Cl RCU TS AND METHODS FOR CONTROLLI NG DI MM NG OF A LI GHT SOURCE
BACKGROUND [ 0001] General lighting 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 bul bs

that convericBbalit S MiShRShE! ok N?%@LLN@%IW;%Q@ALE@%

filanments to a tenp ure hrgh enough to generate

generate virtually no heat and uti tﬁﬂqégfraction of the energy to
produce an equival ent lunmen of |ighting. "For exanple, in a light bulb
application, an LED |light source may consune |l 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

appl i catiqp, ight ness produced by an LED |ight source consum ng
| ess than%%ﬁ@r}l@ even greater than the brightness produced by a

fluorescent lanp consunm ng approxi pately 60 Watts 000p2] The
oporat: ondiod i el o SRESRL Rl 5P g st hERRL Nt DegaHnder
100, 000 hours. In contrast, the average life of an incandescent bul b
is only afgreirpment| -=veeseveral aEvatiages erad@ditional light gources
fluorescent lanp is approximately 15,6000 hours. Mreover, LEDs
cont ai n néugkpsfigrascenllgmos ifed incargdeaenis laraper i far£xamptsh éflsdayveand
emt zero ultra violet (UV) radiation unlike incandescent or
f | uor escestgnifiapslower 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 Watis.
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 uitra violet (UV) radiation unlike

incandescent or fluorescent lamps.



[ 0003] Di mm ng techni ques are used to adjust the brightness of the

| i ght sources. For exanple, a power converter receives an AC voltage
froman AC power source and generates a DC voltage to power an LED

| i ght source. A controller adjusts the output power of the power
converter according to a dinmer coupled between the AC power source
and the power converter in order to control dinmng of the LED |ight
source. Different dimm ng techniques can be used. For exanple, the
di mer can be a TRIAC di mer or an on/off switch dimer. Thus, for

di fferent é()ep‘??s Dinfhhi Hg%é’nmddé% £OUEEYd &djubafe %‘n{;ﬁﬁb@é‘bf ﬁlbrh@ﬁ% ures,

t her eby a ing the exibility of the controllér used for “powering

LED I dibiigeent rél ol £EBALASonc SHUMRY 080 GbkaEm an Ao

enbodi ment, a contr or contr i'mm ng ght source

(el udes Bofgl S6HicanRdingled E%v&'ta%{éooﬁ?)%raﬁq_ R YL R 19, P 1.

The detectron pinTs ring a rec age and
for detectin he rectified volta

o an' on/ SOV e St (e iR tvef BB S-S ST sofPap e digher "
receiving an i ndi cative of the rectlfle vol t age _and t he
Contr ol | SFoRaRAREMSaT i A BOHEr Rarer ghe Y aPES! SRvBral ROES he
input signal if the rectified voltage comes froma TRIAC di mrer. The
moni t or i NGOPH q'@”ﬁ'ﬁs@%’c‘i‘ﬁé—ﬁ[bﬁgmé@éff—‘\ﬁ n&iHerRBhAITERING dedingiigs can be

i ndi cating an operation of the on/off switch dimer and the

cont r ol | et’sednt ren exadipied thg dsnmenean pgla TRIAG dieraeicwrai iyl switele

nonitoring signal if the rectified voltage cones froman on/off
swi t ch di siramer. 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.



BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0005] Features and

advant ages of enbodi ments of the clainmed subject matter will becone
apparent as the follow ng detail ed description proceeds, and upon
reference to the drawi ngs, wherein |ike nunerals depict |like parts,
and in which: [0006] FIG 1 shows a block diagramof a |ight
source driving circuit in accordance with one enbodi nent of the
present i eysmtia@y [0007] FIG 2A shows a diagramof a |ight
source driving circuit utilizing a TRIAC di mrer, in accordance with
one enbodi nent of the present invention. [0008] FIG 2B shows
t he wavef 6109¢] asdoenaeatbadimant aeonirgiar faoeandelliggidimmineeiralight in
FIG 2A, in accordance with one enbodi nent of the present invention.
[ 0009] FI SpuBA intiovss a ddieatioapingfinanput glgnabpior ard dmaritegng ibrc uithe
utilizing an on/off switch dimer, in accordance w th one enbodi nment
of the prdstation pirentaperable for monitoring a rectified voltage and for detecting

whether the rectified voltage comes from a TRIAC dimmer or an on/off switch
dimmer. The input signal pin is operable for receiving an input signal indicative
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 coniroller controls dimming of the
light source according to the monitoring signal if the rectified voltage comes from

an on/off switch dimmer.



[0010] FIG 3B shows the waveforns associated with the |ight source
driving circuit in FIG 3A when the switch in the on/off switch
dimrer is on, in accordance with one enbodi nent of the present

i nvention. [0011] FIG 4 shows a schematic diagramof a |ight
source driving circuit, in accordance with one enbodi ment of the
present invention. 0012] FI G 5 shows an exanple of a control
bl ock i n BREEFPESGRETIBNQAETIRMPAAYAGSbodi nent of the present

i nvention. [0013] FIG 6 shows a flowchart of an exanple of a

method for det ggBis Nahiiel BRE di0EntaBEs bf bRBodRidHAIS theTRImEH OM 2

TRI AC di nrmer or an on/o sw t In accordance wth one

embodi me mSUijecl.t l}ﬂgf[’[?lr FRYeke h’n’évagi(}ta\%m@rﬂ 'ﬁis ttﬂ% foélpm%%iéétafé@%ﬁ%gﬁm WS

wavef or ms “of’ "SI gnal's associ at con in FIG 4

o csont || AR By uSS Erersed (e AIERaR e RRTIMEL B el b

associ at ed v¥ith he diymng controller in FIG 4 operating in a
second mo#8MSi FEEMMIEEnce with one embodi ment of the present
i nvention.

[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 dimmeris on, in

accordance with one embodiment of the present invention.



DETAI LED DESCRI PTI ON [0016] Reference will now be nmade in
detail to the enbodi nents of the present invention. Wile the
invention wll be described in conjunction with these enbodi nents, it
wi |l 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, nodifications and equival ents, which may be
included within the spirit and scope of the invention as defined by

t he appended cl ai ns. [0017] Furthernore, in the foll ow ng

det ai | ed descrlo%glg)fn ﬁé h@ﬁaﬁlré%fs%%rﬂa%gﬂda&ﬂ of@H@"ﬁLQ éﬂﬁ?ﬁﬁﬁdl ng of

details are se rh or 0 Provi qers

or di hary. Sked 1 ACuRBang WY Bbe el oS %iﬁ*ﬁﬁ\gﬁ@?nEer?Lcu ced

W t hout these specific details. In other instances, well known
met hods, procedures, conponents, and circuits have not been descri bed
in detail as not to unnecessarily obscure aspects of the present

i nvention. [001RPOIRAE. BlsGowd aphsvample bt @ekniddlagsckm FIGa4 lihght
source driving circuit 100, in accordance with one enbodi ment of the

present i BkesibALe w'lfﬁ%nb@r“iﬁooﬁirﬁéﬁlc&tﬁ’ébk@s@:ﬁti@wéﬁﬂdﬁ 100 includes a
power source 102, e.g., an AC power source, a rectifier 108 for

rectifying an AC voltage froma TRI AC di mer 104 or an on/off switch
di mmer 106 to provide a rectified voltage VREC, and a power converter
112 for receiving the rectified voltage VREC and generating regul at ed

ower to the |j S C troller
p LS s AMRORRS Sk 8 A Bt

110 nonitors t c from rectifier 108 and
detects “@%&e@ﬁﬁniﬁ&ﬁzh’éﬁe‘f‘ﬂ%é Affied 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.



comes fromthe TRI AC di nmer 104 or the on/off switch di mer 106. Upon
detection of the type of the dimer, the dimmng controller 110

adj usts the output power of the power converter 112 to control

dimm ng of the light source 118 according to the type of the di mrer.
For exanple, if the TRIAC dinmrer 104 is detected, the dinm ng
controller 110 controls the dimrng according to the operation of the
TRAI C di TAICEDaNEsERAPTIey @ current path 114 to nmaintain a hol ding
current o the TRIAC di nmer 104. If the on/off switch dinrer 106 is
detected, the di nm n controller 110 controls the di mm ng according
to the operati B1916f eence il Bow bermaderinedetaibs. the embodirpentsiof ke
2A shows a di agram of a light source driving circuit 200 utilizing a
TRI AC di npegsen0inventiorac dhitkathednvérttionovilk be gesdileshin cohjunhiégorpwis ent
invention. Elements |abeled the sane as in FIG 1 have simlar

f unct i onsthéBeeermbglihestsyiteell de undegtaodtbai the? @0 noidhistded o [roiiehe
source 102, e.g., an AC power source, a TRI AC di mrer 104 for

recei vi ngientéh tohiebe ealboaiee MEN Ohane theraoye inamtion islidgraed thor
generating an AC voltage VIRIACI a rectifier 108 for rectifying the

AC vol t ag@oﬁ@?@lt@%éﬂv@@ mbeifidailote a‘i’idr@?ﬂvdé}ﬂs toni g AdydsR iAcllasd ithpd

vol t age VREC, an a povver converter 2 for receiving the rectified
vol t age Ve BRAVRf t sRurce 118.
Advant ageous?y, a d| ndgf@@%pftggﬁ?{e%j%lo re%}eflﬁ\?e EHQ%E% i ndi cating
the rectified voltage VREC fromthe rectifier 108 and determ nes that
the AC voltage received by the rectifier 108 cones fromthe TRI AC

di mmer 104. The dimm ng controller 110 adjusts the output power of

t he power convEiXét IAgtheomnoenin bl fdiowinagetsdiled Mesdripgibt of the presenis
accordingly. In one enbodinment, the dimmng controller 110 is further
oper abl e froentomducterngs apecific eethilpatehset Idtht m ordentogiravide laahdicagh
current of the TRIAC di nmer 104. [0020] In the exanple of FIG
2A, the TBha&istiruivey oflifid presdnt heentor.r | Hewais, icallildeebcbghives by bhe
power source 102 and the rectifier 108. The triac 206 has a flrst

term nal A ordfn@eRINGn HRY & i tipRBEntangaiiRnGnay be plddhiféd dithogr 104
further includes an adjustable resistor 208 coupled in series with a

capaci tor 4 h’aejs%ﬁgj%@ﬁllc%i HiRC ?ri@th@@‘h'sﬁéﬂtc@é‘%étPl%cﬁﬂvﬁt'e%d%,oprfo%d&%eac' tor
210 and the other en coupled to the gate G of the triac 206. The

ci t her di PRRPPARn &R FHURE he e Dedlf bRl MBBEHES (RHIG 2T | Gger e
1 agbr eavnReopty Sk e b i 33 BRBsEle Akt 1 OThe cur et

through it drops bel ow a threshold value, i.e., the holding current
IH. In other words, in order to keep the triac 206 conducting, a
current flow ng through the triac 206 is nmaintained no |l ess than the

hol di ng currentoo1d] afrier 1 tshewt ki eck@8gratn bff 4 Bgsedree driving diR8R Do,
FIG 2B shows the waveforns associated with the |ight source driving

circuit 2@0zkdbrEAfe With ohd eRHOAMGEHI P tH Isr@senameémgﬂl MRS Gt édﬂi?ce

present invention. Mre specifically, FIG 2B shows waveforns of the
AC i nput
t er m nal ﬁgw‘g%ﬁm IN???CCYI%H%%F;O%%@%@%W@&OU&B% he Fé%

oot 11 edrearEn I et SRS Yaldtf FEh AT B exagt’?r'* Qﬁ@ffpl G
2B, the AC VI N FIL G
descri bed wh%h%%aﬁ?@ﬁo GV e%se%t*%é‘v&%@s%aﬁ’ﬁ%ﬁ%%“ver P ac
206 is tur (? of f .anq t he ¥ |,t age V,

'?S or recéiving the rectified voltage Vrec and generating regulated power to

the light source 118. Advantageously, a dimming controller 110 monitors the

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



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 pul se 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
the rectifier 108, and a current f1 ows through the triac 206. At tine
T2 which pgméémmH@BBH\(bﬂlmrn@r’f@%ltthﬁaqnfoftwt@ @mmeied ORC Upent
voltage VIN, the triac 206 is turned off because the current through
t he tri acde@etibabfl hedgbow thealimoiadi thg dimmirghcordfoliehél @ adjasis206. | n
the second half cycle of the input voltage VIN, the triac 206 is

t ur ned onoagai powbeof theeowelr tageerae ndgdo thetrdafaaiitgof tRélighusmscon
the diac 212. By increasing or decreasing the resistance of the

adj ust abl & 18estsidnig BQ8e tideeofabs Hihee haf@isngmiphs ifdBe IRIAOiRRr i S
vari ed such that the diac 212 can be conducted at a different phase

angl e. ConRgequigafekied, Heedifnnhing c8RPoikRn 10 ohti6Beke BfnMingac@brding to
adj ust abl e conductlng angl e dependi ng on the resistance of the

adj ust abl fd ﬁ&ér% O ofﬁ)@ TRAR alﬁﬁﬁérffo@;raﬁeoén%og%%hﬁeﬁmmgm ve

portion o tage VIRIAC to corres ng positive portion to

generate H‘aﬁ‘ %bgfdﬁ&é{lﬂ dr8EmERRSIAC dlmm%r%ﬁﬁ%]lf ik Gn/otfswins a

di agram o ce driving circu l'1zi'ng an on/ of f

vent Shm%ﬂsniﬁ% FeBepa BT ol Cuffier ERGCOTRAL /& ahiffind oo

functi ons. he ef or ciate th the Iight
sour ce.dr AEFHGNG Pl BPaeon ot Mo ARSI SR ER T 302 1n R G aA i
on, in accordance wth one enbodi nent of the present invention. FIG
3A is described in conbination with FIG 3B. [0024] The |ight
source driving circuit 300 includes a power source 102, e.g., an AC

power source, gpion/ H|G, sWidhesd dEBrand8fa ﬁ@r‘a’f@o@ﬁbé}ﬂﬁmﬂfﬂﬁuﬁ@d@omr

source 102 and a rectifier 108, a power converter for receiving a

recti fi ed, yiphis@ger YRECH Fin {0de i iR Vmﬁor@gnssasﬁ{eﬁ bihe

regul ated power to the |'ight séburce 11 Advant ageousl di nm ng

cont rol | eh, Iy 1 RERINES BesiAAbpbdicaLing Lhe Fect 5@ mvla | tage

VREC fromp{ e rectl ier eérm nes

d
156 Y B CEM et R AR o e
t t t rol th ht r di ngl
ESS%EL ?Laﬂﬁ%%ﬁﬁ!%%?%&g&h %‘ﬁ%\@%mﬁégﬁﬁ 2 Pcegiﬁbféﬁ: Vagge Vi 7
Vol t age VI LCpIATGaUEe LIAHEE! PherIDosn AREOKS Y Tver 4 Tger
rectifies the AC input voltage VINto a rectlfled vol tage VREC. The
rectifier 198dorcestifyinodhe & W{%ij@@l\{ﬁemp(ffﬁm e It AChdmaes 1&}51!@ RreYigage

VIN to correspondi ng E)/OSI tive portion to generate the rectified
vol t age VREdfied voltage Vrec, and a power converter 112 for receiving the rectified

voltage Vrec and generating regulated power to the light source 118.
Advantageously, a dimming controller 110 receives a signal indicating the
rectified voltage Vgaec 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

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



[0026] FIG 4 shows a schematic diagramof a |light source driving
circuit 400, in accordance with one enbodi ment of the present
invention. Elenents |abeled the sane as in FIG 3 have simlar
functions. In the exanple of FIG 4, the |light source driving circuit
400 drives an LED string 408. The light source driving circuit 400
can be used to drive various types of |ight sources. The rectifier
108 can bé&oling ¢urgrntioéte TRAC dingnerd1 Gy four di odes 408 and a
capacitor C7. The power converter 112 includes an inductor L1, a
diode D1 and a switch Q. The switch 01 is coupled to the LED string
408 and is turned on or off by the dimmng controller 110.

[0027] In one enbodinent, the dimmng controller 110 includes a
control bl ock [KE20] THe tlepetaroplelf 6t¢®&. AM,0ahe dMIHE diboter i1€4 motuddsm t ed
to, an integrated circuit. In one enbodinent, the control block 190
i ncl udes piaes208€6upid bé&NBen 3R POker $3iKce DET BET the/BlchfieH-\M)8GATIRe VDD,
DRAI N, COW, PWMOFF, BLEED1, BLEED2, |BLDl1 and |IBLD2. The detection
pi n DETECTidce®08 Nasa first tgfrhal ANdiacicbnd térfenal @t arfd £gateakt aliee VREC
and detects whether the rectified voltage VREC cones froma TRI AC

di mrer 104 FACaimarabl iSithdraRcidddlEs adlStabldvebRereo8mRlBleein Bbfies 4,
the detection pin DETECT is coupled to the output of the rectifier

108 via amﬁtﬁ%aéérfﬁa‘&top% AR LERE LD FalR @M dfft coupled toltR928hadiae
i nput signal pin VSIN receives a signal "Vsi N indicative of the

rect i 11 edgl-haage YRECehA chlIBicB 8 6a1'c Bl e thac 5BE. I TIRUiaE 1B oPi 1

VSle is coupl to the output rectifrer Via resistors R7
of an aveP CUBCTARESIRLENB R T OEMIED Sttt diir e of

FIG 4, the average signal..pin VDC is upl ed.to the output of the
ecti {1 er MISBIA-o e ERBL0BGaN6r Gaarad Sraiihadiae voagd
[0029] A first bleeding control pin BLEEDL controls a switch @ for
conduct i n§PRI§9 ’iostge@@Fer Ent %ﬁﬂ&%ﬁgﬁﬁ@n%@%mfwe@ %?ﬂfr%t until
resistor R12 to maintain a holding current of the TRI AC dimer 104 if
t he TRI ACthf avreentiopupl itceps belowe treshaityalee.dre-1tbg hojdirgcurrent I
specifically, the switch 02 can be turned on if the signal received
by the pi in DEEE@Drdshidh ordesdo kern therdaa ROACoadunteg, aourer flowind ed to
the rectifier 108 and the signal VsiN received by the pin VSINis
great er t Hanughéesirign@06\Ve nairdgioedad 18ss thhe tpde hoNDG, curienb heafter the
enbodi ment. In the exanple of FIG 4, the bleeding control pin BLEEDL
control s tier 208 kahigdetli nearly according to a sensing signal, e.g.,
a voltage across the resistor R12, received by the pin I BLD1.

[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.ay between the terminal A1 and terminal A2 of the triac 206, a
current Ipjac through the diac 212, the AC voltage Vtriac provided by the TRIAC
dimmer 104, and the rectified voltage Vgec from the rectifier 108. In the
example of FIG. 2B, the AC input voltage Vi has a sinusoidal waveform. FIG.

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



[ 0030] A second bl eeding control pin BLEED2 controls a switch 03 for
conducting a second current path including the switch 03 and a
resistor All to maintain a holding current of the TRIAC di mer 104 if
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 than the signal VDc received by the pin VDC, in one enbodi nment.
In the exanple | G I i o) i ESP% controls
[qQ?2 rﬁbmé@%ﬁmﬁ“ﬁﬁ%ﬁg'ggggﬁgﬁﬁgggpgﬁéﬁk gﬁ?

the switch @B HMé ordi _ | > g™Ma vol tage
S b
coupl ed t &1 TE e 1 YqEE oSS e ERRAIREAS e Shifls It BT pe i dltx

T o B 0 D A L Sy ™

the rectifier 108, a voltage across the resistor R4 drops to zero
when the @APdF furag PBIN EASRABEE OB icy el Pielae-of As aTegitl, (e AGiTPRA
nonitoring signal indicating a turn-off operation of the on/off

swi tch di vakegelUe Hasseeiaibeddctiier t A8, Fina cukentflawsibiaugidha diasszda. he
resistor R4 rises to a predeterm ned voltage when the on/off swtch
di mrer 106t itise Ty whidh énnearibe gnd o thiet frkt mhdicter dfrie fiChimabit validige atii,ng
a turn-on operation of the on/off switch dimer 106 is detected by

t he pin Clite tr{z0@88]isturaod eff, becheseihe ddvicGhiFiougimihedtisc 20& faleiictdw 01.
In operation, if the on/off switch dimer 106 is utilized and a

turn-on opes pbltMR Rirehher vB/HGAS 266M tiahslbsamer Hlioytl deterbatvaiagehe
pin CLK, the control block 190 turns on the swtch 01. If a turn-off

operation \/‘N, thd Bz Yol ik nswkd oh a‘éiamher}% \io?tagéta%%s%%é‘baééﬂﬁtopbﬁ‘o CLK,
the control 'block 190 turns off the switch 01 such that the LED

SL110 408, DRk 2 ercbeninAtet R ORAMRS r
pover 10, LheEA [alol) 26k 190 I0 Bl dnDTY i SouRl eligy L,
O 1 SRRl 4R E e A R By

deter m ni 0, & LEEAUENDE Qhned I SRR Lo MERERG L 55e RpbiGing on
the resistance of the adjustable resistor 208. The rectifier 108 converts the

negative portion of the AC voltage Vtriac t0 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 1086, 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



[0033] FIG 5 shows an exanple of a control block 190 in FIG 4, in
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 switch 04 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

i ndi cat i vavilbronerembedient etithg giresayd invREGOW t fHGaRAds desgiesiignal VD

i ndi cative of an average VAvVG of the rectified voltage VREC to

gener at e aopbirsdionivdthFIcb @8 at i on signal LPWM a nulti-level dimer
538 coupled to the pin CLK for adjusting brightness of the LED string
408 in response to the operation of the on/off switch dinmer 106, a
vol tage detector 540 for nmonitoring the rectified voltage VREC, a

bl eeding controller 542 for controlling an error anplifier 550 to
control the fi [X24¢urTrentighpadirce nicivingi arguit B0 $wiludas LDRoweerdsduines 102,
resistor R12 shown in FIG 4, a bleeding controller 546 for

control | i rgy.aan A0 Sswansdurdd, eh i SWitcrotinioér 10BCRprRIskiUEn e pat h
including the swtch 03 and the resistor Rl1 shown in FIG 4. The

control bhagkr $8GcEunbheld 4 Retitislensa R VRS chbRIRE 36 UeeiRnt LEctifdY

unit 502, a short-circuit protection unit 504, an over-current
tecti . . |
Phe. oxarp 2 R @R ALAIEPION L] SO BT Rebiath bodet i pRESR | "
ified V a T i : ; ff
Gui tch di SageeT0R by el ARk ol B S Eb i 07 8% BB PR

counter 5%14dicating the rectified volitage Vaec from the rectifier 108 and determines that the

AC voltage received by the rectifier 108 comes from the on/off switch dimmer
106. The dimming controller 110 adjusts the output power of the power

converter 112 to control dimming of the light source 118 accordingly.

[0025] Inthe example of FIG. 3A, the on/off switch dimmer 1086 includes
a switch 302. When the switch 302 is on, the AC input voltage Vi is applied to
the rectifier 108. The rectifier 108 rectifies the AC input voltage Vi o a rectified
voltage Vrec. The recitifier 108 converts the negative portion of the AC input
voltage Vi to corresponding pesitive 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



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 VREcC by receiving a

si gnal i n@Pe&e; dityincheirqué 0lrgaadre wiadagalivRrariQiatypRe otlkgi seH®ESpi n
DETECT. In block 604, if the rectified voltage VREC is greater than a
first predée redifiesad@8van etrebfidgawsictiier ipteding douldiadesc® anttat he
vol t age detector 540 enables the clock 532 to drive the counter 534.
I n bl ock @8Bacitr GYuntTére paareoatertdre! 1@anctaes a3 hduntor éasesiidae 011 n
response to each clock pul se generated by the clock 532. In block

610, if thedrestiidi @d. vOhé aglrcVBEdS cSuples $o tHRAE D sERgoIS PicEis@lirmned
vol tage V2, the flowhart goes back to block 608. In block 610, if

the vol t age dfofthietheasihidih@omiier9e0 VREO is greater than the second
preset voltage VZ, the flowhart goes to block 612 and the voltage

detector 540 disables the clock 532. In block 614, the counter val ue
is conpared with a reference value CNT by the conparator 536. In
bl ock 616, if the counter value is greater than CNI, the conparator

536 generates el eGhifB sthistihehl) e @hii8g BAtrolidi8 10§41 dd
vol tage VREC cones fromthe on/off swtch dimmer 106. In block 618,

| T the coughey Bié‘élf?gd.. ﬁf‘e%?or%f‘ﬂliog%'ﬁg@rcaﬁga‘é?huttig’n mitdd'fp, GRMPar at or

536 generates a selection signa catin at the rectified

back to Frecogtfradic i arbgHtrt 166 calfsinasiot iidts g ¥C.0

Sk 111 pe 1 Fiip 38, SUREGH R o £ETry oo A 007 PRV, Ger e,

550, the Bl 6BAING & EED1, BLEED2, IBLD1 and IBLD2. The detection pin DETECT
receives a signal indicating the rectified voltage Vrec and detects whether the
rectified voltage Vgrec comes from a TRIAC dimmer 104 or an on/off switch

dimmer 106. Inthe example of FIG. 4, the detection pin DETECT is coupled to

the output of the rectifier 108 via a capacitor C3 and resistors BR5 and R6.

[0028] The input signal pin VSIN receives a signal Vg indicative of the
rectified voitage 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 Vg 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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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 level {W28]setiirstbleedisig domtrobgipdide=Rbeenttalg a-swfitth §lfhoat i on
of the on/off switch dinmer 106. An anplifier 530 conpares the

di mmi ng sicgnalictitDR fvist buraerd @agi ingluslingribe s8ith Cecanid/a dedistoniRt Ao
current sensing pin SOURCE. The sensing signal SEN indicates a
current ofmdihgid&Bokling OgreHddf thd BRIRG eirroddi & if the TRBZDdietel MBsist he
out put of the anplifier 530. A conparator 518 generates a control

si gnal CTRbdpled t6 &Y feetifidrni®gs W8 sg_éciﬁwallgpﬂm@wﬂeg G2 s lrRe bgal
SAW generated by an oscillator 524 with the output of the sanple-hold

circuit 526b sifhel reesmad al Me BIHDEPECPWREiOftes thd e TRUE amhi@BRl oP|sn
VSIN and the average sighal pin VDC, conpares an input signal

and
VeIN | ndi cabb ik 19thd RRfGCIdE ARANAIIBITS NV By B3 Y YeiNss o1 gnal

W i ndicative of an average VAvs of rectifie age Vssc to

VorN s oriierafafe SofBYtedebapedbpR pih U, h B8 BRERAR TR el

ina first e ol aglLc..l t he tch 04 | nt.r ed by
the out puc ey B ashia i eiréade SRt RS Safitgls o SREA L2

enbodi menii if the (ﬁzut gut of the. sanple- hoIE circuit 520 1'? %gezater
than the Y8GRGORIFOLHIGRLY ASRIFINGFIINEL Fdr dVBHagR 8-Tgan HIeIeaSIaiE =
control signal CTRL1 in a first state (e.g., logic 1) to turn on the
swi tch 04reesivachiy B RiutBl? 1t he sanpl e-hold circuit 520 is Iess than
the sawt ooth signal SAW the conparator 518 generates the control
signal CTRL1 in a second state (e.g., logic 0) to turn off the switch
04. Therefore, when the pul se-wi dth nodul ation signal LPWis in a
first state, the duty cycle of the control signal CTRL1 varies
accordi ng to t HO§ nm secwIdRiaedinggoniiel¢in BSEEDR desirolset avitem@d fory
the switch nonitoring signal indicating the operation of the on/off
swi t ch di eneduding.a second quaedBpathfinalEing ithe $wideh QR andvoesistdvdi11 to

pul se-wi dt h nodul ati on signal LPWMis in a second state (e.g., logic
0) and t hen@miatrch holingeomiarg cbffe TRIACGhdinrher Becibtice BRE#tCedicfmehtd4 is

pul se-w dt h nodul ation signal LPWM In other words, the switch 04 is
turned oncaopledftd trad teetitat i€ty drorgediticdlly, theeswtiehtQdtarsbg nahedCoRif1
during the first state of the pul se-w dth nodul ati on signal LPW and

the swit Chhé)éighén’@béﬁe@b? tiGl! pinMOETRET S8 entds Hiatite PRIACGindrbe eoaidt h
nodul ati on signal LPWM [0039]1n one enbodinment, if the control bl ock

190 det er ghpgRditbMe trafiéreaid éﬂc?t@\e‘é%ﬁa@% YEESvEPHE el pifMdINgs [EREAC
di mer 104, the nulti-level dimrer 8, the anplifier 530, the

sanpl e- hokrgaéﬁhreﬁ%ﬁaéﬁlzo’re@é%c% t?}fth%ﬁ(@?f 435 otﬁ%%nﬂfoﬂirﬁ'&rﬁ?b'rﬁﬁe The SR

flip-flop egdi ng ¢ r e error anp I'er 550,

the bl eediegl(gm%%n&r Iﬂb‘.ﬁf th%%eecﬁﬂg CEJ{&?m%ﬁﬂ %LE%%' ciofnitrgrs tﬁg %wﬁ&l?Cﬁnab | ed.

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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[ 0040] The conparator 514 conpares an input signal VEIN indicative of
the rectified voltage VREC with an average signal VDc indicative of
an average VANE of the rectified voltage VREC to generate a

pul se-w dt h nodul ation signal LPW If VEINis greater than VDc, the
pul se-wi dt h nodul ati on signal LPWMis in a first state (e.g., logic
1). During the first state of the pul se-w dth nodul ation signal LPW/
the swit clkouRlegro e faetiferd 084 iixtherexaneple BEFKni4, de pip Gl iscepmplas tped
by the output CTRL2 of the SR flip-flop 528. Mre specifically, the S
i nput of theo@Rut Of thefred|lies 288 viecetamssitar Pililasd resignes RPEANSR4eritthat ed
by the oscillator 524. The SR flip-flop 528 outputs a logic 1 in
response too/dbsmighudisenérm 0bhe cpuplsd isitgmattifies 108 a voltagehacress theh 04.
A conparator 526 conpares a reference signal REF3 with the sensing

si gnal SEkesistoeRdeatiops wradrbevhenntheoh/cffesnstichgirpimer $OBRAEMethe!. Thus,
reference signal REF3 determ nes a peak |evel of the current of the

LED stri ng st@fth mbeitaeasidiel sidiaing SE-otliopaigion af ¢ 696 s@ficl he LED
string 408 when the switch 4 is on. If the sensing signal SEN

i ncr eases gimBERS6 id BeteERANA AL Pin 6ER. 9?H@K/@Fté§% Acrb8Pire résidlortHie R
input of the SR flip-flop 528 such that the SR flip-flop 528 outputs

a logic 0kes td'h BreidiedrflBed Vbt Wien the ofFdsiviEcH &Riind Eygtﬁ'ne#ggi .

pul se-wi dt h nodul'ation signal CPWMis in a second stat e.

wi ton 04 RS AR tor BB FeRaodladifs Birondh P o BEBIA of (e

SR flip-fl LRY .t i.rst .state.of the pul se-w dth nodul ati on
signal LP C@ﬁﬁ“'ﬁ%@@%ﬁ&gﬁe%ﬁd?}gr@? A %ﬁﬁ during the second state of
t he pul se-wi dth nodul ati on signal LPWM [ 0041] The bl eedi ng
controller 542 is operable for turning on a switch 548 coupl ed
between the pin BLEEDL and the error anplifier 550 to conduct a first

current paydsa] nclmeicaget, fiee siWiHE TG APE@BHIrbREhs BRitsH Q. Rir2obsBHUM if N
FIG 4) during a first state of the pul se-wi dth nodul ati on si gnal

LPWA  AS $eBn/off siich @fithniek 908 id Pkl BedT86d-bh @perddBn R frRMeof he
switch 02 and the resistor R12 to ground. The error anplifier 550
recei ves g - i4adi [

Vol tage. agr hh SIEEF 106 Wie{eg by BRhiR CHRGTA Bt Bk 0BG RN, |

R D R

no | ess than the hol ding curren

it oh 55T 0BTrea BECARER Wkl HtubR SRRt s PlReefe, 552

to conduct, a second current th. including t swtch 03 and_t he,

Fos stor RIS AG TECier G el bigY bt ShroikieSise&lgRd ne e bin
pul se-wi dth npdul ati on signal LPWM As such, a current flows fromthe
rectifier VIS8 eRUBIRFhiorthe Switpk &1 fospmvifingeowekiodhe coptal BierkgtBund.
The error anplifier 552 receives the reference signal REF1 and a
sensi ng sil§aain PRAINAS corpled toohe syéchétlos I hersn BE3IRE IS Fauplethie the
controls the switch 554 linearly to naintain the current through the
swi t ch 03resigtor Ré3r e$he oy CAMP isccduples! tohiba caprcitoo C8i nghe pin @hD isf
the TRI AC di mer 104. Mbreover, in one enbodi nent, the bl eeding
control | ecobglédritegeiunels dhegiit Rilgs sogplad td gamtivea piresisteWRIFE forThe
setting signal determnes a mninmumduty cycle Drmi N of the

pul se-w dibtemiihguifeyuehgnel a FBYBndyfsigrize gdénatarlio) thedROErgRSIEsk t 0
the m ninum duty cycle DM N the control block 190 turns off the
switch 041gpd the bl eeding controller 546 conducts the second current
path. Therefore, in one enbodinment, the bleeding controller 546 turns
on the switch 554 to conduct the second current path when either of
the follow ng conditions occurs: when the pul se-w dth nodul ati on
signal LPWMis in the second state or when the duty cycle of the

[0033] FIG. 5 shows an example of a control block 190 in FIG. 4, in
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[ 0043] When the pul se-wi dth nodul ation signal LPWis in the first
state, the switch 04 is turned on and off alternately. Thus, a
current flows through the LED string 408 to ground during the first
state of the LPWM The control block 190 is operable for conducting
the first current path to maintain the holding current of the TRI AC
di mer 104. When the pul se-width nodul ation signal LPAMis in the
second st aceqrdanes with oh epzbadémentr tihd presgnuisvemi®ne uFtent istdasggbed

t hrough the LED string 408 to ground during the second state of the
LPWM Theircoomhbioktityt wdk FI@04.i s operabl e for conducting the second
current path to maintain the holding current of the TRI AC di mmer 104.
As such, to maintain the sanme holding current of the TRI AC di mer
104, the bleeding current flowi ng through the first current path
during the first state of the LPMMis |less than the bl eeding current
fl1 owi ng throug[oSkhe SkEeorthtroubipelkt 9P atduddsera driyver 1Bé 6 Sercamiroingtee  of
the LPWM Al though the exanple of FIG 4 shows two current paths,
i.e., onegiiich aresouphel Isavneh IRZparDRARS &S e (A BGUKRICERe cohttelra
includes the switch 03 and resistor Rl1, the invention is not so

limted. bnramodtige LEMDQHGROS, a 60Rp&IESIENY 1BAESMEAN t sigagl to
mai nt ai n thg hol di ng curregr;rtﬂ ofathepTRI AC di nmrer E§L04.d)@n i [g044] As

di scussed\ief ibBEaREATRNE réifibd Goltdhe YASNHEn TR AGe dIgFPUod didative

used, the ng of t I ght source T18 Is controll"ed by compari ng
‘he | i Lo ; ¢ 0 it h
the aver aghod 8kiatR it Bl fcPlgrle VEgEld bertals pAREWNAIRC 1 (o
| t VREC, . . i . . i t . i

Lo 29e Ve RO My Ry B e ML g
B N A T
et oct eq. OTIRE i3 G UBR SO Gt S8ERGH s i4 mealis Rt g
protection unit 504, or qQver-current protection unit 506 can generate
a control veitggm) rece adleedingrenteller 542 f c@pirQling an@rier amplderAND §at es

508 and 512 to turn off the switch 04. 0046] FIG 7A shows
wavef or s contrelitha érsd cagenicpath dtlyding therewitthrid? agd demtasisiord?12 phaws, 4
operating in a first node, i.e., the on/off switch dimm ng node, in

accor dancé RiG.H, erigeading domoilier 646 fdreopirel§eman ermeeamplier S98rte control
specifically, FIG 7A shows the status of the switch 302, the
rectifi edivobéage Jent paivrmtlbdingeiod sWviter QBGHd thbeegisibs BI istibin in
nodul ati on signal LPWM generated by the conparator 514, the di mm ng

si gnal AD¥|@ener Bhé dobiyol hekmaotflirth@viakludbsmar bvedBmpdietusawptonsdiion
signal SAW provided by the oscillator 524, the output V520 of the

sanpl e- ho|u¢|Et‘5iOQCHisho§%ﬂcué@ﬁﬂ)tééi%nq,9ﬂt5&[ af logBaturteitlplotd 6T @hiesody

t he conparator 518, when the on/off switch dimer 106 is utilized.

FIG 7A i gofestiidedohiys RERb AN AN th FIG 4 and FIG 5.

[0035] In the example of FIG. 5, the control block 190 determines
whether the reciified voltage Vgec comes from a TRIAC dimmer 104 or an on/off
switch dimmer 106 by using the voitage 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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[0047] In operation, when the switch 302 is on, the conparator 514
conpares an input signal VsiN indicative of the rectified voltage
VREc with an average signal Vcc indicative of an average VAvVG of the
rectified voltage VREc to generate the pul se-w dth nodul ati on signal
LPWM In one enbodinment, if VSINis greater than Vcc, the pul se-width
nmodul ati on si gnal LPWMis ina first state (e.g., logic 1). If VSIN
i s | ess thaangodf smmwnmrmw:mmmamcedﬂtrmwbwmm gfthe a
second state (e.g., logic 0). The oscillator 524 provides the

sawt oot h psisgmalnveAivn. WeG. Bliedesdrivedwi dotbimation aithdiGsbgnal LPWM i s
inthe first state, the conparator 518 generates the control signal
CTRL1 to turn the switch 04 (shown in FIG 4) on and off alternately
by conparing the samooth signal SAWw th the output V520 of the
sanple-hold circuit 520. V520 is proportional to the dimm ng signal
ADJ which is goseat ad bincktdoe, thel vdltabe deteoth rrsd@rmo3thrs the @etfied
enbodi nent. I n one enbodinent, if the output of the sanple-hold

circuit 528iadge Gﬁg%%ﬁecbha@ a5 bégnaam@l@@ﬁdg HlegbetfiedivdRage® VRa! whatie 518
generates the control signal RL1 in a first state (e.g., logic 1)

to turn ogeldos WM BETEET. | fin blagk 9951 Hﬂﬂwe%cﬂffé@ RREGE 9: El‘tgils@r@dtéﬁﬂh'ah

520 is less than the sawtooth signal, the conparator gener at es

th tral
(e cont alisiagad GREbd L8 RAERGBRSISTION: e ahOEAcRlgL B,

se-w atlon signal EPWis in

t he Secon%ﬁte%%&estt{ﬂ? clodR'558 li? ghggfr{ &Ur:‘tltélr Gieal Z%B@gg%é hé'éoﬂirﬁgr

witch 04 reéemai ns the swt I's turned off,

e f]“ st R i B P iB SPE et G Bl r?#O‘*%E 1PEed ﬁ‘h.h%%e?f 535
CLK 2 .
e the P S SRy, e LS o Bt e %ﬁ*égc‘ér%ﬁca%’ %s%gﬁar

ADJ froma first level to a secon eve 0

vol tage offh arh@sam%@fe%tz@ﬂége%é@é’ﬁ%haﬁapv 5@%‘@ @0@5@]%& @g?és
accordingly. As a result, a duty cycle of the control signal CTRL1 is
decr eased 619hiéihsr vrliggetah sharaciiechualtagsfVeehds grptes thamiesmgong preset
reduced. In other words, when the on/off switch dinmer 106 is used,
the duty optage ¥, thérowomart ovesstodretk G3ERIN thavobsgadelocior ﬁ@Oﬂ'@abl@@
di mm ng signal ADJ which is further determ ned by the sw tch

nmoni t or i nghescignlab32 ecri hleck ®14, phe c@lirker value is cdni@tedl wWih@ refdesbews
wavef orms of signals associated with the dimm ng controller in FIG 4
oper at i ng valueeBCNEGYHe com®ardtores36.t he bldskAT6dif thd cgum@dealué 18 greater
accordance wth one enbodi nent of the present invention. Mre

speci fi calthah CNTGthe/Boripaesortse Jepetdtbs adeketibagignyRRgichlimmtanthe
rectifier 108, the pul se-w dt h nodul ati on signal LPWM generated by

the corrparr@étﬁlced%ﬂagé g é@?ﬁéé‘ﬁorﬁ'tﬁé‘@h/oﬁ@%tfcﬂ%ﬂh#@%bs OMntdIScICa d, gnt
sensing pin S the control bl ock 190, the pul se signal PULSE

provi ded l?léezg&ﬁﬂmgrsﬁi%%%t@ﬁ %%ft]i Cﬁﬂ%r%? %EQHtCﬂW tﬁg@:ﬂ%pﬁ 6@7%Ri .

flip-flop dr mrer I's ut’ilized

ervoat moneFESE e Pk BEFR e g s i

i ndicativ ectif vol tage VREC with an average signal VD
i ndi cati vzh%g-%&é{f@ éb%AvG of the rectified voltage VREC to

generate the pul se-w dth nodul ation signal LPWM If VEINis greater
than VOc, the pul se-width nodul ation signal LPAMis in a first state
(e.g., logic 1). If VEINis less than VD, the pul se-w dth nodul ation

si gnal LPWM i s [ads7a smeRpthgshakao F8GI5, if tetiohitB) blodih €9@ 86ickhaisarha24
provi des the puI se’signal LSE. The output CIRL2 of the SR flip-flop

528 turns tﬁé’récﬁ?‘ﬂé&vﬁégﬁ*@&%{ﬁi‘% G ?%Bnﬁﬁ's%ﬁtch'@jlrhﬁw%rF’?Uéstﬁe%@”a'

i n one enbodi nent i's turned current thr ough
flip-flop 528, the bleeding controller 542, the error ampllﬂer 550, the bleeding
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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 VREG In the exanple of FIG 7B, the pul se-wdth
nodul at i oRORTQJleaB4E P the esmr andide o2 arepdisabledthene shkodimgifal vsi N
indicative of the rectified voltage VREG with the average signal VGG
i ndi cat i v&@hemuiirlevebdimyaengifdssinabled tp eutaut pstimping sigealriGacqaiding
alternative enbodi nent, when the TRI AC di nmer 104 is used, the

pul se- wi dtdtheoshdraticroof the gnalff 4tk dimmeal196. béhemwii-reye! tiynmer 538

cal cul ating the conducting angle of the rectified voltage VREG For
exanpl e, vdeeivas s swinddinonimdhy signaiindicgimgl arLsiWiviiion ofrthe loa/dfi switchst at e

(e.g., logic 1) during the conducting angle of the rectified voltage
VREG O heinee106 big the biec K dt Fom@dimsié,| Dvolgigendthd dikikhing signat ABJ
second state (e.g., logic 0). [ 0052] Accordingly, enbodi nents

i n accor daagRavks hothefildt esNMo 4 BN 18Ve! I RpERsEtd £ tirhSffadtramirhods
for controlling dimmng of a |ight source. A dimmng controller is

capabl e obs iRl @pbk BeidhEiRe: foel RIAN bR 630 CordaRiY b Lkt lgnal
dimrer is coup ed between a power source and a power converter. Upon
det ect | ] fy; ' i i ] b |
et ecti on g @lﬂfﬁtgﬁﬁgaﬁts@%ﬁséméwe& %gﬂy%%npgéﬂsn@e@ﬁﬁégﬁg@ s

the dimm ng o rce accordin or exanp

IR AC 91 g S Bl PR B G0 80 A oA e 9o
R T e AL

Advant ageously, the dimm ng .controller can adapted to different
Cvbes. of G rsneiaesc CRNEO G (L iy Tp e ARE Gift BY cOmpariishaa)
Wil e the forqeg%oi ng description and draw ngs_represent enbodi ments of
the presesgwianiaigNehSAV genaratedatesalased3haih (herewpdt ddes ti ons,
modi fications and substitutions may be nade therein w thout departing
from t he spmpla-helddircuiv p0.of Théeopparaterdlidsis epupled i thesieptt signa min on
as defined in the acconpanying clainmns. One skilled in the art wl|
appr eci at &3INainctthe avaragetsignal payVBE, ase dompatesramippuiosididl dati ons of
form structure, arrangenent, proportions, materials, elenents, and
conponent $ndicutivetdh @ranesefiedrsmthgen/ b evithramcaviecayeodighdl &/ o irvaeativernf an
which are particularly adapted to specific environnments and operative
requi r emenigraget\NQY tof deprctiiiaivdiaga e tdgénsaiel £puleé-widte npo@getiin

i nvention. The presently disclosed enbodi nents are therefore to be

consi der edjgna| EPWN?I.?Sm%iesetﬁﬁo@ihw!e‘r'lﬁtiff‘é’gn\iﬁbé%[ré@t@r fHn \{ﬁtﬁé Sl idth he
y

scope of tHe invention being indicated he appen clainms and

their. Lf?%g(ﬁﬂ’é{io‘ﬁaéi@ﬁ‘él $PVANds P4 filsh Blk&h.5 O 191 f SHPORIRftch Q4 i
controlled by the output of the comparator 518. More specifically, in one
embodiment, if the output of the sample-hold circuit 520 is greater than the
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 switch Q4. Therefore, when the pulse-width modulation signal LPWM is
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CLAIM5S What is claimed s: 1. A controller for controlling di mm ng of
an LED light source, said controller conprising: 5a detection pin
operable for nonitoring a rectified voltage and for detecting whet her
said rectified voltage cones froma TRI AC di mer or an on/off switch
di nmer ; an input signal pin operable for receiving an input
signal indicative of said rectified voltage, wherein said controller
i s confi gir edirststaientheslutyitynie aithefcostipldsignal CTRLT varies according to the
dimming signal ADJ which is further determined by the switch monitoring signal

indicating the operation of the on/off switch dimmer 106.

[0038] If Vg is less than Vpg, the pulse-width modulation signal LPWM
is in a second state (e.g., logic 0) and the switch Q4 remains off during the
second state of the pulse-width modulation signal LPWM. In other words, the
switch Q4 is turned on and off alternately according to the control signal CTRL1
during the first state of the pulse-width modulation signal LPWM, and the switch
Q4 remains off during the second state of the pulse-width modulation signal

LPWM.

[0039] In one embodiment, if the conirol block 130 determines that the
rectified voltage Vrec comes from the TRIAC dimmer 104, the multi-level dimmer
538, the amplifier 530, the sample-hold circuit 520, and the comparator 518 are
disabled. The SR ilip-flop 528, the bleeding controller 542, the error amplifier

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 Vgrec with an average signal Vpc indicative of an average
Vava of the rectified voltage Vgec to generate a 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). 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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10 LED light source by controlling a switch in series with said LED

| i ght source according to said input signal if said rectified voltage
cones fromsaid TRI AC di mrer; and a nonitoring pin operable for
receiving a nonitoring signal indicating an operation of said on/off
switch dimer, wherein said controller is configured to 15 contro
di mm ng of said LED |ight source by controlling said switch according

to sai d noantreledly thegndputiGTRIA of the &R flipdwpadiS: adéore spedficallynihea’ d
on/off switch dimrer. 2. The controller of claim1l1, further
conpri si ngpul6hthel SR dimtprd28 reseiviesra ppse aighal POLSE grdeaci¢apy e
current path to maintain a holding current of said TRIAC di nmer if
sai d rect obtitatov 6L4.agEhe BRefEp-floe BP8 authbuTih Aicil immegsponSe toléach pulse
controller of claim1, wherein said controller is configured to
control  inthe pulse signal to turn on the switch Q4. A comparator 526 compares a
reference signal REF3 with the sensing signal SEN received from the current
sensing pin SOURCE. The reference signal REF3 determines a peak level of
the current of the LED string 408. The sensing signal SEN indicates a current
of the LED string 408 when the switch Q4 is on. 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 SR flip-flop 528 outputs a logic 0 to turn off the
switch Q4. If Vg is less than Vg, the pulse-width modulation signal LPWM is
in a second state {(e.g., logic 0) and the switches Q1 and Q4 are turned off. In
other words, the switch Q4 is turned on and off alternately according to output of
the SR flip-flop 528 during the first state of the pulse-width modulation signal
LPWM, and the switch Q4 remains off during the second state of the pulse-width

modulation signal LPWM.

[0041] The bleeding controller 542 is operable for turning on a switch
548 coupled between the pin BLEED1 and the error amplifier 550 to conduct a
first current path including the switch Q2 and the resistor R12 (shown in FIG. 4)
during a first state of the pulse-width modulation signal LPWM. As such, a
current flows from the rectifier 108 through the switch Q2 and the resistor R12 to
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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25di nmi ng of said LED |ight source by cal culating a conducting angle
of said rectified voltage if said rectified voltage cones fromsaid
TRIAC dinmer. 4. The controller of claiml, further conprising: an
average signal pin operable for receiving an average signal
indicative of 5 an average of said rectified voltage, wherein said
controller is configured to control diming of said LED |ight source
by conpar A8 Raieas tAbe SRl curtes  thenl Mg naneniF i 1 sai d
rectified voltage cones fromsaid TRIAC dimrer. 5. The controller of
claim1l1, wherein said controller is configured to generate a

[0042] The bleeding controlier 546 is operable for turning on a switch
554 coupled between the pin BLEED2 and the error amplifier 552 to conduct a
second current path including the switch Q3 and the resistor R11 (shown in FIG.
4) during a second state of the pulse-width modulation signal LPWM. As such,
a current flows from the rectifier 108 through the switch Q3 and the resistor R11
to ground. The error amplifier 552 receives the reference signal REF1 and a
sensing signal indicating a voltage across the resistor R11 and controls the
switch 554 linearly to maintain the current through the switch Q3 and the resistor
R11 no less than the holding current of the TRIAC dimmer 104. Moreover, in
one embodiment, the bleeding controller 546 receives a setting signal from the
pin PWMOFF. The setting signal determines a minimum duty cycle Duw of the
pulse-width modulation signal LPWM. If the duty cycle decreases to the
minimum duty cycle D, the control block 190 turns off the switch Q4 and the
bleeding controller 546 conducts the second current path. Therefore, in one
embodiment, the bleeding controller 546 turns on the switch 554 to conduct the
second 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 Dun.

[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

19



10 pul se-wi dth nodul ati on signal, and wherein said controller is
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 during a second state of said pul se-w dth

nodul ation signal. 156. The controller of clai m 5, wherein said

pul se-wi dth nodul ation signal is generated by nparing said input

si gnal t othaaugly drealdeD SiTifgaA08 tedireand d@r"@ﬁ’[h@rf!r%t\ﬁé@tagéﬂ%ﬁ LB@iNE  The
rectified voltage. 207.The controller of claimb5, further conprising:
a first bbeletddalrtxjpai@‘rﬁ{}rieIopp'rable)tmrcabtl@cthgrthedimﬂuutremtg:mh o mgintaiorthent
path to maintain a holding current of said TRIAC dinmmer if said
rectifi edhelligpgeranmethe TRIAGANMIRIC dVherthe puise-width modutat®econd
bl eedi ng control pin operable for conducting a second current 25path
t o mai nt akignapl PWNOIdnnige sscorendtatel treadvilichRY A daineers. | Theairt

ettt edcurren’( flows through 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 Veec with the average signal
Vpe indicative of an average Vayg of the rectified voltage Vrec, 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 reciified voltage Vrec.
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vol tage cones fromsaid TRI AC di nmer, wherein said first
bl eedi ng control pin is operable for conducting said first current
path during said first state of said pul se-w dth nodul ati on signal,
and wherein said second bl eeding control pin is operable for
conducting said second current path during said second state of said
pul se-w dt h nodul ation signal. 5 8. The controller of claim?7,
further conpriEi0d4§] Durirg theoperagionoif aaypbindimsl sfieationestish\eisrayea
predeterm ned reference and providing an output to said first
bl eedi ng tamperaturpj shoracidtuit or over cureerd écdetdciedr the cveptariparaturer
receiving said predeterm ned reference and 10provi ding an output to
sai d secopebtbtteadimosTnhodicirpuidprotection unit 504, or over-current protection
unit 506 can 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/off switch
dimming mode, in accordance with one embodiment of the present invention.
More specifically, FIG. 7A shows the status of the switch 302, the rectified
voltage Vgec 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 Vszp of the sample-hold circuit 520, and the control signal CTRLA
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 Vgiy indicative of the rectified voltage Vgec with an
average signal Vpc indicative of an average Vayg of the reciified voltage Vgrec to
generate the pulse-width modulation signal LPWM. In one embodiment, if Vg
is greater than Vg, the pulse-width modulation signal LPWM is in a first state
{e.g., logic 1). If Vgiv 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

21



wherein said first and second error anplifiers are disabled if said
rectified voltage cones fromsaid on/off switch dinmer. 9. The
controller of claimb5, further conprising: 15a current sensing pin
operabl e for providing a sensing signal indicative of a current of
said LED |light source; a conparat or operable for conparing said
sensing signal to a predeterm ned reference, wherein said
swi t ch i ssionah@8Won When dtef puwlse-vitih seidyldtionsigrst BPW N is isdhelfirst state,
20pul se-wi dt h nodul ation signal according to an output of said
conpar at otheaoampanatdrsd 8siageadtes the control signal CTRL1 to turn the switch Q4
(shown in FIG. 4) on and off alternately by comparing the sawtooth signal SAW
with the output Vsgg of the sample-hold circuit 520. Vs is proportional to the
dimming signal ADJ which is generated by the multi-level dimmer 538, in one
embodiment. In one embodiment, if the output of the sample-hold circuit 520 is
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 conirol 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 Vsyp 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 siring 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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10. The controller of claimb5, further conprising: a
current sensing pin operable for providing a sensing signal

I ndi cative of a 25current of said LED |Iight source; an
anplifier operable for conparing said sensing signal to a di nm ng
signal, wherein a level of said dinmng signal is determ ned by said
operation of said on/off switch dinmmer. 511. The controller of claim
10, further conprising: a sanple-hold circuit for receiving an out put
of said anplifier; a conparat or operable for conparing an out put

of said sampl erolfl GhECYBlsnbRs AR shdrdii@hssociated 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 Vgec 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 Vrec with an average signal Vpe
indicative of an average Vayg of the rectified voltage Vgec 10 generate the
pulse-width modulation signal LPWM. If Vgy is greater than Vpg, the
pulse-width modulation signal LPWM is in a first state (e.g., logic 1). If Vg is
less than Vpe, 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 cne 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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wherein said switch is turned on and off during said first state of
sai d 10pul se-w dt h nodul ati on signal according an output of said
conparator. 12. The controller of claim1, further conprising:

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 15 and | ess than a second preset voltage; and
a counter coupled to said clock generator and operable for counting
pul ses of said clock signal. 13. The controller of claim 12, further

compri sing: _20%, QA 21,85, S34RLHb TRIASLHSRPTSLL AR abl e for

generating a
conduction time of the triac 206, the duty cycle of the pulse-width modulation

signal LPWM decreases. Consequently, the brightness of the LED string 408
decreases. Thus, when the TRIAC dimmer 104 is used, the brightness of the
L ED string 408 varies according to the reciified voltage Vrec.  In the example of
FIG. 7B, the pulse-width modulation signal LPWM is obtained by comparing the
input signal Vgin indicative of the rectified voltage Vrec with the average signal
Ve indicative of an average Vaye of the rectified voltage Vrec.  In aliernative
embodiment, when the TRIAC dimmer 104 is used, the pulse-width modulation
signal LPWM can also be obtained by calculating the conducting angie of the
rectified voltage Vrec. For example, the pulse-width modutation signal LPWM
is in the first state {e.g., logic 1) during the conducting angle of the rectified
voltage Vrec, 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 accerding to the operation

of the TRAIC dimmer. If the on/off switch dimmer is detected, the dimming
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sel ection signal by conparing a counter value of said counter to a

ref erence val ue, wherein said sel ection signal indicates whether
said rectified voltage cones fromsaid TRI AC di mrer or said on/off
switch di mer. 25 14. A system conpri sing: a rectifier operable

for rectifying an AC voltage and generating a rectified voltage;
a power converter coupled to said rectifier and operable for
r ecei vi ngceaireller sonwelsithe danmivigtangerdirmiofbaeparatieg of drueaiodewioher to
a light source;
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 skilied 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.

25



a dimmng controller operable for detecting whether said AC voltage
cones froma TRAIC dimrer or an on/off switch di mer and for
controlling said power converter so as to control dimmng of said

| i ght source, wherein said dimring controller is operable for
controlling dinmng of said 10 |light source by controlling a switch
in series with said |ight source according to said rectified voltage

if said A@L?\q),[/l ge cones fromsaid TRI AC di mrer, and wherein said
dimmng controller is operable for controlling dimmng of said |ight

source by t. ing.said switch according to an operation of said
Bl

on/ of f sw said AC voltage conmes fromsaid on/off switch
im1l4, wh

dimer. 1 15. The,system of, . cl , erein. said di mui.
cont roi | e sRaMalFRr EPhETs BTG o iR Teht st ger T onbalece
by conpari ng} an i nput signal indicative of said rectified voltage to
an aver ag€9%iPYRAL" | ndi cative of an average of said rectified voltage
if said rectified voltage cones fromsaid TRIAC dimer. 20 16. The
syst enPof cl af REEEIORPET epgrablg; far BORHP Y 2 oektifig |vehag%a%8%r£ﬂt%ctmar
controlling dinmng of said |ight source by cal culating a conducting
angl e of sdietharegid rectitied gpliagfecomes &iom addtIAC dmmey] ararjeorefeswitthom
said TRI AC di nmer.
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
10  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
15  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:
20 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

25 dimming of said LED light source by calculating a conducting angle of said
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2517. The system of claim 14, wherein said dimmng controller is
operable for generating a pulse-w dth nodul ati on signal, and wherein
said switch is swtched on and off alternately during a first state
of said pul se-wi dth nodul ati on signal, and wherein said switch

remai ns off during a second state of said pul se-w dth nodul ati on
signal. 5 18. The systemof claim 17, wherein said dinmmng

cont r ol | eredtified onftagaif edidtrectifiederniioge saings rohssaidiTRIACHIoieit | on
signal by conparing an input signal indicative of said rectified

vol tage to an average signal indicative of an average of said
rectified voltage. 10 19. The systemof claim 17, wherein said

di mm ng cant rphé esntiSlePBrsiaph €, fupheef@hpiidigg:a first current path to
mai ntain a holding current of said TRIAC di mmer during said first

state of sai darﬁ)bl{/érﬁg@'isfb%dal ﬁﬁd&ﬂe@éﬁl@ﬁbr&b%@ihg aAbe 8bRal$dicative of

controller is operable for enabling a second current path to maintain

sai d hgl diRgaverage of said rectified voltage, 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
10  pulse-width modulation signal, and wherein said controller is operable for turning
said switch 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.

15 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.

20 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 reciified voltage comes
from said TRIAC dimmer; and

a second bleeding control pin operable for conducting a second current

25 path to maintain said holding current of said TRIAC dimmer if said rectified

voltage comes from said TRIAC dimmer,
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15current of said TRIAC di nmer during said second state of said

pul se-w dt h nodul ation signal. 20. The systemof claim 17, wherein
said dimmng controller is operable for conparing a sensing signal

i ndicative of a current through said |ight source to a 20
predeterm ned reference, and wherein said switch is turned on and off
during said first state of said pul se-wi dth nodul ati on si gnal

accordi ng to |hewelrssaidifgstathleadidg @oavaipsin iis operapiufdr cohdseting sed$irs1g
signal and said predeterm ned reference. 2521. The systemof claim

17, wher eic0rreat Patfli dIINA0s QT 08thRS of Sai@RRNSPWRIt fiodtamPagihAg, and
sensing signal i1ndicative of a current through said |light source to a

di MM ng Sy @RAdin sWREIRLAD BIdeRMR cdtirod ?igﬂs gbam'bmw Egﬂ%mh@_sﬁ%t @e_rcghaed

by said operation of sald on/off sw I mer, a erein sal

switch is c%HéHﬁ%tﬁ’@iuﬁH& sQtfseRHhd 82tS B Shid gﬁ%b—vﬁﬁﬁﬂtr‘ﬁo&‘jlaﬁ@ﬂ Sgnal.
pul se-w dt'h nodul at1 on”signal according to a
5
8. The controller of claim 7, further comprising:
a first error amplifier for receiving a predetermined reference and providing
an output to said first bleeding control pin; and
a second error amplifier for receiving said predetermined reference and
10 providing an output to said second bleeding control pin,

wherein said first and second error amplifiers are disabled if said rectified

voltage comes from said on/off switch dimmer.

9. The controller of claim 3, further comprising:
15 a current sensing pin operable for providing a sensing signal indicative of a
current of said LED light source;
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
20 pulse-width modulation signal according to an output of said comparator and a

pulse signal.

10. The controller of claim 5, further comprising:
a current sensing pin operable for providing a sensing signal indicative of a

25 current of said LED light source;

28



5sawt oot h signal and a conparison result of said sensing signal and
said dimm ng signal. 22. The system of claim 14, wherein said dimmng
controller conprises: a clock generator operable for generating a

cl ock signal when said rectified 10voltage is greater than a first
preset voltage and |l ess than a second preset voltage; and a
counter coupled to said clock generator and operable for counting

pul ses of saiah sinplifiersipgraille 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.

5 11. The controller of claim 10, further comprising:
a sample-hold circuit for receiving an output of said amplifier;
a comparator operable for comparing an output of said sample-hold circuit
to a sawtooth signal,
wherein said switch is turned on and off during said first state of said

10 pulse-width modulation signal according an output of said comparator.

12. 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 voliage
15 and less than a second preset voltage; and
a counter coupled to said clock generator and operable for counting pulses

of said clock signal.

13. The controlier of claim 12, further comprising:

20 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.

25
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1523. The system of claim 22, wherein said dinmmng controller further

conpri ses: a conparator coupled to said counter and operable for
generating a selection signal by conparing a counter value said
counter to a reference val ue, wherein said sel ection signal

i ndi cat es whet her said AC voltage conmes fromsaid TRI AC di mrer or
said on/off switch dinmer. 20
14. A system comprising:

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

a power converter coupled to said rectifier and operable for receiving said

5 rectified voltage and generating regulated power to a 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 o control dimming of said light source,

wherein said dimming controller is operable for controlling dimming of said

10  light source by controlling a switch in series with said 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 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.

15
15. The system of claim 14, wherein said dimming coniroller is operable for
controlling dimming of said light source by comparing an input 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.

20
16. The system of claim 14, wherein said dimming controller is operable for
controlling dimming of said light source by calculating a conducting angle of said

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

25 17. The system of claim 14, wherein said dimming coniroller is operable for
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generating a pulse-width modulation signal, and wherein said switch is switched
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.

18. The system of claim 17, 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.

19. The system of claim 17, wherein said dimming controller is operable for
enabling a first current path to maintain a holding current of said TRIAC dimmer
during said first state of said pulse-width modulation signal, and wherein said
controller is operable for enabling a second current path to maintain said holding
current of said TRIAC dimmer during said second state of said pulse-width

modulation signal.

20. The system of claim 17, wherein said dimming controller is operable for
comparing a sensing signal indicative of a current through said 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.

21. The system of claim 17, wherein said dimming controller is operable for
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comparing a sensing signal indicative of a current through said 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 fo a
sawtooth signal and a comparison result of said sensing signal and said

dimming signal.

22. The system of claim 14, wherein said dimming controller comprises:

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

a counter coupled to said clock generator and operable for counting pulses

of said clock signal.

23. The system of claim 22, wherein said dimming controller further comprises:
a comparator coupled to said counier and operable for generating a
selection signal by comparing a counter value 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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