows the functional blocks of proposed circuitry. It is assumed
that the LED string is divided into n LED arrays or arrays D1 to Dn, where n>1.
Each LED array may consist of one or more LEDs arranged in any know manner,
i.e., in sequence or in parallel, or combinations thereof. Gl to Gn are current
sources which can be disabled, that is, changed to an open circuit condition, by

current sense signals from successive current sources.

[0065] The operation of the circuit of FIG. 2 is next described making reference to
FIGS. 3A-3F, for the case in which the voltage of V1 is ramping up from zero.
When the voltage of V1 is just above the forward voltage of LED array D1, current
begins to flow through LED array D1 and current source G1, as shown in FIG. 3A.
Current source G1 regulates the current through LED array D1 as voltage of V1 is
further increased. LED array D2 begins to conduct when V1 reaches the sum of
the forward voltages of LED array D1 and LED array D2, as shown in FIG. 3B.
As the current through LED array D2 is increasing to a threshold value, which is
preferably set lower than the regulating value of current source G2, current source
G1 1s disabled, becoming an open circuit. The current through LED array D1 and
LED array D2 is then regulated by current source G2, as shown in FIG. 3C.

[0066] 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 arrays

DI to Dn-1. Further increasing V1 causes LED array Dn to conduct, as shown in

10



WO 2012/ 019456PCT/ CN2011/ 071695 accordance with the first enbodi nent of the
present invention divides the LED string into a series of nultiple arrays.
When t he wopat2/oagdssage is low, only the first LED arrayPC3/dN2011Ug1698s t he

i nput vol tage increases, subsequent LED arrays are switched in series to
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Further increasing V1 causes LED array Dn to conduct, as shown in
[0068] As can be seen from the foregoing description, in the circuit of FIG. 2,
LED array D1 conducts if any one of the current sources is conducting. On the
other hand, LED array Dn only conducts if current source Gn is conducting. Thus,
in operation, LED array D1 would be used more often than LED array Dn. FIG. 4
is a block diagram of a circuit that averages the usage among LED arrays D1 to Dn.
The circuit includes a set of additional current sources GT1 — GTn and a current

source set toggle switcher TS1 added to the circuit of FIG. 2.

[0069] As can be seen in FIG. 4, the current source set toggle switcher TS1 has
two complementary signal outputs Q and Q. Preferably, the toggle switcher TSI
is configured such that these outputs are toggling at frequency above 20Hz, to
avoid the perception of flicker. When Q of the toggle switcher TSI is active, the
switch ST1 connected to this output becomes closed, current sources GT1 to GTn
are disabled, and switch S1 is opened. In this condition, the circuit of FIG. 4 is
essentially identical to the circuit shown in FIG. 2, and operates as described above

upon occurrence of ramping up or down of input voltage V1.
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WO 2012/ 019456PCT/ CN2011/ 071695 FIG 3E. FIG 3F shows the current path
when the current through LED array Dn is increased to trigger current
sour ces (Yotwoi12m9ds6t o be in the open condition. [0067] AReTwN2bO/dI6695
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

252 AT B b5 LD LR UaEE R oGS SR
ol SR R ol SR SEL beaierth a8 S
AL g R R
oo RS A BETR AT e P TR B e D
ST DA 0l 9 5P SRR s SRAIFREENG. 2 1505

e e ek Rt BLEPL Sy eraetlct 9 aaram of 26w (et

additional current sources GIl - GIn and a current source set toggle
switcher TS1 added to the circuit of FIG 2. [0069] As can be seen in FIG

4, the [00TTERIGOSIshevwseh piragdtal setdikide impRmbasitionoof ahplropoted Lisiugnal
outputs Qand Q Preferably, the toggle swtcher TS1 is configured such

that t shesvout PUGs2avghtivggBi nim die figanieteyAab226V2fidin tadtapeossuricbas a
perception of flicker. Wien Q of the toggle switcher TSl is active, the
swi t ch r&dtified mgaledThe vdliazeoutapefolne aeress nbds el ,ancduBr snshosonriodsl(&T6. t o
GIn are disabled, and switch S1 is opened. In this condition, the circuit
of FI GThe [&Idsdeing sonyistdentioval LEDst R lci¥4i wighdorward motage oladaV
operates as descri bed above upon occurrence of ranpi nﬂ tﬁ) or_ _down of _i nput
vol t ageagh, andpsodivaded antsperay@o 1hihe frsberray has 2 LEDs (DX1 and DX2)

while the second and third arrays, each have a single LED (DX3 and DX4,

respectively).

[0072] As can be seen in the figure, transistor M1, resistors R1 and R11, transistor
Q1 and diode DI form a current source that drives LEDs DX1 and DX2.
Transistor Q11 turns off transistor M1 when the current through transistor M2

reaches threshold value.

[0073] FIG. 7 shows the current waveform of transistor M1. Waveforms
corresponding to the current in transistors M2 and M3 are shown in FIGS. 8 and 9,
respectively. FIGS. 10, 11 and 12 show the current waveforms of LEDs DXI,
DX3 and DX4 respectively. The current of LED DX1 is the current sum of
transistors M1, M2 and M3, while the current of LED DX3 is the current sum of
transistors M2 and M3. FIG. 13 shows the light output waveform of all the LED

arrays.
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[ 0070] When 0) becones active, and Q becomes non-active, switch Si becones
cl osed, current sources Gl to Gh are disabled, swtch STl is opened, and
current swonoeex1@sE to GIn are operational. In this siteariaNg11vo7ie9s is
ranping up fromzero voltage, unlike in the circuit of FIG 1, Dn will be

ocour s IO7Ehd 61 r LERHOBr thecmp Siseit serfoffisrotha SRe BP e Laes
will a raeou%. 07f'L[ El 5 sho practical detailed i e nta%ion
of e BFBHELEH o i therTisfh 1R BRI R R T W‘ﬁghéf%ﬁﬁe Hed
220V 1B : e . )

node ARaYEShRAGIES T Firkeftn 68 o Gy LR by, P RGP °f LA O
DX1.- DX . o , . P .

DXL Dbt BRENEF ikl 208, B A0S B0 3 MHRDAN 905 BETBYE
each Naifufless T Qi CRGARHcRHe igs RESIE VPLY) 151H07R)a ASridfT Blecagen

inthe figure, trans resistors Rl 1, transistor QL and di ode

D1 for miguuWifeh copuees fohadddrA wad BRIBFIEX1 santhOkleederadise it ActsJike tair ns
of f transistor ML when the current through transistor M2 reaches threshold

val ue. rE§iQiisE 164& for theaimmbe whwn gt ti@y & abmecohdticangi sAdsypdss régisedor ns
corresponding to the current in transistors M and M3 are shown in FIGS. 8

and 9, Irléspeswitvktd onFhGEEansBtod 2NGitcl 2oshest ddress the esttifved afpurtmeolefgd EDs
DX1, DX3 and DXx4 respectively. The current of LED DX1 is the current sum of
(ransi stloeis the reoifihanp@, voRage it hevduiriehtindical €OEXE e i 68)c WiBnthesum
of transistors M and M3. FIG 13 shows the |ight output waveform of all

t he LErbyazas&ygmstomcznmteﬂmgﬂ@ap@w@Nzuﬁ.ﬁm@nnsgargmgmrr@nt@aulvesmmlecdne

i nput current waveform from AC rraiz ower sg,urce. Thr oughout nost of .the
hal f | itﬁeth@y]éllt@’,na HeC clinyRG tCITQUE @) ttgﬁdél%, VRIEH (RakRSITEHAOPCF cperation.

opt i on %ﬁh%ﬁéﬁ‘éé‘éctﬁhé@&ﬁﬁu@@%it%éeal b st i Wi 5 ﬂF‘?gBYPﬂ%S
i i e 's F i m i it .dac. | o FLG 15.sh
For m ofeBrds A e e FHE RN HibBRRSHE s ufpever AN TRiToR

bl eeder circuit 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

PO””eCt[?%é]OSIﬁ. ﬂl%eﬁfﬁcérhﬁhaﬂnieﬁp'ﬁ 15Q1 @%?s Wﬁﬁppﬁgzoﬁ& i fdn‘?g thBPitst Rid age

is | ow I'ch indicates the triac is o bypass resistor

conpl etsepgnd AeraS)s' OY i dnd PIf éé)l&‘dLEdgF T’lﬁﬁ@rcﬂ%ﬂﬁtiéﬂ Te&Mts HiRA 18R et RigHe Gultput he

internal RCtimng circuit of t triac dinmer to ensure proper “operation.

Wien t kerfartwhlefbrinplukingldwoRves b dipGiWotiagkndk Calnebe tdeent il &EGL S 30N) ,
t he bypass resistor is disconnected by transistor 2N60 to m ni m ze wast ef ul
pover diisaisgedi abov¢.00 2] sddvnidhenibodimerntbodi arnL ED $witchielappatatugpis
voltage, only the first and second arrays D1 and D2 conduct. This condition
r esul t sleisaribed ovath erdfdrenéd to bl 164B4erfhewsedmd enthodimgnt proVeles|astinfe

i nput voltage, as can be seen in FIG 13 discussed above. A second )
enmbodi pemtodohit dawL Bipuiwvobage gnapyhaclatalk of stheeEED wathysi condedtecurresnt,t m

FI GS. 16-34. The second_ enbodi ment praovides a_ tinme period at |ow input

vol t agdarallelbranches, whiahallevptes theyabusiaertioned peelklem phewnain BIG. 13.

branch ich alleviates th bgvenenti.oned .pr em shqwn i.n FIG _13.
FIG 13;51@\3@; SQWSf cﬁmsﬁanaﬁbmgs gf aa@lﬁq%é&t f%&? spgts apg dpHGegTdance
accordan ith the second enbodi nent.

wﬁﬁ tﬁme seconcf em%ocﬁment.

[0076] In the circuit shown in FIG. 16, V1 is a varying DC voltage source. DI to
Dn are LED arrays, each of which can be more than one LED, formed in series or
parallel or combinations of serial and parallel. G1 to Gn are current sources. Sl to
Sn are switches. Dbl to Dbn are diodes. Each single diode Dbi, where i can be 1 to

n, functions to prevent current through switch Si to current source Gi when switch
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[0076] In the circuit shown in FIG 16, V1 is a varying DC vol tage source.
D1 to Dn are LED arrays, each of which can be nore than one LED, fornmed in
series orwpaneldieiseor conbi nati ons of serial and paral | ecT/(BRotiw7&I5ar e
current sources. Si to Sn are switches. Dbl to Dbn are diodes. Each single
di ode i, where i can.be 1 to n, nctionsg to prevent current .through

it ah 5 15 VG ek A oomteal ST dnSLW LORD s Dedior Bhers SOREHT B IR 605
Si is switched.on Control si.gnal.CS, is used to select either conducting
state obcosarowf Py ptbbth sRORTES A sftaht St e ent source G [0097]
When CS1 to CSn are not activated, switches Si to Sn-1 are off and current
sources Gl to Gn-1 are in open circuit condition. Al LED arrays D1 to Dn

cur r o0 85T SABER CH DI are haf RS P Oy R ] S50 S b ST C e
vol t aggcfeLt OGN INgrd BP diiciryio| dorftioRe All I EHORRYSS D) No2psesfance

with the disclosed enbodi nent, this tage condition tan be sensed,

for exagpks dnnectRNti@uledr didiet OBN eDbAr My QurRdr S WTIARFIISQN byad\grehe
controller can then preferably apply one or nore of the control Signals to

break tsharceGmrl [pahil sinaciopaifMleis lavé@sthagadie toeal fogward ougrageos Brldto
vol tage arrangenent than V1, allowing the LEDs in the parallel paths to be

it evddnwien [tHl@ awaysagall sot be. 1if. 00H8WeReor, axavpbrelanchewith Hiendisslosad r ol
signal CSi is activated, G is conducting and current through LED arrays D1
to D wimbodienenthisllbedveltag conditggn sam thehsedised s faroerunplenby ancbitoe et
is directly supplied fromVl to LED arrays Di+l to Dn. In this case, two
par al | dhatceainpetisantypltage qeanparisos anst thedcontreller eanrtban patfarabhoapply t o
Di which is controll ed by G and curyen ath frompD +1 to which is

cont r olANEGOH{NALR O |ﬂleacqrur@lh%ngnal§n10rére i a$er@jpatgla& p%@t[fn %ﬁ%r%aqlbi ,

the circui.t will change into,three parallel .,conpect current , hs. of, D1
Lo Dr TBVINE o gy Er JAavasd s Ola e SIS T ol FURIVERE E1C 165 Daria bt
respectivel y. 079 en all ;control ;signalis CS1 to CSn are activated, all
LED ar rpﬂgﬂélpé{tgs&]b\ﬁm Y }%}’QF&M’&VOJ%&%&JQW-tO V1 through current
sources Gl to Gn respectively. The creation of the different parallel paths
permts the LEDs to be lit even when the input voltage V1 is |ow For

SHe) 0010 SO DA B LR B U e e oo
the | owRpduciRglanPediRos: thrH8gB TSR ay W Meo Bi WA L&htr8AEADY 6. Also,
switch Si is conducting and current is directly supplied from V1 to LED arrays
Di+l to Dn. In this case, two parallel connected current paths are formed, i.e.,
current path from D1 to Di which is controlled by Gi and current path from Di+1
to Dn which is controlled by Gn. If a further control signal CSj is activated, where
J>1, the circuit will change into three parallel connected current paths of D1 to Di,

Di+1 to Dj, and Dj+1 to Dn which are controlled by Gi, Gj and Gn respectively.

[0079] When all control signals CS1 to CSn are activated, all LED arrays DI to
Dn will be parallel connected to V1 through current sources G1 to Gn respectively.
The creation of the different parallel paths permits the LEDs to be lit even when
the input voltage V1 is low. For example, to allow for the lighting of LED arrays
even at low input voltage V1, the activation of the control signals can be controlled

such that for the lowest input voltage, the greatest number of parallel paths is

14



WO 2012/ 019456PCT/ CN2011/ 071695 fornmed, each path having a forward vol tage
that can be lit by the present input voltage. As the input voltage V1

i ncr easeswoaormabdser nunber of parallel paths can be forgEECN2Y11A0p95Cati on
of control si gnal s as descri bed above, each path having nore LED arrays

the :‘brfag%\é vsms &%%hnh{\%gggﬁ?efawa%i vetage, 1Tl Pe 1K Piriieoprasery hPis
o gnal Solaie oARThe dBPUf BolsBs? ?\ﬁﬁfﬂ%ﬁ%ﬁ‘ﬁﬁxagapraﬁﬂ%nwﬁ?%@%aﬂsfgaﬁwan

ol oage f«%ﬁ&: RN BRI DS
Sour e A58 L | GRECHIRAR Hoberf DEILTE! BTETLCHMAD BRcHSaflon

m cr OCOﬂ shows t uncti ona

mcr 003}"(‘11&1519 'td ?ﬁe f(lil%ahr@lavrbl LSELED birasREDEith Ihla anlg'fé @trl of IED! dprayls’s

W1l an denot e the voltage across V1 and the current through V1

respecthyeloy DiV@ farthedGwHRMONE thBeab®ld agangsieosfodd Badwhea Adréitol
through G respectively. The nicrocontroller preferably sanples and

processésndlbaryactioatedvol t age/ current signals and generates control signals
CS1 to CSn according to algorithms that are designed to optim ze
efficiency, input power quality, LED arrays usage and |ight output
uniformty, etc. [0081] For exanple, a sinple exanple of such an algorithm
is to {0ep0k Heho ctandtd aigiiads eoaie bet gerorated dnd vokagoreempatasbrsagehisth
conbi ned LED arrays snmall in order to maxim ze effl ciency. It is assuned
the foronampargs|thagedtage af [V LEw certady dhisshodd pioliags @rqgurrenb sgﬁ&@smhmél Vd
and maxi num of V1 is higher than the forward vol tage sum of

nvd. Ws&Rs&/il chlv&nt%ﬂvm@ght the) cwalhtawlr&re& Mprr@épehlsawat@lceatrgh canebe

SRR Onnﬁiecl&vltﬁr Iea&q%ﬁaganm%? 1o I@;I;\:\El/é:rlc%\ngjf s%\él s i dhnet n@ff y<
2V ek A & s'f%nﬁiﬁﬁ%?%&]&?aﬁfﬂ?ﬁﬂ 480 B8 Ul § f'ésfhse BRI, o
20121 g¢S6PETA O 1071685, ach V%lr?%ev‘ggfoess' Vg PL Rk by vi "

When n cont/ SI gna de-activat €

{7 I d
fﬁQ“?ﬁ&éﬂ?é.%W%?i &e‘dPﬂ"Pq‘?'asﬁ‘&é?ﬂ%s My %@%ﬁ%@ﬁqﬁé BS¥ th
M cr 0CQElFQlthRly CaThBeRER ORI ¢ 1esnlid Poocdishs tike artbus ¢ he

e
m crocontrol |l er” can detect any faul 1%ed LE[iarr y and -arrange t

SW t chivedtageatanss SnaXslande o %h@rat@@'do?fﬂrdl'fﬁéﬁﬁlsaﬂs FQb @S@ﬂﬁb@@rdlﬁg
m crocontrol l er can be programred so that if has a short circuit Tault,

cont r olalgogtiahs Ghat ared désigredetomapentizy eidendyatgshtspoivieat qlliahtgz dngDDi
can be considered as a single array. If D has an open circuit fault,

cur r entarmyisl usagel ampeghf dotput hmefogmiby, etod control signal CSi will be

permanently activated in order to have current supplied fromVito D +1
[0081] For example, a simple example of such an algorithm is to keep the voltage
difference between V1 and the forward voltage of combined LED arrays small in
order to maximize efficiency. It is assumed the forward voltages of all LED arrays
D1 to Dn are equal to same value Vd and maximum of V1 is higher than the
forward voltage sum of DI to Dn, i.e. nVd. When V1 < 2Vd, all control signals
are activated and D1 to Dn are parallel connected through G1 to Gn respectively.
When 2Vd < V1 < 3Vd, only control signals CSi are activated where i is even and i
< n. When 3Vd < V1 < 4Vd, only control signals CSi are activated where 1 is
multiple of 3 and 1 < n. When jVd < V1 < (j+1)Vd, only control signals CSi are
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[0083] FIG 18 shows an exanple circuit of control signals generated by
vol tage conparator and current sensor. In the circuit, current source Gl
and sw t cWoSti12zzmesseontrol | ed by vol tage conparator Xi. Eamreaiiaouwse &
can be disabled by current sense signal fromcurrent source G3. A reference

vol tage source, .Vref, is . coupled tq.the voltag (o] ator Xi. 1t should be
ot eq RIS WSS ol RBIGRE oF ) alild DB suheRanY e o1 1-cel Fontiahsisapiaten
series wthout an iode in between. 11.is because only two parall el . .

cur r entiesidivied BDT G D488 Ui Re ik sk Seris PG Fartt SoRB T his o
IS no far c i S\ n i i O e D3.
[ o0a4) E0 Shr ATk A BsceioRs RS MR B ABR fuhe. o
LED array D1 is larger than the forward voltage sumof D2 and D3, however
this is not required. The operation of the circuit shown in FIG 18 is next
shown fia5g3NARBS thd fidRicMtidIRr A BIBrGraiimbd b3l uld DM 86 Bity,
Wil e the voltage of V1 is less than the Teference voltage Vref, “conpafator
X1 out puss e afitfodritdlia cahi dgdrcenablyesablaid ICBDr QRtays audCre-@iraad g tch
SI. Wen the voltage of voltage source WD 2012/ 019456PCT/ CN2011/ 071695 V1
i's jUStsvﬁhﬂﬁﬁ%t Reghencerd widade tdie Daultedr 160D begiys tRoif |exanpleoudie
switch SI, LED array D2 and current source & as shown in FIG 19A. Current
sour ce nzroegutratles chheéea progmammbd megthdtBD [ar hay aDghas cmduitdreulof cofitrok
further increased. [0085] LED array D3 begins to conduct throu%gJi current
sour ce s@alh&diviL weHches pehmasentlpf deraetfvatedir sb Vibint afed emd B agamaybe D2
and D3, as_shown in FIG 19B. As the current through LED array D3 and

cur r entcosigigeded @3 a single msegi. A§ Riohas anansioigcwislfaslt, grerat abllyne dopget han

the requl ating value of current source G3, current source & is. disabled,
as_ shodsowringpegh @@n@mnaﬁﬁaygml bWyl bs pemarranthhpstiyateduint eFdetsiur ce

GlL as Y1 gets higher .t he r d voltage of D1, as shown in FIG 19D.

[ 0086] YﬂatV%iCélrﬁngf QMGB 1{1’%ms t t‘VVf]éﬁfo be slightly larger than the sum of
forward voltages of LED arrays D1 and D2. FIG 19E shows the current path
when V1 is increased to Vref or above. In this case, switch Si and current

Zc‘ﬁ‘ﬁﬁ en 0953 18R L SBRscRE R bt S BRrasht s R b RO BE ot
ncr oact gy F bupeBPsEhS PR G Cl (e ROREER TP AV RER S g
19G ShouiidIRAC B! €Oltaa! SoitpamIbR XL (WikoRNSBURe ED iy B¢ BRabled by

increased to trigger cUrrent source G to be in the open con
As woulcthrRt WeasE St fynooareht skitde G3.t P\er@féiendehﬁoﬁﬂ\%é sHuE, Serfence
shown in FIGS. 19A-19G woul d be reversed if the voltage of V1 is declining.
I n par tdoupled totthe waltamt companateri Xih. fhehyald bgengitd\that n rthish egemipdéryt o
pass a regul ated current through LED arrays D1 to D3 and current source G3
as showirdunt PRGindl 93 aksdivéctly coanecetedead sdreescwithent anhdoodd e between.sdur ce
G3 starts to decrease and to a point below the threshold value, current
sour ce iSbecausmablye twanparallet enrrené dirasches (IDovartchPaidh3 rare eagededundbisz,
as shown in FIG 19F. Wen V1 ) ) ) )

example and thus there is no need for connecting a switch and a blocking diode to

the anode of D3.

[0084] For explanation purposes, it is assumed that the forward voltage of LED
array D1 is larger than the forward voltage sum of D2 and D3, however this is not
required. The operation of the circuit shown in FIG 18 is next shown for the case
in which the voltage of V1 is ramping up from zero. While the voltage of V1 is
less than the reference voltage Vref, comparator X1 outputs an active signal which

enables both current source G1 and switch S1. When the voltage of voltage source
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WO 2012/ 019456PCT/ CN2011/ 071695 decreases to a val ue bel ow the sum of
forward voltage sum of LED arrays D1 to D3, current through LED array D3 is
st opped, w®O 2tpommssn FI G 19E. [0088] As V1 is further aetreasad7i@sbel ow
Vref, switch Si and current source Gl are enabled to conduct. Current

2R SIS kv il Y B RSRE
causes S B bSO R ROURSE G QU S0 L S s

h h i i 19

"ML s SHEL SO RLTENSE, LIPS Do c08ped N AR

D3, cur-ﬁ&%ta ggn only flow through LED array D2 and current source G, as
shown i N R T19A. [0089] As can be seen fromthe above, the design of the
circuit shown in FIG 18 provides for a period of driving of all of the LED
arrays, in parallel, even during the period of tine that the voltage of the

vol t agqoe8sP | IYEDS ahlyoW VitdsinsThb ScHidydtdifroaghi BRFreMer®ikcd G8 heheHpwily of
current to the LED afrays and hence |ight output during | ow voltage

oper at ireaclas tdrpamedt thé ifotxb@r(ﬂ%ﬂtg?es)foﬂleU hrialys DRadid®B,. ad 6R8Hh G
20 shows a practical exenplary detailed inplenentation of the proposed

ci r cui tFIshowAB. nABI Ge 1durrémt theughgurleD talmeayAD 2 38 naimenty souage G3 &
rectified signal. The voltage waveform across node A and B is shown in FIG
21. ThrivercaEMgato ay sthpeslodd avalugs eprefemably dowardthes! ttheeregilatBR aralag o i s
150V and forward voltage of both LED arrays D2 and D3 are 75V in the

i |1 ust rcarTens septesi e suurrenosourcens cisrlipabledens showmelnf Ko E9Ct Ldil3 iagtayr

M, resiftors R1 and R11, and Zener diode ZDl form a cyr.rent sour%e
(gener &0 [ egins ta sendragthroughreurentszairee G as V1 gets higher to the forward

voltage of D1, as shown in FIG. 19D.

[0086] It is preferable to set Vref to be slightly larger than the sum of forward
voltages of LED arrays D1 and D2. FIG. 19E shows the current path when V1 is
increased to Vref or above. In this case, switch S1 and current source G1 are set to
an open circuit condition by voltage comparator X1. Current flows through LED
array D1, diode Dbl (which prevents back directional current), LED array D2 and
current source G2. Further increasing V1 causes LED array D3 to conduct, as
shown in FIG. 19F. FIG. 19G shows the current path when the current through

LED array D3 is increased to trigger current source G2 to be in the open condition.

[0087] As would be understood by one of skill in the art, the switching sequence
shown in FIGS. 19A-19G 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 arrays D1 to D3 and current source G3 as shown in
FIG. 19G. As V1 is decreased the current through current source G3 starts to
decrease and to a point below the threshold value, current source G2 is enabled and

current begins to flow through current source G2, as shown in FIG. 19F. When V1
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WO 2012/ 019456PCT/ CN2011/ 071695 G1 in FIGS. 18 and 19) which drives LED
array Di. Resistors R4, R14 and transistor 4 forma voltage conparator
correspomaiprgiaodsd in FIGS. 18 and 19. Transistor M, PETIGRONN7RAS R12
and Zener diode ZD2 forma current source corresponding to transistor & in

FIGS. 18 and 19. Tranpsi stor , resi rs , R33, R13 ner diade ZD3
For m a CETHSRE 10k vaBL BRI B g OBy ar, Vel e SHANOLED B0 ko
the regtified kns voltage is transistors M .a e conducti ng
such ¢ o SER IR L Srie PPt SoRRSLTATITN RRAC RS B0 and D° 11
t he exenpl ary enbodi nent, when rectified mains voltage |evel is above
225VDC, transistor 4 turns off transistor M, transistor @ and in turn

transi Zbﬁﬁfiéﬁmﬁ?ﬁﬂﬁﬁ&rdﬁﬁ ChiRRy ere?%ﬁ&ﬁ@’lsaf?& ’cuﬂ?eng‘@gu{'& ditG

22 is shows arrays that are conducting during a half

AC cycl e j i HG <o
iIlTust raggtz e%&:gi&% ﬁé\scdcggglrc?'pt ?gﬁﬁgég\%&%llga@?ﬁg%&FPég > %%%ﬂ%l}é Bﬁ’uﬁgﬁﬁ he

peri od sglirdd T .t Rfrrdahy@hgRIEDfartRe B! 412D O 3 wPRIgula deiy alirdedt 8burce
greater than the reference voltage, & forward voltage string of serially

connect(edl. Fuptlwrrdeesedsing o heduse&fétﬁheﬂtm@TQa%B%uﬁ%nt Beurwl Gage dcreds to
vol tage supply continues to increase above the reference voltage, and which

i s shorzeemedWdeent the votreagehioeghneutrentsoliiceeG3I 13 déareasddisd raaponm, balbw
forward voltage string initially includes D1 and D2. As the voltage of the
vol t agdhe mlpmsgobcbpabm usreint sopresk(i2tikenpblaghrad shomtmage FiGr A, | Wehardyd
D -D3, and then, as the voltage of the voltage supply decreases, the |ength
of the 1§ slagigasedota hgdowt thenguns OIeMW@mdtwlgmge@na BED[ aveys 1a2 anddD3hown
in the diagram during a portion of each_period in which the voltage of the
vol t ag&USTEib| GAL anbyeflow thouzhy bFELhasay 2agad CUIFHTE ROUKFS G2 s AWHUGh

al | ofd;tlg ]t?% arrays D -D3, but this will occur in a parallel
confi gdrati'on)} WO 2012/ 019456PCT/ CN2011/ 071695 with one branch havi ng LED

array D1, and the other branch having LED arrays D2 and D3, as discussed
above with reference to FIGS. 19A-19G [0095] FIG 23 shows the current

Frs, 390800, ArcRh Rl el ¥ 008 I HN R Togrn B st ST IO "

The ACTIR IR, e pel DA ORUITLRE (TANFBLAE, RED, drdys HERRRER, &y BT 01

time i gh@lsidPnetinid'dhatt B VolalckCof tBe voltage supply is below Vref. This
provides an improvement in the supply of current to the LED arrays and hence
light output during low voltage operation as compared with the design of the first

embodiment.

[0090] FIG. 20 shows a practical exemplary detailed implementation of the
proposed circuit shown in FIG. 18. In the figure, the AC 230V mains voltage is a
rectified signal. The voltage waveform across node A and B is shown in FIG. 21.
Three LED arrays D1-D3 are used. The forward voltage of LED array D1 is 150V
and forward voltage of both LED arrays D2 and D3 are 75V in the illustrative

embodiment.

[0091] As can be seen in the figure, transistor M1, resistors R1 and R11, and

Zener diode ZD1 form a current source (generally corresponding to current source
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[0096] FIG 27 shows the input current waveform from AC nmai ns power source.
The power factor for the exenplary circuit is about 0.85. Throughout nost
of the hawb ixmassgcl e, the current is continuous whi chpomkeotie1@®sr cui t
suitable to work with triac dimrer. Efficiency of the illustrated exenplary
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waveformwi th the exenplary valley-fi circult. een that the
vol t agg gdoes 19ot go bel ow 150VDC because of presence of the energy storage
capacitors C1 and C in the valley-fill circuit. W

2012/ 019456PCT/ CN2011/ 071695 [0099] FIG 30 shows the current waveform of
LED array D1 using the valley-fill circuit. It is noted that because of the
val | ey{0092] dWiheui the theetifrede naains coattagmsisndowf ftrpesistods W IG aiRkll Qboase t he
current waveform of LED array D2, when the valley-fill circuit is used,
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efficiency of the circuit is kept at about 84% [00101] Although specific
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and the equival ents thereof.
as the voltage of the voltage supply continues to increase above the reference
voltage, and which is shortened as the voltage begins to decline. In the illustration,
the forward voltage string initially includes D1 and D2. As the voltage of the
voltage supply approaches its peak, the forward voltage string includes D1-D3, and
then, as the voltage of the voltage supply decreases, the length of the forward

voltage string is reduced to D1 and D2.
[0094] As also shown in the diagram, during a portion of each period in which the

voltage of the voltage supply is below the reference voltage, current will flow

through all of the LED arrays D1-D3, but this will occur in a parallel configuration,
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WO 2012/ 019456PCT/ CN2011/ 071695 CLAI M5 What is clained is: 1. An LED
array sw tching apparatus, conprising: a plurality of LED arrays
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cour co 10089 1E XL RS InE Rl RaBlornP R, LETS it} D1 AW AAIHRETE
LED arrays D2 and D3 are shown in FIGS. 24 and 25 respectively. FIG. 26 shows
the light output waveform of all the LED arrays. It should be noted the off time
during zero crossing of the AC mains voltage is shorter than that in FIG. 13. The

full light output time is also longer that that in FIG. 13.

[0096] FIG. 27 shows the input current waveform from AC mains power source.
The power factor for the exemplary circuit is about 0.85. Throughout most of the
half line cycle, the current is continuous which makes the circuit suitable to work

with triac dimmer. Efficiency of the illustrated exemplary circuit is about 84%.

[0097] An optional valley-fill passive power factor correction circuit can be added
to improve the power factor and remove the off period at the zero crossing
mentioned above. FIG. 28 shows an illustrative embodiment of an exemplary
valley-fill circuit, which in use could be used to connect to nodes A and B of FIG.
20. In operation, the rectified mains voltage charges the valley-fill capacitors
through the path C1, D5, R7 and C2. When the rectified mains voltage drops
below half of its peak value, C1 begins to discharge through D7 and C2 begins to
discharge through D6.

[0098] FIG. 29 shows the rectified mains voltage waveform with the exemplary
valley-fill circuit. It can be seen that the voltage does not go below 150VDC
because of presence of the energy storage capacitors C1 and C2 in the valley-fill

circuit.
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the controller, the at |east one switch and current sources cooperating

t oget her such that: when the voltage of the voltage source is bel ow
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fill circuit. FIG. 33 shows the light output waveform of all of the LED arrays. It
should be noted by virtue of the valley-fill circuit, there is no off period in the light

output.

[00100] FIG. 34 shows the input current waveform from AC mains power supply
using the exemplary valley-fill circuit. The power factor is improved to 0.9, while

the efficiency of the circuit is kept at about 84%.

[00101] 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 application is intended to cover any adaptations or variations of
the specific embodiments discussed herein. Therefore, it is intended that this

invention be limited only by the claims and the equivalents thereof.
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CLAIMS

What is claimed is:

1. An LED array switching apparatus, comprising:

a plurality of LED arrays arranged in a serial path, each LED array having a
forward voltage;

a voltage supply coupled to the plurality of LED arrays;

a plurality of current sources selectively coupled to the LED arrays, each of the
current sources being switchable between a current regulating state and an open state; and

a controller that outputs at least one control signal generated based on at least one
of: (a) at least one comparison between the voltage of the voltage supply and at least one
reference voltage, and (b) currents through one or more of the current sources, the control
signals controlling the turning on and off of at least one switch and a current source
associated with the at least one switch,

the controller, the at least one switch and current sources cooperating together
such that:

when the voltage of the voltage source is below the at least one reference voltage,
and/or when a predetermined level of current passes through the one or more current
sources, at least one switch is closed and one or more associated current sources are
controlled so as to break the serial path into one or more parallel paths each including less
than all of the LED arrays, wherein the LED arrays in the one or more parallel paths are
on,

wherein each current source comprises:

a first transistor having a gate, a drain, and a source, wherein the drain of the first
transistor is coupled to its respective LED array;

a second transistor having a base, collector, and emitter, wherein the base is
coupled to the source of the first transistor, the collector is coupled to the gate of the first
transistor, and the emitter is coupled to ground; and

a zener diode coupled between the collector and emitter of the second transistor.
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2. The LED array switching apparatus according to claim 1, wherein for at least a
portion of time during which the voltage of the voltage supply is below at least one
reference voltage, the one or more parallel paths comprise a plurality of parallel paths
each including at least one of the LED arrays, the plurality of parallel paths supplying
current to all of the LED arrays.

3. The LED array switching apparatus according to claim 1, further comprising:

at least one diode arranged in the serial path of the LED arrays intermediate
between a first group of LED arrays and a second group of LED arrays; and

a switchable parallel current path that connects the voltage supply to a point in the
serial path between the diode and the second group of LED arrays,

the at least one diode preventing current from the parallel current path from

flowing in the direction of the first group of LED arrays.

4. The LED array switching apparatus according to claim 3, wherein the number of
LED arrays in the first group of LED arrays is equal to the number of LED arrays in the

second group of LED arrays.

5. The LED array switching apparatus according to claim 3, wherein a plurality of
parallel paths supplies current to all of the LED arrays when the voltage of the voltage
source is higher than the forward voltage of both of the first or second group of LED

arrays, but is less than the at least one reference voltage.

6. The LED array switching apparatus according to claim 1, wherein the voltage
source is a rectified AC voltage, the switching apparatus further comprising: valley-fill
circuitry configured to prevent occurrence of any off period of light output at a zero

crossing portion of the AC voltage.
7. The LED array switching apparatus according to claim 6, wherein the valley-fill

circuitry includes at least one energy storage capacitor that discharges when the rectified

AC voltage drops below half its peak value to prevent any off period of the light output.
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8. The LED array switching apparatus according to claim 1, wherein at least one of

the plurality of LED arrays comprises a plurality of LEDs.

9. The LED array switching apparatus according to claim 8, wherein the plurality of
LEDs forming the at least one of the plurality of LED arrays are arranged in parallel.

10.  The LED array switching apparatus according to claim 1, wherein the controller

comprises one or more voltage comparators.

11.  The LED array switching apparatus according to claim 1, wherein the controller

comprises a microcontroller.

12. The LED array switching apparatus according to claim 11, wherein the
microcontroller is configured to detect a fault in an LED array and modify a switching

sequence to exclude the faulted LED array.

13.  The LED array switching apparatus according to claim 1, wherein the at least one
reference voltage is a plurality of reference voltages, and the at least one switch is a
plurality of switches, and each of the plurality of reference voltages corresponds with a

respective one of the switches.

14.  An LED array switching apparatus, comprising:

a plurality of LED arrays arranged in a serial path, each LED array having a
forward voltage;

a voltage supply coupled to the plurality of LED arrays;

a voltage comparator that compares the voltage of the voltage supply with a
reference voltage and controls a switch to turn off when the voltage of the voltage supply
is greater than or equal to the reference voltage; and

a plurality of current sources selectively coupled to the LED arrays each of the

current sources is switchable between a current regulating state and an open state,
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the voltage comparator, the switch and current sources cooperating together such
that:

(a) when the voltage of the voltage source is below the reference voltage, the
switch is closed and the current sources are controlled so as to break the serial path into
one or more parallel paths each including less than all of the LED arrays, and

(b) when the voltage of the voltage supply is greater than or equal to the reference
voltage, as the voltage of the voltage supply increases, LED arrays are switched on and lit
to form a higher forward voltage LED string, and as the voltage of the voltage supply
decreases, LED arrays are switched off and removed from the LED string starting with
the most recently lit array,

wherein, wherein each current source comprises:

a first transistor having a gate, a drain, and a source, wherein the drain of the first
transistor is coupled to its respective LED array;

a second transistor having a base, collector, and emitter, wherein the base is
coupled to the source of the first transistor, the collector is coupled to the gate of the first
transistor, and the emitter is coupled to ground; and

a zener diode coupled between the collector and emitter of the second transistor.

15.  The LED array switching apparatus according to claim 14, wherein for at least a
portion of time during which the voltage of the voltage supply is below the reference
voltage, the one or more parallel paths comprise a plurality of parallel paths each
including at least one of the LED arrays, the plurality of parallel paths supplying current
to all of the LED arrays.

16.  The LED array switching apparatus according to claim 14, further comprising:

a diode arranged in the series path of the LED arrays intermediate between a first
group of LED arrays and a second group of LED arrays; and

a switchable parallel current path that connects the voltage supply to a point in the
series path between the diode and the second group of LED arrays,

the diode preventing current from the parallel current path from flowing in the

direction of the first group of LED arrays.
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17.  The LED array switching apparatus according to claim 16, wherein the number of
LED arrays in the first group of LED arrays is equal to the number of LED arrays in the
second group of LED arrays.

18.  The LED array switching apparatus according to claim 16, wherein a plurality of
parallel paths supplies current to all of the LED arrays when the voltage of the voltage
source is higher than the forward voltage of both of the first or second group of LED

arrays, but is less than the reference voltage.

19.  The LED array switching apparatus according to claim 14, wherein the voltage
source is a rectified AC voltage, the switching apparatus further comprising:
valley-fill circuitry configured to prevent occurrence of any off period of light

output at a zero crossing portion of the AC voltage.

20.  The LED array switching apparatus according to claim 19, wherein the valley-fill
circuitry includes at least one energy storage capacitor that discharges when the rectified

AC voltage drops below half its peak value to prevent any off period of the light output.
21.  The LED array switching apparatus according to claim 16, wherein the sum of the
forward voltages of LED arrays in the first group of LED arrays is approximately equal to

sum of the forward voltages of the LED arrays in the second group of LED arrays.

22.  The LED array switching apparatus according to claim 14, wherein at least one of

the plurality of LED arrays comprises a plurality of LEDs.

23.  The LED array switching apparatus according to claim 22, wherein the plurality
of LEDs forming the at least one of the plurality of LED arrays are arranged in parallel.
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