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FOR LED CROSS- REFERENCE TO RELATED APPLI CATI ON [ 0001] This application

cl ai ms prwonptiyist@ecU. S. Provi si onal Patent Application RoT/(GRIB329485,
filed May 7, 2010, which is hereby incorporated by reference. BACKGROUND OF
THE | NVENTI ON [ 0002] The present invention relates to apparatuses and

nmet hods for supplying power to LEDs. [0003] FIG 1 shows a typical
schematic of a conventional power-factor-corrected (PFC) flyback converter

1 for driving I '"HHA@TUIMMA%'LQ@%WE%U)PPE*?@UW FORATEP rcuit 1 has

advant ages of a | ow nunber of conponents, hi gh power factor, a constant
average output current to the LEDs, and a small transforner size. In the
PFC dr CROSS-REFEREN&GE iIf(DLREEIAa’EED ARREOEE AANIAN power supply 2 coupl ed
to an EM filter stage conprised of an inductor and two capacitors. The
input AC signal is then full wave rectified by the diode bridge rectifier

6, V\hlcho%rodgces a.full W?ve rectified sjignal for input to the transforner
stage H000lcThix popligatiome f%lffbﬁnﬁ’f]@ﬂ‘ﬁértospage Pgoyigionad gitento AppdicpHppsNow t h

capaci A2 Y R MaNoE A0, Wtch e YRy e SRRy S iEhge 1 s very

close to a rectified sinusoidal wave. A PFC controller 10 is used in this
circuit to adjust the input current so that the average input current

foll O\NBACK@%WUIN]BL@ VPRI VERTICNE controller 10 regul ates the out put

current to e LEDs e power MOSFET 12 turns on and off to control
application of the voltage in the transfornmer stage 8 to the LED(Ss).

[0002] The present invention relates to apparatuses and methods for supplying power

to LEDs.

[0003] FIG. 1 shows a typical schematic of a conventional power-factor-corrected
(PFC) flyback converter 1 for driving light emitting diodes (“LEDs”). The PFC
driver circuit 1 has advantages of a low number of components, a high power factor, a
constant average output current to the LEDs, and a small transformer size. In the PFC
driver circuit 1, an input stage includes an AC power supply 2 coupled to an EMI
filter stage comprised of an inductor and two capacitors. The input AC signal is then
full wave rectified by the diode bridge rectifier 6, which produces a full wave rectified
signal for input to the transformer stage 8. The output of the transformer stage 8§ is

output to the LED(s) with a voltage level Vout.

[0004] In this type of converter, the input capacitance, CIN, is chosen to be small so
that the input voltage is very close to a rectified sinusoidal wave. A PFC controller 10
is used in this circuit to adjust the input current so that the average input current
follows from the input voltage. The PFC controller 10 regulates the output current to
the LEDs. The power MOSFET 12 turns on and off to control application of the
voltage in the transformer stage 8 to the LED(s).



WO 2011/ 137646PCT/ CN2010/ 079474 [ 0005] The feedback control 1 oop provided
back to the PFC controller 10 by Current and voltage conparator 14 has a
narrow bawowdii37ee that it is not affected by the doublPeTuN2biotoz9474 equency
ripple that appears at the LEDs. Table 1 shows the description of pin
functions of a typical PFC controller, such as an L6562AT from
STM croel ectronics. See http
-/ /wwv. st.conf stonline/products/literature/ds/15310. pdf, which is
i ncorporated by reference herein. The internal structure of this known chip
Is showmn in FIG 2. Table 1. Pin description Nanme Description |INV Inverting
i nput ¢go00s)eTaerfeedlbagk citesl lodpepriovidedraacloto die PRE ootpoller d) hyg€undent he
PFC pre-regulator is fed into this pin through a resistor divider. COW

and voltage comparator 14 has a narrow bandwidth so that it is not affected by the

double-utility-frequency ripple that appears at the LEDs. Table 1 shows the
description of pin functions of a typical PFC controller, such as an L6562AT from
STMicroelectronics. See http://www.st.com/stonline/products/literature/ds/15310.pdf,
which is incorporated by reference herein. The internal structure of this known chip
is shown in FIG. 2.

Table 1. Pin description

Name | Description

INV Inverting input of the error amplifier. The information on the output
voltage of the PFC pre-regulator is fed into this pin through a

resistor divider.

COMP | Output of the error amplifier. A compensation network is placed
between this pin and INV to achieve stability of the voltage control

loop and ensure high power factor.

MULT | Main input to the multiplier. This pin is connected to the rectified
mains voltage via a resistor divider and provides the sinusoidal

reference to the current loop.

CS Input to the pulse width modulation (PWM) comparator. The current
flowing in the MOSFET is sensed through a resistor, the resulting
voltage is applied to this pin and compared with an internal
sinusoidal-shaped reference, generated by the multiplier, to

determine MOSFET turn-off.

ZCD | Transformer’s demagnetization sensing input for transition-mode

operation. A negative-going edge triggers MOSFET turn-on.




Qut put of the error anplifier. A conpensation network is placed between
this pin and INV to achieve stability of the voltage control |oop and
ensure hiwb 2povsresbact or. MIULT Main input to the nulti pPCEBCN2TTEI4TIEN |S
connected to the rectified nains voltage via a resistor divider and
provi des the sinusoidal reference to the current loop. CS Input to the
pul se wi dth nodul ati on (PW) conparator. The current flowng in the MOSFET
is sensed through a resistor, the resulting voltage is applied to this pin
and comyar ed| WhkbadndtRELH ut%“bl”&ﬁ@iﬂ%aﬂr)o%ﬁmsmr ence, generated by the
multiplier, o determne FET turn-off. ZCD Transforner's denagneti zation
ﬁ/%g |S: iz_w Q/tdcnpu | Shpplyt velesdd dObotinte sd@erlataroot ths Ieagad ithe ggri digvadge) triggers
ur n- on.

[0006] It is often desired to have a dimming function in supplying power for lighting
apparatuses. One commonly used dimmer is the well-known triac dimmer. However,
the conventional driving circuit shown in FIG. 1 has several problems that arise when
used in conjunction with a triac dimmer to provide a dimming function when driving

LEDs.

[0007] A triac dimmer reduces its load power by chopping the load voltage that
drives the current to the load during each half-cycle. FIG. 3 shows the load voltage
waveform of triac dimmers driving incandescent lamp loads as used in a circuit such
as the one shown in FIG. 1. A triac dimmer works very well for resistive loads such

as incandescent lamps, but it breaks down for other types of loads.

[0008] For example, if the load supplied by a triac dimmer are switch mode power
supplies driving LEDs, the sharply increasing input voltage that occurs when the triac
fires at each half cycle leads to the occurrence of current ringing that reverses several
times during the half cycle and causes the triac to turn off. The triac will then be
triggered to turn on again by the varying input voltage, leading to flicker in the LED.
FIG. 4 is a waveform showing the current ringing that occurs in the current at the
output of the triac dimmer when a triac dimmer is used to drive a PFC power supply
such as the one shown in FIG. 1. The ringing occurs at all firing angles, and is worst
at 90 degrees. In FIG. 4, the scale in the figure is 0.25A/division vertically, and
250us/division horizontally.



WO 2011/ 137646PCT/ CN2010/ 079474 GDThe gate driver output for driving power
MOSFET. VccSupply voltage of both the signal part of the IC and the gate
driver. [WOQ6]1/13t646s often desired to have a di nm ng fumRCTiaN0ivd784Ippl yi ng
power for lighting apparatuses. One conmmonly used dimer is the well-known
triac di nrer. However, the conventional driving circuit shown in FIG 1 has
several problens that arise when used in conjunction with a triac dimrer to
provi de a dimmng function when driving LEDs. [0007] A triac di mer reduces

its | opsbasawei thys ebefpIRGidM)ewheadheolimarRriNatiadris iest bhe therPROt péWet he
| oad during each half-cycle. FIG 3 shows the | oad vol tage wavef orm of

triac duppisrdoa not digyw nograesagrind tepinpoadsipadansedf itie foad becvmes wehy as
the one shown in FIG 1. Atriac dimrer works very well for resistive | oads
such abigmcafdkeighemputaimppeddnge taudesethesidemal {RE tinbeg cypes off theodidac

[ 0008] [For exanple,. if the |oad supplied by a.triac dimer are sw tch node
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again by the varying input voltage, leading to flicker in the LED. FIG 4
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out put “of the trrac di mer nmrer 1s used to drive power
suppl yitsliCheing @S 8NeMe ditnmnbl thht idhghe VOBARY aBERYrSirdin HIG. fi.riAg
angles, and is worst at 90 degrees. In FIG 4, the scale in the figure is
0. 25A/ dhowai mnFI@r bi ¢ed lyw eolth @5ppERdbY ithe anltage iwaovndfabinydiffed® from one
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cycle to the next cycle. In FIG. 5, the scale is 50V per division in the vertical axis,

and 5ms per division in the horizontal axis.

[0011] As shown in FIG. 1, power is provided to the PFC controller 10 via terminal
Vee. If a triac dimmer were to be used with the driver circuit 1, when the triac
dimmer is set to a dimmed position, this would result in a reduced average input
voltage being applied to the PFC controller 10, causing a relatively slow startup of the
PFC controller 10, or may even result in the PFC controller being unable to startup.
FIG. 6 is a Vcc voltage waveform of a PFC power supply during startup that shows
the instability of voltage supplied to the PFC controller during startup in the half cycle,
when the triac dimmer is dimmed. In FIG. 6, the scale is 5V per division in the

vertical axis, and 500ms per division in the horizontal axis.

[0012] Since the efficiency of LEDs is higher than an incandescent lamp, at a given
setting of a triac dimmer, the LEDs always appears brighter than an incandescent

lamp.



[0009] In this configuration, when the dimmer's triac is not on, the PFC
power supply does not draw any current and the input inpedance of the | oad
beconmes weoyohighe46 A hi gh i nput i npedance causes the i nPeT20RD7947a1 ng
circuit of the triac dinmrer to work inproperly, leading to a different
firing angle for each ACline cycle. This problemal so occurs at all firing
angles. [0010] FIG 5 shows the rectified input voltage waveform of PFC
power supply when it is being driven by a triac dimer, that is, the

vol t ageoR] OFfnaly! al thiak!fequikes ASsmedigyini Holfide clreht) @ypiewily S0t RUSO PRAL k®N

of the voltage waveformdiffers fromone cycle to the next cycle. In FIG

5, thesmyabredusingQie patirehulfsiyete.i f ¢ureentefiatls balowoths hokid gSiursempdevel, or
division in the horizontal a_xis.'{0011] As shown in FIG 1, gowe_r i's

provi défothecurnentregerseat theltriac vl trira afér di madentemaiiitain the belddhgesrrener e
to be used with the driver circuit 1, when the triac dimrer is set, to a
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i mred. I'n Fl , the scale is 5V per ' division 1n the vertical axis, and

500ms pefs, dhdisshPpPert dividienhirthe Abfiabn@tiaxis. [ 0012] Since the efficiency of
LEDs is higher than an i ncandescent |anp, at a given setting of a triac
di mer, the LEDs al ways appears brighter than an incandescent |anp. WO
2011/ 137646PCT/ CN2010/ 079474 [0013] Finally, a triac requires a m ni mum
hol di n{0Q4dr Ehus, thaecial aynexal for S0P, poavest syppdy dineuibghahds efesignednés f
cycle. If current falls below the holding current level, or if the current
r ever s&anctigiecerrpelly with atripg dammen to pricyent FIpSH. MTaYFNttIREORYSENAHRINEs ent
when the out ut fuhlrent i s, dj,nmed do at | ow conducti.on a Iesf a m niddrum
| oadi ng?s ar%c? SRR PrOR e eptmE gyBMme 2 i3 BRJREAIROER! [P #idic
di nmrer ! 0 . ified input voltage is not stable and causes
t he LE%&eﬁtﬂag@&%@t (gﬁ\%‘%@ﬁléﬁm setting of the triac dinmer. In FIG 7, the
scale is 50V per division in the vertical axis, and 5ns per division in the
hori zontal axis. [0014] Thus, there is a need for a PFC power supply
Circui BRIEF SSVEVRARYEOE THEMNVENTRONSCtly with a triac dimrer to
prevent ringing, prevent inconsistent timng, have a fast startup, provide
the sane dimmng profile as an incandescent |anp, and prevent flashing at
di m settings.

[0015] In consideration of the above, in accordance with a first aspect of the present

invention, a power-factor-corrected power supply adapted to supply power to one or
more light emitting diodes (LEDs), comprises: a triac dimmer electrically connected
between an alternating current source and a bridge rectifier; a damping circuit
electrically connected between the alternating current source and the bridge rectifier;
a bleeder circuit configured to conduct current between a supply terminal of the
bridge rectifier and ground only when a triac in the triac dimmer is not conducting
current; a fast startup circuit configured to conduct current between the supply
terminal of the bridge rectifier and a voltage supply terminal of a power-factor-
corrected controller when the triac dimmer is initially turned on until a supply voltage

capacitor coupled to the voltage supply terminal of the power-factor-corrected



BRI EF SUMVARY OF THE | NVENTI ON [ 0015] In consideration of the above, in
accordance with a first aspect of the present invention, a

power - f acwonetiosr&ect ed power supply adapted to supply p@GECN20106YI2470r nOr €
light emtting diodes (LEDs), conprises: a triac dinmer electrically
connected between an alternating current source and a bridge rectifier; a
danping circuit electrically connected between the alternating current
source and the bridge rectifier; a bleeder circuit configured to conduct
currentofgblieehad chdPRd 4 diminfiak Abpé nkfdldgrdieebhfibgfed s rédiensd @ty
when a triac in the triac dinmrer is not conducting current; a fast startup
ci r cui vottapét isgnseetat @ ctoretht sensingrtenmitdtotethe pdweestppoy-corcoicdatomfolidre
bridge rectifier and a voltage supply term nal of a power-factorcorrected
cont r obtieh thehenradueed ranaeunti oneurrest issiupphiedyotthe vad anmone ILEI)s supgiyen
vol t age, capacitor coupled to the vol.tage supply term nal of the

power - fEEYOM S Meras tﬁwﬁ@b y@ft@gq as sETTAaNa Yo 0d ZouacricHevang dhropeh a
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or e LeEiis) S e e ROFETRICRIM 8o SUILEDIlferf PP A E Bk obliPafEF O

represg gidvg tgfn&l Syrrent flow ng through a primary w nding of a flyback
transforner; and a dunmy load circuit provided in parallel with the one or

nore LEDs to draw a holding current for the triac only after the triac is
turned on. [0016] In another aspect, the danping circuit conprises a

resi st {0016] 00 Zhother aswédictheadapaping ¢ircuibtergeisesarresistorconpri ses a bl eeder
circuit transistor and a bypass resistor, the bleeder circuit being
configured such that current passes through the bypass resistor when the
rectified input voltage assocjated wth the bridge rectifjer,is low [0018]
In anol®¥7] aﬁpéeether ePecistheshlgedemcryit gpmprises wdlseder alkeuis teansigtor and

Supp y SCOPRFMESIT e tleshir i Bane it et B Sk s < Brintipattie §8Fustye
SuPD!Y NOLLARS (ESRAGT LR, LFRENRRIAY MR To1BE RSt RRNAL frlfle felRfcr
is low.

[0018] In another aspect, the fast startup circuit includes a fast startup transistor that
conducts an additional startup current to the voltage supply terminal of the power-
factor-corrected controller until the voltage supply voltage capacitor reaches a proper

operating threshold for the power-factor-corrected controller.
[0019] In another aspect, the dimming slope control circuit includes a primary current
sense resistor, the dimming slope control circuit being configured to sense an

averaged input voltage and attenuate a current sense voltage linearly.

[0020] In another aspect, the averaged input voltage is produced by an RC network.



[0019] In another aspect, the dimmng slope control circuit includes a
primary current sense resistor, the dimmng slope control circuit being
confi gur edlot2011sBME6 an aver aged i nput vol tage and attenkarEnN20m79Eemt sense
voltage linearly. [0020] In another aspect, the averaged input voltage is
produced by an RC network. WO 2011/137646PCT/ CN2010/ 079474 [0021] In

anot her aspect, the dimm ng slope control circuit nakes the slope of a

di mming curve of the triac dimer steeper, such that a reduced anmount of

curr enf{o08 ] SHPRinbBtbrt Sspcke e dhnimbeslb difffolaci@t i€ Mhkéd Mt AP oFfa t he
triac dinmmér. [0022] In another aspecCt, the dumry |load circuit conprises a

dummy Heoadchingsiwstverofithe saat eiman¢thstaegansuchlithatea reductl pmevanvs cubend ugmy

| oad resistor fromconducting current during startup of the

power - sapplizd totheeeneedr pwweLBppoya givopBiingmngioohéhe trsgedimmehe danpi ng

circuit conprises first and second danping bl ocks, arranged in parallel to

one anot her between the alternating current source and the bridge

Fur el 0821 Gaaeneh ogRror file GEERY 10 e ZPRGER 4 fETy HFresHBP Y
pover - {aGLo (ﬁiﬁloﬁrfe‘ffe?%i&?&’e&zh%ﬁ) Blfé’\lents the dummy load resistor from conducting

current during startup of the power-factor-corrected power supply.

[0023] In another aspect, the damping circuit comprises first and second damping
blocks, arranged in parallel to one another between the alternating current source and

the bridge rectifier.

[0024] In another aspect, power-factor-corrected power supply further comprises an

EMI filter at an input stage of the power-factor-corrected power supply.

[0025] In accordance with a second aspect of the present invention, a method of
supplying power to one or more light emitting diodes (LEDs) using a power-factor-
corrected power supply that has: a triac dimmer electrically connected between an
alternating current source and a bridge rectifier, a power-factor-corrected controller
that controls the power factor of power supplied to the one or more LEDs is provided.
The method comprises: damping, by a damping circuit electrically connected
between the alternating current source and the bridge rectifier, current ringing at the
output of the triac dimmer; controlling, by a bleeder circuit provided between a
supply terminal of the bridge rectifier and ground, so that current flows between the
supply terminal of the bridge rectifier and ground only when a triac in the triac
dimmer is not conducting current; controlling, by a fast startup circuit provided

between the supply terminal of the bridge rectifier and a voltage supply terminal of



[ 0025] In accordance with a second aspect of the present invention, a

nmet hod of supplying power to one or nore light emtting diodes (LEDs) using
a power - fwotoriesresect ed power supply that has: a triac @cwmaNomleesnically
connected between an alternating current source and a bridge rectifier, a
power -factor-corrected controller that controls the power factor of power
supplied to the one or nore LEDs is provided. The nethod conpri ses:

danping, by a danping circuit electrically connected between the

al t er ngid pewerThGok-copteceR] anstroer, BbitHaecl®eht &i @nduetdd B&twden@engpply t he
output of the triac dimer; controlling, by a bleeder circuit provided

bet weeteraniaabpf yhe¢ dridgeatecoifict mdotliedgeltage supplr teandngl ofitiss peoverifattor-
current flows between the supply termnal of the bridge rectifier and

gr ound corriegtednamteoliarivaken tha treact dinmedisirstially twotedcomdutil asypply vehage
controlling, by a fast startup circuit, provi ded between the supply term nal
of theChPIQlE revpledi dp Hied wltaget agaplé/uﬁﬁlrrpmagrﬁf e gpwopdactor-corrected
2011/ 13764GﬁCTi?CNZ 10/ 079474 1 he Rowe .-factor- corre(%t(ﬁd .conhroIfJ er, fto t hat
cur r enfOPEOUEh e CHAT RS isdHo e DY A ARIIEIORE At eCIr il Tiralhpipgs

and th |t age 1 .nal.  of f ct trokler
anen ¢ Rl B2 aRERt rsF N Rin Plot B BEE RGP A eGSR IR B o
capaci L gl 4GesP gt %ﬂ“@m‘f@hf Eupﬂﬂﬁ)&i ¥%ttﬁé rHél@aJ)r @io&hEEDs at a d(giiven ﬁring
power-tactor-corrected controller ‘has charged; reducing, by a dinmng s
cont r ohngler 6fithe tRiakl Welieréhl tROFISERBAA g isareptEscaithti v 1 DL ulrRIT Nedvids
the power-factor-corrected controller, such that a reduced anount of

cur r enthrosighupptineayt windieg afea fhyback eérdusbsrmadr; andi dawihgzy bpa doginey dbad he
triac, wherein the first voltage is representative of a current flow ng

t hr oughirgugrprasirdedwinnpinatiebivith theydiag Rr meneslE BPsea hoddis gdewwendgfor e driawmmy
|l oad circuit provided in parallel with the one or nore LEDs, a hol ding

cur r enefopitehhet triagds §umedster the triac is turned on. [0026] In anot her
aspect, the bleeder circuit conprises a bleeder circuit transistor and a
bypass resistor, and the controlling by the bleeder circuit controls such

vor 1 agiSERTo L RRRRhE b PRalEPFESy | PRI Res RReafhth gl

aspect i I%ﬁig%s% 3§%iﬁt% ahh ¥ Rné bbhittbilin %‘ggﬁﬁ@%@ed&%ﬁé}iﬁ&&ﬂﬂ?okr | P ufiedt t e

contro e fTast startup ci controls so as to conducts an
addi t i pagdesshasighpthe YRRt redstorevivél Hroeectifiel phekoltage afodidted with the
power -tactor-corrected controller until the voltage supply voltage
capaci bokgeeactifier & Ipmaper operating threshold for the

power -factor-corrected controller. [0028] In another aspect, the dimm ng
sl ope control circuit includes a primary current sense resistor, and the
reduci ng step further conprises sensing.an, averaged input voltage, and
attenu 5(?(}27@ ﬁ1 @gpﬂ)@ﬁtasg@gg ghe, Htagartyp %ggmt?mc{u es a fasF‘g startup tra%sistor and

the controlling by the fast startup circuit controls so as to conducts an additional

ope

startup current to the voltage supply terminal of the power-factor-corrected controller
until the voltage supply voltage capacitor reaches a proper operating threshold for the

power-factor-corrected controller.

[0028] In another aspect, the dimming slope control circuit includes a primary current
sense resistor, and the reducing step further comprises sensing an averaged input

voltage and attenuating a current sense voltage linearly.



WO 2011/ 137646PCT/ CN2010/ 079474 [0029] In anot her aspect, the reducing step
makes the slope of a dimmng curve of the triac di mer steeper, such that a
reduced awountl/Bfessurrent is supplied to the one or nor @CILEDR0f0dN79E4gi ven
firing angle of the triac dimrer. [0030] In another aspect, the dummy | oad
circuit conprises a dumy |load resistor in series with a zener diode, and
the drawi ng step further conprises preventing the dumy | oad resistor from
conducting current during startup of the power-factorcorrected power

suppl y[od¥sh Efn BESiERE BIpEN T rEibcilMENGRUQABA s Idpeof b dihnBsind @irl@of the

illustration purposes only and are not necessarily drawn to scale. The

i nvent traac dimaldr, stéepeeysuch they dorstucbd amolitss ooukrbyt isefuppdiedetot thet dree or
detail ed description which follows when taken in conjunction with the
acconpamyiedgEDs doir agavém fwminigeangle 0d3¢ tfaclimmies. a di agr am showi ng a
conventional power-factor-converter (PFC) for driving LEDs; [0033] FIG 2
is a diagram show ng the internal conponents of a known PFC controller;

00341 f) T NG BshSA b A0Sy YENPLRLI onortecs B adhiF ot 58eH o0
series with a zener diode, and the drawing step further comprises preventing the
dummy load resistor from conducting current during startup of the power-factor-

corrected power supply.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] 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:

[0032] FIG. 1 is a diagram showing a conventional power-factor-converter (PFC) for

driving LEDs;

[0033] FIG. 2 is a diagram showing the internal components of a known PFC

controller;

[0034] FIG. 3 shows a load voltage waveform of a triac dimmer at 90 degree firing

angle;

[0035] FIG. 4 shows input current ringing in a conventional PFC LED power supply;



[0035] FIG 4 shows input current ringing in a conventional PFC LED power
supply; WO 2011/ 137646PCT/ CN2010/ 079474 [0036] FIG 5 shows a rectified

i nput volwagelvmvabor m of a conventional PFC power LED ®OpaIN208V009%7Mg

i nconsi stent | ow voltages; [0037] FIG 6 shows a Vcc vol tage waveform of a
conventional PFC LED power supply during startup; [0038] FIG 7 shows a
rectified input voltage waveformw t hout dumry | oad at a dimsetting;
[0039] FIG 8 is a schematic diagram of a di nmable PFC LED power supply in

accor deguas] W i@, 8”RhasRestectifiddimpt €8RALe WiMeTbHA DT d &AAhtioh@ PECS ra
danmper circuit for use in a dimable PFC LED power supply in accordance

wi t h aih. B3 papplyoshdaviie gninesrsistenniewtiodtages;

[0037] FIG. 6 shows a Vcc voltage waveform of a conventional PFC LED power

supply during startup;

[0038] FIG. 7 shows a rectified input voltage waveform without dummy load at a

dim setting;

[0039] FIG. 8 is a schematic diagram of a dimmable PFC LED power supply in

accordance with an aspect of the present invention;

[0040] FIG. 9 shows a damper circuit for use in a dimmable PFC LED power supply

in accordance with an aspect of the present invention;

[0041] FIG. 10 shows a current waveform damped in accordance with a dimmable

PFC LED power supply in accordance with an aspect of the present invention;

[0042] FIGS. 11A-11C show alternate ways of configuring a damper block at the
input of the dimmable PFC LED power supply in accordance with an aspect of the

present invention;
[0043] FIG. 12 is a schematic diagram of an alternative LRC damper circuit for use at

an input of a dimmable PFC LED power supply in accordance with an aspect of the

present invention;
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[0041] FIG 10 shows a current waveform danped in accordance with a

di mmabl e PFC LED power supply in accordance with an aspect of the present

i nvent i orwO[20043764F1 GS. 11A-11C show al ternate ways of eomfdNgoroioige7a danper
bl ock at the input of the di nmable PFC LED power supply in accordance with
an aspect of the present invention; [0043] FIG 12 is a schematic di agram
of an alternative LRC danper circuit for use at an input of a di mmable PFC
LED power supply in accordance with an aspect of the present invention;, WD

2011/ 1?(7@419%1@0}180%03{ QTP ath LPQABlectbBcikdit fordust a0haMmPht R @RfRTable

circuit for use at an input of a dimmable PFC LED power supply in

accor dR€eL WD poarr 3appbt inodcdondanpreewéthtan sspeot bbthe pfB4h] invetiohd shows a
rectified i nput voltage waveform of a di mmabl e power supply di mmabl e PFC
LED power supply in accordance with an aspect of the present invention;
[0046] FIG. 15 is a schematic diagramof a fast startup cirguit for use in
a di mi45]1PEES HY sbows 8 uisstilienbuk oy gt Wi YHoHR af e dimsnallaeppwes ent

I nvent Isggﬁly dimmable PFC LED power supply in accordance with an aspect of the present

invention;

[0046] FIG. 15 is a schematic diagram of a fast startup circuit for use in a dimmable

PFC LED power supply in accordance with an aspect of the present invention;

[0047] FIG. 16 is a Vce voltage waveform of a dimmable PFC power supply when
the fast startup circuit of FIG. 15 is employed;

[0048] FIG. 17 is a schematic diagram of a dimming slope control circuit for use in a
dimmable PFC LED power supply in accordance with an aspect of the present

invention;

[0049] FIG. 18 shows dimming curves showing a comparison with and without the

dimming control circuit;
[0050] FIG. 19 is a schematic diagram of an exemplary dummy load circuit for use in
a dimmable PFC LED power supply in accordance with an aspect of the present

invention;

[0051] FIG. 20 shows a rectified input voltage waveform with the dummy load; and
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[0047] FIG 16 is a Vcc voltage waveform of a di nmabl e PFC power supply
when the fast startup circuit of FIG 15 is enployed; [0048] FIG 17 is a
schemat i cwoi2agriane46f a di nmi ng sl ope control circuit foPCHAN2010/6943i mabl e
PFC LED power supply in accordance with an aspect of the present invention;
[0049] FIG 18 shows di mm ng curves showi ng a conparison with and w thout
the dimmng control circuit; [0050] FIG 19 is a schematic diagram of an
exenplary dunmy load circuit for use in a di mable PFC LED power supply in

accor dpauB2] W@, an, JsPef tanethdrheerbioasenthel ARy Rind <E1%lﬁﬂn Eb&)rd%ﬁcé Repp a
rectified |nput vol tage waveformwi th the dummy |oad; and

2011/ 131 G4pETTO AN P B¢ IventidiN52] FI G 21, shown anot her verS|on of the
dummy load circuit in accordance with an aspect of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0053] In accordance with preferred embodiments of the present invention, additional
components are added to a PFC LED power supply to improve performance, in
particular with regard to the problems of the conventional power supply discussed
above. For example, as shown in FIG. 8, the dimmable PFC LED power supply 100
in accordance with an embodiment of the present invention includes, in one aspect,
the same elements as shown in FIG. 1, plus additional components. In order to work
with a triac dimmer 103, these additional components, namely a damper 116, a
bleeder circuit 118, a fast startup circuit 120, a dimming slope control 122, and a

dummy load 124, are added to PFC flyback power supply, as shown in FIG. 8.

[0054] The dimmable power supply 100 in accordance with aspects of the present
invention can provide deeper dimming, reduced or no flickering, quick startup even at
low dimming level, compatibility with leading/trailing edge dimmers, and similar
dimming characteristics of an incandescent lamp. The additional circuits are designed

to tackle problems caused by triac dimmers and to improve dimming performance.
[0055] Ringing

[0056] To overcome the ringing problem discussed above, in accordance with an
aspect of the present invention, a damper block 116 is added to damp the ringing.

FIG. 9 shows an exemplary circuit implementation of the damper block 116. In

accordance with this embodiment, the damper consists of a resistor with value
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0053] I n accordance with preferred
enbodi nents of the present invention, additional conponents are added to a
PFC LED pwoentisupgaby to i nprove performance, in parti culPar/cavtv/oregard to
the problens of the conventional power supply discussed above. For exanple,
as shown in FIG 8, the di mable PFC LED power supply 100 in accordance

wi th an enbodi nent of the present invention includes, in one aspect, the
sane el enents as shown in FIG 1, plus additional conponents. In order to

wor k V\’bgﬁnﬁzéd itaGust auRIp dGB8thd ?ﬁ%@n?@fé&%ﬁile%ﬁ MG She Nedse! smaustagper
116, a bl eeder circuit 118, a fast startup circuit 120, a dimm ng sl ope

cont r opo®2?, Widleaaduwemplaay figde @ff 20Qdideds tio iPEGritedb dek iposions ippby,
as shown in FIG 8. [0054] The di muabl e power supply 100 in accordance wth
aspect $imuted trethps epbodimens mnidorancean g rfovindefaie opars @i arké widundeeliobthsor no
flickering, quick startup even at low dimmng |evel, conpatibility with

| eading/trailing edge dinmmers, and simlar dinmng characteristics of an

ngigﬁfmﬁt@ﬂi 5 &v"%‘gﬁét%%?ﬁélaﬁé&&%éﬂn%d VAVRRAE, PRGOS A 'ern'§
s P ¥ el _ _ _
an- aspSaiP Byt R8 EirbBnlhi ER PR S B 640 BF SN Oqier HadEITBEAN e
ol ock 118 S AR FFIO AL IR P R g e e LR

resi st eurreht Bary Bk UuRawi RE1thle 1810646 bt 104 BT61 14), ol bedlg e the figdgé iglamp

out the ringing effect while dissipating the |east anount of power. Wile
an exef@lSxMivisgur eerdicall90 and S Oius/divisusit hatiedntdlle Howerver othei imvontion is
limted to this enbodi nent, and can range froma few ohns to a few hundred
ohns. not limited to waveforms of the illustrated scale.

[0058] The damper block connection shown in FIG. 8 is just an example of how the
damper block can be configured at the mput stage. FIGS. 11A to 11C show three
different ways of connecting the damper block 116, or in the case of FIG. 11C, two
damper blocks 116, at the input stage of the power supply 100.

[0059] FIG. 12 shows another example of an input stage including a damper circuit.
In this circuit, damper resistors R1, R2 and R3 are connected to the inductor and
capacitors forming the EMI filter, to increase efficiency. The particular values of the
components shown in FIG. 12 are for illustrative purposes only and the component
values used may vary, depending on the application and the exact design parameters,

as would be understood by those of skill in the art.
[0060] Inconsistent Timing

[0061] The bleeder circuit 118 acts like a resistive load for the dimmer 103 when the

triac is not conducting. The bleeder circuit 118 provides a low impedance path for the
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[0057] FIG 10 shows an exenpl ary danped current waveform neasured at the
output of the triac dimmer, resulting fromthe use of the danper block 116
shown i n WD@01121.37648 can be seen in FIG 10, ringing i s sappmessaddsy t he
danper resistor and current can be drawn after the triac is turned on. In
FIG 10, the scale in the figure is 0.25A/division vertically, and

250[ Es/ di vi sion hori zontally. However, the invention is not limted to
waveforms of the illustrated scale. [0058] The danper bl ock connection

shown tiad-lftanierisSRICUGIIAS cecamdiitrein éewHam s tRAEEoFIFIeR 13 is an
configured at the input stage. FlI GS 1A to 11C show three different ways

of conprampthgot hédlerimweirdlitoimkactdbdamte withtameaspaseobtheh@sedtli@vehsiondanper
bl ocks 116, at the input stage of the power supply 100. [0059] FIG 12
shows anot her exanpl e of an input stage including a danmper circuit. In this
circuit resistors R1 and R3 are. connected to. the m%gctor_and

capaci {Qﬂga?gghlhgs traged EVIFIIGI ﬂ%f a bbpfi%c?eéa%@f éR&W@%ﬂc&S swHehg@ran.cid-ar
onl v afa b SREBREREUTaRL Y delaisiet 20500 1S qepars %ér%%rﬁ%ﬁéeaﬁﬁpﬁgiﬁﬁbn
-t e VQREE YBEHRTEAREMIBHT o RrhB toBo B A R AR ul R P B
'Thﬁeb?éﬁeﬁéilﬁ%%SY%S.S?@“L%?B?%%? T A MO IRl el Sl AL b
2011/ 134pBIeRECT0 OMRO 1HePTHA4RE tlmlng circuit of the triac dimmer to ensure proper
operation. When the rectified input voltage is high (which indicates the triac is on),
Rbypass is disconnected by transistor 2N60 to minimize wasteful power dissipation.
The particular values of the components shown in FIG. 13 are for illustrative purposes
only and the component values used may vary, depending on the application and the

exact design parameters, as would be understood by those of skill in the art.

[0063] FIG. 14 shows an exemplary rectified input voltage waveform with the
addition of a bleeder circuit. As shown in FIG. 14, the low voltage portion of each
cycle is identical to the low voltage portion of the other cycles. The scale in the figure
is 50V per division in the vertical axis, and Sms per division in the horizontal axis.

However, the invention is not limited to waveforms of the illustrated scale.
[0064] Fast Controller Voltage Startup Circuit

[0065] FIG. 15 shows an example of the fast startup circuit 120 in accordance with an
aspect of the present invention. The fast startup circuit 120 is used to speed up the
startup time of the voltage applied to PFC controller 110. The fast startup circuit
boosts Vce voltage by conducting an additional charging current, by transistor KSP44,

to storage capacitor CS when the triac initially turns on, until the Vcc voltage, i.e., the
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triac dimmer's RC timng circuit charging current when the triac is off.
FIG 13 is an exanple of a bleeder circuit in accordance with an aspect of
t he presew0d20nviBmg4sson. [0062] As illustrated in FIG 13pCa/dngprag47esi st or
(Rbypass) is switched on, i.e., caused to conduct current, by transistor
2N60 to connect across the rectified input voltage when the rectified input
voltage is low (which indicates the triac is off). Wth the bypass resistor
Rbypass conpleting the circuit, sufficient charging current can be supplied

to thevbhihes nalsthadel BApHEiI©rT CBI refheshg propee operathig HareSRSMI CoP HRPPFC
operation. Wen the rectified input voltage is high (which indicates the
tri ac centro)ler. Rogmas sthies PHi(s conn@dlee disbyperating, SCSris2bbérded biynihe zarrent
wast ef ul power dissipation. The particular values of the conponents shown

i n Fl Ggendratedk ffcom thel lgback i:mesgunmszuui dfdoy valtaige he futhpobenstedalipde aised

may vary, depending on the appl.ication and the exact design paraneters, as
woul d_Beltageideval sbevethe Hsssr @O@Wf)ltag% Trasister KSPdd3p thastng off ardviécan

exenpl ary rectified. input vol.t veformwi th t addition of a bl eeder
o r cui #olaEE ShpntisdrBE e yBREk | EURIB e onber dnsnbgticulih %l @seof &he

i denti t e v:al e, porLi . C N i he
1 gur e pUsBhBER VB, ERETAB ' O8 IBha g PFPos oy 4l B §PlihainRel

t he hogi t hS. i [ ' i i (Hel L9 of
the 111 aRed TEAS APy By EERIIRALOR JBRE e g Mot R PHEHRIER

[ 0065] afWould eshirigstdodaxathise oFfskilnén figsartstartup circuit 120 in
accordance with an aspect ‘of the present invention. The fast startup
circuit 120 is used to speed up the startup time of the voltage applied to
PFC controller 110. The fast startup circuit boosts Vcc voltage by )
conduc{006§] ahlGddiot slooas arhaxginpdaryuMcenvoltage waniesown ahe KBPZ4¢contsoHeniage
capacitor CS when the triac initially turns on, until the Vcc volta

i.e. ] fHamajte f&ﬁmmgsemfi @ﬂmf#@f@&ﬁ&fm CHgu1tas sigvaga ]Eliﬁf)al:i f dhs cs,
%lﬁﬁ{;rﬁﬁx@ fipsitenie s @%gﬁtna%eeciﬂﬁr@gd%t g FEhe JEr catbiforo it the
ever SebUANTREN TR e (U5 A3Brddy THE WIEH RRSRATH, PEIQ P dRs P
Vee Vokih?egﬁbsst%g%@?@y I%rl]t%gﬁ t§> 'rgiglqgc tlcfgﬁﬂ%flfég 1L ﬁa%ﬂuc&!{' o R4St ihGH! 1M1

val ues o e Cco ts s are tor illustrative purposes

only aggk tihe tharHeRld %@Wﬁﬁowswamwrmgg Yirc@i@190diIACFITR td1eh@RpaleGatsivon
and the exact design paraneters, as woul d be understood by those of skill
i n thepartdivision in the vertical axis, and 500ms per division in the horizontal axis.

However, the invention is not limited to waveforms of the illustrated scale.
[0067] Dimming Slope Control Circuit

[0068] In order to more closely emulate the dimming characteristics of incandescent
lamps, a dimming slope control block 122 is provided to the LED power supply. FIG.
17 shows an exemplary dimming slope control circuit. The voltage sensed by the
primary current sense resistor Rs (shown in FIG. 8) is attenuated dynamically by the
dimming slope control circuit before feeding it to the CS pin of the PFC controller
110. As the sensed voltage is attenuated, more power is drawn by the power supply

and in turn is delivered to the LED. As the rectified input voltage Vrac is chopped by
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[0066] FIG 16 shows an exenplary Vcc vol tage waveformthe PFC controller

i n di mmabl e PFC power supply using the fast startup circuit as shown in

FI G 15. weshomamedsn FI G 16, as conpared to the Vcc supplric@doton7941e¢ PFC
controller in the conventional power supply (the waveformfor which is
shown in FIG 6), the startup tine to a stable supply voltage to the PFC
controller 110 is reduced to less than half the tinme than it would be

wi thout a fast startup circuit 120. In FIG 16, the scale is 5V per

di vi si ghie iad RenREl 1thal avdrhse iApek F8RABe RRYcrélsesSTAR ditniniiey RSPz @Bhabl
axis. However, the inventionis not limted to waveforns of the illustrated
scal e. c{ro0fi 712 Dsenves ghSlaveeageontputl valiageuarid pfioG&dtes nhocderent genyw eolthgsel y
enul ate the dinm ng characteristics of incandescent |anps, a dimmng slope
cont r olinbhdgki.d.22 snsalfaraniedage tnput veltaEb cpuses smallet gtterriaGion1an tioweltage
exenpl aré di mmi ng sl ope.caontrol circuit. The voltage sensed bﬁ t he q[i)ri mary

cur r enfnddicgse dess pewer sdekvered torthe IdDg) Transagtoefuatled tgnhareand y Oy

t he di nm. sl.ope contral . gircuit before feeding it tg the in of the
PRC. coRtyITProfian 6 Paenfinb ShaREk ek o gecd 56 alaktie B CWsra Soter iptal

dr awn t I i i i : n

ectt riig TNBRNGs fER' YpoEahdchdl Bated o TgEThS ol o belbunled w3008 0474
the tri i i | T i Ny I

cont ol 151 rsaried, B FRIBLRR o B KB e S Ssts o7 P ke 2wy 7B
cur r enkegiQtoss ak@! AUBapddiRR! Mhe zive‘i‘a%edi veakt efrividseti dgistoR UL MPkd @Bftrol
causes snaller attenuation on the voltage and hence | ess power is delivered
t o t hethERttehuatisnstldre Gl@hingt blope. bntrot citiir ebustmakes ithen dopot@hthal
divider which is used to attenuate the current sense signal. The 1M

resi st dimandgocunyE sfapp@i, tssichi thagsededecdd anmunthel woitsat gerraypplied tsy the

MOSFET 112, Rectified AC voltage is aver a?ed by RC network consists of  2M
10k, t WELAER atesiceray Sirmegangle. cdhsparbcularneligeoidhe cronpenty shoag in

transi r ,C1815.to,contr.ol the attenuation. The di mm ng,sl ope control

ol roui F1End et HSHafiS5 o rapofire S Jics 6P Tw el saies dhRad TR Vary.
reduce f . ppli . t I .

et R S A LR e S A G A R

i 11 ustati and the conponent val ues used may vary,
dependpgéhgﬁete Eeleig%@lstlhg%r?(on and the exact design paraneters, as would be
understood by those of skill in the art. [0069] FIG 18 illustrates a
conpari son between di nm ng characteristics with and without the di nm ng

sl ope ¢@069]0FIGi r@uiltustia®és’ @] c@npadsdihdeewesn atinimingy ehirastoristicsn withi med
angle for a triac dimer at maxi rum power output, the flat region of the
di mmi nyvitheusé¢hedimmengslepseomtroleipentit.current to the LEDs for applications
that do not enploy a triac di mer. Moreover, sone triac di mers cannot
startup properly if they are set to a deeply di nmed position when power is

itch . JAs in FIG, 18, if.t.h i ni tart firi le f
G Tar 0088 s HESE, i TR Tt G B g Engle doB 4 fsiacadippest ol

Fonove P A FRRAER s L PO ng B Lt okl BRRUP s outpu

abi 1 t %y b@nf MAIEBs for applications that do not employ a triac dimmer. Moreover,

U

some triac dimmers cannot startup properly if they are set to a deeply dimmed
position when power is switched on. As shown in FIG. 18, if the minimum startup
firing angle for a dimmer is 120 degrees, the minimum output current at startup for
PFC controller power supply without dimming slope circuit is about 45%. However,

the dimming slope circuit provides the PFC controller with the ability to maintain a
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WO 2011/ 137646PCT/ CN2010/ 079474 m ni mum out put current that is reduced to
about 10% which is good for deep dimm ng. [0071] Flicker Free Operation at
Low LoadswpQon237éd6dummy | oad circuit 124 provi des enou@ghTi@adiotogoLdnaw t he
hol di ng current required by the triac, but does not delay startup when the
triac turns on. FIG 19 shows an exenplary dummy load circuit 124. The
dummy load circuit 124 in accordance with the illustrated enbodi nent
consists of a resistor in series with a zener diode. The zener diode in the

dumy  heigentihd GHitputl 2dridheuant Ss tikaudsdms hbast 109 saileh Cisi %Godufdr”@eep
startup. The particul ar values of the conponents shown in Fl 19 are for

i I'I'ust dahiniagpur poses only and the conponent val ues used may vary,
depending on the application and the exact design paraneters, as would be
understood by those of skill in the art. [0073] FIG 20 shows the rectified
i nput vol tage waveformw th the usage of dummy |oad at the output of

di nmabl@7HECFHsker FaepPperation ahd o3k daaglst he” wavef orm shown in FIG 7, it
can be seen that a very stable input voltage is provided. In FIG 20, the
scale is 50V per division in the vertical axis, and 5ns per division in the

hori zo axi " ' i-qn. i Lmted to f he
11 ust T2 B Y 5 1 128 BEOREs eflBh e Qg ol FghTRufent
suppl y &R OMeNg t g% I GAthia - OoNM| ncn e
effici gn yf_ thgotﬁfgm&r;/&?otgﬁ (?(Ze%tﬁr pedlay?sﬁg@bf ﬁ?&l'ehl tgggt_rg%n |rﬁ|§odr¥{.? _Ifﬁ@g &
di mredsgORdi 4 %kerh}bﬁrﬁu@ﬁmnhfﬂ@adscﬁ@ﬁi@eﬂzﬂnT‘h‘é duakthli Kad Rercuit 424 in
dimer. A diode, resistors 15k, 7.5k, 2k and capacitor 2. 2uF form an
aver agaogordance mtithmhiecitluatrataabbembuotlithéet ¢orsist$ of maesisefrl iaciceds veich afdcadr AC
vol t age
diode. The zener diode in the dummy load circuit 124 prevents the dummy load from
conducting during startup. The particular values of the components shown in FIG. 19
are for illustrative purposes only and the component values used may vary, depending
on the application and the exact design parameters, as would be understood by those

of skill in the art.

[0073] FIG. 20 shows the rectified input voltage waveform with the usage of dummy
load at the output of dimmable PFC power supply. In contrast to the waveform
shown in FIG. 7, it can be seen that a very stable input voltage is provided. In FIG.
20, the scale is S50V per division in the vertical axis, and Sms per division in the
horizontal axis. However, the invention is not limited to waveforms of the illustrated

scale.

[0074] FIG. 21 shows the output stage of the power supply 100 employing an active
dummy load circuit. To provide increased efficiency, the dummy load is turned off at
full load condition. In a dimmed condition, the dummy load is turned on to stabilize
the triac dimmer. A diode, resistors 15k, 7.5k, 2k and capacitor 2.2uF form an

averaging circuit which average out the transformer reflected rectified AC voltage
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WO 2011/ 137646PCT/ CN2010/ 079474 Vpri. Wien the dimmer is turned at full

| oad position, the averaged voltage is |arge and drives transistor Cl1815 to
pul | the watelwvelrdésage of MOSFET 2N60 to ground. No curr eat/dN20ws79474 ough
dummy | oadi ng resistor 250 as FET 2N60 is not conducting. Wen the di nmer
is turned to di med position, Vpri is phase chopped and is not |arge enough
to turn on transistor C1815. MOSFET 2N60 is biased to turn on by resistor
10K and zener diode 15V. Dumry | oad resistor 250 is now conducting to

pr ovi de/Roughich AR diritér Rdubicd he fiill i198d pbRITH, (THRVBFDEISTIagS ist higgd i ve
addi ti onal conponents -- a danper, a bleeder circuit, a fast startup

ci r cui and alrdiesnragistbo 08 8&dontor il ainel gateduanitygd oAV OSHEF RNGiget preourido No
provide new features for a PFC di nmabl e power supply. Features such as
deeper cdinent flpwnthrougbkdumny, leadiog resiatarupS@aent BT 2860 dis mritreprideceing.
conpatibility with leading/trailjng edge dimers, .and sim/lar di nm ng

char actVéhews the (ligmmen g Hrasd det dinamsd: BREtIgRy AMrade PoRse hopped Kt 1ORO0bf

i e cJHEE. ORRC B R I & 1ot s METORbrased hasred fh WP o
ol ocks Eanohd o B GHEk bR P8V LB, BB 220 e 195 LR B e

di mbh%\ﬁﬁgeﬂ%gﬁﬁ 184PPd I%H]Rgﬁhéﬁmf or driving bare LED string, i.e., no

el ectroni ¢ conpohents ot her t EDs shoul d be connected to the out put of
t he power supply. [0077] Although specific enbodi nents have been
illustrated and described herein, it wll be appreciated by those of

or di na{g075}i Theiprovizéomof thdfive addtidet]yconhip@idnes rah daapdi oa béepdey afirenit,

i npl ementations may be substituted for the specific enbodi ments shown and
descr i bdaswstatopt citmpira dimgniing mlopecerispband at demprye deadt -4 woektogethemo s
application is intended to cover any adaptations qQr variations of the
speci f PEOVIgD By Heatires dpcty BReodonomble posvasominidyit stentyegss sech perdseper
Ther ef i

T diBipinGand HEkEREEC g sthilhp LREEAY 1o difmin e TEl, Yonlpattblilyy witf' ™
leading/trailing edge dimmers, and similar dimming characteristics of incandescent
lamp take advantage of the interaction of all five components to ensure proper
operation of triac during the whole line cycle. It is noted that the circuit

implementations of the functional blocks shown in previous figures are for reference

only. The functional blocks can be built with other circuits with similar functions.

[0076] The dimmable PFC power supply can be used for driving bare LED string, i.e.,
no electronic components other than LEDs should be connected to the output of the

power supply.

[0077] 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

18



WO 2011/ 137646PCT/ CN2010/ 079474 CLAI M5 What is clainmed is: 1. A
power - factor-corrected power supply adapted to supply power to one or nore
| i ght emwoi2ng/Gdr@des (LEDs), conpri sing: a triac dipeweEmnN2elogod4viecal |y
connected between an alternating current source and a bridge rectifier;

a danping circuit electrically connected between the alternating current
source and the bridge rectifier; a bleeder circuit configured to
conduct current between a supply termnal of the bridge rectifier and

gr oundemModimRars @istidsed NetefneThéteRoredimyEintdrRledthat 1S #e¥Mbiebé NiRited

only by the claims and the equivalents thereof.
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a fast startup circuit configured to conduct current between the supply
termnal of the bridge rectifier and a voltage supply termnal of a

power - f acwonretianBre&st ed control |l er when the triac di mrer PC3/AN2Dt0/ad47y t ur ned
on until a supply voltage capacitor coupled to the voltage supply term nal
of the power-factor-corrected controller has charged; a di mm ng sl ope
control circuit configured to reduce a first voltage sensed at a current
sensing term nal of the power-factor-corrected controller, such that a
reduced anount of current is supplied[9AfWES one or nore LEDs at a given
firing angle, wherein the first voltage is representative of a current

f 1 owi n§Vhiriewddingedis: mary wi ndi ng of a flyback transformer; and a dumy
|l oad circuit provided in parallel with the one or nore LEDs to draw a

hol di ng culrAmower-fadter-toiractedrpowerf supply ladapteddo supplypawgr émone or 2.
The power-factor-corrected power supply .according to claim1l1, wherein the
danpi nfAerlEghtenaibing sd Lifd3s)s comprising: 3. The power-f act or - corr ect ed
power supply.according,tqg.claiml or, 2, wherein e bleeder cjrcuit

Ponmr i sea & ifcaaame testicafty hinéés bl e& o) sieEngluls S¥tse St it gpd o
2011/1§%§§§@§§£ 010/ 079474 bl eeder circuit being configured such that
curren S rough the bypass resistor when the rectified input voltage

associ at edy Wah{hihPeiRuidgectRaY  dothebfd BMveen the alternating current source
and the bridge rectifier;

a bleeder circuit configured to conduct current between a supply terminal of the
bridge rectifier and ground only when a triac in the triac dimmer is not conducting
current;

a fast startup circuit configured to conduct current between the supply terminal
of the bridge rectifier and a voltage supply terminal of a power-factor-corrected
controller when the triac dimmer is initially turned on until a supply voltage capacitor
coupled to the voltage supply terminal of the power-factor-corrected controller has
charged;

a dimming slope control circuit configured to reduce a first voltage sensed at a
current sensing terminal of the power-factor-corrected controller, such that a reduced
amount of current is supplied to the one or more LEDs at a given firing angle,
wherein the first voltage is representative of a current flowing through a primary
winding of a flyback transformer; and

a dummy load circuit provided in parallel with the one or more LEDs to draw a
holding current for the triac only after the triac is turned on.

2. The power-factor-corrected power supply according to claim 1, wherein the
damping circuit comprises a resistor.

3. The power-factor-corrected power supply according to claim 1 or 2, wherein

the bleeder circuit comprises a bleeder circuit transistor and a bypass resistor, the
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4. The power-factor-corrected power supply according to any one of clains
1-3, wherein the fast startup circuit includes a fast startup transistor

t hat condwotstians7@ddi t i onal startup current to the volt age/upwoz47er m nal
of the power-factor-corrected controller until the voltage supply voltage
capacitor reaches a proper operating threshold for the

power - factor-corrected controller. 5. The power-factor-corrected power
supply according to any one of clainms 1-4, wherein the dimmng sl ope

cont r ob]ekidef Wircuitinilesnfighfdd@ich thdt E8RENSEASEs tR®ughGhe bypassidsntos
sl ope control circuit being configured to sense an averaged i nput voltage

and at tdremathe ractified emputserieevasisdegeed mithathieybridge recbifiefhelow.

power -factor-corrected power supply according to claim$5, wherein the
aver aged i fpUithevpd weigéadter-poudatedd dyemsuRty necowstikg to any ohe othdaims 1-3,
power -factor-corrected power supply according to claim6, wherein the
di nmi n@"l%ﬂf%@et%@(fﬁ@tr%ﬁftép CaGHt lﬁaﬁﬁéstah@s§$t@6@pdfar§lsipmhaﬁ@0@du9@ & the

1T SRR S o Dol HEB0 BTREN S S pbmeted £
Th - - | ighal ms 1-7,
wner o1 SO0 ReREL ARG SRR ORETE SRR LB Ol Ph b o R s S e

W th at}ﬁggﬁéldcﬁo?‘i!ﬁ’e PWe?{fa?{??yc%‘?fe%té#'goﬁHgﬁé’r | oad resistor from conducting

current during startup o e power-factor-corrected power supply. 9.

The power - § aqiRr pSREr-8£it6E cORBBIc dSPIREYs A P ad L oElih © tadamy dne ¢Xf claimd M4 1- 8,
wherein the danping circuit conprises first”  and second danpi ng bl ocks,

ar r angeherginpthealinehirtgoslope cantroheirchittineledes heprahheyr oatremgsenise resistospur ce
and the bridge rectifier. 10. The power-factor-corrected power supply
accor dihggdinomamg stope amtudlaiivaitibaipgfoontigered torpenssi argaeraged iMputieoltage an
P 3 Y enuate B chrrent sense voligs Lneatly. PoNe" SUPPLY:

6. The power-factor-corrected power supply according to claim 5, wherein the
averaged input voltage is produced by an RC network.

7. The power-factor-corrected power supply according to claim 6, wherein the
dimming slope control circuit makes the slope of a dimming curve of the triac dimmer
steeper, such that a reduced amount of current is supplied to the one or more LEDs for
a given firing angle of the triac dimmer.

8. The power-factor-corrected power supply according to any one of claims 1-7,
wherein the dummy load circuit comprises a dummy load resistor in series with a
zener diode, which prevents the dummy load resistor from conducting current during
startup of the power-factor-corrected power supply.

9. The power-factor-corrected power supply according to any one of claims 1-8,
wherein the damping circuit comprises first and second damping blocks, arranged in
parallel to one another between the alternating current source and the bridge rectifier.

10. The power-factor-corrected power supply according to any one of claims 1-9,

further comprising an EMI filter at an input stage of the power-factor-corrected power

supply.
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WO 2011/ 137646PCT/ CN2010/ 079474 11. A method of supplying power to one
or nore light emtting diodes (LEDs) using a power-factor-corrected power
supply t WO 2bEgt37&@6t ri ac di nmer el ectrically connected PpeTaentoano474
alternating current source and a bridge rectifier, a power-factorcorrected
controller that controls the power factor of power supplied to the one or
nore LEDs, the nethod conpri sing: danpi ng, by a danping circuit

el ectrically connected between the alternating current source and the

bridge recqifisemethod o€ upplyiigsbwér ten®bf Bbre AfgHt Renittin @dicHdsN@IEDs)

controlling, by a bleeder cCitcuit provided between a supply term nal of the
bri dgeusm@ta poerrdactogioouredtedpotvbatupplyrthat hid:onsribe tiwaarertdiectsicall y
termnal of the bridge rectifier and ground only when a triac in the triac
di mer cosnewsed betieat angltematarg current ssomee ohd iarkyid gy rextifimst a ppavertfpctor-
circuit provided between the supply term nal of the briggg rectifier and a
vol t agEoHgpindcatratss dhatogontrels PWCE dReIOr Ob PR SHPBURE tolthepne 95 t hat

current is duct ed hetween t.he supply termnal of the bridge rectifier
and thng)fSII?]g@é’ éﬁﬁ’ﬁ?@’%‘}?ﬁlﬁg}ﬁm& t he power-factor-corrected controller

when the tgiac.di s d:-njti Y. Q il I

capaci tor @%@gf‘% %{l fi hﬁlp\}@g t%grggktse&%)%F@gﬁz rc%nﬁgf:{egf&ttﬁégﬁ the \é%ﬁ?a%ﬁg

pover - LAkl ?G&{cé%ﬁﬂ%ﬁe %‘?Ff%feqlebﬁﬁeﬂaﬁlrf%}ﬁrrﬂ%h% at thd Sﬁﬁﬂt 09 thO¥ig di mm ng
sl ope control circuit, a fiItst voltage sens t a current sensing term nal
of thedpawws; factor-corrected controller, such that a reduced amount of
current is supplied to the one or nore LEDs at a given firing angle of the
triac, whecentnolling, biyrssbleedét egeuit proeded detwvatn asupd atarminahdf thledwidge
through a primary winding of a flyback transforner; and = drawing, by a
dummy rectifieri andugroupdoso dleat qunrgdftowebewedn theessuppdy ternmna bof doshridge

hol ding current for the triac only after the triac.is turned on.

The nef¢dH ek giovgdienly vehen a friagme thg Himrmmeééﬁemothqwotm@mrwtei 25
? Ihgegle; egie{:(():rlljtirg)llllnrg?gii asf’a%{ St%?t%pacilb(}/lﬁ? Is)fsovrigg(il %tegv{féenaﬁl% stu?)%l}g ?enrtrrrli%lak IOP ﬂleby
bridge rectifier and a voltage supply terminal of the power-factor-corrected controller,
so that current is conducted between the supply terminal of the bridge rectifier and the
voltage supply terminal of the power-factor-corrected controller when the triac
dimmer is initially turned on until a supply voltage capacitor coupled to the voltage
supply terminal of the power-factor-corrected controller has charged;
reducing, by a dimming slope control circuit, a first voltage sensed at a current
sensing terminal of the power-factor-corrected controller, such that a reduced amount
of current is supplied to the one or more LEDs at a given firing angle of the triac,
wherein the first voltage is representative of a current flowing through a primary
winding of a flyback transformer; and
drawing, by a dummy load circuit provided in parallel with the one or more
LEDs, a holding current for the triac only after the triac is turned on.
12. The method according to claim 11, wherein the bleeder circuit comprises a

bleeder circuit transistor and a bypass resistor, and the controlling by the bleeder
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WO 2011/ 137646PCT/ CN2010/ 079474 circuit controls such that current passes

t hrough the bypass resistor when the rectified input voltage associ ated

wi th the woidge13raeti fier is | ow 13. The et hod aecoraNng/oret7¢l ai m 11
or 12, wherein the fast startup circuit includes a fast startup transistor

and the controlling by the fast startup circuit controls so as to conducts
an additional startup current to the voltage supply term nal of the

power -factor-corrected controller until the voltage supply voltage

capaci titultedafeds sudd e cubRArf phided thindihdlethypaks ¥&8stor when the rectified
power -factor-corrected controller. 4. Thé nmethod according to any one

of cl aimputhblte@e asbeciaten with teridyg wetifier ivldw.ol circuit includes a
primary current sense resistor, and the reducing step further conprises
sensi ng anlavdhegadthatbatcovdingatyeclamd 1dt erehavhens i tha fasé starggnsiecwid| t age
linearly. 15. The method according to .claim 14, wherein the reducing
step mikdudene fastsparten trangistariang therapmtesling byt the fastrtariap cicadgamtralgch
that a redyced gnount of .current is supplied to the one or nore.L for a
gi ven” B9 f g cangresan akkipha Earifearn: S the fohgi S UM ERe PTG ¢ o
any on ol al 1nE : ] ] u;’g;ylo [ ' 1 se U
| oad r@gigjse{r ?P@l;on Cé)i‘tgqc;tgd S\%ﬁ{)gé{zl%{rl]@fthgi 0 ea,geasg%p&&8&?%&%%@?@%035%@@?&@
COMPY | BRSH!LeRh A0S BUBNL BBC o A3 & QoA EGRAYALL NG current during
startu tHe power-factor-corrected power supply.
14. The method according to any one of claims 11-13, wherein the dimming
slope control circuit includes a primary current sense resistor, and the reducing step
further comprises sensing an averaged input voltage and attenuating a current sense
voltage linearly.
15. The method according to claim 14, wherein the reducing step makes the
slope of a dimming curve of the triac dimmer steeper, such that a reduced amount of
current is supplied to the one or more LEDs for a given firing angle of the triac
dimmer.
16. The method according to any one of claims 11-15, wherein the dummy load
circuit comprises a dummy load resistor in series with a zener diode, and the drawing

step further comprises preventing the dummy load resistor from conducting current

during startup of the power-factor-corrected power supply.
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