WD 2012/ 031435PCT/ CN2010/ 079390 STABI LI ZATION CIRCU T FOR ELECTRONI C
TRANSFORVMER DRI VEN LED DEVI CES CROSS- REFERENCE TO RELATED APPLI CATI ON

[ 0001] Thwe 2B@Mo3apl i cation clains priority to U S. ProvicsiconalooRaedent
Application Serial No. 61/380,932, filed Septenber 8, 2010, which is hereby
i ncorporated by reference. BACKGROUND OF THE | NVENTI ON [ 0002] The present
invention generally relates to a circuit for stabilizing electronic
transforner driven LED devices. [0003] Conventionally, |ow voltage hal ogen

| anpsSTABHIZASTIOMNCNTBITFOR ELECERONSE ITTRANS FORWERODRIVEN A EDDEVICES
reflector AR111l, need a transfornmer to provide the lanp with a | ow vol t age

supply fromeither 110Vac or 220Vac mains. There are two types of
transfornmer used for this purpose-nagnetic and el ectronic. Mst hal ogen

| anps are driven by electronic transfornmers, which are cheaper, snaller and
|l ighter than magnetic transformers. [0004] FIG 1 shows a typical schematic
of a conventional electronic transformer 5 of the type used in driving a
hal 0ge FROSR-REFERENRE JiO RELATED A@Phb@ATIQEyvoI tage is first
rectified by the diodes in diode bridge DBl1, and the resultant rectified
signal is fed into an oscillator, which drives the isolation transformer
T2. At the output of the

[0001] This PCT application claims priority to U.S. Provisional Patent Application
Serial No. 61/380,932, filed September 8, 2010, which is hereby incorporated by

reference.

BACKGROUND OF THE INVENTION

[0002] The present invention generally relates to a circuit for stabilizing electronic

transformer driven LED devices.

[0003] Conventionally, low voltage halogen lamps, such as the MR16 multifaceted
reflector lamp, or the aluminum reflector AR111, need a transformer to provide the
lamp with a low voltage supply from either 110Vac or 220Vac mains. There are two
types of transformer used for this purpose--magnetic and electronic. Most halogen
lamps are driven by electronic transformers, which are cheaper, smaller and lighter

than magnetic transformers.

[0004] FIG. 1 shows a typical schematic of a conventional electronic transformer 5 of
the type used in driving a halogen light L1. In the circuit, the AC input line voltage is
first rectified by the diodes in diode bridge DB1, and the resultant rectified signal is

fed into an oscillator, which drives the isolation transformer T2. At the output of the



WO 2012/ 031435PCT/ CN2010/ 079390 circuit, the secondary output w nding of
transfornmer T2 is directly connected to the hal ogen lanp LI. [0005] The

f requencywof2or#sid3sat i on of the circuit depends nmainly ®mpocNehw/g9Pe and
maxi mum fl ux density of the core used in the feedback transformer Ti. Wen
the oscillation cycle has started by the RC circuit, the current in the
feedback transforner Ti increases until the core saturates. At this point
t he feedback drive of the active transistor TR2 is renoved, turning TR2
of f. 1 RirkyR! BR se&fhdatP® WiRdin@nof LrafyRMikr! B2 30RIRELFREGinectY 1O tHO
kHz. An electronic transfornmer suchi as the one showmn in FIG 1 works well
w th hah njhﬁﬁpgl_mhich act as a resistive load to the transforner.

[ 0006] FI 2 shows the output voltage waveform of electronic transforner
driving hal ogen | anp. The voltage is continuous throughout a half line
cycle. [0007] Retrofit LED | anps are becaom ng nore popul ar because_ of |ow
power MIn%thfﬁemcb’dm@%Qlﬂ@tl@R pe cthgrycuisde pendsDmaandysup ot streeand

i ntended to replace | ow v I%gge hal ogen | amps, . need a huilt-in circuitry to
arive KT T deasited the g sednt gk grang @%%Qﬂ-b gn ithe
driver of...LED | anps 000 As .cap be. seen.in FI G, .3, diode bridge

const sPPvY A se babap ey HRARC ST it ithf SPRT Ffrmen ge
of the jpver . chreui : D Agr j F e Ui c d
arong. TSt St rord ety A IS hp iy Y’ eelufBy RSO ERISLEREL

ski I'l egangistdleTROLis reHfdedS tdrliil 3582 LW it%pi%hﬁusé‘,-th@"t%cﬁﬁf%ﬁ@qu%ﬂc

conjunction with the inducfor Li; diode DI and curréent sense resistor ,

forms & speoxdewrelhBikicdoMeit erAn ldledtBoitie srgngdrher sl us nige nvGhevar in
mul tiple series connected LEDs froma vol tage source higher than the LED

f or war #1Goll twgeks wilD widll habgeh3bREE, GNHOL AcO 793 30siTtiec L&kl tutheetnansfatmer.i s
set by external resistor Rs. By applying an external control signal to the
"ADJ' pin, output current can be adjusted above, or below the set value. In

on, the electronic transforner woul d be coupl ﬁd. to the

ci roui 100965 Al G s the, OHIRHaYO 3 gs PANEIOTD O & IR QR HERTATBT AFEne
connochalPEEs AP Abat oret reotrm i Brou A B sien an LED 1amp i
connected to an electronic transformer, it causes two probl ens.
[0007] Retrofit LED lamps are becoming more popular because of low power
consumption and long life expectancy. Such LED lamps, which are intended to
replace low voltage halogen lamps, need a built-in circuitry to drive the LEDs inside.

FIG. 3 shows the schematic of a typical built-in driver of LED lamps.

[0008] As can be seen in FIG. 3, diode bridge consisting of diodes D1 to D4 and a
bulk capacitor C1 form the input stage of the LED driver circuit 6. The LED driver
circuit 6 may be chosen from among the standard LED driver circuits available, which
are known to those skilled in the art, such as ZXLD1356 shown in FIG. 4. The
ZX1L.D1356, in conjunction with the inductor L1, diode D1 and current sense resistor
Rs, forms a step-down buck converter. It is designed for driving single or multiple

series connected LEDs from a voltage source higher than the LED forward voltage.



[ 0009] First, the peak charging current of the capacitor C is large and it
may exceed the design limt of the electronic transforner. This |arge
char gi ng woroeni3igsan result in a failure of conponents eCTid0tovas®bor mer
circuit, such as the transistors. [0010] Second, electronic transforners
are designed to work with resistive |oads with a specific power
consunption. LED lanps with built-in driving circuits, which are capacitive
| oads, actually draw nmuch | ess average current (although the peak current

nmay be T'NggﬁED) clrlreht PALegsRet Bﬂés'é‘ttﬁlﬁﬁl‘?esi ERd By gft)glﬁ/qlggi? 'ahce_ﬁé@@ kenmdl is

connected wth an LED lanp as oad, the oscill rcuit

el ect r gipin@l 6 @RS f ADTEpiTRYItPECONRchNSiRBE idjestad 3®o98! ¥r defoWithe 3aDyaANE0f
current, or even no current, may flow through its feedback circuit to

sust ai n tahtypacsad i ddndiguwatioh Otht1¢ leEtrGnicStrahshesmichavauitdphd cvopledge thevetarim of
an electronic transformer when it is driving an LED | anp. It can be seen
t hat t Reownentlrldni T sueladbatoitsrputswanldda godnedtodttp disusdlagandl HY20Xase

visible flickers. FlI 6 shows the output current which only flows when the
out put 0B ESagapus “éf?l&drh? e vediare |as(dg. andygs sonneied dasbeilpuioh Brok5bo

BRI EF SUMVARY, OF THE |.NVENTI. ON | n. accor dan wi t ne .aspect. of the
s on iV al1qs e vt et 1 T A Rleb RC o i el il SRS o Bhert
el ectr rﬁa‘hs&{ R%fp?éﬁf‘ebs‘?” ving circuit having a rectifier fed into a

f eedback-controll*ed osci'llator circuit that drives an isolation transforner

at an output of the electronic transforner driving circuit. The
stabilization circuit includes: a current limting portion that limts an

anmount [60093 UFfrefithe pebk @hatoify duitertlofahe eapacitsraasfigname sid itimay ekteed t .
[0013] In another aspect, the stabilization circuit further includes: a
bypasstludesgh lpaithof thet eleatrohai transfoabrice. opes dargencledrgihe current can result

f eedback-control |l ed oscillator to regulate the current that flows to an
out put iof fatleresplceempanentsraditbe dramsforamerairgpicisnehias th¢ o@naistars. anot her
aspect, the bypass current path includes a resistor in series with a
capaci tor.

[0010] Second, electronic transformers are designed to work with resistive loads with
a specific power consumption. LED lamps with built-in driving circuits, which are
capacitive loads, actually draw much less average current (although the peak current
may be higher) than halogen lamps. Thus, when the electronic transformer is
connected with an LED lamp as its load, the oscillator circuit of electronic
transformer may become unstable because only a small amount of current, or even no

current, may flow through its feedback circuit to sustain the oscillation.

[0011] FIG. 5 shows the output voltage waveform of an electronic transformer when
it is driving an LED lamp. It can be seen that the electronic transformer is working
discontinuously and may cause visible flickers. FIG. 6 shows the output current

which only flows when the output voltage is around its peak level.



[ 0015] In another aspect, the bypass current path includes, a resistor, an
I nductor, and a capacitor in series. [0016] In another aspect, the bypass
current paoOhloizshasdes a capacitor in series with a paralPCelcNeorogi7ssadi on of
an inductor and a resistor. [0017] In another aspect, the bypass current
path includes a capacitor and a resistor in series with a parallel

conbi nati on of an inductor and a second resistor. WO

2012/ 031435PCT/ CN2010/ 079390 [0018] In another aspect, the bypass current
path i @Rﬁﬁﬁ%I@MM‘)ﬂlY OF 'I‘HLEI'N‘@E riOnNa capacitor. [0019] In another
aspect bypass current path includes a capacitor. [0020] In another
aspect, the current limting portion includes a current limting resistor
in series with a current limting inductor. [0021] In another aspect, the
cur r en{0012}i in agcaulancewitnohedspeat ofithe predentrinvergiam dustabilization circuit

is provided at an output of an electronic transformer driving circuit having a rectifier
fed into a feedback-controlled oscillator circuit that drives an isolation transformer at
an output of the electronic transformer driving circuit. The stabilization circuit
includes: a current limiting portion that limits an amount of current delivered by the

electronic transformer driving circuit.

[0013] In another aspect, the stabilization circuit further includes: a bypass current
path that maintains stable operation of the feedback-controlled oscillator to regulate

the current that flows to an output of the electronic transformer driving circuit.

[0014] In another aspect, the bypass current path includes a resistor in series with a

capacitor.

[0015] In another aspect, the bypass current path includes, a resistor, an inductor, and

a capacitor in series.

[0016] In another aspect, the bypass current path includes a capacitor in series with a

parallel combination of an inductor and a resistor.

[0017] In another aspect, the bypass current path includes a capacitor and a resistor in

series with a parallel combination of an inductor and a second resistor.



BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0022] The figures are for illustration
pur poses only and are not necessarily drawn to scale. The invention itself,
however, waypolrasi43de understood by reference to the det acCiramwN2dmgao9iopt i on
whi ch follows when taken in conjunction with the acconpanying draw ngs in
which: [0023] FIG 1 is a schematic diagram of a conventional electronic
transfornmer circuit for supplying power to a lighting device; [0024] FIG 2
is a diagram showi ng an output voltage waveform of the conventional

el ect r gy @]t IR AROPEFBEp&It! ﬂ}é' lS%Hss Rlufrent p%'ﬂi ﬁi&ﬂd&@é@%ﬂhétaﬁﬁl sé@@@x’ir]ith':d G
3|saschemat|c di agram of ical built-in driver for LED | anps;

2012/ 033p8ARET/ CN2010/ 079390 [0026] FIG 4 is a diagram show ng an LED
driver using ZXLD1356; [0027] FIG 5 is a diagram show ng an output voltage
wavef orm of an electronic transformer driving an LED | anp;

[0019] In another aspect, the bypass current path includes a capacitor.

[0020] In another aspect, the current limiting portion includes a current limiting

resistor in series with a current limiting inductor.

[0021] In another aspect, the current limiting portion includes a current limiting

inductor.
BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The figures are for illustration purposes only and are not necessarily drawn to
scale. The invention itself, however, may best be understood by reference to the
detailed description which follows when taken in conjunction with the accompanying

drawings in which:

[0023] FIG. 1 is a schematic diagram of a conventional electronic transformer circuit

for supplying power to a lighting device;

[0024] FIG. 2 is a diagram showing an output voltage waveform of the conventional

electronic transformer circuit of FIG. 1 driving halogen lamp;

[0025] FIG. 3 is a schematic diagram of a typical built-in driver for LED lamps;



[0028] FIG 6 is a diagramshow ng an output current waveform of an
el ectronic transformer driving an LED | anp; [0029] FIG 7 is a diagramof a
circuit twozoehishizze an el ectronic transforner driving PEDdN20#,79390
accordance wth an enbodi nent of the present invention; [0030] FIG 8 is a
di agram of show ng the conpl ete connections of an electronic transforner, a
stabilizing circuit in accordance with an enbodi nent of the present
invention and a LED driver; [0031] FIG 9 is a diagram of an output voltage

wavef o e [k e oy VA I ith the
st abi | anlz% glﬁr}cﬁﬁfhéﬁ%n} EE@F?E% gﬁ%%ig?%%@ll%ﬂl%g%%@gp g?’agr am of an

out put current waveform of an electronic transforner driving an LED | anp
with stabilizing circuit shown in FIG 7; [0033] FIGS. 11A-11F are di agrans
show n{027]i EiGorsisoh diagranhathidvmnigngn coutput tvoltagacwavefamae ol anh electronic
enbodi nents of the present invention; [0034] FIG 12 is a diagramof an

out put trapptargerwirangam loEDalang);ect roni ¢ transformer driving an LED | anp
with the stabilizing circuit showmn in FIG 11A; WO

2012/ 031435PCT/ CN2010/ 079390

[0028] FIG. 6 is a diagram showing an output current waveform of an electronic

transformer driving an LED lamp;

[0029] FIG. 7 is a diagram of a circuit to stabilize an electronic transformer driving

LED lamps, accordance with an embodiment of the present invention;

[0030] FIG. 8 is a diagram of showing the complete connections of an electronic
transformer, a stabilizing circuit in accordance with an embodiment of the present

invention and a LED driver;

[0031] FIG. 9 is a diagram of an output voltage waveform of an electronic

transformer driving an LED lamp with the stabilizing circuit shown in FIG. 7;

[0032] FIG. 10 is a diagram of an output current waveform of an electronic

transformer driving an LED lamp with stabilizing circuit shown in FIG. 7;

[0033] FIGS. 11A-11F are diagrams showing variations of the stabilizing circuit in

accordance with embodiments of the present invention;

[0034] FIG. 12 is a diagram of an output voltage waveform of an electronic

transformer driving an LED lamp with the stabilizing circuit shown in FIG. 11A;



[0035] FIG 13 is a diagram of an output current waveform of an el ectronic
transfornmer driving an LED lanp with stabilizing circuit shown in FIG 11A;
[ 0036] FIv@0 20tR/G3¢438 di agr am of an out put vol t age wavef oPeTaN2arv/08939¢t r oni c
transfornmer driving an LED lanp with the stabilizing circuit shown in FIG
11B; [0037] FIG 15 is a diagram of an output current waveform of an

el ectronic transformer driving an LED lanp with stabilizing circuit shown
in FIG 11B; [0038] FIG 16 is a diagramof an output voltage waveform of
an electronic transfornmer driving an LED |lanp with the stabilizing circuit
shown in FIG 11C, [0039] FIG 17 is a diagram of an output current

wavef 0[003%] BNGel EXtisoni didgrams fodr aRr odiputi ogrrent Libvéfamm Wit AnstRetdonié ng
circuit showmn in FIG 11C, [0040] FIG 18 is a diagram of an output voltage
wav ef otmmeforarer elreahg ani ICEDx langf writhestablilizing girenitlshowmnpF Gt h1 Ahe
stabilizing circuit shown in FIG 11D; [0041] FIG 19 is a diagram of an
out put current waveform of an electronic transforner driving an LED | anp
with stabilizing cjrcuit shown in FIG 11D; [0042] FI 20 i s a djagram of
an out AR36)o ! gel v ef ol AR, 9T e pB cOVEME c VO HagR F WAKRioray iafi A & g anp

with t ?r%ng O%Prllelrldzrivqgg%nrfﬁbt la%r?povv\@tﬂ ﬁlerltaGbili%anEg circuit shown in FIG. 11B;

[0037] FIG. 15 is a diagram of an output current waveform of an electronic

transformer driving an LED lamp with stabilizing circuit shown in FIG. 11B;

[0038] FIG. 16 is a diagram of an output voltage waveform of an electronic

transformer driving an LED lamp with the stabilizing circuit shown in FIG. 11C;

[0039] FIG. 17 is a diagram of an output current waveform of an electronic

transformer driving an LED lamp with stabilizing circuit shown in FIG. 11C;

[0040] FIG. 18 is a diagram of an output voltage waveform of an electronic

transformer driving an LED lamp with the stabilizing circuit shown in FIG. 11D;

[0041] FIG. 19 is a diagram of an output current waveform of an electronic

transformer driving an LED lamp with stabilizing circuit shown in FIG. 11D;

[0042] FIG. 20 is a diagram of an output voltage waveform of an electronic

transformer driving an LED lamp with the stabilizing circuit shown in FIG. 11E;



WO 2012/ 031435PCT/ CN2010/ 079390 [0043] FIG 21 is a diagram of an output
current waveform of an electronic transfornmer driving an LED lanp with
stabiliziwg2eizvui3s shown in FIG 11E [0044] FIG 22 i eCcu/aNagrEamoof an
out put vol tage waveform of an electronic transformer driving an LED | anp
wWith stabilizing circuit shown in FIG 11F;, and [0045] FIG 23 is a diagram
of an output current waveform of an electronic transformer driving an LED
lanp with stabilizing circuit shown in FIG 11F. DETAI LED DESCRI PTI ON OF
THE | Wﬂ%ﬁ@@%ﬁ]is%%a? rhih %fdbﬁ%agﬁtﬂf cifdft | Waldorfil [fuhh Rctronic
presented in its general form that overcones the abovenenti oned probl ens

wi th ebgesfaiiet drivingfaarEDslanipeviti §t@bﬂiziﬂ\?@h@uﬂ%h@d\dﬁﬁl FIGt heEbri dged

i nput of the LED driver 6. Lowvoltage LED lanps are usually powered by 12V
AC/ DC sources. Fig. 8 shows the conpl ete connections of an el ectronic
transforner 5 a stabilizing circuit 10 and an LED driver 6. In the )

st abi | {0044 Elwcd2 is0a disgramoofRenandtputdveliage Lwavelorpr ofi dadelestoni¢ es

and limt the current dr y the LED dri.ver, At the oscj|l.ating frequency
of t he Uanstarmside NGRS mp path %@ﬂ%@g CHPultrﬁilOWbluhﬂflﬁ- | LFD apdies
| arge and current drawn by the LED driver is Iimted. At mains frequency
(i.e., 50/60Hz) or below (for exanple, when magnetic transforners or DC

pover ﬁ%ﬁe;,ggi §§(Pabsetd &s AL laﬂgegf S togzuﬁ{gg?t%%ﬁ)rh{ ﬁ}zfaﬁgg?‘e{g:?onié he

i npeda f 'Ls 'becones s nd curre t driver wo

L m t eghank Rk drf\zihg%ncllEBUfaEn];P(Viﬁi Seabfliziflg CheUAIPOWRIn BIG! PgEctor Ls, a

resistor Rp, an inductor Lp, a resistor RLp and capacitor Cp provide a
bypass current path for the electronic WD 2012/ 031435PCT/ CN2010/ 079390

DETAILED DESCRIPTION OF THE INVENTION

[0046] FIG. 7 is a diagram of stabilizing circuit 10, presented in its general form, that
overcomes the abovementioned problems with electronic transformers. The circuit
would be added to the bridged input of the LED driver 6. Low-voltage LED lamps
are usually powered by 12V AC/DC sources. Fig. 8 shows the complete connections
of an electronic transformer 5 a stabilizing circuit 10 and an LED driver 6. In the
stabilizing circuit 10, resistor Rs and inductor Ls are provided in series and limit the
current drawn by the LED driver. At the oscillating frequency of the electronic
transformer, the impedance of the inductor Ls becomes large and current drawn by the
LED driver is limited. At mains frequency (i.e., 50/60Hz) or below (for example,
when magnetic transformers or DC power supplies/batteries are used instead of
electronic transformers), the impedance of Ls becomes small and current to LED

driver would not be limited.

[0047] In the circuit of FIG. 8, a resistor Rs, an inductor Ls, a resistor Rp, an inductor

Lp, a resistor RLp and capacitor Cp provide a bypass current path for the electronic



transforner to keep the oscillator running The inductor Lp is only used to
limt the bypass current. Resistors Rp and RLp are used to nmake the overal

i npedancewone/@Bessst i ve, which sinmul ates the | oadi ng ofCa/dnabmgessod anp.
When operating at the oscillating frequency of electronic transforners, the
i npedance of capacitor Cp is small and the bypass current is allowed to

fl ow. Wen operating at mains frequency or below, inpedance of Cp is |arge
and bypass current is small or even stopped, hence power dissipation in

resist %ﬁsﬂﬁrﬂ&%q&&? {HeZd RGNS WRA KNGS ThBiifHEE&Dr ﬂr&%éﬂnfh&d & fignend he

out put vol tage waveformof an electronnic transtormer driving a LED device

wi th sbgpadd endrentci Resistors Ryvand REp @re hised tto aaakd ehes ©eardlhﬁh%édtﬁlo@umwé
voltage Is continuous over a half line cycle. FIG 10 shows the

cor r espemstivey whighusimulatenthevdvadiognof far batoighe Faingur eWhelme opedtinguat ¢t i s
reduced as conpared with FIG 6. The output current also flows continuously
over aopgillatingnEeqyeney pdodettranichbagsiosimern the tmpedanner e dapaciter antiext

A N T R T e
5 PR, P R N A LR e e
pover Sh35 PTGy G gplarers 210 O

stabilizing circuit. However, other variations of the circuit can be
enpl oyed, and the circuit can be reduced to its sinplest formwhich uses

i nduct pg0483 BIGY.9 Khehis HHA-dulthus haltager nalvieéhign odf tame efdcdtdinit zirmgsfotrmet!i t .
WD 2012/ 031435PCT/ CN2010/ 079390 [0051] FIG 12 shows the output voltage
wavef odnivaig an_kEDeddvionivath stabslizingeviradii shiawgn an IFEG. Jevitcanvibd beest thiait Ithe i ng
circuit shown in FIG 11A In the circuit of FIG 11A the bypass portion of
t he ci potput valtgeds songiguets 0 vep aj al§ dineexycli.t FloapQcihooys . comespomdipag

vol tage is continuous over ha{)ti1 Lﬂine cycle. FIG 13 .sho(}ﬁ qtqu
cor r es PYHMLAITERI Pt VEIQF e nt ToVIBE S gre; the Rrak cusisath 15 reduqadeas cqmmaredhat
t he peak, .c ept ;s reduced. The o ut current .also flows,.continuously
over " a i FIGT R 105 EPE Sissyt Beodl ot cHindatafair AL HBEE YR T age and
current waveforns of an electronic transformer driving a LED device with
the stabilizing circuit showmn in FIG

[0049] Although shown in the figures in the context of an electronic transformer, the
stabilizing circuit in accordance with the disclosed embodiment can be used in
conjunction with magnetic transformers, and with DC power supplies/batteries. In
particular, the stabilizing circuit in accordance with the present invention will
minimize power dissipation when it is connected to magnetic transformers and DC

power supplies/batteries.

[0050] FIG. 7 shows the general embodiment of the stabilizing circuit. However,
other variations of the circuit can be employed, and the circuit can be reduced to its
simplest form which uses inductor Ls only. FIGS. 11A-11F show variations of the

stabilizing circuit.



11B. Since the bypass current is |limted by the addition of inductor Lp in
this enbodi nent, there are short discontinuous periods in the waveformns.
Agai n, thwopemko3tassrent is reduced. [0053] FIGS. 16 andPCT/N20mW/079890 out put
vol tage and current waveforns of an electronic transformer driving a LED
device with the stabilizing circuit shown in FIG 11C It can be seen that
the peak current is reduced. In this enbodinent, the bypass portion of the
circuit includes inductor Lp in parallel with resistor RLp. Al so included

is t he!(ﬁﬁﬂ‘}cﬂ_@f 19P sh&iwRl Ry oha?tglﬁbgg%g%%f%m b dd SlectrodiberAydIddmer

current 1s’limted by the paral nation of the inductor Lp and the
resi st dfivﬁ%? al DEDhideviebedihneiabiliAng cigsmicsiiows HeEIGi M1 AL Gh thé ciithitl éf
there are discontinuous periods in the waveforns. [0054] FIGS. 18 and 19
show t kéGout putheviypiasg poanion ofithe pircueviat lmdes redistan Ry et semes withrcapstdoner

driving a LED device with the stabilizing circuit shown in FIG 11D. In
this e%mdimpytmﬁe‘f@lymss pontingausfoveher biakcling ayede.udels.ah3i shwves dae Lp

in series with a capacjtor Cp. Again the bypass current is linmted by the
i nduct SPTIERPYRIINGEOBRLEEEIRY @?WOE*OS@@? S%GHLﬂom tﬁ"e fi%ufen'?hatt e peak

current is reduced. The output current also flows continuously over a half line cycle.

[0052] FIGS. 14 and 15 show the output voltage and current waveforms of an
electronic transformer driving a LED device with the stabilizing circuit shown in FIG.
11B. Since the bypass current is limited by the addition of inductor Lp in this
embodiment, there are short discontinuous periods in the waveforms. Again, the peak

current is reduced.

[0053] FIGS. 16 and 17 show the output voltage and current waveforms of an
electronic transformer driving a LED device with the stabilizing circuit shown in FIG.
11C. It can be seen that the peak current is reduced. In this embodiment, the bypass
portion of the circuit includes inductor Lp in parallel with resistor RLp. Also
included is the capacitor Cp. Similar to embodiment shown in FIG. 7, the bypass
current is limited by the parallel combination of the inductor Lp and the resistor RLp
in this embodiment, and, as can be seen in FIGS. 16 and 17, there are discontinuous

periods in the waveforms.

[0054] FIGS. 18 and 19 show the output voltage and current waveforms of an
electronic transformer driving a LED device with the stabilizing circuit shown in FIG.
11D. In this embodiment, the bypass portion of the circuit includes an inductor Lp in

series with a capacitor Cp. Again the bypass current is limited by the inductor Lp in

10



this enbodi ment, and there are short discontinuous periods in the
wavefornms. The peak current is also reduced. [0055] FIGS. 20 and 21 show

t he out puwowvoiz@ayssand current waveforns of an el ectroniPCTION2NBI0GPIYRT
driving a LED device with the stabilizing circuit shown in FIG 11E 1In
this enbodi nent, the bypass current is not limted, the waveforns are
continuous over a half line cycle. However, the peak current is higher than
ot her enbodi nents due to increased bypass current. [0056] FIGS. 22 and 23

show t higs QUARSdInYEHt! 388 RBFE G SR JIRYGHHBusOperdOIL S Ehé e fbFRGS T PRETE
driving a LED device wth the stabilizing circuit shown in FIG 11F. Since

t he bypaals catiieheit alp@rdduced; emoved in this enbodi nent, there are
di sconti nuous periods in the waveforns. Again, the peak current is reduced.

[ 0057] The stabilizing network in accordance with the preferred enbodi nents
di scussed above has a si 3ni ficant effect in keeping electronic transforners

wor ki n{PQHSIpEIGS. 2t anddddi plaowuthsuoupeetk veltage gl werené| wavetmies of an
transforners. are used to, drive evi ces. [0058]. Al though.specific
enbodi RISSEOMRUaNBRERETIAr I dt &@Vlé]%é’&lﬂil b@dsqalszﬂ@mg ciCu ghovge in FIG.

[ d ;by .t.h f,- i Kill i .h ' f
al t E?EQ?E%A&Y O b irBR | st e B o dclialsef s i EvE G, are
of “the aPBREA BROLA, MRl REcRE ARG hd Yk RRERM BPRLBY & Sthepe

adapt abhfyslienkedu@ld seflediigspeaidkhe enbodi nents di scussed herein.
Therefore, It Is Intended that ‘this invention be limted only by the clains

and the equival ents thereof.
[0056] FIGS. 22 and 23 show the output voltage and current waveforms of an
electronic transformer driving a LED device with the stabilizing circuit shown in FIG.
I11F. Since the bypass current path is removed in this embodiment, there are

discontinuous periods in the waveforms. Again, the peak current is reduced.

[0057] The stabilizing network in accordance with the preferred embodiments
discussed above has a significant effect in keeping electronic transformers working
properly and reducing output peak currents when electronic transformers are used to

drive LED devices.

[0058] Although specific embodiments have been illustrated and described herein, it
will be appreciated by those of ordinary skill in the art that a variety of alternate
and/or equivalent implementations may be substituted for the specific embodiments
shown and described without departing from the scope of the present invention. This
application is intended to cover any adaptations or variations of the specific
embodiments discussed herein. Therefore, it is intended that this invention be limited

only by the claims and the equivalents thereof.
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WD 2012/ 031435PCT/ CN2010/ 079390 CLAI M5 What is clainmed is: 1. A
stabilization circuit provided at an output of an electronic transforner
driving cwocoiodhessing a rectifier fed into a feedback- eomtanabiogds3oo
oscillator circuit that drives an isolation transformer at an output of the
el ectronic transforner driving circuit, the stabilization circuit

conpri si ng: a current limting portion that limts an anount of current
delivered by the electronic transforner driving circuit. 2. The
stabilization circuit of claim1, further conprising: a bypass current

path that maintains stable operati OFJJE)%[[ME f eedback-control |l ed oscill ator
to regulate the current that flows tput of the electronic
transfornmer driving circuit. 3. The stabilization circuit of claim2,
wher ei gyhheishypass gurrent path includes a resistor in series with a
capaci tor.

1. A stabilization circuit provided at an output of an electronic transformer
driving circuit having a rectifier fed into a feedback-controlled oscillator circuit that
drives an isolation transformer at an output of the electronic transformer driving

circuit, the stabilization circuit comprising:

a current limiting portion that limits an amount of current delivered by the

electronic transformer driving circuit.
2. The stabilization circuit of claim 1, further comprising:

a bypass current path that maintains stable operation of the feedback-controlled
oscillator to regulate the current that flows to an output of the electronic transformer

driving circuit.

3. The stabilization circuit of claim 2, wherein the bypass current path includes a

resistor in series with a capacitor.

4. The stabilization circuit of claim 2, wherein the bypass current path includes, a

resistor, an inductor, and a capacitor in series.

5. The stabilization circuit of claim 2, wherein the bypass current path includes a

capacitor in series with a parallel combination of an inductor and a resistor.

6. The stabilization circuit of claim 2, wherein the bypass current path includes a
capacitor and a resistor in series with a parallel combination of an inductor and a

second resistor.
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4. The stabilization circuit of claim2, wherein the bypass current path

i ncludes, a resistor, an inductor, and a capacitor in series. 5. The
stabi |l i zavpam2i3t438it of claim 2, wherein the bypass curceEmN2paid1oioncl udes
a capacitor in series with a parallel conbination of an inductor and a
resistor. 6. The stabilization circuit of claim2, wherein the bypass
current path includes a capacitor and a resistor in series with a parall el
conbi nation of an inductor and a second resistor.

2012/ 031435PEiié SRR RAD3RCuit of claﬁm ThanstaRithé & ?gh%”cﬁ'réﬁt'-béth%cl‘ﬁ'd@b m 2,

wherein the bypass current path includes an i nduc In series wth a

capaci wafinductor nﬁsef[é‘g-:-wtl}pd)bilpg@wrpn circuit of claim?2, wherein the bypass
current path includes a capacitor. 9. The stabilization circuit of any

of clainms 1-8, wherein the current limting portion includes a current
limiting r 8sThe stabiihzagion eiscwit off claiou?y eherdinthe bypasnourentrpath includes aThe
stabilizatioon circuit of any of clains 1-8, wherein the current limting
porti 0RAP#dIAUdes a current 1imiti ng i nductor.

9. The stabilization circuit of any of claims 1-8, wherein the current limiting

portion includes a current limiting resistor in series with a current limiting inductor.

10. The stabilization circuit of any of claims 1-8, wherein the current limiting

portion includes a current limiting inductor.
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