Cl RCU TS AND METHODS FOR CONTROLLI NG DI MM NG OF A LI GHT SOURCE
BACKGROUND [ 0001] General Fighting utilizing light-emtting di odes
(LEDs) has been under devel opnent. LEDs offer several advantages over

traditional |ight sources such as fluorescent |anps and incandescent
| anps. For exanple, LEDs have significant | ower power consunption.
Unlike traditional |ight sources such as incandescent |ight bulbs
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generate virtually no heat and ut| %Efractlon of the energy to
produce an equival ent |unen of é%?@ﬁ& For exanple, in a light bulb
application, an LED |ight source may consune |ess than 7 Watts to
produce the sane anount of brightness conpared to an i ncandescent

| i ght source consum ng approximately 60 Watts. In a T-8 tube
appllcatl é&ﬁiﬁhbghtness produced by an LED |ight source consum ng
| ess tharP s even greater than the brightness produced by a

fluorescent | anmp_consum ng approxinmately 60 Watt

oper at i on@P01]i f Geperahlightinojudilizng B%Fef&{“ %Om@%ﬂﬁ%aépeeoeﬁder
development. LEDs offer several advantages over traditional light sources
such as fluorescent lamps and incandescent lamps. For example, LEDs have
significant lower power consumption. Unlike traditional light sources such as
incandescent light bulbs that convert significant electrical current heating up the
metal filaments to a temperature high enough to generate light, LEDs generate
virtually no heat and utilize a fraction of the energy to produce an equivalent
lumen of lighting. For example, in a light bulb application, an LED light source
may consume less than 7 Watts to produce the same amount of brightness
compared to an incandescent light source consuming approximately 60 Watts.
In a T-8 tube application, the brightness produced by an LED light source
consuming less than 20 Watts is even greater than the brightness produced by a

fluorescent lamp consuming approximately 60 Watts.

[0002] The operational life of an LED is extended to 50,000 hours or even
100,000 hours. In contrast, the average life of an incandescent bulb is only
approximately 5000 hours and the average life of a fluorescent lamp is
approximately 15,000 hours. Moreover, LEDs contain no mercury or any other
hazardous materials or chemicals and emit zero ultra violet (UV) radiation unlike

incandescent or fluorescent lamps.



100, 000 hours. In contrast, the average life of an incandescent bulb
is only approximately 5000 hours and the average life of a
fluorescent lanp is approxi mately 15,6000 hours. Mbreover, LEDs
contain no mercury or any other hazardous materials or chem cals and
emt zero ultra violet (UV) radiation unlike incandescent or
fluorescent lanps. [0003]D nm ng techniques are used to adjust the
brightness of the |Iight sources. For exanple, a power converter
receives an AC voltage froman AC power source and generates a DC

vol tage t wer ~an LED |jaght source. A control |l ern . adju : out put
power ot BABhoweRMebiRseb beS Bl iaso AR bR A BT e [ aeen

t he AC power source and }he ower converter. in order to (;ontrol

di mi ng o‘f‘OL{f‘h%g-qu@rleP‘aﬁ‘Pes T OBNYSE RECEHAT Ay YURERIGILE & be
used. For exanple, the dimer can be a TRI AC di m or an on/off

swi t ch diRRWRT SORHRsan 8?”%??955&@%%%99%0 BeWEN %;Eb,“gf‘héo%‘ﬁtr |l er
has different structures, thereby affecting the flexibility of the
cont r ol | egoniyober adivstp hreeitpy! RATRY af thepewerr rvedehRcerdipe iha das!
SUMVARY

coupled between the AC power source and the power converter in order to
control dimming of the LED light source. Different dimming techniques can be
used. For example, the dimmer can be a TRIAC dimmer or an on/off switch
dimmer. Thus, for different types of dimmers, the controller has different
structures, thereby affecting the flexibility of the controller used for powering

LEDs in different dimming techniques.



[ 0004] I n one enbodi nent, a controller for controlling dinmmng of a
|l i ght source includes a detection pin, an input signal pin, and a
nmonitoring pin. The detection pin is operable for nonitoring a
rectified voltage and for detecting whether the rectified voltage
cones froma TRIAC di nmer or an on/off switch dimrer. The i nput
signal pin is operable for receiving an input signal indicative of
t he recti$i§RQMQ#tage and the controller controls dinmmng of the

| i ght sou % ccording to the input signal if the rectified voltage
comes froma TRIAC dimer. The nonitoring pin is operable for

recei vi nqoao4ioni hosnengmbodinant,iancbritaiienfpr gantoglBrgadiinomingfof aHighbn/ of f
swtch dimer and the controller controls dimmng of the |ight source
accor di ngsdufcd iheluaes ial dutectdnsoig el inplit ditheal it teintlieflomMigdrirRgsin c oTeS
froman on/off switch dimrer. BRIEF DESCRI PTI ON OF THE DRAW NGS

[0005] FepitdtRn Rk Gskrablkasenoito fHoREd SolRiget A1 ok aéfé@ﬁn?!lbi ect
matter will beconme apparent as the follow ng detail ed description
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of the rectified voltage and the controller controls dimming of the light source
according to the input signal if the rectified voltage comes from a TRIAC dimmer.
The monitoring pin is operable for receiving a monitoring signal indicating an
operation of the on/off switch dimmer and the controller controls dimming of the

light source according to the monitoring signal if the rectified voltage comes from

an on/off switch dimmer.



[0007] FIG 2A shows a diagramof a light source driving circuit
utilizing a TRIAC di mrer, in accordance with one enbodi nent of the

present invention. [0008] FIG 2B shows the waveforns
associated with the light source driving circuit in FIG 2A, in
accordance with one enbodi nent of the present invention. [ 0009]

FIG 3A shows a diagramof a light source driving circuit utilizing
an on/ of {BRIaR DESARREIONIGF AHEDAAWIBNGE t h one enbodi nent of the
present invention. [0010] FIG 3B shows the waveforns

associ ated w e Light source drivin [ CMit . en the
switch in thet@mﬁffkg%u{e@na@%%”{%g?so ,e%%t??%ﬁhé'ﬁg’égﬂcegd%%&mne
enbodi nent of the present invention. [0011] FIG 4 shows a
schemat i SUpiesy mfr“eéf"”lgb?qoérl’ﬁ a@%?etea%lme\;f)“@"”bg P@IH”?‘? deRCTRLOr dance
wi th one enbodi nent of the present invention. L
proceeds, and upon reference to the drawings, wherein like numerals depict like

parts, and in which:

[0006] FIG. 1 shows a block diagram of a light source driving circuit, in

accordance with one embodiment of the present invention.

[0007] FIG. 2A shows a diagram of a light source driving circuit utilizing

a TRIAC dimmer, in accordance with one embodiment of the present invention.

[0008] FIG. 2B shows the waveforms associated with the light source
driving circuit in FIG. 2A, in accordance with one embodiment of the present

invention.

[0009] FIG. 3A shows a diagram of a light source driving circuit utilizing
an on/off switch dimmer, in accordance with one embodiment of the present

invention.

[0010] FIG. 3B shows the waveforms associated with the light source
driving circuit in FIG. 3A when the switch in the on/off switch dimmer is on, in

accordance with one embodiment of the present invention.



[0012] FIG 5 shows an exanple of a control block in FIG 4, in
accordance with one enbodi nent of the present invention. [0013]
FIG 6 shows a flowchart of an exanple of a nethod for determ ning
whet her the rectified voltage comes froma TRI AC di mrer or an on/off
switch dimer, in accordance with one enbodi nent of the present

i nvention. [0014] FIG 7A shows waveforns of signals associated
with the dimmng controller in FIG 4 operating in a first node, in
accordance with one enbodi nent of the present invention. [ 0015]

FIG 7B shows fo f_signals aSSO|ated i . t he di mm.n

controller in [f\g@tﬁ H%e‘fgfqv}%a ?ﬁh%{n§t& ﬁar%aﬁé '&H S&HE%%"A%‘% with

one enbodi nent, of the present invention, DETAI LED DESCRI PTI ON
circuit, in accordance with one embodiment of the present invention.

[0012] FIG. 5 shows an example of a control block in FIG. 4, in

accordance with one embodiment of the present invention.

[0013] FIG. 6 shows a flowchart of an example of a method for
determining whether the rectified voltage comes from a TRIAC dimmer or an
on/off switch dimmer, in accordance with one embodiment of the present

invention.

[0014] FIG. 7A shows waveforms of signals associated with the
dimming controller in FIG. 4 operating in a first mode, in accordance with one

embodiment of the present invention.

[0015] FIG. 7B shows waveforms of signals associated with the
dimming controller in FIG. 4 operating in a second mode, in accordance with one

embodiment of the present invention.



[ 0016] Reference will now be nade in detail to the enbodi nents of the
present invention. While the invention will be described in
conjunction with these enbodinents, it will be understood that they
are not intended to limt the invention to these enbodi nents. On the
contrary, the invention is intended to cover alternatives,

nodi fications and equivalents whi ch may be included within the
spirit a ntion as defined by the appended cl ai ns.
[ 0017] FDS%?%ﬁ%%%@ I'n FWﬂyﬁollomnng detail ed description of the
present invention, nunmerous specific details are set forth in order
to provide a t[bOT@]ugRetenelmaWidimanigp ofadehe dptaiide tiie émbeditrienis of the
However, it wll be recognized by one of ordinary skill in the art
that the press@nbvdnisant Wile ey inventsrawtlliikedestribbe it cdrik@stionpeiti f i c
details. In other instances, well known net hods, procedures,

conponentifesaBMbOUINGdHtS St Wi dderfieed tHER Bedy Arethot hieiededl to liasit et t 0
unnecessarily obscure aspects of the present invention. [ 0018]

FIG 1 Sg%tén%‘?ﬁé%edérﬁ%% @Mefls. adrl BllcoPRHRE il ¥hiish iS liieMddd 00,
in accordance wi th one enbodi ment of the present invention. The |ight

source drdovbPgi&hbe |f| Iox ng&#éj%e I%M’ﬁlrs ﬁ/ﬂlﬁhi@a)&g%ncﬁm% wifHin AC

power source, a rec |ng an tage roma

Tt R sp R Andedt 8 aﬁ§f'ive§§%<é%gé%n6€$ by ahSeriete 'é%@.sv. ng the

rectified voltage VREc and generating regul ated power to the |ight
source 118. Advantageously, a dimmng controller 110 nonitors the
rectified voltage VREc fromthe rectifier 108 and detects whether the

AC vol tage cooes7]f r PurthidiemoldliAhedioiowingdMaid deseriptivrodfithe prdseht
di mer 106. Upon detection of the type of the dimrer, the di nm ng

cont r ol | gfyehti@nadimeicustspecias dbiils RPNSEt f@fthﬁmgrd@evaro@mv@moﬁsugmz to
cont rol d| nm ng of the |ight source 118 according to the type of the

di mer . e%éﬁ@h?of e ﬁr@@en-mln\é@tlgh MEHwEP, itvilflBé sdRRAizeby dHem Ng

contro:jl er 110 controls the dinmng according to the operation of the
TRAI C | di
cur ent d ot o e A P Bl P Shbar Py F’Fﬁ“@.‘sﬁl@r@agg_ s
o e S e 910 B S bl Bh o oA cBGRAL 1

components, and circuits have not been described in detail as not to

unnecessarily obscure aspects of the present invention.

[0018] FIG. 1 shows a block diagram of a light source driving circuit 106,
in accordance with one embodiment of the present invention. The light source
driving circuit 100 includes a power source 102, e.g., an AC power source, a
rectifier 108 for rectifying an AC voltage from a TRIAC dimmer 104 or an on/off
switch dimmer 106 to provide a rectified voltage Vrec, and a power converter
112 for receiving the rectified voltage Vgec and generating regulated power to
the light source 118. Advantageously, a dimming controller 110 monitors the

rectified voltage Vrec from the rectifier 108 and detects whether the AC voltage



[0019] FIG 2A shows a diagramof a light source driving circuit 200
utilizing a TRIAC di mrer 104, in accordance wi th one enbodi nent of
the present invention. Elenents |abeled the sane as in FIG 1 have
simlar functions. The |ight source driving circuit 200 includes a
power source 102, e.g., an AC power source, a TRIAC di mrer 104 for
receiving an AC i nput voltage VIN fromthe power source 102 and for
gener at i nepraes aMvibketTRJAC\HImmErcl 04aoritee bifoffeawittb gliioer 166t | Upong t he
AC voltage VTFIITAC fromthe TRIAC dimer 104 to provide a rectified
vol t age \@REE:ticanof the pypeesf the diremeenthd tiznrhivg coatrellen 1@ adjests ¢tod i f i ed
vol tage VREc and generating regul ated power to the |ight source 118.

Advant ageguplipovierdifamé pewsocsrivetteen 14 idcdrert dveaing ditignidhtisadiaeat i ng
the rectified voI tage VREC fromthe rectifier 108 and determ nes that

the AC vo|{fgedr@ingity &k wetoln&rer&ﬁrnhéﬁ eFolB8Rarhpees iy PRIAGEIMREAC
di mrer 104. The dimmi ng controller 110 adjusts t he out put power of

the powwzp.evo%té&éd Jtrﬂ;% gﬁmﬁ@é&ﬁ lollét 78 BhtRis fHéedn'n'erHé aBQHHg 1618

accordingly. I n one e he di mm ng contr ol 110 |s further

curront dr %P#% A%tﬁgTﬁ‘A%ftrﬁ”‘tefRmf‘%éabﬁés%thﬁgﬁg’nt oGt "
pover - sour e et Mg RarphCeEF 3R i et 1Be S MeGin RESHEED, £ O7

term nal A condt nal,, A2. and G_The TRI AC di mer 104
f ur t her .qrermtrdi 5 etrclad i BB Lol oA e PR LB i ¢ a
capacitor 210, and a diac, 212 having one end coupled to the capacitor
210 and t3fEOEIN@{0 BePREsHANY tt‘%of‘ﬁgf uicd angrer t@@ triac 206. The
triac 206 is a bidirectional switch which can conduct current in
either direction when it is triggered. The triac 206 can be triggered
by a positive or a negative voltage applied to the gate G Once

triggered, g%fﬂg%@%ﬁtﬁe@gﬁ%&&m%m%t sél%é 'dnt.hg cfrelif 200

through it dr |l ow a t value, 1.e di ng current

In otmgmﬁ%rfﬁmd Bw%gﬁ 04,90 SEGRARAG hith B e% SRR Y. 2

current f hr ou Ir'i ac I'S main alne | ess

hol di ng curren t | H afte 0021]
e 5% btERimetiBher bty Bt BE sahe &4 AT dinevesimia A vi ng
circuit 200 .in FI n _accor.dance embodi ment o he
present H%Wﬁon?hﬁ/ﬁ%t (YEeS Findag Frycwq\%@nggggﬁgwgw&é%%? rerEO‘? Ythe
AC i nput vol tage VIN, a volta % VA2- A1 bet ween.t he fS}rm nal d

t er mi nal HPAGPOMERE SPWC&CaZdedA LT fPEieseving ugh inp V(ﬁ’i”ﬁ@e %

t he AC vol tage VTRAc provided by the TRI AC di nmer 104, and the
rectifi edramitepewsrgires dA2 and forganeratng aAC YoRage ¥ resaddeetilisy FI G

2B, the AC input voltage VIN has a sinusoidal waveform FIG 2B is
descri bed 08fot tagtifyirg therAGivelaga GrrieArom the TRIAC dimmer 104 to provide a

rectified voltage Vgrec, and a power converter 112 for receiving the rectified
voltage Vgec and generating regulated power to the light source 118.
Advantageously, a dimming controller 110 receives a signal indicating the
rectified voltage Vgec from the rectifier 108 and determines that the AC voltage
received by the rectifier 108 comes from the TRIAC dimmer 104. The dimming
controller 110 adjusts the output power of the power converter 112 to control
dimming of the light source 118 accordingly. In one embodiment, the dimming

controller 110 is further operable for conducting a current path 114 to maintain a



[0022] Initially, the triac 206 is turned off, and the voltage VA2-Al
between the termnal Al and terminal A2 increases with the AC input
voltage VIN. At tinme T1, the voltage across the capacitor 210 turns
on the diac 212. The diac 212 generates a current pulse applied to
the gate G of the triac 206. The triac 206 is turned on in response
to the current pulse. As a result, the AC input voltage VIN passes to
t he rect itiolding t08enbofdha TERUACalmfer dG4. t hr ough the triac 206. At tine
T2 which is near the end of the first half cycle of the AC input
voltage VIN, the triac 206 is turned off because the current through
the triac 206 falls below the holding current of the triac 206. In
the second half cycle of the input voltage VIN, the triac 206 is
turned on agai[poadleninithe exahphgef RIGL QAstHeTERIPEpdioirher 1 (liAcludena on
the diac 212. By increasing or decreasing the resistance of the

adj ust abliga¢ 266 ebapled DRtwddithe o soGitarwi2nehd the réamieeiib®r P& is
varied such that the diac 212 can be conducted at a different phase

angl e. Copseapemkk ¥ firkh@rrhinhA&1 208t tBEnihHr A2EnQ@A gitd . aThe
adj ust abl e conducti ng angl e dependi ng on the resistance of the

dj ust abl'e"cond dependi ng _
por 1 on o e Lol CEuCARTRP RS ah BRI RS Sl PRI DR, 1o
o ngr am 1R PRgRgtoL 2018 B0e TEthavng one i Cclnibd B 1ne taBIRY, |

switch di r i accordan | t.h,_onre di t sent
i nventi oﬁ%%ﬁ@%togh“?ra (éocﬁj%?%]gt%st%éa saioﬁﬁ[—%o%gc%%ﬁavﬁ%ﬁ%%l %:68@%
functions. FIG 3B sh .t he waveforns associate i.th the.light

sour ce dHIYIGEGORR AR WG P By EUCS AR &85 QIEIGBBNER PG 3A i s
on, in accordance_ with one enbodj nent of the present invention. FIG
3A is dedéggied i hhe bias 20 sanPsiriggemddy gpositive or a negaiug votigge| i ght
source driving circuit 300 includes a power source 102, e.g., an AC
power sow@pPpbed hthergase ﬁ-S\@mQﬁi“GQ%ﬁ@érthﬁdea@:g%lc%ﬁ”b’@ﬁ\ﬁééﬁ”g% upBher
source 102 and a rectifier 108, a power converter for receiving a
rectifi edheoutrenichiRBh if drops bhlow 2 treshadd valos, ahdthgdrddiag cugent 1.
regul ated power to the light source 118. Advantageously, a di nm ng
cont r ol | én oftld werdsiin esdex ts kgemthd tndc @86 icngdudimgr ecurrenitbwing t age
VREC fromthe rectifier 108 and determ nes that the AC voltage

recei ved timpughehd eici J06ds nididahedes Bsothanhtre doldiid cuevert dhaftemther

106. The dinmng controller 110 adjusts the output power of the power
convert ekridgl206 & teigyéreal di nming of the |ight source 118 accordingly.

[0021] FIG. 2B shows the waveforms associated with the light source
driving circuit 200 in FIG. 2A, in accordance with one embodiment of the present
invention. More specifically, FIG. 2B shows waveforms of the AC input voltage
Vin, a voltage Vaz.a1 between the terminal A1 and terminal A2 of the triac 206, a
current Ipiac through the diac 212, the AC voltage Vrriac provided by the TRIAC
dimmer 104, and the rectified voltage Vrec from the rectifier 108. In the
example of FIG. 2B, the AC input voltage V|y has a sinusoidal waveform. FIG.

2B is described in combination with FIG. 2A.



[0025] In the exanple of FIG 3A, the on/off switch di mer 106

I ncludes a switch 302. When the switch 302 is on, the AC input
voltage VINis applied to the rectifier 108. The rectifier 108
rectifies the AC input voltage VINto a rectified voltage VREC. The
rectifier 108 converts the negative portion of the AC i nput voltage
VIN to correspondi ng positive portion to generate the rectified

vol t age VREC. [0026] FIG 4 shows a schematic diagram of a

|l i ght source driving circuit 400, in accordance with one enbodi nment

of the present. .jfventi. beI h FI G 3 have
simlar functi® @ t? aﬂg tE?i %&%'IS% 04{11 aﬁﬂzﬁ?”?ﬂ%@es&ﬁﬁbe drivi \rllg
circuit O drives an. L 408 The

circuit j{%wgg%t%te@m?&) pt?/‘%"(}%‘ﬂrA%WQretafﬁg thtﬁ‘F ?&@ﬁﬁpgr@t gv”“rhe
rectifier 108 can be a bridge rectifi.er includin r di.od 408 d
a capaci tAirtinegy T+, he Ve Eﬁ@ra%g?ﬁ/f@?@épa@&oz 196'##18:9@%5% iéﬁdﬁj'@f o?fﬁeﬁlafaan
di ode D1 and a svmtch Q. The sw t'Cho%pls coupled to the LED string
408 and &2 ganesaies? @rest pulsy appliediiontheggte Graftee Irae 2069, The triac

206 is turned on in response to the current pulse. As a result, the AC input
voltage Vin passes to the rectifier 108, and a current flows through the triac 206.
At time T2 which is near the end of the first half cycle of the AC input voltage Vi,
the triac 206 is turned off because the current through the triac 206 falls below
the holding current of the triac 206. In the second half cycle of the input voltage
Vin, the triac 206 is turned on again when the voltage across the capacitor 210
turns on the diac 212. By increasing or decreasing the resistance of the
adjustable resistor 208, the current charging the capacitor 210 is varied such
that the diac 212 can be conducted at a different phase angle. Consequently,
the triac 206 can be turned on with an adjustable conducting angle depending on
the resistance of the adjustable resistor 208. The rectifier 108 converis the
negative portion of the AC voltage Vtriac to corresponding positive portion to

generate the rectified voltage Vgec.

[0023] FIG. 3A shows a diagram of a light source driving circuit 300
utilizing an on/off switch dimmer 106, in accordance with one embodiment of the
present invention. Elements labeled the same as in FIG. 1 have similar
functions. FIG. 3B shows the waveforms associated with the light source

driving circuit 300 in FIG. 3A when a switch 302 in FIG. 3A is on, in accordance



[0027] In one enbodi nent, the dimm ng controller 110 includes a
control block 190. The control block 190 can be, but is not limted
to, an integrated circuit. In one enbodinent, the control block 190
i ncludes pins VDC, RT, G\D, SOURCE, CLK, DETECT, VSIN, HV_GATE, VDD,
DRAI N, COW, PWMOFF, BLEED1, BLEED2, |BLD1 and |IBLD2. The detection
pi n DETECT receives a signal indicating the rectified voltage VREC
and det ecwish sheehdrodirhentrad dhe presdniiolerdipa. VRES. 2 isedesicrioed an TRI AC

di mer 104 or an on/off switch dimer 106. In the exanple of FIG 4,
t he det ecdgrasingiion W E(G. 38. coupl ed to the output of the rectifier
108 via a capacitor C3 and resistors R5 and R6. [ 0028] The

i nput signal pin VSIN receives a signal VsiN indicative of the
rectified voltage VREc. In the exanple of FIG 4, the input signal
pin VSINis coupled to the output of the rectifier 108 via resistors

R7 and R8. Thegoexqr aGRe S§latdlurdd drivibd cifRMEI008RcIadsd apalveV86urce 102
i ndi cative of an average VAvG of the rectified voltage VREC. In t he

exanpl e of gFh# A polvBPsAYBE 8o ol RAitcRidimMEE1 b6 cEQMBH B thE
out put of 9he recP|f| er 108 via a capacitor C2 and resistors RlL and
RO : . : - _

wdr WBar uﬁcng %@d"g r?c#tfj‘u@?’w@ &86\%.‘;%0{%%%5%6&@5rré’étﬁleé

switch 02001‘ or con St current 1 ncl e swmtch 02

e e
ifi i 02 i i . v
2P ook o 0256 b eSS ot L e

the rectifier 108 and _the signal Vsi N receiyved t in VSIN is

b oat or | RRAITEENE G0 YERagR dara/ERm iy torilch 10asd CetBBRgsS that e
enbodinment. In the exanple of FIG 4, the bl eeding control pin BLEED1L
cont r ol s AG¥olage '@Iﬁ"eU?dlhyﬁB%tF%}'f'ﬁH:Qﬁ 8Pnes fremathe Onthgwissydiamere. g. |
a voltage across the resistor R12, received by the pin | BLDL.

[0030] A 196coddeslimatnggorionier b0 grivsisitrepptrtbrowsr of eqamesh @B for
conducting a second current path including the switch 03 and a

resi st or cRntentey higd totcainirobdinmnidg of theulighé gouree 1t1BacTRIN@IYi mrer 104 i f
the TRIAC dinmmer 104 is coupled to the rectifier 108. Mre
specifically, the switch 03 can be turned on if the signal received
by the pin DETECT indicates that the TRIAC dimrer 104 is coupled to
the rectifier 108 and the signal VSIN received by the pin VSINis

| ess t han t he[@25pal In\Vide exaoplievd dFIGy3A e phnfofAduaichi dimores 1661adicesnt .
In the exanple of FIG 4, the bleeding control pin BLEED2 controls
the sw t ghevid&hl 3022 aW e theoswiliohg3(20is dn$ tHesAD tnit §oRdge ¥nds appliedtbt age
across the resistor Rl1l, received by the pin | BLD2. [ 0031] The
pi n CLK KesRicHfS P0G WMTtHE Y ebTErt10BIrBgtifRk IR AC iRglitcith§E Vato @ReEffddon
of the on/off switch dinmrer 106 if the on/off switch dimer 106 is

voltage Vgec. The rectifier 108 converts the negative portion of the AC input

voltage VN to corresponding positive portion to generate the rectified voltage

VRec.

[0026] FIG. 4 shows a schematic diagram of a light source driving
circuit 400, in accordance with one embodiment of the present invention.
Elements labeled the same as in FIG. 3 have similar functions. In the example

of FIG. 4, the light source driving circuit 400 drives an LED string 408. The light

10



coupled to the rectifier 108. In the exanple of FIG 4, the pin CLK
is coupled to the output of the rectifier 108 via a capacitor C and
resistors R3 and R4. If the on/off switch dimmer 106 is coupled to
the rectifier 108, a voltage across the resistor R4 drops to zero
when the on/off switch dimer 106 is turned off. Thus, a switch
nonitoring signal indicating a turn-off operation of the on/off

swi t ch di somrece d06ng sirdeit 2@ ean by uske ipdriveyatiousHygpasodftighbsaocess t he
resistor R4 rises to a predeterm ned voltage when the on/off switch
di mrer 10Phé rectifiemBaB cam bd husidge restifiec Imciualinid four digdes g0dlandradi cat i ng
a turn-on operation of the on/off switch dinmmer 106 is detected by

the pin Qdpacli®od2] Wh@?dﬁércdrﬂ@rt@i M1 HWCAEE BaRdlcbsL T, kediswé Dah 01.

In operation, if the on/off switch dinmer 106 is utilized and a

turn-on ofgf kiviteh 1.t MewithiQ £14 doticd 1BT1RE LE@GSth%gld@? fﬁﬁa ftutled Pfe

pin CLK, the control block 190 turns on the switch a turn-o

operatio A msWdoR | r 106 is detected at the pin CLK,
t he cont P%rfg%{’@gﬁﬁ%gl trﬂr séoop?n%rﬁggsm tch 01 such that the LED

string 408 is turned off after the inductor L1 conpletes
di scharging. The pin VDD is coupled to the switch 01 for providing
power to the control block 190. The pin DRAIN is coupled to the

LD P AR BRI e b T TRl

ogound Tt BpE i FHPL O BRI BT B

iggt Ir (rjll Fﬁé%%‘g%t%& %ircmﬁitq 03“:? ]oneF le%bo%irﬁgrﬂy\ﬁmeac%n?ré?bqgcl;l& S% in%lu%gg tplrn%lv&),o ck
RT, GND, SOURCE, CLK, DETECT, VSIN, HV_GATE, VDD, DRAIN, COMP,
PWMOFF, BLEED1, BLEED2, IBLD1 and IBLD2. The detection pin DETECT
receives a signal indicating the rectified voltage Vgrec and detects whether the
rectified voltage Vrec comes from a TRIAC dimmer 104 or an on/off switch
dimmer 106. In the example of FIG. 4, the detection pin DETECT is coupled to

the output of the rectifier 108 via a capacitor C3 and resistors R5 and R6.

[0028] The input signal pin VSIN receives a signal Vg indicative of the
rectified voltage Veec. In the example of FIG. 4, the input signal pin VSIN is
coupled to the output of the rectifier 108 via resistors R7 and R8. The average
signal pin VDC receives a signal Vpc indicative of an average Vayg of the
rectified voltage Vrec. In the example of FIG. 4, the average signal pin VDC is
coupled to the output of the rectifier 108 via a capacitor C2 and resistors R1 and

R2.
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accordance with one enbodi nent of the present invention. FIG 5 is
described in conbination with FIG 4. [ 0034] The control bl ock
190 includes a driver 516 for controlling a swtch 4 coupl ed between
the pin DRAIN and the pin SOURCE to control a current of the LED
string 408, a conparator 514 for conparing an input signal VsiN
indicative of the rectified voltage VRECc with an average signal Voc

i ndi cative of [802%veAdigst bidedingtontined pireBL EEDd dcontrblsagawitdREQ2 tfar
generate a pul se-wi dth nodul ation signal LPW a nulti-Ievel dimrer

538 coupl gshduetitidia fipstreutielt path irsliidisg tvegswitdhgh? nads rebistdrdR 1280 string
408 in response to the operation of the on/off switch dimer 106, a

vol t age d@hRediffa RAGNH UIrERNdftRE TRIACIEMARE DA ifaHe TRIAGWMMRESD4 35
bl eedi ng controller 542 for controlling an error anplifier 550 to

t |t i { t i [P 7 ;
contro é@)iés t%théyéétgleia@ h\gb%féedggmesw,%@Mc}rpdjz@an%equ.tn@a on if

resi stor own in Ing controller 546 for

control | itﬂgﬁ gﬁ*{%ﬁveggw ath iptﬁLDﬁgr%dﬂnBBngcliha & T%ﬁﬁégﬂr&ﬁ’réﬁ_ﬁ‘é%sé path

i ncl udi ng e resistor shown 1 n

trol bl i . -te . cti
it S02,coBleBloe PGB O Bod B SBRar Ve bR I YR, ' "
Tt o el e Rt BB 82 S5 e ol O
rectified voltage VREc cones froma TR i r 104 or an, on/of f
Gt ch aiaHeaoIa BEFBS oo epHa0soT g SLEBT RO g SBhA%2.
counter SI%gérly according to a sensing signal, e.g., a voltage across the resistor R12,

received by the pin IBLD1.

[0030] A second bleeding control pin BLEED2 controls a switch Q3 for
conducting a second current path including the switch Q3 and a resistor R11 to
maintain a holding current of the TRIAC dimmer 104 if the TRIAC dimmer 104 is
coupled to the rectifier 108. More specifically, the switch Q3 can be turned on if
the signal received by the pin DETECT indicates that the TRIAC dimmer 104 is
coupled to the rectifier 108 and the signal Vg received by the pin VSIN is less
than the signal Vpc received by the pin VDC, in one embodiment. In the
example of FIG. 4, the bleeding control pin BLEED2 controls the switch Q3
linearly according to a sensing signal, e.g., a voltage across the resistor R11,

received by the pin IBLD2.

[0031] The pin CLK receives a switch monitoring signal indicating an

operation of the on/off switch dimmer 106 if the on/off switch dimmer 106 is
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and a conparator 536. FIG 6 shows a flowhart of an exanple of a
met hod for determ ning whether the rectified voltage VREC cones from
a TRIAC dimer 104 or an on/off switch di mer 106, in accordance

wi th one enbodi nent of the present invention. FIG 6 is described in
conbination with FIG 5. [0036] In block 602, the voltage
detector 540 nonitors the rectified voltage VREC by receiving a

si gnal i nbupéad toghe mectifiect 08. eld the exagple\RETCGY 4 athelpin GeKes togriegton
DETECT. In block 604, if the rectified voltage VREC is greater than a
first preadetouynltivhage Mtiifidrni@siipachpsaditoy Gsaricdreblstark F¥4ndR4d. t Hehe
vol t age detector 540 enables the clock 532 to drive the counter 534.
I n bl ock & switclodmbier Yoé secovblddite tﬁ@%&iﬂérﬁ@%d«&égé&@ﬁ)s@hé in
response to each clock pul se generated by the clock 532. In block

610, if tleisfRH4 diopd ty 2bloa@erMREGN/SH $\8ifch difmikera 089§ AtHe®bfS €Thys,
voltage V2, the flowhart goes back to block 608. In block 610, if

the vl t a0 féh A5 A% bbhdediBue IVRER b aleal o LRAR s Soond

preset voltage V2, the owchart the voltage

detect or é@%eqiﬁ)%% ‘aﬁ}etc% tgylef?\\%&irg g&#&ggl\{&ﬁggg ééroslé If‘r?e Fe%%@%_ﬁézf \r/]al ue

is conpared wth a rereren evconpar at or

bl ock 616, if the unt er ,value i eat er ..t han t [ arat or
250 genaitispalo & Hafanfi VBl Widitsomhy Shith Wiroet i RATRREE
vol t age Ec cones, from the on/pff switch dimrer 106. Jn bl gck 618,

i f thg CZ/;[RLEWtSE?‘ S\W&F{]é“‘?rgtof'ag§'gﬂqﬁg'ﬁd@ﬁﬁn%?t‘ér(ﬁ't%ﬂ 0@%&%10# Re ar at or
536 generates a selection signal indicating that the rectified

vol t age \Hdeh dypmerilOB/is ealecteriidhainmerK104. [0037] Referring
back to FIG 5, if the control block 190 determ nes that the
rectified voltage VREc cones fromthe on/off switch di mer 106, the
SR flip-flop 528, the bleeding controller 542, the error anplifier

550, the §d88di NGoreover, the pin HV_GATE controls the switch Q1. In operation, if
the on/off switch dimmer 106 is utilized and a turn-on operation of the on/off
switch dimmer 106 is detected at the pin CLK, the control block 190 turns on the
switch Q1. If a turn-off operation of the on/off switch dimmer 106 is detected at
the pin CLK, the control block 190 turns off the switch Q1 such that the LED
string 408 is turned off after the inductor L1 completes discharging. The pin
VDD is coupled to the switch Q1 for providing power to the control block 190.
The pin DRAIN is coupled to the switch Q1. The pin SOURCE is coupled to the
resistor R13. The pin COMP is coupled to the capacitor C5. The pin GND is
coupled to ground. The pin RT is coupled to ground via a resistor R14 for
determining a frequency of a frequency signal generated by the control block

190.

[0033] FIG. 5 shows an example of a control block 190 in FIG. 4, in
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controller 546, and the error anplifier 552 are disabled, in one
enbodi nent. The nulti-level dinmrer 538 is enabled to output a di mm ng
signal ADJ according to the operation of the on/off switch di mmer
106. The nulti-level dimer 538 receives a switch nonitoring signal

i ndi cating an operation of the on/off switch dinmer 106 via the pin
CLK. For example, a voltage of the dinm ng signal ADJ decreases from
a first laeeldanoce avithem@neimbedigient of thegpesesd invention.uriGobfis dpeeriedon
of the on/off switch dinmer 106. An anplifier 530 conpares the

di nmi ng  $h gombind@dnwiithhFI&. gensi ng si gnal SEN received fromthe
current sensing pin SOURCE. The sensing signal SEN indicates a
current of the LED string 408. A sanple-hold circuit 520 receives the
out put of the anplifier 530. A conparator 518 generates a control
signal CTRL1 to control the switch 04 by conparing a sawm oot h si gnal
SAW gener at ed Jr(hne@n Piss tdhted] OlockA90vhdIddd e davérBis fof cételirgngl e- hol d
circuit 520. The conparator 514 is coupled to the input signal pin

VSI' N and du/ieh yLEQRUReS beRRlenRh8 p¥PERAN Gn8 e BIESOBROEMRWontopaal
VSIN i ndicative of the rectified voltage VREC with an average signal

VOO i ndi %ﬁ?r‘e‘ﬁfoﬂhe g[ﬁgﬁﬁgg®8vﬁ‘¥§n?5r 5‘@5’(431‘6? béﬂnﬁgrlﬂé’hﬁ%t\ﬁﬁﬁﬁl to

generate a se-W ul"atton nal one enbodi nent, if

iVE'Q e s %Q%{‘ 5'”}{99‘?‘3*“@8 Bifage &’R%ﬂé’ séaﬁggh%%@ a"”‘*‘?p\ﬂﬁ/b
b od ol afaveiiios %fGC?ﬁ%d wOfHAGR TRE b ofidtals pk%8%§tgreater
e o g egndl L?V&me'{] To2? BRRR8 S8 S P BHE LT 6 R, | e

switch 04. If the outp sanpl e-hol d circuit 520|sl s than
Che. sawt g8iH5189 SHanneEmp! %ﬁé@%ﬁwgﬁ%mg&@o&éﬁ& e ParRiOn iR o
signal CTRL1 in a second state |c 0) to turn off the switch
042 Ther enGiieswighaai i 1504 Seioleas HelesinTPADOMENEAO IhevAstigd | n
first state, the duty cycle of the control signal CTRL1 varies

accor di ngottaga H&cﬂﬁrﬁﬁ@%ﬂgpgﬁm"eA@GZ\m aontrpling @ntetier agmliendae by
the switch nonitoring signal indicating the operation of the on/off
swi t ch diconiol thé6irst current paid 38jluding Yl dwitch Q2 esdtiharesidid, R12ghown

pul se-wi dt h nodul ati on signal LPWMis in a second state (e.g., logic
0) and t ireFE3MV4, arbléebing vontralleo 546 trrdongoliihg as econdmptifresS@fto tchetrol

pul se-w dt h nodul ation signal LPWM In other words, the switch 04 is

turned ofma@gstapilcLatene paiRtiatMdinGERs Bivich O3 Arfiethe oesistol RYif GhalnGTRL1
during the first state of the pul se-w dth nodul ati on signal LPW and

the swt gig04 remebasr@blocturdotdrthéeinsinaes dn slat-nfferatife protadiont dt h
nodul ati on signal LPWM
unit 502, a short-circuit protection unit 504, an over-current protection unit 506

and an under-voltage lockout unit 510.

[0035] Inthe example of FIG. 5, the control block 190 determines
whether the rectified voltage Vrec comes from a TRIAC dimmer 104 or an on/off
switch dimmer 106 by using the voltage detector 540, a clock 532, a counter 534,
and a comparator 536. FIG. 6 shows a flowchart of an example of a method for

determining whether the rectified voltage Vgec comes from a TRIAC dimmer 104
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[0039] I n one enbodinment, if the control block 190 determ nes that the
rectified voltage VREc cones fromthe TRI AC di mer 104, the
multi-level dimer 538, the anplifier 530, the sanple-hold circuit
520, and the conparator 518 are disabled. The SR flip-flop 528, the
bl eedi ng controller 542, the error anplifier 550, the bl eeding
controller 546, and the error anplifier 552 are enabl ed. [ 0040]
The conpairanosn/btt 4witonplanmsr H06,iimpocordageeawitivenslemiidiaentas the  t he
rectified voltage VREcC with an average signal VDc indicative of an
aver age \semfintdmionecFlG.icid destilbgkin\ddEDinatiogavitr BIGe 52 pul se-wi dt h
nodul ation signal LPWM If VEINis greater than Voc, the pul se-w dth
nodul ation signal LPWMis in a first state (e.g. Ioglc 1). During
the first state of the pul se-w dth nodul ati on signal LPW the switch
01 shown in FIG 4 is on and the switch 04 is controlled by the

out put CTRL2 ¢hoddle BRbibeH cod, liepvEitiye ddrestos ST ionkars!tiie rédigie® i nput
of the SR flip- flop 528 receives a pul se signal PULSE generated by

the osci |v’oﬁ&§é VRgdb vﬁ'ﬁz Bls!d?laf inﬂ%aﬁ@@tf%‘ﬂe@ﬂﬁéd Polla@8i\Ged vidthe

response to each pu sel he "pul se signal to turn on the switch 04.

A conpar Eﬁ? c’u%%%lr? &8 AnbRIREACE 11 e g%i%‘%eéfe’?%d?ﬂ

si gnal recei've om the currenf sensing pin

ref erence & f cARRse gl e{h@fia%hgn@gggw Bl6ek 686 ahB S & v faRR!qeRcrbne

LED strl o nsi hg Si M Icates a curre | LED
i 4
ncr oased i aples e GRedd s e W edipbirad cdf bR ?O%”%cg?’?@ae R

i nput of t 528 such that the S 28 out put s
2"Fogi o alt ding coPater il Hiyearedy T irobaied o GaeB clackBnbne .t ho
pul se-w dt h nodul ati on sij LPWM i | ogi c
0) and t@@n§wt?@ﬁ¥§hﬁ'oﬁlﬁg3%4 'Qrkéo‘f*iﬁ%dftsﬂec’“l ﬁgc‘!f’h%gemcd lésshe
switch 4 is turned on and off alternately according to output of the
SR f i p- thapa seeorslipiesgt Yaieori esthedtoschanigoerdapkialogk 0% PP i on
signal LPW and the switch 04 remains off during the second state of
t he pul s&10i ifithe nolthgeanfiton restifedioltaaaryrec is great@tian tensedond exiesey
controller 542 is operable for turning on a switch 548 coupl ed

bet ween tvbkage W, Bh&HEDLCchartigodmetocrlock 6 thahd fhiearoltad® detecton bd0 clisabldsi r st
current path including the switch 02 and the resistor R12 (shown in
FIG 4) dwetlogk 832i r Bibletlab e4,ahe thentpulaiee vd cirparedwiithta mferengeal
LPWM As such, a current flows fromthe rectifier 108 through the

switch Oaa@@mmm%yrtﬁélcétr@@ré?wsw gh Ol 6 BN ties equntenylliid isegreated
receives a reference signal REF1 and a sensing signal indicating a

vol tage APENT iR ESHp&RYr daé?ge%fﬂategatsre@oﬁoﬁ a@namma@auﬁgl&aak tearly
to maintain the current through the switch @ and the resistor
rectified voltage Vrec comes from the on/off switch dimmer 106. In block 618, if
the counter value is less than CNT or equal to CNT, the comparator 536
generates a selection signal indicating that the rectified voltage Vrec comes from

the TRIAC dimmer 104.

[0037] Referring back to FIG. 5, if the control block 190 determines that
the rectified voltage Vgec comes from the on/off switch dimmer 106, the SR

flip-flop 528, the bleeding controller 542, the error amplifier 550, the bleeding
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R12 no |l ess than the holding current of the TRI AC di nmer 104.

[0042] The bl eeding controller 546 is operable for turning on a
switch 554 coupl ed between the pin BLEED2 and the error anplifier 552
to conduct a second current path including the switch 03 and the
resistor R11 (shown in FIG 4) during a second state of the

pul se-w dt h nodul ati on signal LPWM As such, a current flows fromthe
rectifi ercob@8ll¢mi48)gindtthe esar amblifted SHAcEre disablesi, §t @re ®pbodinagt.ound.
The error anplifier 552 receives the reference signal REF1 and a
sensi ng sTHywablti-lBvéicihimeg 538 obihaded tcoutpst 4 denmiegisginal AR hcaodiing
controls the switch 554 linearly to maintain the current through the

swi t ch 03, el op&artibs of &e0sn/Git dwiéh besdet @8 e Mokidev dimimee 688 of
the TRI AC di nmer 104. Mbreover, in one enbodi nent, the bl eeding

control | %céé?s a%waicﬁ SorfitoRiRY ighal iﬁb%ﬁﬁhg B @Pgﬁdﬂién@f ﬂwéDWEwit&'Hile

setting signal determ nes a mninmumduty cyc Dm N of e

pul se-wh o fIRdbatd M ih 8K, FoVBkablel ASoRMIY/oHE Uinfify AGRARD.L

the m ni mum duty cyc the controfl block 190 turns off t

A e BT s s

path. Th I'n one e bl'eedi ng control turns

on the sw,tch 5 to conduct e sec . C e I f
the. fol i ottoRshaeBREnBELbe, ARanATng LRty meBRhd Sha
signal LPMWMis, in the seco ate. or, when the dyuty cycle

U 56 wi il WERG PG STISEN PRI e A sénsite P SOUEGE:
cycl e Dm_N. _[.0043]_When the pul se-w dt dul atjon signal LPWV
is in thdhesansingsigreal IEN Indigaieha gurreat %P%Eﬁgooﬂf'%ébgff‘?
alternately. Thus, a current flows through the LED string 408 to
ground d$ample-hald gifoug528traceives therputpuhaitherdaptifiasodg  HIOERPA(BET | s
operabl e for conducting the first current path to maintain the

hol di ng &dBrgemerates arental gignaliGiidk1 tocpntwphthe switthddd b camgering a
nodul ation signal LPWMis in the second state, the switch 4 renains
of f. Thusawtaoth signahSAW geseratediingan pheillatEbb24 withdhetodiptibofigheund
during the second state of the LPWM The control block 190 is

oper abl e shafplsaoriugicul $20he Theconparator Bt ispupleddonieé mpat sighlepin

hol di ng current of the TRIAC di mmer 104. As such, to maintain the
sane hol dig|8 #id thervefdgel $ignal BiNCDY), ane codphred aeinpuesighald/gur r ent
flowing through the first current path during the first state of the

LPWM i s liggsathaa tﬁ@?eclﬂh@@dé%ewgew 4 émira%e SighaINGL, ihdieatRRCSTHh

current path during the seco state of the L Al t hough the

exanpl e %@g@gg‘vﬁmﬁ?%%‘gﬁe&%lfﬁg\é gwéenériafea pRRE-viaH HEGRafid1e

switch O resi'stor R1Z2 and the er“includes the swtch 03 and
one. cur r &lana s R PIFEHe ApbanfiAl i fan Iiibay e GRGiHEpuEE R CR
Lhe TEY AR Ssacentiah Sk ol B RIE A RSB O
i cat i anbpiahy P GRPbRRs Rt Mo sodiGugl Senal veo
' ndi cat] \é?nbcgdirﬁgnt?\iﬁi‘rlg gStp\u/![ léiy t%e%fargpnlghg%cc}injcut%go\i/so gge%%]e% tr\1/5nE S[:h’e 'n one
sawtooth signal SAW, the comparator 518 generates the control signal CTRL1
in a first state (e.g., logic 1) to turn on the switch Q4. If the output of the
sample-hold circuit 520 is less than the sawtooth signal SAW, the comparator

518 generates the control signal CTRL1 in a second state (e.g., logic 0) to turn

off the swifch Q4. Therefore, when the pulse-width modulation signal LPWM is
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enbodi ment. Alternatively, when the TRIAC di mmer 104 is used, the
dimm ng of the light source 118 can also be controlled by cal cul ating
the conducting angle of the rectified voltage VHEc. [ 0045]
During the operation, if any abnormal situation such as over
tenperature, short circuit or over current is detected, the
over-tenperature protection unit 502, short-circuit protection unit
504, or onet fististatnthedotyeytlieari thencdntfd SignahClBh¢ vaties acawdihgdd the
signal, e.g., logic O, to the driver 516 via the AND gates 508 and

512 to tudimngihf sighal BBUtHICHB. further detéMASd bi ks swifchshomso rikg\sidedl s
of signals associated with the dimm ng controller in FIG 4 operating

in a firshdidafley tHe GperafidteofaRé ohfofsWitchitisinigriing. mode, in accordance
wi th one enbodi nent of the present invention. Mre specifically, FIG

7A shows the status of the switch 302, the rectified voltage VREc
fromthe rectifier 108, the pul se-wi dth nodul ati on signal LPW
generated by the conparator 514, the di mm ng signal ADJ generated by

the mul ti-| evgbo@é]mrﬁr\/sm@;es%hﬁaﬁm,q% Buskedfaih rﬁeéﬂé@ﬁ&vgigﬁgn Ipwvivhe
oscillator 524, the output V520 of the sanple-hold circuit 520, and

th triok_ si - : h
onyor - sus in.f s§Eehd SRR G REIHhd e sfiftch SUPRIFSE o dting " e
nbi nat i it I 4 d : . I i ,
Che sw t cipeall'sihd bine iy wdEmabuiation siqralEEMN I RAEAMOAR, "
VEI N i ndi cat | f. th tif] t VREC Wit h i gnal
Ve i nai caoniTa R i e i oty Ao Aeoading: b o tid SGaE0SRRL T o
te th | se-wi dt h, nodul at i i gnal . LPWI di ,
O Ve N idurigodie st Shale, oUtRe Puiskwilh Srothiziion sasieh B el BRIy
isin a_first s,tate_({&,g_., logic 1). If VEIN is | ess than Voc, the
pul se-wi dehrefodins &ffi Bringitom secanplgiptesofithe puisevydih sedulatiqnesignal | ogi ¢

0). The oscillator 524 provides the sawooth
LPWM.

[0039] In one embodiment, if the control block 190 determines that the
rectified voltage Vgec comes from the TRIAC dimmer 104, the multi-level dimmer
538, the ampilifier 530, the sample-hold circuit 520, and the comparator 518 are
disabled. The SR flip-flop 528, the bleeding controller 542, the error ampilifier

550, the bleeding controller 546, and the error amplifier 552 are enabled.

[0040] The comparator 514 compares an input signal Vg indicative of
the rectified voltage Vgec with an average signal Vpc indicative of an average
Vave of the rectified voltage Vgec to generate a pulse-width modulation signal
LPWM. [f Vgn is greater than Vpc, the pulse-width modulation signal LPWM is
in a first state (e.g., logic 1). During the first state of the pulse-width modulation

signal LPWM, the switch Q1 shown in FIG. 4 is on and the switch Q4 is
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signal SAW Wen the pul se-wi dth nodul ation signal LPWis in the
first state, the conparator 518 generates the control signal CTRL1 to
turn the swtch 04 (shown in FIG 4) on and off alternately by
conparing the sawtooth signal SAWw th the output V520 of the
sanple-hold circuit 520. V520 is proportional to the dimm ng signal
ADJ which is generated by the multi-level dimer 538, in one

enbodi mertontriolied by tharboigut®mRL2iof then8Rdlip-fop 588. t Meresspasificalipltbe S
circuit 520 is greater than the sawtooth signal, the conparator 518
gener at esnjpineof ciosn SRflipgiog 58 redéds apulsefsigrst! Pl SFegérergted dyagec 1)
to turn on the switch 04. If the output of the sanple-hold circuit
520 is | esgillafdb2he THa@R fipHidp Saedutplisea logitphinateporistdogaich palses
the control signal CTRL1 in a second state (e.g., logic 0) to turn

of f the ﬁ?ﬂi\‘tﬁébu@ésngﬁy& etd tuREoR s swidHQh. NMRBhRIarBr 526 BemmphR&d i s in
the second state e control signal CTRL1 is zero and thus the

swi tch 04ﬁf @ﬁdensﬁ RATREF3 wit uli&géﬁémg# E.ghaﬁswré@é?vétoﬁom&hé enest of f,

the switc m)n|t0|ng S|gna I cat a turn-off operation of the

Va the pERSREBRRGR, ToE SR i PR b B R 86
w0 11 omae Bifert§(dUET gﬁ%%@%‘”ﬁ%@%@% RS

circui.t 520 eases

oras & e REBEHG 4 Shel it SndTrR §pne nll it St SPRASERTRI S

decreased. Therefo e bri ht ne of the L

reduced. NGB0 %F%’stne\ﬁﬁg}ﬁ’ faHar of generalfist Eﬁgtﬁ {T%t?le%g@ppgof,_,@gd
the duty cycle of _the control nal CTRL1 varies according to the

i i g STy RETIORGE RN NS e b ToRsbes AVIREIS & poico o B the

noni toring signal received by pin CLK [0049] FI G 78 shows
wavef or mswitth 4ndf ¥Ysmisless tasdV e, the phee wigkimedualinn signad . AMMEs G 4
operating in a second node, i.e., the TRIAC di mm ng node, in

accor danmea\debbnd)atat@(mgdilomm aid thesswitchee A1 an/@Atare tumesof. In
specifically, FIG 7B shows the rectified voltage VREc fromthe
rectifi entidr8ortbethpgvsieh v@4ishumedid reancboff altgmatehl &sidrdjeg ¢éo atipdt biy
the conparator 514, the sensing signal SEN received fromthe current
sensi ng phé SBAIREbp&E28tdigingané fitt stli® okthbYulsd-Wiith rozlaiog zignaPUL SE
provided by the oscillator 524, and the output CTRL2 of the SR

flip-floppryds, andere §\K)i‘i—‘chT@h/r‘&nﬂ|rf§Tdegﬁm§ thé s@éédd aad ofﬁh&gu%B -Wigth

described in conbination with FIG 4 I n one
enbodi ne (K 514 conpares an |nput si gnal VEI N

i ndi cati \%OdL{mtﬁoﬁgggmt ﬁv}?@d vol tage VREC with an average signal VDc

i ndi cative of an average VAVE of the rectified voltage VREC to
generate the pul se-wi dth nodul ation signal LPW If VEINis greater
than VDc, the pul se-width nodul ation signal LPMMis in a first state
(e.g., logic [10041]f ME Deedingesstrolab420s ppetablepior aningdinta awiich at i on
signal LPWis in a second state (e.g., logic 0). The oscillator 524
provi des 54BeopplesicbetivgamtheRbih St EEDe and theuerr&CTarhRlifief 55010 Shhduct p- f | op
528 turns to logic 1 in response to each pulse in the pul se signal,

in one efkAGUBAL pathfindlliding e SRitdHMQRantiuhe eskigior RA2 ¢sHovenin FIGK ewgh
the LED string 408 increases such that the sensing signal SEN

I ncr eas e%umh alfii€: S8R Mse §bl€8f\*/\|ndt§5h'odil§l§f&ﬁ§§ﬁaltLqDWﬁF3 Ad diRh
conpar at or 6 generates a logic 1 at the R input of the SR fllp flop

o28 Suchchnaﬁt AdVes RUMRHE (&clifbR1 68 tHBSg PRl dwikn AP Bn P & fodlshst A 10001 C

ground. The error amplifier 550 receives a reference signal REF1 and a
sensing signal indicating a voltage across the resistor R12 and controls the

switch 548 linearly to maintain the current through the switch Q2 and the resistor
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[0051] If a user adjusts the TRIAC dimer 104 to reduce the
conduction tinme of the triac 206, the duty cycle of the pul se-wdth
nodul ation signal LPWM decreases. Consequently, the brightness of the
LED string 408 decreases. Thus, when the TRI AC di mrer 104 is used,
the brightness of the LED string 408 varies according to the
rectified voltage WK. In the exanple of FIG 7B, the pul se-wi dth
modul at i dtl3hgifess th@vhe Boldinpaiurredt ¢ithe AL digmetid Ofnput si gnal VsI N
indicative of the rectified voltage VaEc with the average signal ViE
i ndi cative of an average VAN of the rectified voltage VREc. In
alternative enbodi nent, when the TRIAC di nmer 104 is used, the

pul se-w dt h ti janal  LPWVY c al so be obtained b .

cal cul ating mﬁ@éj ndﬁ@? E’L‘?ggwg‘ioémeﬁ“é' 89?[%'%@%[@9 YR o
exanpl e, the pul se-w dt h nodul at | signal LPWMis. i he first state
Corg . 1 EcomplaheHGen e BBrakE g AN Ter DRRISr S5¢ 14 PRRFIFSA: age
VREc. Ot herw se, the pulse-wi dth nodul ation signal LPWMis in the
second stsgcend sugent pasgineluging the switchd@s and fec@stsiardrlt (BRI Eht s
in accordance with the present invention provide circuits and net hods
for cont ylduring aciesand gtaie ohthei pitise-wislin owdukationraignag LEVAYr ofAs such,s
capabl e of detecting whether a TRI AC di mrer or an on/off swtch

di mrer i s cotgit @dwbdtone the ractifterd08sbrougb the dwicip@leanddbevesister R1Upon
detection of the type of the dimer, the dinmng controller controls
t he di mmtagrafnd h& heieghdr asplifiee532 rweties dhey refé@nce segmal BEF fandre
TRIAC dinmer is detected, the dinmng controller controls the di mm ng
accor di ngehsingReyrepeioridtiag aofoltabe atidkthelrawigor Rl f anieontrdistiie swi t ch
di mer is detected, the dinmm ng controller controls the dimm ng

accor di ngyfiten 588 Iiﬂ@@lgﬁd PRinedin thecrd A throsyh tdsltd®8 and the resistor
Advant ageously, the dimm ng controller can be adapted to different

types of rdiiniBless 3nsh fﬁé%léjiﬁﬁ cmréﬁtidé?gﬁé TRIAG RARRPE64. Moreovel, 49531

Wil e the foregolng descriptfon an raw ngs represent enbodi ments of

the present énWoed?HSGﬁg the %‘8??‘19#15‘3%%9"1%?4% rgggyéé‘ﬁ%eﬁiﬁ%s%lhfrggt%gf?f hg

nodi fi cat’l ons and st erern
fromthe spifi d pe..of the principles of e t~ 1 N ion
as defi né’&fP FW@?‘?EE&C%%%HWH%&%I §|e1’?2'%|ir%§ea @ﬁ'ﬁ@ddlm%i ﬁg Dy X{\?&HFI
appreci ate that, the ipyention &Ee ed,with ny modifications of
form st PHiSERYEth @PPH%@%W?' Ig[?%/ rtl?ﬁ}?sq“ %&yggi%ghe,asgﬁ; fits, and
conponents and ot herw se, used in the practice of the_inyentiopn,
whi oh ar GBI GUPAPE Shaplecariobbiaer 158 s ol srm e SAESRBR at i ve
requi rements wi thout departing fromthe principles of the present
i nvent i oRleeting ¢pnddat H46 aPrAICESEG sespbdcHERfiahe ThRIPOrdria 0P8 be
considered in all respects as illustrative and not restrictive, the
scope of emiwdimerinthedpleeding gonielles REdunsg antibe gpifen 884 e ranaust Hied
their legal equivalents, and not limted to the foregoing
descri pt isecond current path when either of the following conditions occurs: when the
pulse-width modulation signal LPWM is in the second state or when the duty
cycle of the pulse-width modulation signal LPWM decreases to the minimum

duty cycle Duin.

[0043] When the pulse-width modulation signal LPWM is in the first

state, the switch Q4 is turned on and off alternately. Thus, a current flows
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CLAI M5 What is clainmed is: 1. Acontroller for controlling

di mming of an LED |ight source, said controller conprising: a
detection pin operable for nonitoring a rectified voltage and for
detecting whether said rectified voltage cones froma TRI AC di mmer or
an on/off swtch di nmmer; an input signal pin operable for

recei ving an input 5|gnal I ndicative of said rectified voltage,

wher ei n dhiaigbdhe L&D etring $08 dmfiagundetiiring toe fitst stateibitfe id VoM. sdihe LED
| i ght source by controlling a switch in series with said LED Iight
sour ce aaootrdl bigck 098 8 operapletfoscamiicting thedirst cuerEnt patdovohintayetheones
fromsaid TRIAC di mer; and a nonitoring pin operable for

recei vi nthaidingautrent 6fahs ITGNAC dirmfiee 204 NgWaenahe palseavidf medildtiom/ of f
switch di mer, wherein said controller is configured to control

di i G AL WA b bl scaomt s SR e it st nacoor i
on/ of f s teht AbWEBrough the LED string 408 to ground during the second state of
the LPWM. The control block 190 is operable for conducting the second
current path to maintain the holding current of the TRIAC dimmer 104.  As such,
to maintain the same holding current of the TRIAC dimmer 104, the bleeding
current flowing through the first current path during the first state of the LPWM is
less than the bleeding current flowing through the second current path during the
second state of the LPWM. Although the example of FIG. 4 shows two current
paths, i.e., one includes the switch Q2 and resistor R12 and the other includes
the switch Q3 and resistor R11, the invention is not so limited. In another

embodiment, one current path can be employed to maintain the holding current

of the TRIAC dimmer 104.

[0044] As discussed in the example of FIG. 5, when the TRIAC dimmer
104 is used, the dimming of the light source 118 is controlled by comparing the
input signal Vg indicative of the rectified voltage Vrec with the average signal
Vpc indicative of an average Vavg Of the rectified voltage Vgec, in one
. embodiment. Alternatively, when the TRIAC dimmer 104 is used, the dimming
of the light source 118 can also be controlled by calculating the conducting angle

of the rectified voltage Vgec.

20



2. The controller of claim1l, further conprising: a bl eedi ng
control pin operable for conducting a current path to maintain a

hol ding current of said TRIAC dimmer if said rectified voltage cones
fromsaid TRI AC di mer. 3. The controller of claim1l, wherein
said controller is configured to control dimmng of said LED |ight
source by calculating a conducting angle of said rectified voltage if
said rectifiedO045lt aggrin@ﬁtesweraﬂ@rsaﬁ ahyraanegng| sitwetion such as overs, The
controller of claim1, further conprising: an average signal

pi n oper abimpefature, sbeit\irngjt anoer euagst isidgtedted, ik owerHtempefatere aver age
of said rectified voltage, wherein said controller is configured to
control dirotsctign ahit $8RdshdeRxirguithdrotgatior enib $04,crpaer-ngrrewati ploieaern
signal to said average signal if said rectified voltage cones from
sai d TRI AGitB0B&dn generate a control signal, e.g., logic 0, to the driver 516 via the AND

gates 508 and 512 to turn off the switch Q4.

[0046] FIG. 7A shows waveforms of signals associated with the
dimming controller in FIG. 4 operating in a first mode, i.e., the on/oif switch
dimming mode, in accordance with one embodiment of the present invention.
More specifically, FIG. 7A shows the status of the switch 302, the recitified
voltage Vrec from the rectifier 108, the pulse-width modulation signal LPWM
generated by the comparator 514, the dimming signal ADJ generated by the
multi-level dimmer 538, the sawtooth signal SAW provided by the oscillator 524,
the output Vsyg of the sample-hold circuit 520, and the control signal CTRL1
generated by the comparator 518, when the on/off switch dimmer 106 is utilized.

FIG. 7A is described in combination with FIG. 4 and FIG. 5.

[0047] In operation, when the switch 302 is on, the comparator 514
compares an input signal Vg indicative of the rectified voltage Vgec with an
average signal Vpc indicative of an average Vayg of the rectified voltage Vrecto
generate the pulse-width modulation signal LPWM. In one embodiment, if Vgin
is greater than Vpg, the pulse-width modulation signal LPWM is in a first state
(e.g., logic 1). If Vg is less than Vpg, the pulse-width modulation signal LPWM

is in a second state (e.g., logic 0). The oscillator 524 provides the sawtooth
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5. The controller of claim1l, wherein said controller is configured
to generate a pul se-wi dth nodul ati on signal, and wherein said

controll er

I's operable for turning said switch on and off alternately

during a first state of said pul se-wi dth nodul ati on signal, and
wherein said switch remains off duri ng a second state of said

pul se-w dt h nmodul ati on signal. The controller of claimb5,
wher ei n sHgeRl SV e- memhﬂﬁulseamﬁtﬂmgd@lﬁmn pigngld AWVt is dn the frstgialei ng
said input signal to an average signal indicative of an average of
sai d rectthéicethpachtoagtd generates thie cohigolcignal ITIRA toftursl the swBeh Qi t her

conpri si ng:

a first bleeding control pin operable for

conduct i nghewt irr BIG.c4)roneantd gfadterhatelpbyntanpadndiblediamgoait rsigeal SAW sai d
TRIAC dinmer if said rectified voltage cones fromsaid TRI AC di nmrer;

and with hecsutsutl ge6l the samipld-nbidircuio p0o.abl/g, fsasroporidaslttonige a
second current path to maintain said holding current of said TRI AC

di mrer | fdlﬁl?fhﬁ’g ERmki ADSWHIH s JBReFREE By tiomuRiRledel URhAfer GBBTRIone
wherein said first bleeding control pin is operable for conducting

said fir %mﬁ‘dﬁu%@ﬁf. gﬁryﬁe%‘r‘ﬁbdﬁ%éﬁﬂ f thd bSloubb@hE sAmpRRhSidRiE8 520 ¢ h

nmodul ati on signa
greater than the sawtooth signal, the comparator 518 generates the control

signal CTRL1 in a first state (e.g., logic 1) to turn on the switch Q4. If the output

of the sample-hold circuit 520 is less than the sawtooth signal, the comparator

518 generates the control signal CTRL1 in a second state (e.g., logic 0) to turn

off the switch Q4. When the pulse-width modulation signal LPWM is in the

second state, the control signal CTRL1 is zero and thus the switch Q4 remains

off.

[0048] If the switch 302 is turned off, the switch monitoring signal

indicating a turn-off operation of the on/off switch dimmer 106 is received by the

multi-level dimmer 538 via the pin CLK. Accordingly, when the switch 302 is

turned on again, the multi-level dimmer 538 decreases a voltage of the dimming

signal ADJ from a first level to a second level, in one embodiment. The voltage

of the output Vsoo of the sample-hold circuit 520 decreases accordingly. As a

result, a duty cycle of the control signal CTRL1 is decreased. Therefore, the

brightness of the LED string 408 is reduced. In other words, when the on/off

switch dimmer 106 is used, the duty cycle of the control signal CTRL1 varies

according to the dimming signal ADJ which is further determined by the switch

monitoring signal received by pin CLK.
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wherein said second bl eeding control pin is operable for conducting
said second current path during said second state of said pul se-w dth
nmodul ation signal. 8. The controller of claimb5, further conprising:
a current sensing pin operable for providing a sensing signal

i ndicative of a current of said LED |ight source; a conpar at or
operabl e for conparing said sensing signal to a predeterm ned
ref erence, wherein said switch is turned on and off during said

first state of said pul se-wi dth nodul ati on signal according to an

output of sai GogadPAERE OFp BRSAWBHLBFnS bPBBhals associated with the
dimming controller in FIG. 4 operating in a second mode, i.e., the TRIAC
dimming mode, in accordance with one embodiment of the present invention.
More specifically, FIG. 7B shows the rectified voltage Vrec from the rectifier 108,
the pulse-width modulation signal LPWM generated by the comparator 514, the
sensing signal SEN received from the current sensing pin SOURCE of the
control block 190, the pulse signal PULSE provided by the oscillator 524, and
the output CTRL2 of the SR flip-flop 528, when the TRIAC dimmer 104 is utilized.

FIG. 7B is described in combination with FIG. 4 and FIG. 5.

[0050] In one embodiment, the comparator 514 compares an input
signal Vg indicative of the rectified voltage Vgec with an average signal Vpc
indicative of an average Vayg of the rectified voltage Vgec to generate the
pulse-width modulation signal LPWM. If Vg is greater than Vpg, the
pulse-width modulation signal LPWM is in a first state (e.g., logic 1). If Vg is
less than Vpc, the pulse-width modulation signal LPWM is in a second state (e.g.,
logic 0). The oscillator 524 provides the pulse signal PULSE. The output
CTRL2 of the SR flip-flop 528 turns to logic 1 in response to each pulse in the
pulse signal, in one embodiment. If the switch Q4 is turned on, a current
through the LED string 408 increases such that the sensing signal SEN
increases.  If the sensing signal SEN increases to REF3, the comparator 526
generates a logic 1 at the R input of the SR flip-flop 528 such that the output

CTRL2 of the SR flip-flop 528 turns to logic 0.
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9. The controller of claimb, further conprising: a current
sensing pin operable for providing a sensing signal indicative of a
current of said LED |ight source; an anplifier operable for
conparing said sensing signal to a dimng signal, wherein a |level of
said dimm ng signal is determ ned by said operation of said on/off
switch di mer, wherein said switch is turned on and off during said
first state of said pul se-wi dth nodul ati on signal based on an out put
of said anplifier. 10. The controller of claiml1, further conprising:

a_cl ock gener gk, 1copnl ol Ly Sl lo ;ﬂeta.@ wmp%m&a@le For

generating a S|gn n sal rect| vol I's greater than

I A N R R R RS o

pul ses Ofs ésn%ll ?_PVN Cé(ec?cleagses. Consequently, the brightness of the LED string 408
decreases. Thus, when the TRIAC dimmer 104 is used, the brightness of the
LED string 408 varies according to the rectified voltage Vrec. In the example of
FIG. 7B, the pulse-width modulation signal LPWM is obtained by comparing the
input signal Vg)y indicative of the rectified voltage Vrec with the average signal
Vpc indicative of an average Vayg of the rectified voltage Vgec. In alternative
embodiment, when the TRIAC dimmer 104 is used, the pulse-width modulation
signal LPWM can also be obtained by calculating the conducting angle of the
rectified voltage Vrec. For example, the pulse-width modulation signal LPWM
is in the first state (e.g., logic 1) during the conducting angle of the rectified

voltage Vgrec. Otherwise, the pulse-width modulation signal LPWM is in the

second state (e.g., logic 0).

[0052] Accordingly, embodiments in accordance with the present
invention provide circuits and methods for controlling dimming of a light source.
A dimming controller is capable of detecting whether a TRIAC dimmer or an
on/off switch dimmer is coupled between a power source and a power converter.
Upon detection of the type of the dimmer, the dimming controller controls the
dimming of the light source accordingly. For example, if the TRIAC dimmer is
detected, the dimming controller controls the dimming according to the operation

of the TRAIC dimmer. If the on/off switch dimmer is detected, the dimming
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11. The controller of claim 10, further conprising: a
conparator coupled to said counter and operable for generating a
sel ection signal by conparing a counter value of said counter to a

ref erence val ue, wherein said sel ection signal indicates
whet her said rectified voltage cones fromsaid TRI AC di nmer or said
on/off switch dimer. 12. A system conpri Sing: arectifier

oper abl e mroi'@mqfﬁﬁﬂlﬁh@eﬁimﬂmgl6?@%@'@9&%@%%&1&@? ﬁfgtha onéaft switedy

vol t age;
dimmer. Advantageously, the dimming controller can be adapted to different

types of dimmers and thus its flexibility is enhanced.

[0053] While the foregoing description and drawings represent
embodiments of the present invention, it will be understood that various
additions, modifications and substitutions may be made therein without
departing from the spirit and scope of the principles of the present invention as
defined in the accompanying claims. One skilled in the art will appreciate that
the invention may be used with many modifications of form, structure,
arrangement, proportions, materials, elements, and components and otherwise,
used in the practice of the invention, which are particularly adapted to specific
environments and operative requirements without departing from the principles
of the present invention. The presently disclosed embodiments are therefore to
be considered in all respects as illustrative and not restrictive, the scope of the
invention being indicated by the appended claims and their legal equivalents,

and not limited to the foregoing description.
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a power converter coupled to said rectifier and operable for
receiving said rectified voltage and generating regul ated power to a
light emtting diode (LED) |ight source; a dimmng controller
operabl e for detecting whether said AC voltage cones froma TRAIC

di mmer or an on/off switch dinmer and for controlling said power
converter so as to control dimm ng of said LED |ight source,

wherein said dinmng controller is operable for controlling di mm ng
of said LED |ight source by controldLANgSa switch in series with said
LED l'i ght source according to said rectified voltage if said AC

vol t age \Wbatis daigeddsi d TRI AC di mer, and wherein said di nm ng
controller is operable for controlling dimmng of said LED |ight
source by controlling said switch according to an operation of said

o <M 8 VBB ST,

control 'c%rntrjoﬁeto&ﬁﬁﬁr%iﬁg:f or controlling LED dimm ng of said |ight

source by comparing an i nput

a detection pin operable for monitoring a rectified voltage and for detecting
whether said rectified voltage comes from a TRIAC dimmer or an on/off switch
dimmer,;

an input signal pin operable for receiving an input signal indicative of said
rectified voltage, wherein said controller is configured to control dimming of said
LED light source by controlling a switch in series with said LED light source
according to said input signal if said rectified voltage comes from said TRIAC
dimmer; and

a monitoring pin operable for receiving a monitoring signal indicating an
operation of said on/off switch dimmer, wherein said controller is configured to
control dimming of said LED light source by controlling said switch according to

said monitoring signal if said rectified voltage comes from said on/off switch

dimmer.

2. The controller of claim 1, further comprising:
a bleeding control pin operable for conducting a current path to maintain a
holding current of said TRIAC dimmer if said rectified voltage comes from said

TRIAC dimmer.

3. The controller of claim 1, wherein said controller is configured to
control dimming of said LED light source by calculating a conducting angle of

said rectified voltage if said rectified voltage comes from said TRIAC dimmer.
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signal indicative of said rectified voltage to an average signa

I ndi cative of an average of said rectified voltage if said rectified

vol tage cones fromsaid TRI AC di nmer. 14. The system of claim
12, wherein said dimm ng controller is operable for controlling

di mming of said LED |ight source by cal culating a conducting angl e of
said rectified voltage if said rectified voltage conmes fromsaid

TRI AC di nmer. 15. The systemof claim 12, wherein said di mm ng
controller is operable for generating a pul se-wi dth nodul ati on

signal, and whereip sai d S ched on and off alternately
during a first stathe et PHOE)EIP 1V\hw”5‘§‘ﬁrﬁ%9l"§ﬂf‘gon signal, and

wherein said switch renni a _second state of

id ..
Ul Se-vi d h BT SARE S Chey Ry perablb i6heBe N FRCA oYY sftnef Biefhanve
wher ei n - sal f,l anl 39 58HeER ddoltade, wherein said controller is configured to

control dimming of said LED light source by comparing said input signal to said

average signal if said rectified voltage comes from said TRIAC dimmer.

5. The controller of claim 1, wherein said controller is configured to
generate a pulse-width modulation signal, and wherein said controller is operable
fof turning said switch on and off alternately during a first state of said puise-
width modulation signal, and wherein said switch remains off during a second

state of said pulse-width modulation signal.

6. The controller of claim 5, wherein said pulse-width modulation
signal is generated by comparing said input signal to an average signal indicative

of an average of said rectified voltage.

7. The controller of claim 5, further comprising:

a first bleeding control pin operable for conducting a first current path to
maintain a holding current of said TRIAC dimmer if said rectified voltage comes

| from said TRIAC dimmer; and

a second bleeding control pin operable for conducting a second current
path to maintain said holding current of said TRIAC dimmer if said rectified
voltage comes from said TRIAC dimmer,

wherein said first bleeding control pin is operable for conducting said first

current path during said first state of said pulse-width modulation signal, and
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configured to generate said pul se-wi dth nodul ati on signal by
conparing an input signal indicative of said rectified voltage to an
average signal indicative of an average of said rectified voltage.
17. The system of claim 15, wherein said dimm ng controller is
operabl e for conparing a sensing signal indicative of a current

t hrough said LED |ight source to a predeterm ned reference, and
wherein said switch is turned on and off during said first state of
sai d pul whexinishidreedahd biemding cordfol pacisrapienaple dorecomdusting sajd slecamdl a
conparison result of said sensing signal and said predeterm ned

r ef er enceurrent path duringsaitiecend ﬁ%w 9? saidauserwidthymadsiationagignali mmi ng
controller is operable for conparing a sensing signal indicative of a
current through said LED |ight source to a dinmng signal, wherein a

| evel of sai d,di mg.n i | ef m,.n by .sai d operation of said
on/of f sw tcﬁg'di mr}?qcéﬁgﬂl%ﬁgt@?ﬁggafug{hggmg?ﬁng'ggturned on and of f
during said f}j t - pis - W ' Lamals
according to %Egrterﬁ\’tﬁoot s i%ﬁg):pggér?éé g&?@bﬁggtﬁgg%ﬁ%%ﬁpn%lﬂggﬂve of
sensi ng gcanaht FAiFPED IGhiBbHdesi gnal . 19. The system of
claim12, wherein said dinmng controller conprises:

a comparator operable for comparing said sensing signal to a

predetermined reference,
wherein said switch is turned on and off during said first state of said

pulse-width modulation signal according to an output of said comparator and a

pulse signal.

9. The controller of claim 5, further comprising:

a current sensing pin operable for providing a sensing signal indicative of
a current of said LED light source;

an amplifier operable for comparing said sensing signal to a dimming
signal, wherein a level of said dimming signal is determined by said operation of
said on/off switch dimmer, wherein said switch is turned on and off during said
first state of said pulse-width modulation signal based on an output of said

amplifier.

10.  The controller of claim 1, further comprising:

a clock generator coupled to said detection pin and operable for
generating a clock signal when said rectified voltage is greater than a first preset
voltage and less than a second preset voltage; and

a counter coupled to said clock generator and operable for counting

puises of said clock signal.

28



a clock generator operable for generating a clock signal when said
rectified voltage is greater than a first preset voltage and | ess

than a second preset vol tage; and a counter coupled to said

cl ock generator and operable for counting pul ses of said clock

si gnal . 20. The system of claim 19, wherein said di mmng
controller further conprises: a conparator coupled to said
counter and operable for generating a selection signal by conparing a
counter value of said counter to a reference val ue, wher ei n

sai d sel ection signal indicates whether said AC voltage cones from
sai d TR AC di hher Ote eenteplisnpbelring 4P thar pemprising:

a comparator coupled to said counter and operable for generating a
selection signal by comparing a counter value of said counter to a reference
value,

wherein said selection signal indicates whether said rectified voltage

comes from said TRIAC dimmer or said on/off switch dimmer.

12. A system comprising:

a rectifier operable for rectifying an AC voltage and generating a rectified
voltage;

é power converter coupled to said rectifier and operable for receiving said
rectified voltage and generating regulated power to a light emitting diode (LED)
light source;

a dimming controller operable for detecting whether said AC voltage
comes from a TRAIC dimmer or an on/off switch dimmer and for controlling said
power converter so as to control dimming of said LED light source,

wherein said dimming controller is operable for controlling dimming of said
LED light source by controlling a switch in series with said LED light source
according to said rectified voltage if said AC voltage comes from said TRIAC
dimmer, and wherein said dimming controller is operable for controlling dimming
of said LED light source by controlling said switch according to an operation of
said on/off switch dimmer if said AC voltage comes from said on/off switch

dimmer.

13. The system of claim 12, wherein said dimming controller is

~ operable for controlling LED dimming of said light source by comparing an input
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signal indicative of said rectified voltage to an average signal indicative of an
average of said rectified voltage if said rectified voltage comes from said TRIAC

dimmer.

14. The system of claim 12, wherein said dimming controller is
operable for controlling dimming of said LED light source by calculating a
conducting angle of said rectified voltage if said rectified voltage comes from said

TRIAC dimmer.

15. The system of claim 12, wherein said dimming controller is
operable for generating a pulse-width modulation signal, and wherein said switch
is switched on and off alternately during a first state of said pulse-width
modulation signal, and wherein said switch remains off during a second state of

said pulse-width modulation signal.

16. The system of claim 15, wherein said dimming controller is
configured to generate said pulse-width modulation signal by comparing an input
signal indicative of said rectified voltage to an average signal indicative of an

average of said rectified voltage.

17. The system of claim 15, wherein said dimming controller is
operable for comparing a sensing signal indicative of a current through said LED
light source to a predetermined reference, and wherein said switch is turned on
and off during said first state of said pulse-width modulation signal according to a
pulse signal and a comparison result of said sensing signal and said

predetermined reference.
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18. The system of claim 15, wherein said dimming controller is
operable for comparing a sensing signal indicative of a current through said LED
light source to a dimming signal, wherein a level of said dimming signal is
determined by said operation of said on/off switch dimmer, and wherein said
switch is turned on and off during said first state of said pulse-width modulation
signal according to a sawtooth signal and a comparison result of said sensing

signal and said dimming signal.

19.  The system of claim 12, wherein said dimming controller comprises:
a clock generator operable for generating a clock signal when said
rectified voltage is greater than a first preset voltage and less than a second

preset voltage; and

a counter coupled to said clock generator and operable for counting

pulses of said clock signal.

20. The system of claim 19, wherein said dimming controller further
comprises:
a comparator coupled to said counter and operable for generating a

selection signal by comparing a counter value of said counter to a reference

value,

wherein said selection signal indicates whether said AC voltage comes

from said TRIAC dimmer or said on/off switch dimmer.
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