;efe3eda\. <6rT?F 16 July 2002 1 A MET AND DEVI CE FOR OPERATI NG
ELECTRONI C BALLAS TS FOR HI GH | NTENSI TVF3 H D) LAWMPS Techni cal
Field The invention relates to M/electronic solid state
bal | jmmmm‘ﬁmﬁm@ﬂh; ntensity D scharge (H Duedgpps, and nore specifically,
itr thod and device utilizing solid state ballasts for

-oper ati ngo¥® | anps, e.g., High Pressure Sodi um (HPS) | anpsl6 84¥xREPBund Art
The term "di scharge lanp" refers to a lanp in which the electric energy is
transfornmed into optical radiation enerdy when electric current is passed
t hrough a gas\ METHOLY AND DEMICE FOR OPERATENG ELRFICERENIC BAILAAS TR | anp.
Presently, various CFORH&PINEEANSITYDISCEARGE Iy LAMERSar ge | anps, and
in particular for fluorescent |anps, are known in the art. A specific
exanpl e i sTeémmiedlGeldt shown in Fig. 1, which uses two power sw tches PS1

and PS2 in a totem pole (halt=bridge) topology, the tube circuit consisting
of an L-C seri eEha espmbinvertioremgiates twike hadef ehogirenin salid gpiecdsdpitefrifighower

MOSFETS arg. dri.v o _al tivelvy conduct e o) MXS,.Gat e iver

(1 rorss) ( nas oot Ebeaa? s HERT Bl dnf iR el s B SRR Be bk vave
out put, W itfliAifesdlidesiate BaNasef fop spérhligt HID 1@hyErR DYHigh Préssure SddidiR (HPSY
Prior to striking the fluorescent lanp 2, the resonant circuit consists of
L, C, and lempsonnected in series. Since CZ has a |lower value than C,, it
oper at es hi gher, AC voltage than the latter, and in fact, it is this

hi gher vol %‘3‘5’ %’é‘f"‘é’frikes the lanp. After the lanp strikes, CZ is
effectively shorfcegmy«difi@al@3MRmyo! fef@e t8r-OmmAnd Wiieh Hesenantc thggpency of
the circuit is now determned by L and C,. Under resonance conditions, the
si nusoi dal transformge istorapsisaltradiatiempndrgy awoh iefacas dyreat fsgpasead hfou@h(aEdsei ng

the circuit ality factor) and_.the anplitude of this voltage attains a
val ue suffrP‘éthYﬂpof%’F aé’P‘P‘NE% H’(jretoﬁé’r?_sﬁﬁrpn;?m\%ﬂteﬁa?‘ﬁereafter gi 8es a

non- bl i nking |i ghpresdhsy, dRAUR eSS deLuBARIMIISH GHblschaeMldpsSatidigd for
fluorescent |anmps, but "will not adequately work for arc %I scharge (anps or
HI D | anps. partigilarubyfl@a@efent 12mpsyiate kaidwn inttheartd B specific exanapie aptba crtuitui t . .
Short pul ses of voltage suffice to strike the | , Jrovided the pul ses are
of adequat e anPlITLEd Eab SR SO0 A BTYE S WIEHs A GEALSt B SETRPRE ¢ he
resistance (@Jlt_:m@%e') ﬁg}al&%@é %@&&hﬁ%bﬁ%ﬁg%&h%ﬂc S s dnbR€SrchiR, The

normal operating Tevel. nce, to prevent [fanp damage subsequent to

stri ki ng andoder swighthepraentedipy pohe MOSFERS apé dtiven tb atprnatredly benduct,

restricted. It is characteri.sti f D |a t hat. .t hejr_ voltage
i ncreases S@erbytarﬁétas @%‘e&“"teﬁgRlzégﬁ?Mﬁﬁb-t eérwépd?XPY‘F}Esr%ié tfi‘ﬂ”e‘_gcy (2(_)
stabi | i zat 'te@gg&@?g BrdbEve Jﬁ@%t?{vﬁé?}?e ﬁ'éHu%ﬁiéyl SMBclianth pakh 83t meintains the

| anp power, t t out put anp' w vary to an unacceptabl e
degr ee. 7 1

" 14R,C,

Prior to striking the fluorescent lamp 2, the resonant circuit consists of L, C, and
C, connected in series. Since C, has a lower value than Cj, it operates at a higher AC
voltage than the latter, and in fact, it is this higher voltage that strikes the lamp. Afer the
lamp strikes, C, is effectively shorted by the lamp voltage drop, and the resonant
frequency of the circuit is now determined by L and C).

Under resonance conditions, the sinusoidal voltage across the lamp is amplified
by a factor of Q (Q being the circuit quality factor) and the amplitude of this voltage
attains a value sufficient for striking the lamp, which thereafier gives a non-blinking
light.

The above-described basic circuit is well-suited for fluorescent lamps, but will not

adequately work for arc discharge lamps or HID lamps.



Bal | ast devices for H D | anps should be different fromballasts for
fluorescent |anps, for the followng main reasons: 1 ) these devices should
wi t hstand open-circuit operation conditions; 2) they should supply
sufficiently high power for striking the lanp at a voltage of 3 to 4 kV; 3)
t hey shoul d adapt thenselves to large variations of the | anp voltages; 4)
the ball asts should not destabilize the | anp arc di scharge, 16ddly33002he

bal | asts shoul d be conpatible with | anp characteristics, so as to maxi m ze
fhe lanp's service |ife. Therefore, wherp replacing the fluorescent |anp of
Fig. 1 with an ﬂﬂtBlllyaEHB PﬂD lﬁﬁlpsi?%"ﬂpérf‘clfduﬁ Short fftsI R Iv@ﬁﬁge%ﬁtffdegto sﬂ-lk\é‘ 3
not operate the HID'[anp, for ‘the follow ng nmajor reasons: l'anp is
not consi stherfarhy, ;susxde:bthetpluts% @resxfmdéquagp amnplitiige hbwmbﬁws‘s‘allts)] )‘Bubnaqaexﬁt ate
of readiness for striking. the circuit o enabl es a | ow

oover (70. (ostrikRe. the Fesistaes Pé 5 Heigp gEors st %Pde%hﬂew #5 t¢ 55 panal
oper at i on gpdin Bl {riidie vmqa SpeaAhg Aled e, REVEL Bpfalmesiyt O

for sonme reason, the su sequet attenpt to swtc

prove to b@mspahess:frtﬁtoﬁﬂﬂ Isinp Imudabagstricteel. mai n corrponents of the

circuit, first of all, the power switches. As can he seen in Fi t he
Yer (th gfq%frﬁ)

oscillation ciréiig Cli’%a"é?féﬁ“?@(f FYR \ampp dont ihedir volige increasey e
shortens t|f Q&Pg%u&m% »9r11)icrez{sg o%lslmb%%zaan hpa eu&)@Sgh@@E&e ﬁlﬁeésaﬂﬂP 1t "L

struck; the IS no np 1S amage lanp circui

br oken, etlgllastt heumsmslthatlump poweni the i Bgmobutptofof ahedlamphwﬂm vareviot abl y
results in a failure of the device. 16 July 2002 3 Therefore, the direct

use of an B1ageaPfabif @e%%ﬂ-! ast intended for fluorescent lanps in H D |anp
circuits isr u'E?a(iilaQ(O(?evic%% E?%H;Ht) llaﬁlaé gﬂ&ﬁ& 'blglcﬁ f3ht E‘U{hhbzﬁlagélfh??lhoxtegce% OV' de

reliabl e operation er act ua operat i ions

thus a brdagp§ldbese f@iowlhgnﬁw&@mnsl nvention to provide a nethod for
operating H IIZ)) nps with devices built according to the basic topol ogy of

el ect roni cl)bal Itla@f« dleviges shpulgrveighseand dpapnsBcuiipPeE#iqngoaditions;o account
f h | dd f f
oo ot Dy el B A LR AR b PPN RS B,

the circuit, the4sggries L-C circuit is not broken. The nmethod thus provides

optimal conditions for striki ng, heating and operation of H D | anps.
3) they should adapt themselves to large variations of the lamp voltages;

4) the ballasts should not destabilize the lamp arc discharge, and
5) the ballasts should be compatible with lamp characteristics, so as to maximize the
lamp’s service life.

Therefore, when replacing the fluorescent lamp of Fig. 1 with an HID lamp 4, as
shown in Fig. 2, the ballast of Fig. 1 will not operate the HID lamp, for the following
major reasons:

An HID lamp is not consistently susceptible to striking and is not necessarily in a
state of readiness for striking. In fact, the circuit of Fig. 1 enables a low power (70-150
W), cold HID lamp to be struck and even brought to the operation mode. But if the Jamp
has operated at rated power and is shut off for some reason, the subsequent attempt to
switch on the hot lamp will prove to be unsuccessful and will damage the main
components of the circuit, first of all, the power switches.

As can be seen in Fig. 2, the oscillation circuit is shorted only when the lamp is
struck (the lamp shortens the C, capacitor). In all other situations, when the lamp is not
struck; the lamp is not present; the lamp is damaged; the lamp circuit is broken, etc., the

oscillation circuit is not shortened, which inevitably results in a tailure of the device.



Di scl osure of the Invention The invention provides a nethod for operating
el ectronic ballasts for Hgh Intensity Discharge (HH D) I|anps, said

el ectronic ballasts having a driver, two power switches connected in a half
bri dge arrangenent, an LC series circuit, a driver controller for
controlling the operation of the driver, a current sensor in the | anp
circuit, and a power sensor in the power switch circuit, safl@Jukyt2002
conprising (a) generating pul ses of frequency f, for a duration of tine t,
being equal to nlf,, where nis a positide nunber, and f equals the
resonance Fr equeRgyson, ddE LR LIS arelbdirot! bifsiGhiehitdd for ERbriIDG gAY ! N
exi stence of current I'n the lanp circuit after the duration of ti t1l has
el apsed, aHiDilamp hizc@tseintruledatt, tines & i3 Bnpuasibler foesntchianballast tb pnpvide retidble,

proceeding to ste h). (c) monitoring the curyent in the lanp circuit, and
pr oceedi ngoﬁeéaté‘{“e‘%aé‘ﬁ%r%%‘ﬁ{i’ eeiotial cRg i Mo ur rent in the | anp
circuit has ceagednhfa blAWobfedl oA bidithiNGydntitn SRSk fie! &L es of
frequency f, For a pr%geteronf ne(()j durPati on of t?neﬁt?)z cgﬁﬁ%@%%§?jr%ﬁ1 ltﬁhg
start of tHE&danps afithadevaks daildageotdimestoathe dragicrigpdlogys b pleftadnic bellastsnotr chi ng

the frequepcy f, of said pulses to an operating frequency f2, at which a
set power fqueﬁcr%t {agﬁ»& WEICﬁeta%%elaEO qcpu Q‘BF%QLW@%&MSBH teafures #fp and

stabilizin [ : I

ar adual |y B pEPRIUEE o8 ekl falsEXRbYRY 16 ARRRE REc) Bt W e cBiRee B
event t hatlaimpeinptheedirduil, theesdrRSTL-Ci cicdit isexaretediert h@hpanethod ehusf providee | anp
by a given nargi ponitoring the current in, and power of, the |anp

n; .(9) e ot i
circuit acosinlggnditions fopsiriking, heing @nd operptiomef IID) |ampst he generation of
sai d pul seg; I rmined duration of tinme exceeding t, and
appr oxi rrat%s%/l%é'ﬁ%a thf'E‘%PE??H\Ahere k is a positive nunber; (i) proceeding

to step (a) untTHe idvensai rpviashet emsihoe dfod wpetdting eléctidniee talagtouadt efigh r om
t he 16 July 2002 start of the generation of Pulses,according to step (a),
has el apsed@tengify QijchargsnitHiD)i lagps. hsiq elseirenis alleys Sayiae gufdes. owe inowehe
pover t0 thg bal LAskckd i | bakeoiht ehed okl and . D eyl ) AREPLARNGE, Wi th
t he i nvention, ere s al'so provi ded“a devi ce for operating €l ectronic

bal | asts ffof cbhtedllihg) tieNSpdritida SE thar @vet,HL Rhrrb@ngessor Saithe @A tcirbuit,Canldad | ast s
having a driver, a power switching circuit including two power swtches

connect ed Homves sérsor trhthiedgevenswislyeinant saidmectaed camprainge {ajganetiing pyhicd

devi ce conprd sin river controller for controlling the operation of said
ariver ey T eyt o o i ahige hibe BRRIEAERE an

el ectrode P /f hpalditi: tabiancd idq@npPVeihe PANSTE 1I(@EEPOIFALE tb)i Modild@inp AT
switching circurt. Brief Description of the Draw ngs The invention will now

be descr i s&iftdnge ebeiveant irpdelamp cicatit afien thy @ aionef tembho dpsrelapsedindnin the

reference to the foll.owing il]ustrative.fi.gur P4, . or e
ol T e B e Hohrient o0& Blrhd Sirklif sh6edifle (D en b TBY mBFule
i's stressagke ti@énttiiethpakmp Cilcalts ash priedding Ry stopY hPlupex AertAingiyd tHabthe

purposes of illustrative discussion of the preferred enbodi nents of the
present i reveantiotholamp cirghig hag ecaprdatadloms dd) gpntipeing dhpsgengration of baid pelseshat i s

believed t e the t useful and readi| nder st Q descriptio t he
princi pl eé’?éﬁau‘é‘b%@gf’h&ma %%Bi‘%e%o?“r?‘g%“ ﬁ\%}glr?tégﬁggt?n ﬁﬁfnshlgeséqarpaffthﬁo
attenpt i gef@aford Of SAAVpuIdek Uetardml Wedted (8; of) ShirhingvidBtfreendy AWraardet ai |
than is necessary for a fundamental understanding of the invention, the

descri pt i Gulsenkean wpetating dregnendyngsatrilichg ebpawvenfor: e tlmppds stachedrdDi n t he

i g. 1 s ey Sreaavebondhs 1 e SR e Y pbfer SRR B or i oS

for oper attbille 1Ay BliallyamB&ityilg the f2e LRl Siot@didde @i i®theFi 9.
[, in which a fl ugrtgigxgnt I"anp ﬁs%ubsti?ﬁ%by alﬁoHl Drfgarrps?ﬁlr:?lg]. 3 shows

a devi ce wgvéntithatrthe powedinsthatlemp gircuis exceeds theprawer iseigiortis Jampply Rigiven
accordance wi.th a first. enpodi ment of .the [es nﬁ i nvent.i on'edjzi sfﬁ shows
wavef or ns "HEBr Eﬁjr@%‘gﬁ\%‘g © FREE 4R %“Srﬁ‘wcgﬁ’,’ t&& R, BT AR HASRE %gfoo Bt an
HI D | anp; (§i fhd ('r);l@ Hﬁﬁﬁighg%e/@ef@fa@ib%flsaidt se8\MENh pRddetedilhed duration of

ig.

short-circuiting; illustrates waveForns in the event of |anp
circuit ntinfeuerseeding ¢ afd appioxiR@EF &uBl ¢ Lk, i wheze deisad pesitive nomber; di)agr am

f the dri troller, mainly.showing the digital .part th f. Fig. 8
< o det aPIEReERE (P G TR CRREPbAT P bR E SR ¢ ne

anal ogue part thereof, and



Fig. 9 shows a device utilizing solid state ballasts for operating H D

| amps i'n accordance wth a second enbodi nent of the present invention;
Det ai |l ed Description Referring to Fig. 3, there is showm a circuit for
igniting and operating HID |anps utilizing solid state ballasts. In
addition to the circuit's per se known conponents, described above with
reference to Figs. 1 and 2, the circuit also includes a dri{&dulya®02ol | er
6, an induction-type current sensor 8 cohnected in circuit on the line

]l eadi ng an it : I 0f I ) : sor
10" noar por o of MR B RICRNPAES hORRIRS 0 Ep (B P, A8 hALH) AR
addi ti on, gémerationfishidypsiseatmd the poverto shedpllpst1i@ fiesd ayitetedtadt mtdsisent he
power suitable for the specific, non-limting, exanple illustrated in the
drawi ng for ope{"a‘l‘qcﬁ&ft"f’ﬁ“’é‘h‘e‘%‘? ABYRIHOB PSS 3 Blavidedra deviep faw enemitingnp.
Ref er ence | L OS; : 0 e | LGAat ;0 from
t he power éé%%gfl?l\){/% %ﬁ%(t)gtﬁ%g{g%r Eﬁ?tﬁltv ﬁ]ISChc?!F#% vglf%ﬂ%?b%geésk%ﬁ) ka%%r%s t he
preset requivireda ddbérageoantswitchimntirculisinslading twio Poger dvitoh@y ebtediel in a
represents the driver's output voltage; waveform|l represents the voltage
on the | anfflisbriggsy aganasmsnm #1d 2p dfr SSHAY STERS 8¢ rdsiice ofprasifing agdrivire
striking o JHE 1:.0Of ted, -npower .. is.effected b

generat i ng‘;";‘}hrp gbexls_qoﬁacl\s) ?ﬁg”lgg 6ﬁ$gé&%t?@q§fej?la?:§BPP&V\H{I é:’wlrgncf u 5?523%?%8“ ?%%do%%ﬁc e
frequency lafe tdadidgabh@sddj®ebtCiEni eigcteddecuf tthe €D lar@poudhd 50 poler dedora
duration of time t1 = n/f1l , where nis a positive nunber from3 to 10.
Over the cotgrperagyd inkhespesramilehinggircuisl ect r oni ¢ conponents of the out put
st age Wi”;%tialclg Stcpe curr%gt sgi kes, which far exceed the operation node
current. HOMEVZFSCTPFopplthe PFIWIES b ses, of a duration of n/f seconds,
fail to strike the Ia@Rnydiosvided B dORriBEPRS conhBEidEXtth akhemrefeRegt Ii ke
the lanp by simlar striking pulses is carried out after a duration of tine
t 2/ k wher eenbadgnentpegint fefezenvaripéhe fadlogying Wushitiveahguts X0thsie dtomets pe asrseen
in Fig. 4%. The(glposictiive nunbers n and k may be constant or non-constant.
16 July 2089Y B"&THRdt he Longest tine requitred for a hot HD lanp to cool
down so that ityjig GA&HR RUSELRE h Erot E}lesﬁgbﬁéb ng Ydehil, Qeisaﬁpéé%edz 1 HE es,

t he nunber of striking pul ses applied shoulfd be at |east six (see Figs. 4c
to 4e). Thertiduimes sthiveharp by vey diekample sind ifdei pugpdsheofHl IDstraivp discussion dthie
nunmber of grou of pulses striking the | anp before ignitign, varies in a
di screte AEHRER SH’I?O g Pmeggwa?féwa%hemdm PHRER R AR GAISE br eof
for striki e =als e I i i b | S.8fruck
by the f1 Fot PR AR S IR Rre ot bRl SRP G e
struck by poineipbfs dndecosodysed ueprctssdfi th& imgniper. deghis degaed diongtentpt tifi enadsvas m up

| evel ™ of the | arrpaﬁFi gs. 4b-4e It is cleay that, once the lanp is struck,
the gener &PPWATBFUFA dgigdnelhe RSB0 Bt MeR s LR IRECesER (854 tHamenel al
war mup s i - al Wit RN, A . : ti.0g:; -l
applicati glﬁgtg?ﬂatﬁﬂggﬁ rtlgét,\fng%%tl%ﬁl ﬁg%ﬁﬂ‘%@é’?q@ vivgpgivgﬁdtr%gggg %Q kgr[%rp ﬁ{eﬁg or
oper at i ng té tlegeiskidledfin, the agg. hovalieutev@a! Kddns dnte timentiamayont embedied in war m
up until the operation node is reached. The signal confirmng that the | anp
i gnited oPfyfifat es at the current sensor 8, located in the lanp circuit. An
H D | anp igs, kn ¢ uj r. t £ : KV, L.RG. uck
by 2 of ngl & purhe PR e BBl EBRPE ar R dhid Kol (BE LRl
Provi di ng a tr duoresdenblagipsyol t age pul ses For striking, decreases the
required striking voltage of the lanp. In this particul ar exanple, the
requi red Vi tagegdbe ciigtit diggaagoiigyl, mpghigh arfhioressenidaap of subsdtugnd Ryer

VI G takes int [oR s&rg(ﬁr ation all of the special features of H D discharge
| anps, and thus réeriabty provides for striking, warm ng up, and nor mal

oper at i onFipdahoWe AGRyick i ligihk 4elid ﬁ@ﬂétHaﬂhﬁtﬁfor@pgﬁMﬁ% PEDtB@ S ¥Rbrdance
operation and initial preset warmup frequency f1 The frequency f; exceeds
t he operation MBgUeRcsmbgiimpst of dheprasoneverti®uch a way that the lanp's
initial W?_\rmug current is limted This results in the reduction of
erosion of & e PRASY A TBR ! BRELSSIHG Y HEL L SRPHPBUYEL TR 20 BPFRIPLASHE of
the lanp's serMip@ahpfe. Once the lanp is ignited) the driver controller 6
controls the lanp's operation frequency f . Due to the feedback obtai ned
fromthe pwwénllgdragasrwa@formiaen erekenigtfiarepsfreyirqatings snoothly in such a
manner thgt %hﬁ’ illumnation.i .rrai‘nt‘)?il,ned‘.at‘ .a_canst.ant preset |evel, or
decr eased" 8o O 4 RS VG ENMEYR {RSEVERRY I HIP BF W HBAHVEP: control ler. Hence,
the power on the lanp is stabilized at the I evel of the power set for a
particular |anmp, by gradually nodifying the frequency f . Furthernore, the
driver controller 6 also governs the inhibition of the driver's operation
and in the event o f a sharp increase o f the |load power, e.g., in case the



16 July 2002 7 line short-circuits, the power sensor 10 signal exceeds the
rated power by a given margin and the driver controller b inhibits the
driver's operation for a duration t2/k e.g., for about 20 seconds,
followi ng which the driver controller 6 switches to the initial operation
cycle as illustrated in Fig. 5 wherein | is the driver's output voltage,
'l is the voltage on the lanp 4, and Ill is the signal of theJpg#02sensor
10. If the cause of failure is not elimnated within the next two m nutes
or so, the driver controller 6 inhibit55the driver's operation until the
power sup e u

Simlarl yl%I %/ h%%d% ?S%ﬂe%%%? l?(t):afaor l%‘ |1{er Ct% 2813% \%{ér ng%welr g%g dPgoml
receiving a si gaalthdreefn current sensor 8, |nd|cat|ng that the lanp circuit
current is _stopped due to |anp |ine breakage, np failure, etc., as shown
in Fig. 6Figufeisd detailadcitcyit déﬁﬁr%rof éheo@rf‘fimcomlteagéamm showing e aglogee on
the lanmp 4, anggﬁkﬂméé%a signal of the current sensor 8. Referring to
Figs. 7 and 8, ere 15 1llustrated, by way of exanple only, a possible
enbodi mentri@f9 shlaevsaadevicel dtigizing sdBd siatecshliasts €afi dpedhitiag FHIM lalPs GeNRbAIancd he
digital part of the driver controller (Fig. 7) sets all of the required
time interval svth qmom%mb@dlmg@ﬁqfﬂwréwl gwveptifudi ng its warmup period,

controls ?ﬂ& EH%@ fgon1the current sensor in the lanmp circuit and
pr oduces PEOUSIP ¥ gnal s: 1) Signal P, pernitting the driver to start

generation of R'éi&ﬁﬁ% tc2FigSB Ghate i€ shiut @@Irblﬂgtcﬁ'\&gﬁlﬁﬂg Bsd bpaafidg BIYGes f to
operating frequency and 3) Signal g, causing the switching off of the
circuit i mtititiag litstathallags. cdnr@iﬁathnstcdétee@llf@dt byen be mgwnmnmmr in

the | Th d troll
respons | bEETE AEPHY AT AOTERE: dRd Bovor o tHe At L1k GulieRg rtse:
si gnal i ncérhfolr@v%nhntm;cubmyﬂéoawent Sersbreg LanmRcteldif Wirkui %6 988 fint Nadit
power by a predetermined margin. A light indicator 90 (Fig. 8) may

optional | yncbedjpnram/tcdadf;lectkmte afulnerumpn anhe tamphpowerrspnsoe d 6 heerpdrated én thsower .

The RESET signa ed to bring the cir Ult to ,ts injtial state, is
forned byP EW%pW e cemglongiondycior Hip addjtpn, %ere 'I-S’dll‘ésé@ ted BPY&Her at ed

by oscil ( / r S cof the
oul 65, (1867 ?‘?‘Péﬁé%?& @%@E?ﬁ‘*@ﬂﬁﬁw S FRPIRS gor ISt Pl
pul se i s gdhneatad ed, the dgawing fer opardisngfitcecleqmnar balkass upalii efi atd®0t WeHiﬂDr cuit,
by the additional trigger 30. Binary counter 32 sets oscillator/counter ''4
to reset Rer a two-minute interval, and also forms a signal f for

swi tching fronké%ggﬁgﬂgy\wal59mgpg;p@gmg6frequency f,. Pulses of 100 nks
each are fed to 6 J 6 8 the circuit actlvatlng t he driver,

consi sting of Upsnﬁknnmh&ﬁmn&ﬁpoumaﬁsnsmopoﬁermqmbdélwahandmnamhmdmnm 42,

and to trjgger 44. \Wep the |l a iIs stru the current se . et her
with the Rredue wpliss “’Fﬁge%ﬂ 6"6*@“8 V°‘t“l¥§|a§ GPIra. /ift Wna}PchB%r 4%0 and

capaci t or E@efo § Red A8 16QkLrIvE Coursikt ﬁ!x%et Q\?atvef%%sﬂ bddPesthts olé ¢ ohhereby
al | owing t subsedquent operation of the driver. nent for t he
RESET si gihallarnp4f frel weesfornt Hateptdsents thescummsmrgmlsorf& omt he cur rent sensor 8

and its associate circuit. LED 16 in tes that trigg is brought to
RESET, nanely, Thafikingenteihe EID, g, pha Selscied s Bves %v%ftecr@é@yl%mﬁw § of f
during t for
e e S i R R

anmplifi caltCGarlésantourt ag., aboug.50 kH]z, tcormmmatanmf the fleTn/ﬁowpammg atpkosmse gnal

fromthe anpllfler wi th the voI me tors 60, 62, and
i nverti ngERgArifrane 3 tg40; t%‘feréli“b fothks ‘&B?tiloé‘gé £ &EP’P%&O@BW%‘PHPG

oper at i on, o £ AR Rl O Nk @@ Ph8 8 SR eI IRIBLAT S 68,

70, 72 an ran stor volta e varies in e event t
transi st dHowdver sif cHeostgkingpubey rmﬁh dhratﬂih@t gehscandyd fHilr e gtrékeake minmlpuhser MGD
may vary with voltage variation at the source of transistor 66, due to the
change | reerR@tiensioppt AHe 8CBfaleRat Ratdvs b6 B Py AbRilas StrikeRgepyses dh garried

AP T Crof e Bhiag, RESHRL ShoRalerd B L NCpRYAU e OLL20GEh B 941 PU!
of anplifier excee e reference SI% resistors , 80.
The powersee&its) @kl debg igi thumtb. haheapshieye nelgaénsv;e afneek‘lbﬁzﬁ}«k belusnk®@nt or
capacitors 82, 84, 86. The sensitivity threshold of conparator 58, and
consequertdnyconpl@niooner on the | anp, are controlled by potentioneter 88,
while the protection threshold is set by potentioneter 88. LED 90 provides
an indication that the power set for the |anp has been attained. In the
previ ous enbodi ment, the current sensor senses the current in the |anp
circuit at resonant frequency f1l after the |lapse of a tine period of a
duratlon t1=n/f1 Wen the current |s |n5|gn|f|cant however, this

e o T o " o o o o



16 July 2002 9 circuit with a resistance sensor, i.e., the power sensor 10

includéd in the circuit of the lower swtch feeding the lamp 4. It will be
evident to those skilled in the art that the invention is not limted to
the details of the foregoing illustrated enbodi ments and that the present

I nvention may be enbodied in other specific fornms without departing from
the spirit or essential attributes thereof: The present enbiddiutg2082are
therefore to be considered in all respeéts as illustrative and not

restrictive, t¥n&abpeongbstting fcqyieat iopn hoeHNY lamgtcasRdoBi sbhignrapRapsgd
clainms rather than by the foregoing description, and all changes which cone
wi t hi n t hesuprshtbladoatidkinanyié o aleqlid/ alivesy thd numberc pasimiing puls¢reapliode
i nt ended tg b@ benmactewd {he{:ei Nyt 16 July 2002 10 C,AIVIS 1. A nmethod for
oper at i ng BPEIFShIESLT (S5 851t Olfhegh Intensity Discharge (I111D) |anps.

sai d el ect roni crhRrhed®hizh pavc BcBrelthiVaE thd MID ROVET eS\Whd GRBBerINEGLeE i n a
hat f bridge arrangenent an LC series circuit, a driver controller for

cont rol | i mylsesetridgrey teilanp dkfortegrdiiony enriesincadisenste memswrand nlepérals|cantpe
circuit, and a.power sensor.in the r.switch circuit, said nethod

conpr | 51 ngtate ot Barac R HtinSe dhar Pequiiity P’ Pt fi B of orde 11
bei ng equajork@gtohdinWhed §ridkicy the BES sl AUSREEIg. 4R ahd o8 WdbBel BRI, 2
resonance frequency of the ballast's LC series circuit; b. nonitoring the
exi st ence hof laoyr isestruck hy tohe of drepsubsequantt staking putshe diperatinpon ofic twaren-tp  has

el apsed, and jn. the event that there is no current in the lanmp circuit,
pr oceedi ngt¥Eb %fité‘foﬁ’mp .1g91°r6g‘|4€br£h‘tﬁ?%éh%uﬁ’méﬁge E‘H‘ptlhétrll CHPEIRUOR Ofind

e, B P BT ) S 80t
f r equency 2fmintits, Guptieg &ber ik fied agpliationnf dfe firkt@rikidg @alsad)] N@s fwitdhed e
start of tarlsorgglgeorr%tpieroart]in(g) fﬁ'eagc!:n?:y%lf Ie.so(?,sabout 30 kHz, and the lamp continues to warm
g g
up until the operation mode is reached. The signal confirming that the lamp ignited
originates at the current sensor 8, located in the lamp circuit.

An HID lamp is known to require a peak voltage of 3 to 4 kV for being struck by
a single pulse having a duration of not less than 1 microsecond. Providing a train of high
voltage pulses for striking, decreases the required striking voltage of the lamp. In this
particular example, the required voltage does not exceed 3 kV.

The operation mode of the driver MGD takes into consideration all of the special
features of HID discharge lamps, and thus reliably provides for striking, warming up, and
normal operation mode. Hence, the driver controller 6 governs the driver’s operation and
initial preset warm-up frequency f;. The frequency f; exceeds the operation frequency
and is determined in such a way that the lamp’s initial warm-up current is limited. This
results in the reduction of erosion of the lamp’s electrodes and thus contributes to the
increase of the lamp’s service life. Once the lamp is ignited, the driver controller 6
controls the lamp's operation frequency /. Due to the feedback obtained from the power
sensor 10, the working frequency varies smoothly in such a manner that the illumination
is maintained at a constant preset level, or decreased to a level given by the setting of the
driver controller. Hence, the power on the lamp is stabilized at the level of the power set
for a particular lamp, by gradually modifying the frequency f.

Furthermore, the driver controller 6 also governs the inhibition of the driver’s

operation and in the event ot a sharp increase of the load power, e.g., in case the lamp



according to step a; e. switching the frequency f; of said pulses to an
operating frequency f2 at which a se( power for the lanp is reached; f.
nonitpring the power on the lanp and stabilizing this power at the |evel of
the power set for the lanp, by gradually nodifying the frequency f2 and
proceeding to step h in the event that the power in the lanp circuit
-exceeds the power set for the. lanp by a given margin; g. riéniuly208g the
current in, and power of the lanp circuit according to steps ¢ and f; h.

. nhi bi ti nglineshprtgereiatthopowér sasat [Puigrasefmedsthpradétrewn edgiun adargin of
time approxinmate equal to 12/ k where k is a positjive nunber; i. .

pr oceedi nga”tdon"?‘gt%gveé%ﬁﬁ??lﬁer i“H“‘E)‘FSeg’ét‘gf‘f?f AEPEERiCAL OB R Y9 hE/% 2-Lolfst i ng
fromthe s " r-at L Q. rld R A, .

cl apsed: gt 2PecpiE, BARGHRL WAIthe BH) SRS REAL EHARHE FhE Rl Rfucion
power - ver dyoletdsdllbataain Fig. §,iwistreiaviiis divadtivet s canuit vbkeapep. is the Vdiggeehhod
as clainmed in claiml1, wherein n is a nunber from3 to 10 I 1 16 July
2002 3. THBE Hstmbandd!ldp Hiermeenal al E aPveT senstieldein t2 is a duration of tine

nunber from 6 b Uaes® o Hilf FERERARaat B 8 L OLD hinRERES ' & T

| anps. saidiivet ecitraIlkt & BAIbiEshe BAVirndoRrRNRIENntf Aed PEWEOSIPBBL 1YV & SlifhEdt, a
driver, two power switches connected in a halt=bridge arrangenent, an LC
seri es ci radiand then grsubsaquensiy ywotdhed ofor control i nb the operation ok- the

driver, and a power.,sensof.in the power . tchi circuit, said nmethod
conprising: a. %él\éﬁérlbé.t' Rg Pl s&s r(%}&r%ér@é%c@f’fc&g’fﬁf O&’efﬂalgﬂe%Feﬁf’WZé‘& time
period 1, sidy@i RaneauRnt tsensok isf indMIRIMG that the 18mp Qe V@rrki B IRIppBddut b'S
equal to the resonance frequency c~k"the LC series circuit of Fhe bal | ast:

b. swit chilargp fihe bfaakages hioyp Hilutwm efor, g skowey irf Eig. 6, wheking! ik dwedritehamufpur c.
sensing the active power in the |lanp circuit after the el apse of a

pr edet er mi'REES ()rglé ﬂgfe‘\?l‘?\ﬁ@ée pn tl%"qlaﬁllp‘]l’émir{ﬁ Bt %@Pg %t}i“‘scuéreﬁg%q“ts?r\/gé i nt eger,
and if' no act iReeAAYES Figs, PENPEAREA i§ NRishAER, 5 HEYLE exdMRAEERY] DYodsIST €P
h; d. continuing trﬂegvg({en ration of saii d SJI se’swofg#jr ea‘fjenrgy ??~ ga%s?jng a
pr edet er membdddirhene opeheicodtrdller’ wdetadledconme dzegsarwhen t he ger; erati on of
pulses in step a is started; e. switching the frequency f, of said pul ses

to an operati nff Bpsgetieydigiial part i Arivercantrplbinef 13 oy Sethallicdis fequiredhched;
time intervals of the lamp’s ignition cycle, including its warm-up period, controls the
signal from the current sensor in the lamp circuit and produces three output signals:
1) Signal P, permitting the driver to start generation of pulses;
2) Signal £, etfecting switching from frequency £ to operating frequency f, and
3) Signal g, causing the switching off of the circuit in the event that no current is
detected by the current sensor in the lamp circuit.

The analog part of the driver controller (Fig. 8) is responsible for maintaining the
set power of the lamp, producing a reset signal in the event that the power in the lamp
circuit exceeds the set power by a predetermined margin. A light indicator 90 (Fig. 8)
may optionally be provided, that turns on when the lamp reaches the set power.

The RESET signal, required to bring the circuit to its initial state, is formed by
components 18, 20 (Fig. 8) and 22d (Fig. 7). Pulses are generated by oscillator/counter
24 and repeated every 30 seconds. The duration of the pulses (100 mks) is set by
monostable multivibrators 26, 28. The first pulse is generated, e.g., 4 seconds after
power is supplied to the circuit, by the additional trigger 30. Binary counter 32 sets
oscillator/counter 24 to reset after a two-minute interval, and also forms a signal f for

switching from frequency £, to operating frequency f;. Pulses of 100 mks each are fed to



f. monitoring the power on the lanp and stahilizing said power at the power
| evel set for the |lanp by gradual 'y nodifying operating frequency,f;, g.
nonitoring active power in the tanp circuit and proceeding to step h

provi ded no active power is sensed; h. discontinuing the generation of said
pul ses during a predeterm ned period oftinme approximately equal to t;!k,

where k is a positive integer; i. proceeding to step a, ant 116 1Jue2@D2
predeterm ned per iock of time 13 el apses; .j. di scontl nui ng the generation
of said pulses for a predeternined perigd of tine 1~ k. repeating steps a,

b, ¢ pti 05|t|ve|nte uri ns~

c) transf g&’e cgcﬂl?ﬁ(aévaflgﬁé}he% SoeOnSiRnE Oty 5t8 VD %Qtraf’flsgora#’r g{%iﬁt 8] ng
the gener agdpagitd?fa2s ahd i gEes 44N tWhenRAWRImMA & dthtk PRk lastnd ensoM g, Gheehep f
and subsequently swi tched on. f . The nethod according to claimb5,~ wherein

n is an i nwihdke iro @Om@OS(Bd of tir, divde 46etebisigr 48 ceirlliatngnt® michcapael,tomﬁer ein

mis an in erfro hod d|n m5 wher ei n
lc is an H]‘Pf’gg"’e O%l? Onﬁ P‘@nalLf%abseqﬁ'ﬁée ]Féﬁgﬁf)%ﬁ Bmpgg S iSHbsgquent
whereinp i &pe@d‘tlo‘nrﬁt@ﬂﬁﬁrl%rromo%lﬁoﬁeﬁt 54}QrmsT the I@Sﬂ'ﬂoﬂoﬁ’é}(iﬁﬂ@ dW@ni t‘antCtlh@i'erE -
wherein ~3is a tine period from? to > m nutes. Thc; met

accor di ng nwosigia ifrem-thewwhoest sangor 3 and ita asaomtegelrcutdeED Iﬁmn(im@tes dlazahggen ut es.

A FewRal u%%@]’%@??ﬁﬂﬁ@y&%&@]&ﬂ 5 I sainitial siatec Dy 6 o8] cav]
cal oVl o2l & abemMg) wobeahe sliehcel caaboalligls. YNl o ¥Ti d Z]calcal

aU] ca] caV] ca] caV] cal caV] ca] caV] caV] ca] caV] ca] caV] ca] ca\/] ca] caV] ca] caV] ca] ca
] Ca] Ca] cal Ca] Cﬂ]}reac]m‘.a]t dar controlhng the power includes a non-inverting amplifier 56 having
"l "B(u((()'")**Gtp++,Q,,----- CAEHNPLI~ysmhbl]Wd Z]cV]¢ cal caVv

] ca\/] ca] ca¥j eawléf%ﬁﬂlea]fe%w eh]1%] ¢k E%{]lfé,aé]t{%b]séaf}’f: Spepjang Hes\aiea é]aqr% ¢a] ca]
2
ool o2l 02 Sl il HEWIRAE tomed tbresiston 60, 62, and inverting amplifier 64 thar

\/j ca] caV] qadpda®s d&]m&h@@&\aﬂma} ﬁﬁ]n@ﬁh&la@]embﬁaf(rax]srgta] ﬁﬁahemgl]tbab@avimaﬂ ca@y
Dz D~DDDG| LLLL+N3N7NON QR) R6RBRRSSTTT: T} xsni d Yi d_Z] V]| éca] calc
a] ca] ca] ca]1%[a@@&r?ﬁaﬂt@a]@afgwa]%ﬁ]dcﬁf]f@awc7é]] dhs/praavelagecyatics ]ﬁﬂ%’a]’b Pca] cal

A T
%W]&‘] ?f%%]g\z }f%&l?%m c}] © Q/]r]ated ga]:mg] ‘]ﬂvéé]“ég cg]axafga] cajc
aV] ca] caVJ»@&Wcﬂalke az]aﬂ@c]dhadtcme] safesdiaadsisios 8b ca]eqa]mca&mk@ai (e\hpacihae
ell1}111]111$"_# & O Q_ " a aaa@Mpccd]| W}xsnhc%m d_Z] V]| ca] ca]ca\/] cal ca

] ca] ca] ca]oé dhe gplespent dJupeivne aPeerpiéeny] ealpbifvg dafera)c %Ié ségiat dvikea] cav]
o& () br o B BhRg0 R b 81 BeRflncs 56 oxsssrine e ik wcsa%tf%formed by

resistors 78, 80. The power controlling circuit has a deep negative feedback due to
capacitors 82, 84, 86. The sensitivity threshold of comparator 58, and consequently the
power on the lamp, are controlled by potentiometer 88, while the protection threshold is
set by potentiometer 88. LED 90 provides an indication that the power set for the lamp
has been attained.

In the previous embodiment, the current sensor senses the current in the lamp
circuit at resonant frequency f| after the lapse of a time period of a duration ¢f=n/f.
When the current is insignificant, however, this necessitates a separate current sensor, for
example, an inductance sensor, which can sense low current. Hence, in accordance with
the further embodiment shown in Fig. 9, an intermediate frequency £ is introduced and
the current in the lamp circuit is sensed after the lapse of a period of time of a duration ¢,
+ t,, wherein t,=m/f, and m is an integer. The introduction of the frequency f;, lower than
the resonance frequency f; into the working regime of the ballast, causes the current in

the lamp circuit to increase. This has made it possible to sense the current in the lamp
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lower switch feeding the Iamp 4,

It will be evident to those skilled in the art that the invention is not limited to the
details of the foregoing illustrated embodiments and that the present invention may be
embodied in other specific forms without departing from the spirit or essential attributes
thereof. The present 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 rather than by the foregoing description, and all changes which come within the

meaning and range of equivalency of the claims are therefore intended to be embraced

therein.
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half-bridge arrangement, an LC series circuit, a driver controller for controlling the
operation of the driver, a current sensor in the lamp circuit, and a power sensor in the
power switch circuit, said method comprising:

a. generating pulses of frequency f, for a duration of timc ¢; being equal to
n/fi, where n 1s a positive number, and f; equals the resonance frequency of the ballast's
LC series circuit;

b. monitoring the existence of current in the lamp circuit after the duration of
time £ has clapsed. and in the event that there is no current in the lamp circuit,
proceeding to step h;

c. monitoring the current in the lamp circuit, and proceeding to step h upon
determining that the current in the lamp circuit has ceased to flow;

d. continuing the generation of said pulses of f[requency f for a
predetermined duration of time #; counting from the start of the generation of said pulses
according to step a;

e. switching the frequency f; of said pulses to an operating frequency f,, at
which a set power for the lamp is reached;

£ monitoring the power on the lamp and stabilizing this power at the level of
the power set for the lamp, by gradually moditying the frequency /. and proceeding to
step h in the event that the power in the lamp circuit exceeds the power sct for the lamp
by a given margin;

g. moniloring the current in. and power of, the lamp circuit according to
steps ¢ and f;

h. inhibiting the generation of said pulses for a predetermined duration of
time approximately equal to £-/k, where & is a positive number;

i. proceeding to step a until said predetermined duration of time 1,, counting
from the start of the generation of pulses according to step a, has elapsed; and

j. inhibiting the generation ol said pulses until the power to the ballast is first
switched off and then on.

2. The method as claimed in claim 1. wherein # is a number from 3 1o 10,
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"1098& () 1 iridh %ErdnbefiR, an LC series circuit. a driver controller for controlling the
operation of the driver, and a power sensor in the power switching circuit, said method
comprising:

a. generating pulses of frequency £; for a predetermined time period ¢,, being
equal to n/f. where n is a positive integer and f is equal to the resonance frequency of the
LC series circuit of the ballast;

b. switching the frequency f) to frequency £, 2 being lower than f;:

c. sensing the active power in the lamp circuit after the elapse of a
predetermined time period £, equal to m/f>, where m is a positive integer, and if no active
power is scnsed in the lamp circuit, proceeding to step h;

d. continuing the generation of said pulses of frequency £ during a
predetermined time period #;. which commences when the generation of pulses in step a
is started;

€. switching the frequency f; of said pulses to an operating {requency f; , at
which a set power for the lamp is reached;

f. monitoring the power on the lamp and stabilizing said power at the power
level set for the lamp by gradually modifying operating frequency f;,

g. monitoring active power in the lamp circuit and proceeding to step b,
provided no active power is sensed,;

h. discontinuing the generation of said pulses during a predetermined period

of time approximately equal to ¢/k, where k is a positive integer:

1. proceeding to step a, until said predetermined period of time ¢; elapses;

i discontinuing the gencration of said pulses for a predetermined period ol
time {,:

k. repeating steps a, b, ¢ p times, wherein p is a positive mteger, provided that

during step c¢. transfer to h has taken place; and
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L discontinuing the guncratlon of said pulses until power to the ballast is

switched off and subsequently switched on.

6. The method according to claim 5, wherein # 1s an integer from 3 to 0.

7. The method according to claim 5. wherein m is an integer from 3 to 10.

8. The method according to claim 5. wherein k is an integer from 4 to 30,

9. The method according to claim 5, wherein p is an integer from 3 to 5.

10.  The method according to claim S, wherein 5 is a time period from 2 to 5 minutes.
lt.  The method according to claim 5, wherein ¢; is a time period from 10 to

20 minutes.



