ELECTRONI C BALLAST W TH | MPROVED | NVERTER STARTUP CIRCU T Field of
the Invention [00011 The present invention relates to the general
subject of circuits for powering gas discharge |anps. Mre
particularly, the present invention relates to an el ectronic ball ast
having an inproved inverter startup circuit. Background of the

I nventi on 100021 Many existing electronic ballasts for powering gas
di scharge lanps include a self- oscillating halfbridge type inverter,

nverter. L?“éﬂ?ﬁtﬁsﬂwﬂﬁﬂﬁaﬁﬁ# o 0B Bl STAR B clR el o

the inverter. [00031 FIG descri bes a common prior art ballast 10
that includes a front-end CI I CUi fie)d @Pihe Fnvesiffdd - 0sci |l ating hal f
bridge inverter 200, and a series resonant output circuit 300.

Front - en@doonqi r Clhd preéRi i6Mdnki¥n SOAS 18 ke Rherfl sfulaﬁle&t o‘f"@ﬂ@iutrs?&tﬁo(ﬂeﬁﬁ
circuit followed by an gfrgr opriate circuit gm boost conv rter
a val | eydisghprge nnsy More particylaryp th emrmmtdmwgn@n r§latps tamn ¢legtnoylcd1at1@s¢havmg
current gnqg)p ga)[ntvglgg., it and (optionally) for providing power
factor corre(rzotvl on. SelS ogc u(:lltl ng half bridge inverter 200 receives
the substantially DC voltage, VaAta., via inverter input termnals

202, 204) and provides, via inverter output termnals 206,208, a high
f requency out put voI tage to @P@%@ﬂﬁ%ﬁh&éﬁ#@% put circuit 300,

Cont £1 nol0P0alp. shPh Btink clekitbaic BB ohRoR el dRekaee 18R kg plf
30I ?t a @Fflklall‘u@laﬁhb’rlf(?atype éﬁ@ﬁ@é%f&sddtlhlt%hro&hlgdg bﬂ:llﬁltlgg hdlf- Bndge dmverter is
sel f-oscillating ha ridge.inver i ncl udes, a .di ne-base

i nvert era"s‘f“éel"'teﬁga‘@fpr%‘iﬁ}"t‘ thi‘ witpies 321%‘ ng BPer’l‘tPﬂntq fhaipvesieti vat i ng

inverter transistor 240, The di ac- based inverter startup circuit

consi st s[0083)a rE&. $tdescriBdda commb@PRr afbalPabd 0 hatdh&6ded d8sonfBkl @rcdit 908 a
280. The ructur %ﬁﬁggl operati on of the diac-based starting circuit

is wel |l WHRRH #48 dgg invees 200 ang g gerigs Fesopa puipy cirguit 30 duent-end
suppl i escirnfl typhay E:(SH%ls?s J?%'ﬂxlﬁwa% re@t@@é)%ﬁ-cm%\hw e{rﬁ{%fo%ﬂgé 'cﬁI:lﬂf %49

isinitially turned %/lnverter startup circuit 276,
i nver t erbaopiesyesten tﬁslaQ% 1 gigeualy etc g Srpreviding mliblsﬁim@ﬁimettceldel(tl@@)

switc hedvoltage, Vrai, and (optionally) for providing power factor correction. Self-oscillating half-

bridge inverter 200 receives the substantially DC voltage, VraiL, via inverter input terminals
202,204) and provides, via inverter output terminals 206,208, a high frequency output voltage to
series resonant output circuit 300. Series resonant output circuit 300 provides a high voltage for

igniting lamp 30 and a magnitude-limited current for operating lamp 30 at a desired current.

~ [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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on and of f such that, when transistor 220 is on, transistor 240 is
off, an vice-versa) by drive signals provided by a base-drive
transfornmer conprising a primary wi nding 340 and two secondary

wi ndi ngs 342, 344. [00061 Inverter startup circuits that require
vol t age breakdown devi ces such as discs are known to be plagued by
problens relating to cast and reliahility. Accordingly, a need exists
for an inproved inverter startup circuit that does not require a

vol tage & Sakaone Aey ivhen BUERIRS2@s ol @hsisBr D4l i BAT aB&IV&H) By Aril O
an inproved inverter startup circuit that is | ess costly and nhore

rel i abl esignalrpreyidhddy-adiagesdrive trapalptmesr cemprising primasyivinding 34y adigby, an

el ect r onico Pal lAsdin 149 sg4¥ch an  inproved inverter startup circuit
woul d represerlu/t a stgnificant advance over the prior art. Brief

Description of the fJrawinm [0007] Fig. 1 is an electrical diagram
of an el @8R oni lavestar stagup cirquiis thatreftirecodipgd taeakdewi deices rahchg diacs are

i nverter i h AC- i . St.art i [ in.
acoor dangEViys hEERHRED, Brd Al RRRREIDUER RligilE. ARolEFY b bed diss for
di agr am afimproved evtrtasiacup eirdugishatwiotsmoaregeird a odtgé batkdogmhialice suzhiasige
inverter,th ihcl udes .an.inpr.oved jnverter start ircuit, in

accor darias s fcther ASPE Pty for MR Hed BN et one el Buak s 15K sty more
Det ai | edreDegecthamni diatrbaded ihertélr sefrap ciehifEnidaodinghe ah sleft O allkdt WithAuch an
describes a ballast 20 for powering a gas, djscharge | anp 30., Ball ast
20 i ncl TREYSA ATYT SR GECH %"rl‘b g»%rerg 2588 P‘?@F‘\%@‘c‘? PYeE theprigr & cond

inverter input termnals 202,204, first and second inverter output
termnals 206,208, a first inverter switch 220, a second inverter

switch 240, a first base- driBusefdescription pfithe Bwvings second base-drive
circuit 250,344, and an inverter startup circuit 286, 288, 290.

| nverter [089H t uﬁgd. B@n etectzigd, dggar ofarprlepiionie Saltnat Wik p sdBosgiliaking half-
or bl 1 e FREAAURE A GR0E aOBhsc BRI k) B R AB e MR ffor art

202,204 are adgF_t ed to receive a source of substantially direct

current [008] voligadys anvieatriepl disggam pbari elestrohiy balldst with a e¢lftossiltating half-00.

Front - [ ' [ ] ifier.circuit i

conbi naﬁ}g&ﬁga{n{v%ﬁéré}é%&?@r%%] Lly %éﬂ?%\%\ﬁgrr?\%{tgc{t%@b ctrlztﬁ{, ifAccSidhice With a preferred
embodiment of the present invention.

Detailed Description of the Preferred Embodiments

[0009] FIG. 2 describes a ballast 20 for powering a gas discharge lamp 30. Ballast 20
includes a half-bridge inverter 200° comprising first and second inverter input terminals 202,204,
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, Vran, 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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- 2 correction circuitry (e.g., a boost converter, a valley-fil
circuit, etc.). Inverter output termnals 206,208 are intended to be
connected to an output circuit 300 via which ignition voltage and

st eady-state operating power is delivered to |anp 30. First inverter
output termnal 206 is coupled to first inverter input term nal 202.
[0011] First and second inverter swi tches 220,240 are realized by

sui tabl e power switching devices, such as NPN type bipolar junction

transi st Qs d?\%lf@ﬁg}' ﬁ%%?‘ btg)fgéog’ver?e} 2 VallbyRfill CDUE! Eﬁ@f).zgﬁr%%rg)?tpéggminals

whi ch has a ase t an emtter termn I, a
col | ect 0206t28R mierintendz@d @ be cmmtqotoed obtpnwmmt B0 win Whiphegmmn vaipgt and

term naI e

speci f cufty AEpEREAE oY FieSreBBLRHD sBCE MR e Yims FPhfiplaceds

out put tewmpiedal firRO6yer@enthpuetpintihdr202.er m nal 224 IS coupl ed to second

i nverter output term nal 208. Second inverter switch 240, which has a

base ter ter ter ol I. or ter al
vae. | oloRRfL) sl bRk SR AT 040 fliB PR BP: S EhleRRe
cir CIUI ;[j @v@uﬂducﬂa&sNﬁN@psb@&af juﬁaldn)transmta:sl(ﬁligpfcteﬁem Ritha). P iriverter
coupled ta ng.i er out erm nal 20 er term

244 is c%[?f’gg&t"g‘ ich 6 ?'HH%E% m@“ﬂ%f@{j’t"b@%da’ég; ?@etfwtsmaa 285
second iigvaudi@rbetvden lﬁtstt@remrrtaibut 2hinal 1ol skdohs tnveAGuthut ¥emBkIr®ei t
230,342 is coupled to first inverter switch 220, and includes a

series cOMSiISRRIiEHY.oPllestarteraring) 236 isapuned (@iftidiing T R tring] 206 and
base- dri ugikasinihg r223%%uﬁl@@toss%Edn%%veﬁQﬂmiqggrtérﬁfhaPi%f lsreésndhmeﬂr ive

wi ndi ng 342 and first base-drive resistor 0O 1s cou bet ween
base ter WlelMQ’,MI@T hag jabase temving 262, agwinitesh te2mabid, s@t@mectm/emeal 246,

out put - tigh. [y be?er%P %%gggg'e ﬁnug{ hﬁlealc‘iol%%% Elrc%ﬁog‘é%ﬁ}é 603 SQ%BLC?FC& 1}('),

second |nve er SW |nc S ‘a series ination
second b@dleetdlruemmvmndlmuﬁlddtmdorﬂ isectonchitipa semiral Y68, nebémsitter 250;

base. dr i GEMPOPErop pEs Y ireif Eas o0 Craitaruil el Sy S Grete
second i fmpété®iina®p4.ch 240 and circuit gr ound 60. [0013] Inverter
startup circuit 286,288,290 is operably coupled to first inverter
out put [0012] First base-drive circuit 230,342 is coupled to first inverter switch 220, and includes a
series combination of a first base-drive winding 342 and a first base-drive resistor 230; the series
combination of first base-drive winding 342 and first base-drive resistor 230 is coupled between
base terminal 222 of first inverter switch 220 and second inverter output terminal 208, Second
base-drive circuit 250,344 is coupled to second inverter switch 240, and includes a series
combination of a second base-drive winding 344 and a second base-drive resistor 250; the series
combination of second base-drive winding 344 and second base-drive resistor 250 is coupled

between base terininal 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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term nal 206, second base-drive circuit 250,344, and base term nal
242 of second inverter switch 240. During operation, inverter startup
circuit 286l 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 -3 inverter 200

w thout requiring a voltage breakdown device, such as a diac.

Conseque is . ' ' . Lgnificantly
over mangrienpod MHE6AGESAALL ikt iyt B0 o D0, FLBRulRETL
rel i abi linverter sthup ditveit R86,288,280thas pipmiGeankly idven stateaiabebst, and-prGvidés ballast 20
[ 00141 As. describhed. in FLG. .2  inverter start ci.rcuit , 288, 290
bref er abV EOfANE Bighdt heRiel plhEF 3 Foa BUiuEA LG, “o0s,

and a capacitor 290. First resistor 286 is coupled between first

i nvert er[0014]put At éesntibedlin POG 2aintes@ctartdp cimnir286,288u29duirefermblyi coalpri2f .

Second esi stor..288 i s coupl e.het ween seco invert.er put

Der e o S R R o Rsrepud R 28 S erREEERD. IERSEHebiSlor 28 8 Ehnted

Capaci t Obet\ﬁégﬁ_,ﬁrm\%hexi Gutit edr@imab20s :{r]lﬂ a&dogaadwa?era,mpat rfrhinhall m;;j Second

capacl tor .hav] ng a capacl tance n the order o ut ne 1

mi cr of ar GSIObH lacwfetméeepaﬁm inyfrier tegsmﬁ%g@?d welomprbet? of

bet ween &e&RNAVPRSGritthiowe. Bhiiieio84dhiaine fpteéfélﬁ%tream&mmdamecm[yae 151
er

During operation of ballast 20, shortly a _ power is initially
appl i ed %apaditephavingrrrneacienesrs thoorderf abewi eng(l) pusrofasdang @ vollageyratingeof
front-en i it { Y St i

appr oxi ng%og %%étg’éggﬁgﬁﬁg%g%c%%% gﬁ‘elg‘gyl d%r%éﬁqe\é.ﬁc{l %‘S‘;e"“&r owdgg'd by

AC vol tage source 40 (e, 9., 277 volts rns at 60 hertz, correspondi ng
to a peal0OhHgni Pudes erferaiion gf balRgi0ydiotly)aftepppCriover isvritialst applied todpput

circuit . , I r gl A ank
Civouit SanpcBR [hoatn? YAShANIR Yiub g SR AT I SRRk (e
char gi ng3¥pvotts)hatiis appr@@ately\djeal td the peakl mappsudecfdlssvatapapiovided BOAC
reaches a.sufficient |le . .second. Jj.,nverter transjistor,?2 . r ,
hor oby PbtoNEe e ke £F B EREBegBHR RborpBRE L G RkninldoPfuckl
sel f - osc39d allts)o it xseferasdriuyg circuit 3851286 290, raanbstadtial  DZ2yr2didloavsehrough
turned on and off by vol tage sj | s provided by base-drive w ndin
342, 344 BRFEHIRAN RbgAiBE FEmars 2RothS 28 cepé%orgP&ﬁﬁv&whﬁfﬁl?@%ﬁwcm .
Wi thi n owhghlthe voltage across capacitor 290 reaches a sufficient level, second inverter transistor 240
turns on, thereby allowing inverter 200’ to begin the process of self-oscillation. Subsequently,
inverter transistors 220,240 are turned on and off by voltage signals provided by base-drive
windings 342,344 which are magnetically coupled to a primary winding 340 within output
circuit 300.

[0016]  Referring again to FIG. 2, the inverter startup circuit preferably 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.



circuit 300. [00161 Referring again to FIG 2, the inverter startup
circuit preferably also includes a. diode 292 having an anode 294
coupled to circuit ground 60 and a cat hode 296 coupl ed to base

term nal 242 of second inverter switch 240. 100171 As illustrated in
FIG 2, ballast 20 preferably includes a front-end circuit 100 and a
resonant output circuit 300. [0018] Front-end circuit 100 includes a
pair of input connections 102,104 and a pair of output connections

106, 108. [gorut FRANEREdIRES 1dPRHA4 Aaf 2438 QHNBhENRI 108 2Ad 2 BME6€ Of
alternating current (AC) voltage 40 (e 277 volts at 60 hertz).

Qut put cOMPRECPRNSAions 386,108 Tape comﬁémagi,’éo‘t are adaptpddo geseivn d sourpref
term nal ' | WV, " i t o

cirout S50nr g oAl AP iR a7 WO O colio& 06,108 are
subst ant ¢apleg tODsaidtsagpmd inRARIMinals 20R2ehofduneptat 2000.nPetng apesatib@fdnd8nd
[ 0019] u ifcuit 30 referably incl.udes first, .second,
third aBuRaos rReBAG Folddishuse R Mo s b BRnafEBC gl y3or
conbi nat bayweanfougput esmeaiohs 1 06JL08t or 310 and a primary w nding 340 of
a base-drive transforner, a resonant capacitor 320, and a direct

current bl ocki apacit 33 i pu nections

302, 304, @@]308k8$°8a‘}q%f‘§’ﬁg%{f“{t86%8r38"'6‘ﬁ’8(‘"é‘51“§?§%8§s“°%‘f‘§ﬂW r i fourthyougppt
The seri esmemiohs 302{30d/306808,asenarbmbindtie ¢fva résbBad gtuptok BB 3hdvd prihhdrg
340 of th%. bggﬁ-?r'hve t r ansf ?r mer (wherein pri rrsry Wi _r&di ng 340 is
magnet i YRS BT & Baseirive fransiofRr. adesopid capasiter d 29 rad gidHastrygent (DC)
342, 344, problifdcapaiifoh Bimt@utF&%ﬁ%ﬁ%s%@,gbfﬂﬂ%,ﬁs akdi@teRd&Bo Be ic&?plled {0 gas

transforner) 1s coupl ed between second inverter output termna

and f our igcharee fanep 3¢ chissstipsombuptionalyeseant indwsior § t bandgpimnary winsking 348 of
o . ' on . .
etween geeond;ap ﬂaﬁ%?rér%r Mﬁﬁ Rﬁ@%&g@hélgg 840 i3 %%gﬁgﬁall%dﬁlrﬁagg Pﬁgﬁ%‘l

capaci tor 320 is couple e erter output” te
and fi rssconsihagrdriveomindiogs 342, 302which 0@6litued sebandety wihdingy efsbmbase-drive

emboai meprarna s tolBR BB St Bl SRR P EREO 0 Ut et

t hose skednhextioh 308.hResanant capacitor 320 is coupled between second and third output connections

304,306. DC blocking capacitor 320 is coupled between first inverter output terminal 206 and

first output connection 302.

[0020] Although the present invention has been 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:



wi t hout departing fromthe novel spirit and scope of this invention.
[0021.] What is clained is; Clains | . 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
term nals 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 terminal; a first inverter switch coupled between the
first inverter input termnal and thg,second inverter output
termnal, the first inverter switch having a base termnal; a second
inverter switch coupled between the second inverter output term nal

and circyit ground, the second inverter switch having it hase ..

t er mi nal Y mhe"&‘é%ﬁ“&%‘&ﬁ“ﬁ“ YrrouHNS & leasipesas i“écq'ﬁl'g@ 1%%6‘??3’*‘?‘3%?‘!‘5?5“15
i nput term nal ; a afhatfdiridigefeexter] aenpeisingui t conpri sing a series

conbi nation of a first EY2 Walall i s drd
resistor, the serjes céﬂnﬁi%ﬁ%%e?gﬂhd/@é%ﬁgmggﬂgﬂgalﬁae{a\?\ggﬁlo {éﬁiﬁ@e Eadsug&a ot

t er mi nal SYstaptifdlydireeticureridPEavolage ch and the second inverter out put
termnal; a second basdirdnhd scond udrier capprteraiingds, whear the frst inverter output

conbi nat ie?r?'ngfisgoﬁ%%%bf?fﬁ%ﬁeg#%E‘.’t}@%r%m;g and a second base-drive

resistor, e serres co ] ) coupl ed between the base
terminal of the second aiffistényegter syijch epundedcbetyaca the firglripyaitgr inguidtemtinal and

i nvert er tigtsadohtl hveitéritgut @pamak the laupleaer dwitch Rgvihg & Bise itdinm@al;er
output termnal, the sgcong.ba e-drive ci rcolé' Lo risdctgei- vt% S € utnu
Cerminal of the Second i RYAH L NEa i ol beypep Hissceqns TpRet cpipy

st arti ngteymingbayd cirowit gmind, thel spcandtinwerier svatch havispe base terminal, vdheredivgitcoht,
wher ei n Fiohﬁd isRYEHIEPH 1B RLSHinGdrief Wipht thniff1ar act eri zed as being
devoid of a voltage br %%g%\{\a@e-gnev\él c?rgﬁit f:o?nprising a series combination of a first base-
drive winding and a first base-drive resistor, the series combination being coupled between the
base terminal of the first inverter switch and the second inverter output terminal;

a second base-drive circuit comprising a series combination of a second
base-drive winding and a second base-drive resistor, the series combination being coupled
between the base terminal of the second inverter switch and circuit ground; and

an inverter startup circuit operably coupled to the first inverter output
terminal, the second base-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.



2. The electronic ballast of claim1l, wherein the inverter startup
circuit, conprises a first resistor coupled between the first and
second inverter output termnals; a second resistor coupled between
the second inverter output terminal and the base term nal of the
second inverter switch; and a capacitor coupl ed between the second
base-drive circuit and circuit ground. 3. The electronic ballast of
claim 2, wherein the capacitor has a capacitance on the order of

about onf m crof arad.. 4. The el ectronic ballast of claim?2, wherein
ter BEgh of

the inve etipnie paltagi 4F cfaim nwhergig s In LT fartyp gBItFaYPHE San

anode coupl ed to ecifrguesistgreoupled berdean thafiboae seangliwdritoutjue tdaials;
termnal of the %%G%ﬂg résﬁYcﬁ'chlg;ﬂec% l?e?\?%'g%%eogecoxﬁ'in\é;?tgr &ltﬁgttérﬂma? and the

bal | ast of cl aj erelrn each Irst an eco I nverter

SWi tchesbqsgte"&‘“%@ﬂ?%/%8°'lﬁ‘ﬁ¥ﬂr§l‘S‘]"‘éﬁ’?b%’}don transistor, 6. The

el ectroni c bal | asta capacitbiedonp2d bétwetdide sexonpbdssidrige éirdui aad eifduitqidynd!
circuit, the resonant output circuit conprising: first, second,
third, and fourth output connections adapted for coupling to the at

| east oné gas! §icdseHanigballaghgs;claim e wherging #ralor s agppagitancs Op e order of
i nduct or atntom miciofasiy W ndi ng of a base drive transforner, the
series conbi nati on bei ng coupl ed between the second inverter output
termnal and the fourth outfput connection, wherein the prinmary

wi ndi ng &f t hheisiastonie baléast ofsipimas whereinghe inweyive stagen ¢ireuid ufiice comprisehe

first angiogerand Ragsdetiohyed W aRkuR dRould atdEcativMeESled 18 tHe@BQN@RHinal of
capaci to, coupled bet w’eerl t he second and third output connections,
fhe SeeoB v

and a di B bl ocki ng capacitor coupl ed between the
first inverter output termnal and the first output connection. '7.

The el SC% I oni ehepdclrasit b?lias%f%ila{ﬁh%’, wheteinGEh GRAPfisSAnAGe@nfl iR RbeERFtches is
cireul a ﬁ\f’wgpgbigalarr jur?ction transistor.

6. The electronic ballast of claim 2, further comprising a resonant output circuit, the
resonant output circuit comprising:

first, second, third, and fourth output connections adapted for coupling to the at
least one gas discharge lamp;

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



i nput cc nneetions and a pair of output connections, wherein the

i nput 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 source of substantially DC
vol t age between the output connections. S. An electronic ballast for
powering at |east one gas discharge |anp, the ball ast conprising a
hal f bri |nv rter ri.sin f.irst nd second i nyerter

For mi nal 0 ot AHETFo O iPER ARl st o T e R e g opeeb 1 provide
current (hE)@)urMﬁsa@pmnnahly B vaitagedetraed therongut emneattoput 't er i nal s,
wherein the first inverter output termnal is coupled to the first

i nverter _inpu termn a first inverter s ch co pIe ween t he
first .n&ert$ﬂFlﬁﬁw1 Hast foripoine HHikeSiame GARIIFGPOIE 14k %%hest comprising:
term nal, the fi r sthalfrwidpe sversanj doadpribiagi ng a base termnal; a second
inverter swtch COUP' eﬂré?ﬁﬁd’?egéhdtlﬁ%r@?ﬁﬁ@ﬂex{nﬁ%a‘?{] teﬁkl}}%géwe&%upée%?'

and circuit ground, the second |nverter: sw ng a
t er ni nal SubjaRially qirest cument (DG} ¥alleESi s coupl ed to the second inverter
input termnal; a fir Sﬁrdvaﬁcﬁseddind\/iﬁvemef Guipit teMifdlY, Shaginahs fist ®%erter output

comnbi nat le?rﬁwglflsgolfpied%tt}%fﬁﬁm ;“vlggwtpr%l ng and a first base-drive

resi stor upl ed between the base
termnal of the first iarﬂwférutvertersswﬂtchnowhewesé@cfﬁeimw@méwtem%lmnd

t er m nal the@ec»8€ m&t&@a@udfehmalgthé Giedt inve AEHMNISh H@mﬁg $Bdst @smaANDI nati on
rive.resistor. the

of a second base-drive wn
series conbi nati on bei ﬁ@ec(%g et sgé%%wpegﬁ)g%gg@etsg?ow HE U RS
second i Hvmingleand smmt:gromddtlmsemd invgrterismitch havingw/ease tarmiih mthersin circuit

circuit, x%ﬁﬁ@fs'c&ﬂl'&ito%éde&&xtd1ﬁ€e$tb§ﬁ19ﬁtt8rﬂﬂﬂiled bet ween the first and

second i nverter out put tl:b da tsecon . resistor bfet V\t/)een
the second inverter oufpit base-drive circuit comprising a series com 1na ono st base-

drive winding and a first base-drive resistor, the series combination being coupled between the
base terminal of the first inverter switch and the second inverter output terminal,

a second base-drive circuit comprising a series combination of a second
base-drive winding and a second base-drive resistor, the series combination being coupled
between the base terminal of the second inverter switch and circuit ground,

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;



termnal and the base term nal of the second inverter switch; a
capaci tor coupled between the second base-drive circuit and circuit
ground; and a di ode having an anode coupled to circuit ground and a
cathode coupled to the base term nal of the second inverter

transi stor, an output circuit conprising: first, second, third, and
fourth output connections adapted for coupling to the at |east one
gas discharge lanp; a series conbination of a resonant inductor and a
primary wi nding of a base-drive transforner, the series conbipation
bei ng coupl ed bet ween ?ﬁ@leé@erahﬂampgﬂtrwn%t Hetor andarimary wgingff a
fourth obdspdtivepanfaehenthe setiarcombinatien bungrmnyle&\betdreﬂghe)ﬁecbhtémverter output
base- dri fé?rmnglreﬁﬁ?ﬁe% odt t'E?ﬂ%ﬁﬁdn?@thr\émciﬂéjﬂji %Wn&lﬁgmtf thé ﬁe{sc ‘?lﬂ%

second base-drive w erter sonant, capacit

coupl ed Batsipses i n@ggféle@?yoc%mhd thihe &irsh prdyiseond gt %ﬁélng%mh%lnveﬂer
direct current (DC) bl aedsoint caaeitorcoupl@itiepled thrakv@dnnd kerdf Jutsit
inverter, E&{aﬁ ab rn1 nal and the first output connection. 9. The

el ectroni ¢ dst of claim@8, wherein the capacitor has a
capacitance on the or dadirest cusess (WChblackingsapraionepupled betrreen giedisstrinyerter
bal | ast edtp@ltéininadandhe figk Butp@cdn@ktiéhe first and second inverter
swtches is a NPNatype bipolar junction transistor. 11. The

el ectronic ballast of claim210, further conprising a front-end

circui t Bavi nbheelgstronic dallasi efplaimdo whereinitaapagidr baspaiapacitfngg el order of
connect i gist ot iRic®ifdtad he 1 nput 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,

t he froni0.endlteiaestionic bellasgofapmmshivbercin epehondi thefirst and seonmd ¢eveder switches is

subst ant j glphyty X540kt RE&iAeLnE&H:. t he out put connecti ons.

11.  The electronic ballast of claim 10, 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 terminals of the inverter, the front-end circuit being operable to provide
the source of substantially DC voltage between the output connections.



