WD 2008/ 039298 PCT/ US2007/ 019628 ELECTRONI C BALLAST
W TH | MPROVED | NVERTER STARTUP CIRCUI T Field of the
wo 280892081 [ 0001] The present invention rel at eBCT/0S1008019628
general subject of circuits for powering gas
di scharge | anps. Mire particularly, the present
invention relates to an electronic ballast having an
i nproved inverter startup circuit. Background of the
. : I : I
ELERIRONE PRSI AP IRROPES SEIERTER STAIVE cifteurr
oscillating half-bridge type inverter. An essenti al

part of a self-oscillggh thQ%JenBBﬁdge inverter is an
inverter startup circul Irates
[0001] Sf“ éhe%ﬁ%'eh ﬁKI%IRQ)nC}Qﬁ{e@% M3 &??f%r%pﬁlb e@ﬁ&f {11%5 ts %c%%%ﬁle{mg gas

escri bes a common
dischargenlaimpsle Moae pardiotilagpdhe preseritinvififion gelateedofanasdeitlohit ballgst having
hal f - bri dge i nverter 200, and a series resonant out put
an impreysdoipvertes GRtupcgititend circuit typically consists of
a full-wave rectifier circuit followed by an
appropriate circuit (e.g., a boost converter, a
val ley-fill circuiBackgtsuni of ee Iavéitiodi Nng a
substantially direct current (DC) voltage, VI IL, and

[0002] ( onnaxmlétwg di&vtroRicDal 184t thr POWeFing gsédagch@%grerl@xﬁbé; PRlude a self-
| f-oscillating half- bridge inverter recei ves

oscﬂlatltngélalsfrb@slgameanveftem‘\wsseag@l pavMaLselfmsalllamgehalébridge inverter is
t termn verter
an mve%%f’% ‘?“ptcérrc‘rﬁtﬁ% m‘éﬁt&s sfgrgéscél[‘aﬂ Pg ﬁp?rf‘g %fh%‘ﬁ "bvﬁ sut

voltage to series resonant output circuit 300. Series
[0003) r euGanidesyibpsia commduiprios 8@ ballaay i 01t ichidgha Yioht-agEcircuit 100, a
or, igniting. lanp 30 and a magnitude-limted current
Self-oscplkﬁtmg pelridgg inverter 20, apd asef%res(@aar&wmﬁ gircuif 3ifh Ajropisend

circuit ﬂlyhvgl?)% Fé(?}sggsodt{bn@l%dae < ’regt eﬁ' cﬂglg dlgweﬁggqgl pr%i)hgtg%lrcult (e.g.,a

boost cerivietten, b vally- ﬂlillbar&‘{@,ez’cspfofr pfovnding b @hbsyandtially dﬁécttmgrrent (DC)
i nvert er transistor The di ac- based | nver

voltagesY g, g (Optigpaliy) é%rrisrpglfiglgcﬁow,fr faskaropgectiopo Seif- oscﬂlatmg half-

[ {ode
bridge 1998?6:2 tZB)g éec%ﬁv%s g?ees‘ri!lg ﬁnt‘?aTlng(?let% SVé%i%gr ratl}yt]ﬁ%ut terminals
202,204)iand prdvides, V\ahxhvektler)mptltaeﬁrﬂnﬁsle 296,908 echigh fl‘e(]ﬂ&&lc?. btl@ut voltage to

pert ai némg ower supplies and electraonic ball
series rfsee@s]ou elrgHL0: eYeries Krsenant gptppLprouy .%mwaﬁw Figh voltage for

i 3 0 AR L LT s gt o

conpl enmentarily conmutated (i.e., switched -1
~ [0004] As illustrated in FIG. 1, self-oscillating half—bridge inverter 200 includes a diac-based

inverter startup circuit 270,274,276,280 for initially activating inverter transistor 240. The diac-
based inverter startup circuit consists of a resistor 270, a capacitor 274, a diac 276, and a diode
280. The structure and operation of the diac-based starting circuit is well known to those skilled

in the arts pertaining to power supplies and electronic ballasts.

[0005] Once inverter transistor 240 is initially turned on by inverter startup circuit
270,274,276,280, inverter transistors 220,240 are complementarily commutated (i.e., switched
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WO 2008/ 039298 PCT/ US2007/ 019628 on and off such
that, when transistor 220 is on, transistor 240 is
W@RG08/03029%i ce-versa) by drive signals provi deRCHySm07/019628
base-drive transformer conprising a primry w nding
340 and two secondary w ndi ngs 342, 344. [0006]
Inverter startup circuits that require voltage
br eakdown devi ces such as diacs are known to be
on and ¢fff suphatiath wher obhstster 228 iabh ) eankiBtos Q40 isoott] aheli¢eatidrkd)tby .drive
. Acc&%gingly, a .need exists for, ., an inproved i nverter
signals proyided by @ Haserdrive wansiorses commprisipga primagy wyiding340 and two
eAkd isjce such as a diac. A further need
Samnmgiistsﬁ¥%¥§§%4inproved inverter startup circuit that
iIs less costly and nore reliable than a diac-based
[0006] i nJmvarter stattap tuguitsithatuequircAottegalbnaght downadevales stahaasidiacs are
bal | ast with ch an .inproved, inverter startu )
known ;b lsguel by Peotlems slasing 1h oot ghd Fel BRI desaTdwel, apesd exists for
an impr'B:i{/%d%{él{etr staifup l%frc@? Hat P&gg!n‘af‘re‘aﬁiré ?%oﬂg%‘%r@ﬁélomqui]ce suchasa

Is an electrica I agram or an el ectronic

diac. AHfatthersteedexibtsdorsal iinpreEd ihedrtengtattap Eircuit theligis 1éssgestlyeand more
.., that -i.ncludes a diac-based.inverter startup circuit, .
rliable TR i BAean o EF A S AGepraing podSegic balest vigh such an
imprové& i¢értdr Gk tuf icAenidWoRld rRPre§dn® & iR canPRvaR& ovet tH2 fRior art.
self-oscillating half- bridge inverter that includes
an inproved inverter startup circuit, in accordance

with a preferred ,eEBodinent Ef ghe pr esent i nventi on.
Det ai | ed Descri p2H It HeEnbodi nent s
[0009] FIG 2 describes a ballast 20 for poweri ngl a
[0007] gad'ighilsie paclsstricahiagam fzan) elestropiy bajlagt Witheasself-oscillating half-
o - ' ' i Si £i. > .
e L 8 R 5 sl Rl LA S o
i nverter output term nals 206,208, a first inverter
[0008] swiRig.I2 iR20 eleatriatdiagrammofeantedectronici Hatlhst 24th a self-osciltating half-
> ; T 42 hty
bridge I} 57iEa 12t M550 41 THPRP VIV YT CHP A Do TR pvth a prefered

: : ter startup circuit 286, 288, 290
embom%}r%gvvﬂ%ﬁgzg%g qtg@éﬁg%&w th significant operational and

cost benefits in conmparison with prior art ballast 10.

[0010] First, and.second invertef input termnals

202, 204 ar B2 s retered Fmbhodyments

ailed Description ¢ : . i

10009] oy FIGaRaetyibks £ befel 26 DEPerivg s Eavisqtagas amp3g. Ballast 20

include€h E@P—ib}id%é’ ivERLH 200P @&hgﬁ"ﬁﬁg firsk &ird éefcblsd intef&4hput tBrminals 202,204,
co h orm of a

I nat i Somne power ctor -

on Wt
first and second inverter output terminals 206,208, a first inverter switch 220, a second inverter

switch 240, a first base-drive circuit 230,342, a second base-drive circuit 250,344, and an
inverter startup circuit 286,288,290. Inverter startup circuit 286,288,290 provides ballast 20 with

significant operational and cost benefits in comparison with prior art ballast 10.

[0010] First and second inverter input terminals 202,204 are adapted to receive a source of
substantially direct current (DC) voltage, VrayL, as provided by a front-end circuit 100. Front-

end circuit typically includes a rectifier circuit in combination with some form of power factor
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WD 2008/ 039298 PCT/ US2007/ 019628 correction circuitry
(e.g., a boost converter, a valley-fill circuit,
wer@sp3nbsiverter output termnals 206, 208 ar ePCTUSIVAT 9628

to be connected to an output circuit 300 via which

ignition voltage and steady-state operating power is

delivered to lanp 30. First inverter output term nal

206 is coupled to first inverter input term nal 202.
correctipf GitdiitriF(¢.g1 a boost senvendr,ianatiey-6itl cinouit ey ROttt @erminals

M DA R e
steady-étﬂt gr)a 1n€%6\§{:r al% Hélﬁ]\;e{r?d'e to Ifacft’g? %@ E gﬁ'gtgg\ié’f‘télr %gtpgta%o IB.??@? is

coupledteﬁ'mtnairer@ﬁﬁ)puttesmirrahbﬂ)kd between first inverter input
term nal 202 and second inverter output term nal 208;

TR N LT LT L —
devices! &fcH1a8 NPI\?%QC 'b%)o?‘zﬁ URHcBidn H3nS &GRS ékﬁ)‘{(%ci ff FI@}J QE Elrst inverter
term nal econd i nverter swtc
switch 224s whiakrhas adlase2@fninah2 220 ewmitter égrminmed I22Q,4md aaumﬂeaor termmal 226,
ector. term nal 246, . i oupl ed bhetween secon
s couplBR bR T vt e e ins A A ErondUryorr ot Gominal 208
more S}%@ﬂf@aﬂ%D %6llédt§ﬁlehﬁﬁnal X1 e&ipd t‘bfﬂrﬁﬂ 1H6érte? Bt g’uﬁteﬁﬁﬁﬁl 266, and
to second inverter output term nal emtter
emitter tasmiriah 324 mupbd ¢@ sm;be«di invertes qutmutttergumj 12686 Secondrinyarter

C () u seco I nhve
switch PP Wiy s g oSS 301 342 3F EB s 1T 2a asd A obsggorgominal 246
is coupl'eé b6NeBh e&oha uiveh%i outPitSEinShal M8t cllt gRRAd BO%HQ%eaﬁcauy,
series conbination of a first base-drrve w ndi ng
collectosmmam 246 {5 qoypledde secgnil invertesouwpwrterngnal 208 eaxsieqmlétsr

R I o KN .

mputtehﬁfnmm 222 of first inverter switch 220 and second
i nverter output term nal 208. Second base-drive

circuit 250,344 is coupled to second inverter swtch
[0012] 24F irshpaserdrive girenit 236343 ssouplain st wener siish2aAgmnd includes a
series C&%ﬁﬁl&?&d X%#s??%ﬁ%rﬁ%%wggﬂggn%gﬁi (fli sﬁ%g?e gr evrﬁalstor 230; the series

resi stor e Seril

comblnbtaﬁﬁottﬂrht\/tﬁs&\ﬁdﬂde ﬁ@ncﬁﬂé’&@ﬂuﬁiﬁ@ﬁlﬁﬁe-ﬂiﬁ?@ rébistore23068 t&lphed between
is caupled between base term nal 242 of secon
base tenmm:l 2@ of Syt insigrtousvitahd220iand speong irnerigr evtpuf teomippl 208. Second

base-drfv@\é?rf:&%%@ 5?5[ fs%u e& ?&J etcogcg %’vgﬁ%} s&?t%h I250 ;ﬁﬁéﬁ@lﬁes a seri

st nver term na secon

combmbtaﬁﬁofdi’ devendhasedritve Q\fiﬁ)dlﬁérél}4 aniia beeed baserdriv@lresidtdr 250; the series
cond inverter switch 240, During operation, inverter
combingiasy § fpgcandrhase-drivewinding Hband ssoonddeaserdgve Fasistey 250 is coupled

betweer Bisk 3hifl 242 of second inverter switch 240 and circuit ground 60.

[0013] Inverter startup circuit 286,288,290 is operably coupled to first inverter output
terminal 206, second base-drive circuit 250,344, and base terminal 242 of second inverter

switch 240. During operation, inverter startup circuit 286,288,290 provides a starting voltage for
initially activating second inverter switch 240, thereby initiating self-oscillating operation of

inverter 200°. Significantly, inverter startup circuit 286,288,290 provides for startup of
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initially activating second inverter swtch 240,
thereby initiating self-oscillating operation of
w0 poosfsess 200' . Significantly, inverter startupCTUSINT/019628
286, 288, 290 provides for startup of -3 WD 2008/ 039298
PCT/ US2007/ 019628 inverter 200" wi thout requiring a
vol t age breakdown device, such as a diac.
Consequently, inverter startup circuit 286,288, 290
inverter 209’ siithoutfrequrihg W vohage breakidewnalevicosduch ana dfac 0 Godlssjuently,
bal |l ast 20__with getally hi gher reliabilit t han
mvertertﬂlt?éttqulr@wt 286 28%»65% mlgr}lﬁmlwé%%r maferiplgosty ancf DY yles ballast 20
S 286,
with pofHRSIEhHIE LY, fan fhe JYSH Eorl RIRMRAGUBFHIG. 505 |
second resistor 288, and a capacitor 290. Flrst
[0014] r esASde(scrll%lﬁn |F§Gcb,up1/embr staettipveiecuif 2865 288, m%rprderabl;tqmnmnses a

206, and s nd jinvert.er ut term 208.
frst restsERr R, & FS0RG LB G40 ARABR 105 2D e EFt SR UM T Pt
betweerPHEsP tHvefter wt{)\ﬁltex%ggal%@ al@8&oh& 'irmeﬂéll ou’f%ﬁ\?t t%nmﬁ%@n@econd
Inverter swtch 240. Capacitor 290
resistor ﬁﬂ&ﬁmcmple;batwedri seechdoipverter eutput teulnytal 208 ambbase tayminal 242 of
ance e order. o about ne ( .
second {116V s0 2300 CAPOIRE 298 el i eerebhisay zedeh dtropic
capacit&rHaRingh RphiRale %%Wi‘d@%ﬁ abdlit ot (1yirietdTarad ﬁf}d ﬁ'@gltage ratmg of
circuit ground 60. [0015] During operation of ball
about 23 @plts; hoeauipleddfetweensecqpuitese-deve winding 344 andpditce gramnd 60
input connections 102, 104, the output voltage,

o015} 7 1§t rloBAr bR 20 el a0 oL o Bl oty imput
connectRidK oumgml thel d6tpaf vcnta@e Vol L 29e fiBhoatddeuli 00Gssuvils hadRie (e.g.,
source 40 (e.g 7 Vvolts rns at 60 hertz,

390 volgsy thraé gsmppmxmgaﬁeiy qupbtgnhmﬂgmqgmgudﬁ ofithe upltag;ggowded by AC
voltage S rtcg % { V\ét ?H‘&[‘svmis ag g{) %%ﬁ%méprfﬁ)l rorg 1nﬁtto %Ill)g ?%r&ﬁ?ib ofabout

390 vol t Withis id!lféftélgstzirﬁﬁi Gicit288268,288 aadmﬁstﬁﬂE@EIlD@rcuﬁ&Q flows through
ereby charging up cagam tor 290. \Wen the vol t age

the cxrcalé patbdndludiag resintors 386, 8% anrbenpacitar 2P ciheigby charging up capacitor 290.
When tﬁf?&%ﬂe a&\égsr é cﬁc{r?gg 'rg‘e{cﬂé szh(}ﬁc%: 18] oggt:ox{dj &gx@f transistor 240

nve e process o

turns or§ @Hle‘reb}GaJIOM@g Ir98rterR003 Glbispiivi ih)t ,prodeBy/&ff seH¥ostillation. S§eHsdquently,
220,240 are turned on and off by voltage signals

invertersrangistpse2 38,24 hare ternedsan ang ofdi by yeltagesigels mpYidrd by base-drive

Ul
windin {04 St B3 Bl P st g A gt Byepue
circuit 300 i nverter startup circuit preferably also includes
a diode 292 having an anode 294 coupled to circuit
ro d 60 and a_cat hode, 296 coupl ed to bas
[0016] g u eferring again to F 8 2, the inverter startl?lp C?I‘Clllt pre?erably also includes a diode
292 having an anode 294 coupled to circuit ground 60 and a cathode 296 coupled to base

terminal 242 of second inverter switch 240.

[0017] As illustrated in FIG. 2, ballast 20 preferably includes a front-end circuit 100 and a

resonant output circuit 300.



term nal 242 of second inverter switch 240. [0017] As
illustrated in FIG 2, ballast 20 preferably includes
w@2dosos29end circuit 100 and a resonant out pupCTURSIINT/019628

300. -4 WD 2008/039298 PCT/ US2007/019628 [ 0018]
Front-end circuit 100 includes a pair of input
connections 102,104 and a pair of output connections
106, 108. I nput connections 102,104 are adapted to

[0018] r edeomesnd chrouit ¢ 60 ericludak & painaf inpyt conheetivns 1AZ)1 04 ahd apeir of

40 (e.qg., 277 volts at 60 hertz&ﬂ.}I Qut put connecti ons
output cpppectigns 406 108 olapreepnpertions £92. 50k are edented fosegive a source of
i " . , . .
atemar B AR (G VongRaOle Y Bkt € B O 3B BLb 06,108 are
coupledandirgtrand isekemdansut bairdmdls 202,30406F inedrtead@0’. \IRAdkg, operation, front-end
L. ]gﬁ ween out put connections 106, 108. [0019] Resonpant
circuit [)QirgepivesiAC yragsrourse 40 and prayidesd sybeantially HC veliagsnyrar,
[ tput connections 302, 304, 306, 308,
ba“mmg&?ggrggﬂggﬁﬁggg@g%ﬁ of a resonant inductor 310 and a
primary w nding 340 of a base-drive transforner, a
[0019] r e Rasamint ovfpatcitanit XPGrefarat yaincludescfirst seqoad) thirGnd fourth output

bl ock| i tor 330. Qutput connecti.ons .
connectigs 3504048636 ieais sHraEtP of ATEEBUREF Y'Y eaud a primary
windingj?ﬂg%pd' EiRe JaRNP tlgaﬁsfo&ﬁ@, SRIsbEMt € 3‘2%1%3?95}}%3 dir&s ettt (DC)

I nductor 310 and prinmary w ndin
blockinp agmacitor 33). tQutpstf wnneatiofsBez, 2043 (6,3 (8eary intenitid g b8 d@upilex to gas

. netjcally coupled to first and ,sec base-drive ..
dischargy (P TIPS HRHEOHPEfPr SRRl R EEE o 4RY AN Hging 340 of
the bas@liritd@arRfstBrefl (WN&einprm Wix!ifﬁﬁ% 34(PisGRAEAERERIRRIONBRA to first and

second inverter output term nal 208 and foufth out put

second banertstveivandiBgs 3422844 wvhich eomptatutet sscorgiaty windingsmif ¢t base-drive

between se d and third qutpuyt connect.i.gns, .304, 306.
transforgier s GOWRIFY, DRSS AL Pecopd D6ty irBtn) 208 3B FLgute
connectidhVEI8! BesOhkdn® dhpacR6MM 208k cofifledBiéweér $eebnPatidird output connections

connection 302. [0020] Although the present invention

304,306, d3C béaokingesapaditoe 320is ¢oupletibebyrse firgt inearteaiontppt efrainab6 and

enbodi nent numerous nodi ficati ons and vari ati ons can
ﬁmtonggﬁgﬂg§B§ﬁ¥ﬁoSe skilled in the art w thout departing

fromthe novel spirit and scope of this invention.
[0020] [ 00 ough@le prescht RiveRiGbr Ifas beén described with reference to certain preferred

embodiments, numerous modifications and variations can be made by those skilled in the art

without departing from the novel spirit and scope of this invention.

[0021] What is claimed is:



WD 2008/ 039298 PCT/ US2007/019628 Clains 1. An
el ectronic ballast for powering at |east one gas
wale@siange | anp, the ballast conprising: a haP¢FDsiodye19628
inverter, conprising: first and second inverter input
termnal s adapted to receive a source of
substantially direct current (DC) voltage; first and
second inverter output termnals, wherein the first
inverter output termnal is coupled to the first
inverter input term nal; &€l4dimsst inverter switch
coupl ed between the first inverter input termnal and
the second inverter output terminal, the first

. ayi S8 t er mon sec _
L el Ehic S Tor N e B 8 ok et g B plgst comprising
out pué half-bridgeadveder) campigsing: gr ound, the second
inverter s
et ol RRYhd E’V@“%amgutt‘ﬁ‘“ms‘%@%%a Hftoectiye a source of
SUbStantlﬁbuqllfQCéPW@T&I(DC&VPMT%@t base-drive circuit conprising

a S eries cqpdpl 'aﬂdiEéc@Hd ffveRed dutit t&ﬁﬁ&ﬂs WHeY&n We s verter output
drive resisfo he serles

@ a fi rs&1 gﬁ
terminaf {5, 69PRSH fthe E?H@Vfﬁﬁ’ﬁ HiPuH tepat en the base term nal
of the fir afirdtmveiteeswisod doupledtdiiden tﬁ@ﬁ@ﬂiﬁvbﬂéﬁﬁlﬁplﬁftermmal and

the et Birct RfPul Gepindl TEERB! e e GGg s fase terminal;
base- dri veawstaodd mgveanrjsmtdmwpkéd tbamed the/ecombinstiodr,output

terminai %fdmaﬁcglﬁte%?tﬁ}%hngle%%dn%gnp&{e?9 r?%% Bgsteg@%ﬂnélhﬁfpgr%isn circuit

econ |nver
ground grapunked tathe sgeoridineertes inpit tnrmupll,c:l rcuit operably

coupl ed t0,%h& phid @fhve afé‘ﬁfttcs 8991?:11@ Wiserid SdomBIRtio (J?? first base-

second base-drive circult, base term na

drive windingsandanfarst baserdrive resjtere Phe sgiies cogpunationdeing goupler between the

base teradifd] loff B 1S ﬁla&@erfswnch Rhd tl@'sleé/orﬂ(ihi/éﬁ%? b{iﬂ?ui feems@EoNnd
i nverter SWItCh %eln e |nverter start clrc it

i s charact 8778 baae é‘rerrgrcag\?smarlapgasera?stcggﬁﬁnatlono a second

base- drhfé@ﬁhdiﬁmmﬂ eveddnd baﬁa m&:@ﬁf%ame?&%e?@mbﬁaﬂ&%aﬁgmled
st _of cC

betweerf (s b3S FHrERAT FIhE scPpt fer @l sl Piall et BleinB S, o,
coupl ed beamgwnrrtetrsarfipratcud pgesblyaodpled vethedirstauvgyter output

terminaiﬁﬁé'@e@@llldsbase-drive circuit, and the base terminal of the second inverter switch, and
operable to provide a starting voltage for initially activating the second inverter switch, wherein
the inverter startup circuit is characterized as being devoid of a voltage breakdown device.



a second resistor coupled between the second inverter
output termnal and the base termnal of the second

w0 noosfsess switch; and a capacitor coupl ed bet we€rnusive7/019628
second base-drive circuit and circuit ground. 3. The
el ectronic ballast of claim?2, wherein the capacitor
has a capacitance on the order of about one
m crofarad. 4. The electronic ballast of claim 2,

2. m@g;@wbxﬁgsana@ef@fraﬁﬁq B Lt iR ufeegséﬂe& s{aﬁbg IEFEulF %Hp@&ée%s

I ode havi ng an andde cou to circ round and
a cat ks resig Q@@ples bsmeeb alseeﬁnsteanﬁ mmndjnverm@um tamainals;

i nver 4 §cohd %ﬁt&tc‘éﬁpleé betu‘b‘én et inCerkd ot te?fninal and the
wher ei n each e first and second i nverter

i.m
base terg\ml@ﬁﬁ? %eeonddnwrtsyﬁéhmn ol ar junction transistor.
6. Thecglaeitér wabledbatwealthddecondba¥edrive dirblieind circuit ground.
conprising a resonant output circuit, the resonant
output circuit conprising: first, second, third, and
3.  Thaelettrani¢ paltastafivisiot 2,ovierein ﬂ'@taadacﬁtmr havaipdpacigarice ot liee order of
aboutoﬁ%mlérm one gas discharge |lanp; a series conbination
resonant inductor and a primary w nding of a
base-drive transfornmer, the series conbination being

4. ?Hyaka%,p@t)mgnoftérﬁnﬁ@m%m Mesh&te Qéé}tﬁgbr&tﬁf Hirft@f comprises a

and the fourth out put connectlon erel rrmary

diode hgyipg)amanage coxpleg i Girct areunc anday oo Cnglemthétbassatpmnal of

the secondUiVee@r trandidfigr.fi rst and second base-drive w ndi ngs of
the inverter; a resonant capacitor coupled between the

. second and thlrd out put connections; and a direct

5. Thi electror(jdbllast efdtaing?, cateadih eath deh@ﬁﬁdaﬂitEiéd@ﬂﬂirivbﬁer switches is
term nal and the first output

nver fer out.
a NPN- {:y(?ﬁi’éné)tlaréﬁnc o tr‘f‘ﬂggtgf ‘ectronic ballast of claim2,
further conprising a front-end circuit having a pair

6. ?ﬂe el'e&pdhtlc GAAS mﬁgftrdg@ﬁﬁ% Wheq cB 1:1519 ac??stoﬂwlt output ci cu1¥ t}ae

connect 1 ons, Wwhel ’he con ons are a
resonanf putppicaieshit€ompEsigce of aI ter nating current (AC

vol t aggy %@&Hdgﬁnx%ﬂi[&m’fouﬁﬁ f&ﬂf}ﬁ% IR CRIR 29HBd &7 cbBpling to the at
least one gas2 glscﬁ{a(r?g?’egazlr%p, PCTIUS2007/ 019628

a series combination of a resonant inductor and a primary winding of a base-drive
transformer, the series combination being coupled between the second inverter output terminal
and the fourth output connection, wherein the primary winding of the base-drive transformer is
magnetically coupled to the first and second base-drive windings of the inverter;

a resonant capacitor coupled between the second and third output connections;
and

a direct current (DC) blocking capacitor coupled between the first inverter output
terminal and the first output connection.

7. The electronic ballast of claim 2, further comprising a front-end circuit having a pair of
input connections and a pair of output connections, wherein the input connections are adapted to

receive a source of alternating current (AC) voltage and the output connections are coupled to



the first and second input termnals of the inverter,

the front-end circuit being operable to provide the
waousos9208 substantially DC vol tage bet ween t heCDUSIHOT/019628

connections. 8. An electronic ballast for powering at

| east one gas discharge | anp, the ballast conprising:

a hal f-bridge inverter, conprising: first and second

inverter input termnals adapted to receive a source

the ﬁrstoafng séébgﬁg%mt 'téi‘Hl lgbf ?SmféH%xr ?r{étfréq%}ld&ﬁkﬁl?gang ﬁgér%le to provide

secon nver

the sourcp pﬁsuhsm@alﬂsepcomlqm betwemﬁhnamtpus cougplirs. t o t he
first inverter input termnal; a first inverter switch
cou | ed bj}meen the fjrst inverter Input termnal_ and

8. %\ﬂé estepisdallass dorrowesing gt least ongigandischarge lampgthe ballast comprising:

| nverﬁﬁﬁlfgb}’{dg@hwbﬁyﬂ e@ngngggse term naI a second
|nverter s ond, i nverter

out put Se&‘ﬂﬁé s lflmgrtsraﬁaals pdaptcipdRepive a source of
substantialiyeditezt cmmcbcmaulltm, a base termnal, wherei n

circuit g C t.he Seg i ny r, .

Lol SRR g Ao B0 e N B pagr o
terminahissenpled tathetfirstinverter ofputitefiningt; base- drive wi nding

and a firsj ﬁgﬁ?ﬁve%f %ﬁll sﬁ)luéfearbet&eléﬁ ee{)}s?ﬁlverter 1n%ut terminal and

corrbl nati on el n ase
the secqpd ipygater putppt ﬁem@ﬁb éhe férm inpertes switch haying a base taveinak r

output ter Hké’b%her:l 1@%%%%#2?%glﬁggbﬂgeegggééﬁgbnd inverter output
risin | nmbi |
terminaf gnkcipsujt oy ergeudnyertes stieh badrg @ paspdermingls whgrein circuit

ground isupRdit® theGeedtidiatérten ikjRit RgmeLP! ed betvveen the base
second.inyverter. swtch and cir

t erm nal oflh5§ frst b
ground; an®{#R &Rt rl%etcawnﬁoappwaseserewm@vwn af a first base-
drive wfn'dirg andessfitrst base-cloivp Irmistdsretlmenestdmmlﬁmatﬁ)h baing coapled detween the

base tengH%{aq rOE\ ﬂ{e I'glt lpl%rter a)itlg}l 234 gire Sgcq%ﬁ(iﬁ% C¥ ??lepﬁ{ %['m rlilgfl pl ed

Ween the second i nv ’t he
base t er ni aa¢confl baseedrivecirediticomprisiog asevigsodombanation of a second

base- drfv@%ﬁ&hg and Qlépéo?lg bRg- W}e%gﬁgzgé:&?% p@ﬁﬁ g{léﬁ/ ﬁem% coupled

and rcult oun
betweera?bs dpésecfsupmébofitbe é«?qoe& invegeumithand cac‘elagma@

an inverter startup circuit, comprising:
a first resistor coupled between the first and second inverter output
terminals;
a second resistor coupled between the second inverter output
terminal and the base terminal of the second inverter switch;
a capacitor coupled between the second base-drive circuit and
circuit ground; and
a diode having an anode coupled to circuit ground and a cathode
coupled to the base terminal of the second inverter transistor.
an output circuit comprising:
first, second, third, and fourth output connections adapted for coupling to
the at least one gas discharge lamp;



coupled to the base term nal of the second inverter
transistor. an output circuit conprising: first,
W@ ews08h29% hi rd, and fourth output connections BOBPE®EA7/019628
for coupling to the at |east one gas discharge | anp;
-8 WD 2008/ 039298 PCT/ US2007/ 019628 a series
conbi nation of a resonant inductor and a primry
wi ndi ng of a base-drive transformer, the series
conbi nati o
corbl 12t oD A RRHALES) RELURER AP SPA APl of s
base-driyg draasfarmeretherseries sombingtion et qonpleé Retavegn thessecond inverter output

terminal ARIGE SEUFRI odtPutBBERRLLA %ﬂléfelﬁ%@ﬂ)r‘ﬁqarty%&hﬁl faftifd bRBMrive
second base-dri ve w ndi ngs the |.nverter; a_resonant

transformep Srmagieticd iprauglagde SW’@ sseongrhaserdlEive Windingsafshg inverter;
connect i ong resaight @aghiciteEoupledrRtvecnDha sdebAd knd\hird output
C|tor coupl ed between the first inverter output
Commm?%g and the first output connection. 9. The
el ectr onl caldakdtaatrent (DEC)dilookdhg cabasitor cotpied betpaen therfirst inverter
rder of about one
output t?naﬁlpg%&%qggh&sggﬁﬁﬁp&nw& ?lonl c ballast of claimS8,
wherein each of the first and second inverter swtches
9. e efertirlt bRy &Y abee, fiheh PR abEART AL £Lapalilancs B the oder of
aboutom@mro@mgi circuit having a pair of input connections
and a pair of output connections, wherein the input

10. iﬁ? gl?%téclfq?a al&ﬁ} thﬂgﬁ't gyﬁegeap F%‘g&if\éﬁgﬁ{sﬁ grlf{)gﬁiagé inverter switches is

a NPN-gpe baeilargusctidheradsisgok.ed to the first and second i nput
term nals of the inverter, the front-end circuit being
operable to provide the source of substantially DC

11.  Tb¢ tlacgteorhe balkestof dlamolA, further comprising A front-Bnd circuit having a pair of

input connections and a pair of output connections, wherein the input connections are adapted to

receive a source of alternating current (AC) voltage and the output connections are coupled to
« the first and second input terminals of the inverter, the front-end circuit being operable to provide
the source of substantially DC voltage between the output connections.



