~;e3e{{| @6T~ H ,wo ~sooRZ~ (00002"'" Electronic b MMHWUM!“WH | east one

| ow- pressure discharge | anp The present invention gfg Qbi
.ballast 5 for the operation of at |east one Iomfpressuﬁﬁmﬂlscharg £#§ 0
according to the preanble of claim1. Usually, no ts are used
that supply a high frequency alternating voltage ﬂ@ﬂ@mg ﬂﬂ[scharge 10

| anps or fluorescent tubes. Apart fromthé-voltag h el ectronic
bal | asts are used, noreover, to preheat t he electrodesmﬁwrthe gas di scharge
| anps and to iEbhetceramic dpsl ba Leas k akd t hereof, the
degree of efflgiggggr%é i%ﬁ;lanps |s 15 |ncreased a Ionger service I|fe S
attai ned and reduced | anp out put (dlnn1ng) I s al so rendered
possible. In this connection, before the igniting voltage is 20 applied to

the discharge -fﬁérppré&e’n@'ﬁ%érﬁgfén OfeidesOtbSaRleiblrLaAP- 20812858 MUl €

preheated for specific perjod of tinme, thereby attaining a conparatively
gentle start 0ﬁ°¥ hehe FREERAMRE AT oheRFL SR %%WTP’F%S%‘FI? he | anp.

Preheating is 2bsChdLsé eThnth tdcddeding ©6 @@élﬁ,h@ﬁbm dhag1himngs about a

flow of current through the two coils, In a ballast that is known fromEP O
707 438 A3, for this a heating transforrrer I's used, the primary w nding of
whi ch transf orwmaibypammdm tiva 1 Tees tosit god wéedinthm&ﬂm}_ﬂpl}ZOaahﬂghhi ch

Luo Tanp coi | ST TS (h P 1 RS b O SRR honcy i

set forl® he allaanmtdmgflmzt@ﬁerstuptplbw byApatetlfm@nttehe wbltagér equency

Is varied inr n ég¥§ggg resgnant
circuit in suc%l :’\L/g é11E|l:at hé-::lhe volta egé]hat |seéa¥éllll9§edato t eég(lgschg‘?ge

| anp 2 6 Am@;gﬂggt;phe electrodes of the gas 1scharge lamps and

to ignite and operate the lamps gently. With the aid
thereof, the degree of efficiency of the lamps is

15 increased, a longer service life is attained and
operation with reduced lamp output (dimming) is also
rendered possible.

In this connection, before the igniting voltage is

20 applied to the discharge lamp, the electrodes or the
coils of the lamp are as a rule preheated for a
specific period of time, thereby attaining a
comparatively gentle start of the lamp and thus a
longer service life of the lamp. Preheating is

25 effected with the aid of coil-heating that brings about
a flow of current through the two coils. 1In a ballast
that is known from EP 0 707 438 A3, for this a heating
transformer is used, the primary winding of which -
transformer is connected to the output of an inverter

30 and which transformer has two secondary windings which
are each coupled to one of the two lamp coils. Before
the ignition of the discharge lamp, a frequency is set
for the alternating voltage supplied by the inverter,
which frequency is varied in relation to the resonant

35 frequency of the series resonant circuit in such a way
that the voltage that is applied to the discharge lamp



does not, first of all) bring about any ignition of the |anp. Meanwhile, a
substantially constant current flows through the two secondary heati ng
.circuits with the lanp coils, whereby the latter are preheated. 5 Aﬁ%eﬂPR%UZ
period of time that suffices for preheating, the frequency of the
alternating voltage that is fed to the series resonant circuit is then
shifted in the direction of the resonant -Rrequency for so long until the

t hereby increasing voltage that is applied to the 10 discharge | anp brings
about ignitiordagds tder | affrstAcsDral hg boind® dbodd 4y fgntridlk @95thd4 817

Ul) b : i tch that. | - ¢ ) ¢
winding e O el S o SNrssat ) TP e hnl GREr AL LY

ignited in ordtrows thatugsh tthedwer seserdarhdieabing olhewiksewbtbur. The
demands on thecheelrelcat‘{porgociltgﬂl 'vﬁfélsel?)? ,h{g Slﬂtﬂéﬁfecéfé’ &Q@&ﬁ?m ng nore and

nore extensive: THUS,” for "exanpl g, I's usual Tor a dinmng operation to
be 20 proovi dedfiter tehgrisodlick g thap sufiites Pmprgheatings ef f ect ed

to a great extgpy m%#péégweahe £l dnd i Ad v BB & ©ed ¢ OflesE£QOLENY

bel ow their em ssion ’ ature and thus | n premature agej ng of the | anp.
In order to coift dexdies HeSWFHCICLIIFHEL DL tdhen Gkl ERrd tHe ©B8 di scharge

L\Ermha! SO ?eefai:]z%&eﬁd}e&ged:tﬁéi 1&a§<fi{érﬁi rflﬂ@@jéi?c_ﬁujféflgsé rm;x@ag@tizfn in

ich ignition_has.already. taken place.. In rticular, it,is advantageous

Lo set the hediiod e o AT L LAYt ot SRR SR FReTBE o nmi ng
: n supllog_ way didheatge Hea;ni;ath:eirj%eﬁm_m elgrailtli drn eo frot e l_é:mp%r:)eat (7367t 228
anp i s di med, . 1.8, r Sy

A3, the heati %‘gccéﬁlhdgseﬁoe(rﬁep} %es I s]f'%segu a‘%%f%ﬁér)ésﬁgf{ﬁae%i% n%)(?i n t hat

t he switch thapemsingmentidich thal il odnnectred pin eexias withlitigei s

closed for a h } WBndi 6 PR 003 e 2% 4 l@stewnaithdly | Headdi tion

al so take on y}%o&rﬁ%yo;ﬁr%hfn&ﬁcti on nonj toeriqri;g1 h‘é&gtat es of thétédlcgarr%l in

order to be afif&ar tha dampdrs Reenhpdnkteshan frder deh&@IUERl i ntroduce
approprisat € NPRNEES.ogNtd tRA ddidlotthetwi dansecean, for exanple, exist-
if one of the two coils or even both is or are defective or if the |lanp has
been conpletely renoved. In the case of the electronic ballast described in

EP 0 707 439 Ahe tdemarnid age tireoelosrtosenic rkesl datrs thatthiss connected in 10

series with ”E%rﬂxrécgﬂréh W ndi ﬁé@?‘?&ﬁg‘ﬁé; e ald 4, d he i ng

current are neasured I n or 'er .O | 'ere 1S a coil -break or
whet her the | f9r lexanpEde ridnovedsuadmfidr ardimejae npens- ke tethod t hat

has | ugly been gL S J¥ RHdemd MU Rt Oling N SIRLE, Ofnm@iﬂcg , but
not on what type of lanp it 1s.” Oten lanps do not differ externalTy, yet
have differi ngFhatedss iekhe R & IEaRF @ Ftite obshe W& mtion. 1f a

| anp whose 20 ressiflay MBNashd Qainy el sl fsde $ Wdol ey Heldw aihigibal | ast is
thi's 1 mpal 1o (FBATHH SRRESRE LR A1 e o (RALes 4° 408 & so 1 osult
in damage to tthe llawmp. Suoh qudex dis amudtterrsct this effect, the
25 electrodes of the gas discharge lamp also need to be
heated to a certain degree during the operation in
which ignition has already taken place. 1In particular,
it is advantageous to set the heating of the electrodes
as a function of the degree of dimming in such a way
30 that the latter are heated all the more, the greater
the lamp is dimmed, that is, the darker it is. 1In
accordance with EP 0 707 438 A3, the heating of the
electrodes is regulated during the dimming in that the
switch that is connected in series with the primary
35 winding is closed for a short time.



25 avoi ded by detecting the type of |lanp before ignition in a short check
measur enment and introduci ng appropriate neasures. This can nean that the
-lanmp is not preheated and ignited if it is the wong type or better 3téﬂ{
that- activation is effected that 30 corresponds to the performance ? a @@
of the | anp. Basing, considerations on the prior art nentioned above, it is
therefore an object of the present inventi3h to specify an electronic
bal | ast for operating a | ow 35 pressure gas di scharge |anp that perforns

t he functions whbcbamaaetjBhbuhdedndaddﬁtﬁ@@,aﬂmm:tbke banp 2 6 APR 2002

-4 |dent|f|cat|§ Fg%&ggtkgﬁ Feas opli ke 1 b%g %% s@ggeagg %%I|}g thg W th

controllable ou possi ay 1nterms o t 671 al
and circuitry. OEdEhlsoobpeablest@cﬁﬁ§¢@@ Pespddide opexagibnadt which has

the features Oﬁlgka&gbﬁceénahHPQhEQBHuE%aE %o Elﬁ@@ R@EE%%ES'S ah

eval uating circurt arrangenent which pose of identifying the
type andSthe sOReFasiopa ﬂaﬁﬁuréépéét§a§ndf§FaP6&W§§ebh§xé§Fré 9w ng

|0 through theopr tABr ¥w¥ Being 8k Ekenheathndst bansier deteardven oxddigt i on
al so the current flomnn t hr ough at ?tﬁé one of the two eatln circuits.

The type of '| ahpei s2PReR2EqRRERT FERP YsEerpyethe Lt F ﬁtcﬁﬁ | ows by

way of the Ianahéoeneaaeonﬁbcbaneasesaaberabha 4ni E@ble709aa80eadf, t he coi
resi st ance. coaléhe5|stance in turn is a hargéggrlstlc fea e .for

dlstlngU|sh|ng B&t VREREPENBECPhAF RS %t RESEE r ARcECTBGTE 5K%f%¥ent
perfornkoce feaeuies. wihb ther poimakyowdghding pfi they twandifogmean aride ot her

hand, 20 provi dage! Phe" HBLLORGORhERE! aLe Gkadichadh oFhel kANt of mer

steps down the heatin towards the lanmp to a
great extent séetfgt wh@thQVepbeﬁe éaua F@sﬂsbaﬁék OFoWh?ﬁbﬁr ghet, are

stepped up towasds LHS BebHBL¥mWABE Retom! RBePER2YUngEMeRA® . Of the transformer
therefore depends greatly upon whether the coils are intact or whether, for

exanple, a coil is defective and thus the pertinent secondary heating
circuitiss intEhéUﬁéeHodBQhEurhberﬁuée bééniaennlahkacpraﬁlabe invention to

d bl tinmue t t t d th th
ol I “heati ng.  TAFSTELABR BychnFnokBLs: dontbentalieel BifonStart 235 ¢ hat
t he connecti ontppet bé pampaiy wendi Afteh lhwpbedbi ngtt dafiséornmer to 35 the
output of the bhygrheiils $E8UhavETaRerarRhY beEktaah1SPhlaReEaRy Sting of

two sw tches, .
and different power consumption. If a lamp whose

20 performance features do not suit the electronic ballast
is used in error, activation errors can result. In
comparatively simple cases this impairs the
illumination, but in more serious cases it can also
result in damage to the lamp. Such problems could be

25 avoided by detecting the type of lamp before ignition
in a short check measurement and introducing
appropriate measures. This can mean that the lamp is
not preheated and ignited if it is the wrong type or
better still that activation is effected that

30 corresponds to the performance features of the lamp.

Basing considerations on the prior art mentioned above,
it is therefore an object of the present invention to
specify an electronic ballast for operating a low-

35 pressure gas discharge lamp that performs the functions
which have just been described, that is, lamp-



2 6 APR 2002 -5 the primary wi nding of the heating transformer and a
coupling capacitor being arranged between the two swtches. The
-bidirectional switch can be fornmed by nmeans of two field-effect traz;i ﬁl‘sﬂﬂ@l
that are 5 connected in series and are orientated in opposition to C
other and are preferably activated by neans of a common pul se-w dth

nodul ated signal, with the pulse duty facttor of this signal determ ning the
degree of heating. Wth the aid of this arrangenent, tenporary 10 di scharge
of a coupling ki firation aidriedhiomeohebhe n@t%tecgftthg hamp deddand
thus a symetrica 1{@%# e t o} s of the
i nvention cons JEI tut ﬂ%b‘}/]gé:% %%%ﬂ%ﬁiﬂeégﬁﬁ‘f arﬁn%t}q eérgg?gft:ance

val ue of one @osgiblevrwolay i LemEe | of oRakeerial jereredFRUIEEY L anp type -
as has already been nentioned. The latter is determ ned by way of the peak
val ue of the so-called pin current. In order to |dent#gi/ a coi| 20 break or

renoval of t hhspebiert cif rashioned Y pReaRs yohi fidp o WRiehehage
time as well tdie Hdhtd£LYE adlaifeasur exh afbdetdnt Ufé£tise a6£ Sieé i N

relation to each other, This t hod. makes it, possible to nmake t ement
on the state aqtlr?ﬁaﬂrfp %?‘ﬁéﬁ?ﬂ%t?@r%‘fl RAETHELTVO Y 4 ‘?IPUC Pati ons.
In this conneaiheomurgose crﬂetf@r&hrl@yirig stthextaypmen:hdr\/rtelné]atamemf act lanp
is present an onIy ubs Y. t n@_ﬂf order to
i ncrease the (rjtel-f ]ba |ty£eo ‘ﬂ% acflcferm Rat T on %?gt%ﬂxle Wi‘g%
measur erfent cazhmgaruhewmamwdmebetm ehea:mmmw@ms@cprmhe
preheating of Ihe g f%qdmeorr B AL ARG DTSRI

a can en be aSSOCIated

conpared with |ntern st ored reference val ues. and

with known | afipasfpene P%ﬁt‘ﬂ'tﬁ N heRlt e Hecwisi+« ofhe Heyes of

coi | - preheati nganmdi & ehdraNdritertidd ang ltﬁéb.éuﬁi'ﬁg ttHeeSduPentbeciea¥ ri ed out
to determ ne vﬂtther t he cor%gs 6 APR 2002 c(é?also actually cold. In
this way, m siTHWSHEH HA0MRE iThe FATRGRY 1408 | "8?'?‘ FRFSFEFR-S vihi ch can
occur afster a sshardableemmeamines dfithe ecoidhnrds stemaked. THe coil

current - measurEIRISL RIS B SABLANY P AILEL AL LA SARS DioiTeasur | ng

the vol tage drops ACT 0SS Two Heasurihg Tesl stors are arranged in the
heat i ng cir cuidisdfindvd ghinenrbetmeant rilgmmﬁj thaet v ddmigameeati ng circuit

of a lamp col lagRanaideelnhe 1 #fkarluigdi oyl ONfEus | hepgaivent i on,

the electronic ballast is constructed in such a way that the coil-heating
is activated SRS HERISTE R REESNY inding 2 (e QHRRT iRargpl i ed

to theJooad cigraitiided t:thftchenalnauan lcs‘n IHe ascacd WELi dmg he thewe of |anp
15 previously deter%ne I.n_ord cl:set t he. coil atln as_.a function of

the degree of T ShER% he, Perg AiaRs thatthe‘t he | owering
of the lanmp crp:rimarybrvuughtngabmnaztn;s ttthee diamp ngo o dreat aRkerst tap be
SUbStant'allyﬁﬁ%ﬁ“ﬁﬁﬁ”f&béfg Jﬁ’ééﬁiiyggiégknce, for their part, are

stepped up towards the primary winding. The behaviour

25 of the transformer therefore depends greatly upon
whether the coils are intact or whether, for example, a
coll is defective and thus the pertinent secondary
heating circuit is interrupted.

30 Furthermore, it is an object of the invention to render
possible optimum control of the heating current and
thus of the coil-heating. This is achieved in
accordance with claims 5 and 23 in that the connection
of the primary winding of the heating transformer to

35 the output of the inverter is regulated by a
bidirectional switch consisting of two switches, with



20 current. The level of the rated value for the pin current, that is, for
the sumof the lanp current and heating current, is, in this connection,
-determ ned by the electronic paraneters of the lanp. Preferably aSZW?hPRZWZ
after the ignition of the lanmp, a check 25 neasurenent is carried out at
regular intervals in order to identify a coil-break that m ght possibly
have occurred or to identify renoval of tBe |anp. The invention shall be
explained in greater detail in 30 the following with reference to the
encl osed drawi tige i privarcy: winding 4f stivesheéheirgehphnsfoembodangna of a

circuit arrangeneni. i ] | LON. 35 . FLQ 2 shows a
timng diagr arﬁ%\‘ﬁ’h’é&%ﬁ%@é‘r’%@ égﬁ%ﬁﬁ%ﬁnééggeegnaﬁ{a hg{v%erti nent
states of the switches. dUfhegpiderectheondti swinghopanabeohoshedhby| anp; 5
Figure 3 sho L m | Lgpa e e the ignition
of the |anp; W;“r‘l .32&?2“91‘5 Zﬁ%ﬁisagé%foés% Eﬁ?‘?%ﬁvﬁ%ﬂgr%ég? %ﬁé different
oper ati iy phaseenrgcted imngeries |FnQcRER dartenhpted HBuPBPASiERED| RQert er

of the ballastgishforues Dy aafal broréd s $0ast $142H8d0byt MBagbe6ET QNi C
switches S1 and S2 which are, connected in_series, Wt tch

. h each s
consi sting of ZRMME BYkperWididt 1 uﬁ%ﬁ’%i%’t%ﬁ‘d’l’h‘é”ﬁ%‘%% PehR€ S1 and S2

are activated dycywafaddor VOf tiEhie nedagnall derteArintapeche véeygreédadbfare
connected to the gates 3'? t.he tran%s%g\r,\%shand which | ea
n |

. dto a
cont rol / eval utTRgRT r c 1B PR R th FEEAPCIRDIN. FTARCTFBTEr 20
out put Idf the disdhdwrgelgef iz coupkingd-apacibtondgonbainedtie dheect vol t age
UBUS, which c . r Y, pi n mai ns
vol t age by neﬁ%%%%%‘?ﬁtat{%nao r ad?%{ltlﬁ)n%%%eéen e %ﬁ%%?%ssors and
rectifiers, i|sheppinededrade immAktalmeds an alternative to this, however,
any other directvoltage source can also be applied to the input of the
hal f-bridge. The load circuit, which_ caontajns the discharge |anp LA 30 is

connected to tFRFRADACHIIBREILS Qb TR TFERETIR ¢R$HEEREFmON nodal

poi nt afs t he tawbfedd aiscdd KR . subeldnngl. ciTheli tesDiiSanée wilwe seri es
r esonant circ%%% whi ch_ i coqgosed.ﬁg an inchtance coi H} and a resonant
t g 1S e e

capaci tor C2. (PHerFordS ST used 1n order to determin
the lamp type - as has already been mentioned. The

latter is determined by way of the peak value of the
so-called pin current. In order to identify a coil-

20 break or removal of the lamp, the current at the
primary winding and at the same time as well the pin
current are measured and both currents are set in
relation to each other. This method makes it possible
to make a statement on the state of the lamp

25 independently of possible voltage fluctuations. 1In
this connection, it is preferably first examined
whether an intact lamp is present and only subsequently
is the lamp type determined. In order to increase the
reliability of the determination of the lamp, the

30 measurement can be carried out twice, once before and
once after the preheating of the lamp. The resistance
valueg thereby measured can be compared with internally
stored reference values and can then be associated with
known lamp types. Furthermore, before the start of the

35 coil-preheating and the lamp-identification a short
test can be carried out to determine whether the coils



35 capacitor Cl is arranged between the inductance coil L1 and the resonant
capacitor C2. The upper cathode of 2 6 APR 2002 8 the two cathoﬁaf g@ 00
-the | ow pressure gas discharge lanp LA is connected to the connecti A %
bet ween the two capacitors Cl and C2. The two cat hodes of the lanp LA each
have two term nals, provided between which there 5 is a respective heating
coil WL and W2 for heating the cathodes. -B | ower cathode of the |anp LA
is in turn connected to ground by way of two resistors RL and R3 which are
connected in sareealsdhactsaadhby teldi nallnothibewagsonant capacitor C2 is

| i kew se al so conpnegte owund LAcand t resonant
capacitor C2 a?ésé8ﬁﬁ£§F§§3#2°§ér§ |5ﬁ8wgﬁghgg§§c5§g8n ofhgg ugcg¥5n of the
second resi st ovhRBhweah becdesgftéedaf ghohmerteamemains Eedltire, poapose of

heating the twg, coLg3\% anéhxfcuérgﬁethags éﬂéhﬂé”ﬁ&aaﬁrgkg¥§ﬂﬁ t hat

consists of a primry w nd | so o two secon Ings Tsl and
Ts2. TheS seconqﬁfycwﬂdmggaq'bl caﬁa g omgagusisg Ebﬁnyeﬂ-éégﬁndaosvén es

circuit arranggapskstwd ﬁQaé€§P§§tk¥§1§9bkswﬁh§EH ¥2eOhrii8gkan®PnlA SO
that two separate secondary heating circuits are forned. The resistor R3 is

ar r anged mnth|ﬁh?hbeéﬁéﬁﬁdﬁ%ycﬁbﬁt?ﬁgtE?rEEFWaBY ¥RBALBAeANELAR BReso t hat

both a | anp cugéeshddtpwhegt ihgoughctbe banmp LAmpndoiherbepeigvedycur rent
flowi ng through the |ower coil W flow in the same direction through the

measuring resistor R3. The primary winding Tp is a conponent part of a
series Irorcuitlaraafgeukat dévebopmenti ofiathy haseatdionpl thg capacitor C3

and o control{ abl eoatdt£lesa 5 20d-5da2BubELNCE WOLAN! g PELLR Y

wi nding Tp and e coupring capaci are-arran ower end
this series CIth@lGOElfhﬂgthQtl$Sathﬁé§©§daD@ ghguﬁueqyemay of theurt her

resistor R an&'lﬁérﬁéél p%legsge ghaé f@nggﬁiféat €o! éﬁecesaancmeéahtpm nt

of the two switches 35 IS connected
in parallel wV¥htRhehe ohameieuset ad ?hEuPSRk?anEnEheoprezoé APIP 2002

_g_ theidal f - bpi&geoude decesmihedes £3 epdeSital sereand eensist of a
field-effect transistor

b d
orientated in BpPOSFEi BN %oéﬁﬁﬁﬁl%ﬁﬁg gBIn géggeb?goaéﬂ??%é:?%sﬁp?ch i's

f or med. lamp, it can be established that the lowering of the
lamp current brought about by the dimming of the lamp
is to be substantially compensated for by the heating

20 current. The level of the rated wvalue for the pin
current, that is, for the sum of the lamp current and
heating current, is, in this connection, determined by
the electronic parameters of the lamp. Preferably as
well after the ignition of the lamp, a check

25 measurement is carried out at regular intervals in
order to identify a coil-break that might possibly have
occurred or to identify removal of the lamp.

The invention shall be explained in greater detail in
30 the following with reference to the enclosed drawing in
which:
Figure 1 shows the exemplary embodiment of a circuit
arrangement in accordance with the invention;
35 \
Figure 2 shows a timing diagram of the control signals



5 Furthernore, the two free-wheeling diodes D3 and D4 of the two
transistors S3 and S4 are shown in the circuit diagram The gates of the
-two switches S3 and S4 are activated 10 by means of the control/eval ugAPRY0N
circuit arrangenent by neans of a pul se-w dth nodul ated signal by way of

the termnal A3. Located between the two gates, furthernore, there is a

di ode D1. The common nodal point between-t7he out put of the diode D1 and the
gate 15 termnal of the switch S3 is connected, by way of a capacitor C4
and a resistor R4 connecard theppeatirénti batéssofapnei beitCAest 0 t he

Finally, the Cirouit arranGongnEonoaornra(@dirpiectrb es08hsol bR oy

are connected to the contampfeval uating circuit arrangenent and which are
used to neasure the voltage drops across the resistors R2 and R3. The
measurenent signals at the outputs A4, A5 and A6 25 are used to identify
the typesof | afpbgere 3o shoestathiminat diagraneof abpe contrps, signaheck

whether it is intact or phebper+RESSERIYioREoPf th8e1iMB. CQhlS i s broken. On
the other side, the controﬁeva?uati%lg cilrcuci:t arrangfeﬂﬁrrént, by neans of the

clock signals at 30 the termnals Al and A2, regulates the alternating

vol tage, whichriguf&dst oshdRs! #agossiblet f1aRdchdyt neaNcheé dbefpvkae- W dth
nodul at ed signal at the term nal A3 re%ul tgﬁ tﬂe heating of the coils W
2962 Phink?fo

and V2. 35 In the fol | ovPRGH2FIPItPY 8BP-the Z s aPR 200i -10
bidirecdadonal switch forned fromthe two field-effect transistors S3 and S$4

for heating the colls éé‘dm‘é%ﬁ’f'gﬁilg f‘C%P{é‘tiﬁOePée#hcgf'éHE LA shal | be
expl ai ned in greater detairl. i'gure shows  a typrca I mng di agram of
the control sikmblast hts Seormeppbyecd halfteridgeccompiseing, of2twad A3 and
al so the resul ; gt t pegating
state of the I%%Ei%ﬁgvﬁ %%éﬁi%é iogjr:]i%%‘%f%:ihg%?e%ﬁ%?éﬁéﬁée?gcgﬁand t here

is slight di nmieriesn Wik ea@heRvibrh ?%@%i%?i?gane?%a%@ﬁg€%¢bﬂals are

applied g0 thestesdt Naksndlsede. A2TRéE the sWDcERes-H1igge sy dsles S1 and
S2 between a hl%ileve H and a %owlevel L %f S fh a.way that in each case
He |’?

one 15 of the T @FELCHE WY PF WP SEBHR A% other is closed
(0). At the cadspeq@nivelpfthde aeéfdbonueected tdisheayatedi gh-Ethequency

alternating vo ; t he: per4 I h cy 1l/to is
generated and t;}e :bét{]cﬁltes P%g% ‘gﬁ}%l j_fggq‘hgggéeg?%gt%?l}é%@%liérgng%%gof t he gas
di schar ge | anpeixcyibAnmngensnicvki el nksl Byt t fRowryi afhenloverhe

frequengy 1/i qu@fpdhef! s Nadi Al ¥ Pad@Es f o BEed 650 GRbuAE quency of
the load circuit,. Alarge_ deviation in this conpection signifies a _high
| evel of mlﬂﬁWEﬁISt the direct voltage Ug,g, which can be generated,
for example, by shaping the usual mains voltage by
means of a combination of radio-interference
suppressors and rectifiers, is applied to its input.
25 As an alternative to this, however, any other direct-
voltage source can also be applied to the input of the

half-bridge.

The load circuit, which contains the discharge lamp LA,

30 is connected to the output of the half-bridge, -that is,
to the common nodal point of the two switches S1 and
S2. 8aid load circuit consists of a series resonant
circuit which is composed of an inductance coil L1 and
a resonant capacitor C2. Furthermore, a coupling

35 capacitor Cl is arranged between the inductance coil L1
and the resonant capacitor C2. The upper cathode of



25 In the exanple shown in Figure 2 it may be assuned that the selected
period length io actually gives rise to a certain dinmng of the Igg@.ﬁkﬁm
.order to counteract prenmature ageing of the lanp) the t~no electro A !
30 be hsated by an additional heating current so that they continue to be
kept at their em ssion tenperature. The heatin~c is effected by

| ow-frequency connection of the primary kh8ating circuit to the centre point
of the half-bridge at regular intervals zH and for a 35 predeterm ned

peri od of tinetheetwd ncatiesdedeaf i tige phagesressthe gapadischat3et hemp

d | th | t 2 0 - t t
Symmetr 1 cal SofhrtE ERERTt oS e Comidit D49 HSAP BRRke8R, LA ido |
the primary wicapagfprafCl hended@? i ngrhe abied ofathodes enf duhengamp LA
comparatively Lo0g plfe MiSe: &ifin®ls! Brberhdd doocd@SIRLERT tnbbe

or shou schar

coupl i ng capacl Id not Dbe di stcl n‘ged so that a symmetrical
vol t age Bi gnal izan pespreicive deeatingectl it yangd 82 nforphéatang thee. This

i s inportant ig,pPRsddSyl dFnd MSHEP C208Sdé NoNEKE Barfy! LA -1 8MPn Uphini S
formed, in which unit the peak value 10 of the pri rraré/ vol t age need barely
be applied to FPRNLTERR VR FrAHRLRY JEAY 3Pt g oFe$ Rt PHR- ResRREaRde coil s.

Ihfl}hg hgati D%l@iélﬁ)t%]fe\r/]\&ﬁzﬁ;é@lfé@d f Cil@dsé:@iéiéle CEié L@e(e?@mttei-mliﬂﬂ of )
alf-bridge just with the aid of. one n Wi tc r exanple, jus y
mans of the 181% RERCRHINCTaRTT S 4 nE® CLUBYHEE cabee! Corhesttiure,
however10 be digohmdjesb hawythd lamp | A camd| the ecedvominngeapadeted of this
transi stor durgi e | i | I r ] of e

hal f - bri dge isé%?%%é; &%é%&% h%l\g%eége%%%x%np a?%%n@?&[gnénti‘%%erefore a
bi di recti onal ®wiction of drtheddcond tyesiskor i RI deilbdre tdepcribeds 53 and
S4, with the gaigsnof fdieeiwWo transistors S3 and S4 being activated by
nmeans of the 25 conmon pul se-w dt h nodul ated signal A3. The nobde of

functioning of this bidirectional switch can also be inferred fromthe
curves i Fi gu@r Zhd fpififoss R héd 185 tthe otwd eyelld, whodmd swe | caes S3

and 54 are opened and the coil-heating is,swtched off..1f the control 30
si gnal A3 chaﬁb%agt%ri? atﬁrbﬁfo?% Jr—?a‘?r?‘ﬁleé%ég‘?clﬁﬁ nﬁo%?l%t%e%fi%g pul se t~,
t he | ower transritary swindims Thrandebew oivtwd Sbcosdaterebydithgsed (1).

1 | ' f - f i ' | d
However, as gf%g%cggfs%lppefhé%é&& %{@dﬁi‘!ﬁd'rt | Jg¢ tsoalsg@ close

(I'), the tran still remains . | ocker e second swtch S3 is
open (0). |n teAach prrrrected ridhta (SRILES oRkEr eyl hvadroAngerentntee mal free

20 regpective coil W1l and W2 of the lamp LA so that two
separate secondary heating circuits are formed. The
resistor R3 is arranged within the secondary heating
circuit of the lower coil W1l so that both a lamp
current flowing through the lamp LA and the heating

25 current flowing through the lower coil W1l flow in the
same direction through the measuring resistor R3. The
primary winding Tp is a component part of a series
circuit arrangement which additionally has a coupling
capacitor C3 and two controllable switches S3 and S4

30 between which the primary winding Tp and the coupling
capacitor C3 are arranged. At its lower end this
series _circuit arrangement is connected to ground by
way of a further resistor R2 and at its upper end it is
connected to the common nodal point of the two switches

35 S1 and S2 of the half-bridge so that it is connected in
parallel with the load circuit and the lower branch of



coupling capacitor C3 is charged. If the clock pulse of the half-bridge
_changes, that is, switch Sl closes (0) and switch S2 opens (1), tRié ARRMEe
potential of 5 the transistor S3 connects to ground and the switch S3 al so
closes (I). The coupling capacitor C3 can then be discharged and supply its
energy again. In order to switch off the-#teating phase ice, the PWLO
signal A3 is switched to a low level and the transistor S4 is thereby
bl ocked. The gafe Haf1 A-ha-ildgaNsi T 5 iswitlched 8 amd | SNgersactaatat ed by
way of the diode Dl and the . transistor S3 i.s. now k bl ocked. iy, a
passi ve manner"{‘mcﬂﬂ-ﬁ)o'a)?dfma t%@ﬁ St %4?3 leEn:a di t éot-hal %% lg?irf)a%tor c4
guar ant ees t hainfidya-dd @1%ins FIquS? ils -nidreswtidnthted W PRPRsBREPR Yy duri ng
the of f-phase ziff, ~on account of .the | Sl CORAG tARNEEh D | ASrthdld S
period of ti me-9q c,e@,cfh s\t é%@st %&%ﬂﬁn%l%c'are c:f'onsequently ols)en and any
di scharge of thettmmdrey dcheadiwoorf@e whesling dfodsre B and P4t
free-wheel i ng di odes 4 d efd ughed. sHdwt NS MRy . cLadspguent |y
at regular i nttg'fevgﬁ‘%o %%ag{&v%att%%t ﬁge3s1(‘%rrgiquency 1/$I'H for a predeterm ned
peri od of tingliagxam.alternating voltage with the frequency 1/zo supplied
by the inverter is 25 generated in the primary winding Tp of the heating
transforner and in the secondary heating cirguits.of,the t A, oils W
and V2. The biThe aatemat &he d?f;l"‘? ss"blftcgb‘?ﬁ s%ijrﬁﬂdr%%t?”f%taé t{o u%cg in the
bal | ast; ¢ hat iy, Gesaid ke they eortitolAsvaugringi plechit iserangemert 30 case
of a heating transforner_. and coupd i i t reyth, with
a substantial PhRRRHSE 3 r?‘{ajr?ee'cjtdf%? rg? %E%E%Eéa%?ﬁg culﬁfe‘tr’l&bcglfmng
attai ned t her edpe itemadalcase. JIpcHteddetweer gt tWwp Fake®, signal A3 is
then substantial |y 1 t,l_'ﬁaé]l_ rfé’dé &Pt h 9 Obohién nadaf1 APR 2002
Jg &%ﬁ#ﬁéﬁ?sig <" Qfﬁi A2. Th i

-13 high-freq ! nhals Al a e choice of .the | ow frequency

1/iH is dependeintupmetwess e iQutmit dhstirrditodmsDl R4 hel®n@aFend, not
too hi 9125 a fr NG nil/ZH e N EQP SN0 Gomeetesd | Hhpheay dobeas

sel ected, since.otherw se too_coarse, a %al?d] tion of t%e. hea; o#igtjt
results. SincecaRREHANMSA T F THRFFEA ‘E%?%%‘F'Ee at" AT upon the
l'i ght output ofidhechBcagdditornfcs] ickethageommon eodakspbint Gpft he ot her
hand, the sel etgl:[xeedtv];cg es uietn&}/eslléf' ar.% gﬁ)topetﬁgohalf—bridge .

Finally, the circuit arrangement has three outputs A4,

20 A5 and A6 that are connected to the control/evaluating
circuit arrangement and which are used to measure the
voltage drops across the resistors R2 and R3.

The measurement signals at the outputs A4, A5 and A6
25 are used to identify the type of lamp and to detect the
state of the lamp, that is, to check whether it is
intact or whether possibly one of the two coils is
broken. On the other side, the control/evaluating
circuit arrangement, by means of the clock signals at
30 the terminals Al and A2, regulates the altermating
voltage, which is fed to the load circuit, and, by
means_qf the pulse-width modulated signal at the
terminal A3, regulates the heating of the coils W1l and
W2.
35 .
In the following, firstly the function of the



10 I ow either, since otherwise the two coils WL and W2 cool too nuch during
the of f-phase ZH,, sonething which can have a negative effect upon the
-service life of the lanmp LA The selected frequency 1/iH of the pul 3&WPR708]
nodul at ed signal A3 should therefore be such in 15 each case that a
substantially constant electrode tenperature sets in. The effective val ue
of the heating voltage and thus the degre0of the heat output are

determ ned by the pulse 20 duty factor of the pul se-w dth nodul ated signa
A3 and by the bilateohsbnpl osertchnfoppedeénomhthai gWophasédireffimdtt he | ow
phase z~,. Sai | Sc peef b ' cLQr C h t.hyh h egnee of

di mm ng and thgr¥§%g§%?§faﬁg fé? #%eggﬁrbggggﬁgigﬁgng?ﬁ%g P%rgggt??ng t he
heat 25 out putangl| Fheeaekivaried P&rEher 1aBPold ﬁﬁa%hebﬁaﬁisph,lnﬁﬁi &R has
al ready ignitegrebfeppgeshetl. cl ose to the resonant frequency of the |oad
circuit and thus with al nost maxi num output, the coil-heating can be
switchedP of f conpletely in order to reduce power |oFSes. The 30 service
life of the | appghfeis sRbwsuhstypital | yiningi dedgiaer ebythei seackbe

operating tenperature of the e~"ecirodes igs sufficient ip this se. .In
contrast with ?hgg?iﬂuF?ﬂb #he %P%iéﬁgiﬁa g?et grggi}gpggsagh,végaand
conpar ativel y A3 gindeal soutipeit résuledrct stdatae of dehe 3fotp awkechespbisi bl e
for there to bg h e | [ d i d ignitien.of 1he, lanmp LA
buring the 5% SBRObGS HCErEhnd, FEall RE Phe Lo 8" ubity 20
furtherl@t a vigyibigh hasgabresdy/takenr plasetandkkeresiacelight

frequency |iesgighin bPantbﬁié?é&%@_étieﬁguee%m%%hslteﬁﬂae&ﬁ uit,
premature and unintentional 1gnition is 5 avo|ded. e process _of_igniting

the lanp LA i sSt@ReleR5ataPRlieknEAntRAnkeFMiRals Ake® P22 Bhsth8ve been

identified durtpg RAEf deieedé OswDEchbe S1asgdob2tberwasn ahRighsidfestil |
to be explalngﬁ i n.greater detﬂi# and du$|ngvthet|dent|f|c i on_of the
lanp, at the SAPBE & PPRIEFETHi Nt hEUTRnY YR¥e PRt +Pe5RERCF2EF PHE

al ternats ng vobf agiee stppl sweiit diyes hel hat f S&rislgepesed o\B) eandnthhappr oxi mat ed
to the resonan n 1 he [ | . A resu vol t age
ebbEE Yol hoL " AOSHE Sehte B5chygBtbhe BATRO! 20

that is applied ( ion rsfinally
effected. A sibpidgeeimothisrwvapqulhighgirequeray alteurating voltage

that has the period length 1, or the frequency 1/1, is
generated and fed to the load circuit. The degree of

20 dimming of the gas discharge lamp is substantially
determined by the deviation of the frequency 1/71, of
the alternating voltage from the resonant frequency of
the load circuit. A large deviation in this connection
signifies a high level of dimming.

25
In the example shown in Figure 2 it may be assumed that
the selected period length 1, actually gives rise to a
certain dimming of the lamp. In order to counteract
premature ageing of the lamp, the two electrodes must

30 be heated by an additional heating current so that they
continue to be kept at their emission temperature. The
heating is effected by low-frequency connection of the
primary heating circuit to the centre point of the
half-bridge at regular intervals ty; and for a

35 predetermined period of time ty. In these heating
phases 14 the capacitor C3 then decouples the direct-



20 function of the degree of dimmng of the |anp LA, shall now be explai ned
in brief. This nmethod consists in controlling the current that flows off
-fromthe lower coil WL. This so-called pin current is conposed of two
conmponents, on the one hand of the lanmp current that 25 flows by way 6oAPR 208
ignited lanp LA and, on the other hand, of the mean heating current that is
generated by the heating transfornmer. Thertmimnow is to keep this pin
current substantially at a predeterm ned rated value or within a

predet er m ned 8Dhg&gel EolnpéntAtpsbAtBAti & spmmeyrilcaledqhyrehangieng t he
alternating voléfge freguen

o the | current,_and the .el ectr.od
tenperature ar2°1EagEeHth ﬁy"ﬁglﬁlY?ﬁg\gnﬁgsgﬁ@/?oFSt Rgog‘bl&iet%i d‘r%l%rﬁ‘eati ng
of the el ectrogesmanp windbrgsepeof ethefbeaeiagpteansfiosmelr.a ®aent hat the
current 35 reduyction brought 0, kP js_to_ ke d for
a;ai n by the h‘g‘éﬁl']ﬂ% %u?glgﬂ?.rge"r#aély)zllégiP%g%gg#[zt%r?? r 5’%% g@‘fﬁgﬁ%ﬁ g
circuit @rrangenensfosmeher ther eogpbing abkpatdbroedCs nsbavhdanagybehat it
measures the philsCHAFGRY BOU-HRCUL AgimbEi B4l SPotkdLb Bighbe ean! bel

signal at the termna In an appropriate 5 manner: e“current 1Is
t her eby nmeasur@eneyabededt ytRAeRTFITHEY t WENGHPY afR ¥ oPPYUCESRS -t h&h&Basuri ng

resistor R3 by;gedfSoPtant VOh!PBEEIcHISF SHO¥EGht BasesSiAOWAEEhed tO the
outputs A5 and A6 and which is, a fﬁgﬁggent part of the control evahuatlng

circuit 10 ar rBRyEhent™BruRbht £ astf eWRHER  ¥RLF ¢ ERE P§aKn¥atLet er .
The valie t hatof stipe epeimany nedl fage theedi barelyevé aspiiedr toneldeby inter

connect  on. ¢ HeESPELETaNI - adhredt TerreRReat IS AR Ry ot RREY ¢

i ndependent |y ¢coihsifiBf the hepeing ¢inpuiktwere scopeected tbethei cal

par aneters (foilggg%’rpé . pL e J L t agp40Utput), and
t he activationé of ﬁ%ﬂ{dﬁgq%kggﬁgyfﬁgp%%ﬁ+; e%?ﬁ%% yta%ygg? ?Ee signal s
Al, A2 and A3 ometsitnRddefavitechi ifean eppmpLe i Heet nvineeansi afethanps t hat

have difd erent) facAeELhsi SXbLT 88 | Yei0b t €dupT g dbdp£EivEEYChi Wbligar not
at all, by means of automatjc |dent%f|cat|on f"the, 25 Iang gt t he sane
time as wel | iROVEVEHssP LLFPATITY DX (¥R PhrtRe riREeFRaL EXRSresult in

gnls?ti sfactorywlhd'czi@mngfdi@dehrmy of s ti:fam:tmg@zl' diuwrihe ehéepfef:ighﬁ
al last in accordance w 0_Jnvention, ot is identified by
measuring tre s %‘g%\é\%ﬁ%fi%ﬁeego?wqf%cggt%% %%i'lt%.: %T?E éﬁﬁqg?eﬁsmce is a

feature that scdé$eds to di stinguish between |anps which fit into a conmon
socket ,,ut have different performance parameters. Wth know edge of 35 the
supply voltage that is fed to the inverter, the sinplest possibility of

det er mi ni ng t hER cEh¢ PERFSREne¥emplary embodiment therefore a

bidirectional switch is formed from the two field-
effect transistors S3 and S4, with the gates of the two
transistors S3 and S4 being activated by means of the

25 common pulse-width modulated signal A3. The mode of
functioning of this bidirectional switch can also be
inferred from the curves in Figure 2. If the signal A3
has a low level L, both switches S3 and S4 are opened
and the coil-heating is switched off. If the control -

30 signal A3 changes to a high level H at the beginning of
a heating pulse 71, the lower transistor switches
through and switch S4 is thereby closed (I). However,
as long as the upper switch S1 of the half-bridge is
also closed (I), the transistor S3 still remains

35 blocked and the second switch S3 is open (0). 1In this
phase, current then flows by way of the internal free-
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2 8"APR 2002 -16 consists in neasurlng the peak value of the p|n current
which, in the case of the circuit arrangenent shown in Figure 1, ;fﬁﬁgﬁa
det ect ed by neans of the voltage drop across the neasuring resist ; ﬂ?
way of the outputs 5 A5 and A6. The ,coil resistance is preferably neasured
at the beginning and at the end of the preheating phase. Since during the
preheating - that is, before the lanp LA_iyg-ignited - [anp current does not
yet flow, in this case it is also possible to measure the 10 vol tage drop

bet ween t he L eGAL in @%98&%9%@' tRME EQahB%stgfnbhf'Gﬁé!r@ByOfthbhe | anp,
a conparatlvely ﬂ at out put proxi mately 5% pul se dut actor) is set

in order to av@PHP%kEQs§?PéChEaF|ﬁ 6F FhérSS s %F the. c#ﬁékhﬁpﬂsﬁrldge at

this tinme runsefttiehhahs 1bri 468UeREHgES, aanéexuaatghxt&BOBttc1$B@spln
current is preferabl neasugeg and oiig avera ed, ¢ch.case at the
1ECB Seh %

end of the Swi{8h-RApRY &Pt pR" S508ES; nalRBRRSRr Bige The
20 peak §a|UeStMBIﬁhaﬁsﬁsﬁBﬁSSBedoﬁnectQGGOIgreanh aaaethenpaiedhwseh a

The resul t of THE CONPAFPaOh - Forteaenphiil, GRedEERt Chchat) el Be™ ¢

resi st ance refélsohargeduandaseppbnuitedgnengyfagaine 25 cold coils W, W
and one for the preheated coils W, W2. It is to be noted in this
connection that the pin current is not only dependent upon the coi

resi stance, buinapzdenpbn swiétebi PLforhagbeahinghnBagpofmihdhsuPANt t age

UHUS thay is fedntiorthe i§V§&£€éheantargeio%OIEOeﬂVQhé pR&StbbBsistor
fluctuations and neasurenment. errors, the i entlflcghlon of the coil is

therefore not $ar}f cEheTebYinPipekedr FResgatenfha EeFF?@ﬁlaﬁaruﬁP|I after
the bus vol t ages UBLSo hekest AbI 1 bager é‘etﬁﬁaﬁéﬁebpairayeofothéldlobe\l\ﬂ\ler,

he b I S d be d d 3 d
Lhe vol tage. dr O3 acPbec PR REGELT? nbt r BeP<EaPc AT RRPR: ohAC8 BRRSERP A on

2 6 APR 2002 -matmher ety way egkabipéerégi$voxni Rg.thEheiafddiencnal vol t age.
In this gay, 1kg; {ﬁofv§2 gﬁﬁPgﬁ ?éetﬁthéﬁéytPHﬁsiQEofdéﬂtié figk! on of

the | anp |ndepe uat1on
sw1tched on unintentionally during the off-phase Tty on

account of the Miller capacitance. During this period
of time 1,7, both switches S3 and S4 are consequently
open and any discharge of the coupling capacitor C3 by

20 way of one of the two free-wheeling diodes D3 or D4 is
also precluded. In this way, consequently at regular
intervals 1y or with the frequency 1/1y for a
predetermined periocd of time 1y an alternating voltage
with the frequency 1/t1, supplied by the inverter is

25 generated in the primary winding Tp of the heating
transformer and in the secondary heating circuits of
the two lamp coils W1 and W2. The bidirectional switch
is of course not restricted to use in the ballast that
is described here, but can in principle be used in the

30 case of a heating transformer and a coupling capacitor
connected therewith, with a substantial improvement in
the certrol of the heating current being attained
thereby in each case.

35 The period length 1y of the signal A3 is then
substantially longer than the period length 1, of the



5 Afurther msinterpretation in the determ nation of the | anp can occur if
the mai ns vol tage supplying the electronic ballast fails for a shork§ APREN0?
-or is briefly switched off and back on. In each case, this is 10
interpreted by a ballast as a restart of the |lanp LA and consequently
preheating and identification of the lanp are carried out one nore tine.
However, the coils WL, W2 in this case argzhot yet cool ed and accordingly
have a different resistance. The identification of the 15 |lanp then | eads

to an incorreck; Esﬂiéquéﬂc?réi?éckosif@ii§1§| rovgngea2f or thei eneossi Bfl i ty,
before the resistance is determned it is exam ned whether the coil W, W
is hot or col dthe fleWeEreTIeRGY Ty o5 SRRt iYRORA Pialiny ¢ is
del i berately 280 phepdetonét h ensonevbné hamé|; heettoothigh and
identification_of the | is_onl arried qut_on the. basis of fhe

resi stance neagﬁ?%‘h%rh?ygfﬁmépreﬁﬁytof WeE %eaatqﬁﬁ%%a%.s’%ﬂ?&dts&?e\mm
differers formselepreadeasimoe cathéewl st etad edoanse hasgradaetononfsthee 25
this case only, d The disiingcti Eﬁﬁ\g A h a cold coil
W, W2 is madem%"")e/tl \A%Qé?g?%%%lsﬁgéne%ﬁg§ %I% % ang‘gg}?lntﬁfe gig‘lgl resi stance
within a predéieatin@dcbhenit thae apaefbect faporxen®l bight cawtrut efie

change is negalyy e it i§iﬁ%%’?dﬂ{‘@ﬁei‘ CO4th §IQeI|Y\1rem1£.S heh Ehevarm

and the preheating 1s carr out at a reduced level. If, on the other
hand, no changetkeh hardccrlei sRIECESH SEFRALRREY t b/ Tmdtaatiek R fr®ence of

a col d gpi | Wi1oWPe ptset hes 808 cot herwbse ! t e ehpat é691 81 dgk@rwenati on of
the lanp are car r:’t ed 35 out._.Thjs ckgck gﬁas%rement is also.carried._out by
SrPenhtP

means of two sTRf '%Q:%ngé? PP nt 799 Tarne SOMSLRIRERWAIER - 19 t o
the term nal ASamrithvdiea aoedptive capfetct oupdd tlse chargbde Rbfé nof hehease of

the identificatiogn t I [ S t ef | so carried
out shortly be T the enaé (a)%’r&t%cté@és% {%%&génr?%%@‘bfoﬁgeh%%ugps}r_ switch 51
of the hal f-brwiifeh nédblatedosignall Ahdsheubd there¢fope (Peapechniact, the
foll owipg rel atdanshige apRli o doodfinPeateyaboeseale dPegRASHEed CuUT T eNts:

10 IRR=IR3'n"1 /u a then denotes the transtormation ratio and n thenunber
of intact coi |%eMRSTIPUTEHELES gk f or mati onl5ratio a of the heating
transforner follows fromthenmaxi numcoil voltage. It should be ensured that

thisratio a doges noi,becone top |arge,, since ptherw se thecapacitive
CUrrents with TR U T Sy YERE OF LT VAT 51RY o SkEese 949 cohts | bRt es
during the opadegrem.of n2®riteat toutemat Late déeshihed dby t tiee | pubset he

primarygurrent o | ~ i t, 4l i i u ivid by the
transf ozfourrati ond‘%ta\{iéoa%%nliﬁ %ﬂh% é‘ﬁie%suﬁ&?h‘g%&f%ég?%t%%@F%g %ir o) u%es t he
nunber of coilkh the aedaiershim evrr stime deetwesn the shigh agphase etigbby

conmparing the £@sWHhe Wl phd &4 ef gNceghakiugalbb, Har peedeERa®1yagkel g t hat
is smaller than 1.3_results,.in alT robab%%e is a coil Tbreak.
Si ncecurrent AFFPTIIRGER WHrBUG® t HRITBH? VAR ERR YRR UPE of the

coi |l WL, accorrinmglnal hernppesrrosportPotamimétixed dedecséteind fthouhéde ot her
rand, o ourt SShaby2 ] HE LR B LERRUI DA GeS! S n g hErt e
i s consequent |I¥A pogsidh echamdel ezady hisgpbsed bl &s stpersted ¢hese app thea
sinpl e and35r apl (b BMWef raquency of the load circuit and thus with
almost maximum output, the coil-heating can be switched
off completely in order to reduce power losses. The
30 service life of the lamp LA is not substantially ’
impaired thereby, since the operating temperature of
the electrodes is sufficient in this case. In contrast
with this, during the preheating of the coils W1 and W2
a comparatively high heat output is selected in order
35 to make it possible for there to be a short preheating
time and rapid ignition of the lamp LA. During the



2 6 APR 2002 -20 A further advantage of this nethod can be seen in the fact
that a statenent on the state of the lanp is thereby obtained thabﬁiﬁ’zu

-i ndependent of possible fluctuations in the supply voltage UBUS. [ §t g 5
fluctuation in UBUS affects the result of nmeasurenent of the pin current,
the primary heating current is also changed likewise. It is not absolutely
necessary to wait until after the systenrhé4s settled and the supply vol tage
UBUS has stabilized. Furthernore, the influence |0 of possible coi

resi stance tol prehesting, atbe hadficbaidge tBeoparatedy fudthergatha norna

operation of the.|agp hAfi:gglrxéné&SQ{Poséf bifméé’tc:t‘f@]lﬁ-lihe siAte efngﬂe | anp

at reqgqular intervals n or ett a collbreak that occurs in
neanti me. For tnegusnﬁﬁoéées1wehbmebeve the reRpRapnEr ERETYRBGYd Ofotthgf f ect

the heating CUi&Q&tcieeuﬂachpréﬂatefénaha Lhifnbedtdonal agﬁa&&oholgnre t han
10% of the pin current. a coil-break occurs whilst thelanp is in

operati oh or #VPhée@anp |s renoved, this check nmeasurenent can be carried
out 20 repeatedly until an intact Ianp i's identified in the systemagain. A

restart can theg be initiatfd autonat|Cﬁ i ggss ible te orak sequence
of these measufBfieRFSCS8SRE cHIRALEPEuEEeLEBAPGRECFPLERTFOFS REE 108
i dentificati onknbwhhmahaep.andffno nakfdeceibnsnhatet heent atlentfiftied | anp

s shown i thg,}igngdi A0E8EY L FL8ULReSardDE SEaLheOlahBerhagpygecurs at

i nstant To. ﬁ e assuned here 'S T'ns ant Fe system has
30 al r eb@ly setste 1ake bacexpppipedoinageeares desailapndi dugingnibsiatel y

after the star bP the iikst agRel BggCRECK Neasurenent is
effected to de%%?%%%ggmﬁéﬂan gneiﬁtaclfthﬁ n% |se|nsgrtedgor whet her

possi bly therePFQdétéﬁminﬁﬁehﬁatEPECElﬂ%rEh?hgrﬁgHeBSYCG?rEH? at the

resistor R3 | SaTeaPRseind 61t Age PsLPBL Ye€Uby eBheOhal Bebegeheat i ng at the
resi stor R2, enen grcarr ied out at an

t
hotant TWat JAFEReErEIGoAPPEPRLPRRaT <Ca: ERRcE PPN EXRAVERAYAS o at a
hi gh | ev®l H tisehbsadl ckadyibeenAsaadreadlt| heheewesltegenthatar éspreferably

carried out shopbiyed befpre 10gSAnals Al 200 A2.608008qnEVIbeT O e

frequency of e ected fof ese
finally effected.

A simple method for regulating the heat output as a

20 function of the degree of dimming of the lamp LA, shall
now be explained in brief. This method consists in
controlling the current that flows off from the lower
coil Wl. This so-called pin current is composed of two
components, on the one hand of the lamp current that

25 flows by way of the ignited lamp LA and, on the other
hand, of the mean heating current that is generated by
the heating transformer. The aim now is to keep this
pin current substantially at a predetermined rated
value or within a predetermined range. If the lamp LA

30 is namely dimmed by changing the alternating voltage
frequency, the lamp current and the electrode
temperature are reduced as a result. A measure for the
additional heating of the electrodes can now be
selected, for example, in such a way that the current

35 reduction brought about by the dimming is to be
compensated for again by the heating current. The



If an intact |anp has been identified, subsequently two 10 neasurenents of
the coil resistance are carried out shortly one after the other at the
‘instants TLI and TLlin order to ascertain whether the coils W, V22 gpmggm
or cold. Since in this connection variations in tenperature or changes in
resistance are to be 15 observed, during this time a | ow pul se duty factor
I's selected for the control signal at thetserm nal A3. The spaci ng between
TL1 and TL1, anmounts to approximately | Ors. 20 Subsequently, in the period
of time z~ thecoﬂtfelﬂ&vaMamngpceheaiedarmmgementhnéat theirplﬁbreccurri ng

I n accordance wit e. St th t anple a
hi gher heat ou?ﬁﬁ? F%b%%t?$$m€%e ?e§§8§a%ce sure e Wegﬁurgatgﬁ I nst ant
TLI, is not 25pinweurtémn ame meéubae@sethajp@lneawudeh af the instant TLI1.

After the Pr eNEBLEPGy {4 {Bnaftal et "eLARInd} 20l N C0h! abERLBLRTER | S

measured agai nan e aid nmeasur enment at the tinme
TLI, TLI5, andmaprerhe Tlg/@ecwerrmwpmstla%mbmmsuwdthﬁ bsieslw, W 30

vere warm Onlr)(ew@r{ﬁg%ﬁe%msgé hiif &b NEGSE £ MERE héakakeAgi Nto

consideration; 1f the Toils were Told, all t hr ee asurerrents can be used
for the deter nFRREFEPE OF3 rDY HRERBGOL R ERHRSESY, (RAE FBAWR] oRRBE £fe | anp
LA, which is n@énﬂéwﬁé&rtéem@s&mmdtsussldeMe@lnd%hfcﬁumay of the
functions of the el ectronic ba t q? P ?i2 C -22_accprdance with
the invention $AERCPEYe BREh ik %e‘c‘io‘?‘%ré ESERT &Y H\gFﬁ:bﬁF'él . This shows
a sinplidied famramdeménofot heowtres vihi ateghasesentur ragul beonpeoathen of
the [ anp. Afte ? %ching on the mains voltage or a 5 short nmains failure
S

100, in the fiT ace in the manner that has just been described the
query 101 is put in order to determi ne whether there is a coil break. If

this is the capge Ofaide (ERAE 18 éh??ché’é’@rﬁnéci-lféf‘ EI‘E'@ SYR! etkrbhe ggery 101

I's repeated 10_contipuously unti | nal an intact lanp is identified. If
an intact | anpAERIBREE REntPEcER1IS 'ill‘\% B8 andpthePPYers checked, by

means afs t he tmﬁrﬁp@wﬁe@ﬁ t:i',ﬁerrm&plrmntmcmis ecotiécEh6h] | ynene aft er
t he ot her, whetter t he, c |f.the coils are acflﬁﬁll cold, the

lanp is prehestteFFoRHe ?t nJa% gc?n%ﬁz]c& PhePYR R i Y7¥at the | amp
is carried outimdepdrmidrmtsiy denthief temsthensme reulamp beivheind after the

specific electrical parameters (for example preheating
current, lamp current, lamp output), and the activation
20 of the lamp LA and the coil-heating by way of the
signals Al, A2 and A3 is then effected in an
appropriate manner. Since lamps that have different
parameters externally often only differ very little or
not at all, by means of automatic identification of the
25 lamp at the same time as well it is possible to avoid
activation errors that can result in unsatisfactory

light efficiency or even in damage.

In the case of the ballast in accordance with the

30 invention, the lamp is identified by measuring the
resistance of one of the two coils. This coil
resisfance is a feature that suffices to distinguish
between lamps which fit into a common socket, but have
different performance parameters. With knowledge of

35 the supply voltage that is fed to the inverter, the
simplest possibility of determining the coil resistance



20 preheating phase 103. If a warmcoil has been identified instead, only a
reduced | evel of preheating 104 is carried out and the type of lanp is
-determ ned at the end. After preheating 103 or 104 respectively, finall

the lanp is ignited 105, with the four swtches 25 being activat edzaﬁsA%QIZUUZ
function of the lanmp type that has been identified. After the ignition 105,
t he system operates in normal or dinmmed digera'. ion 106, as an

al ternating-voltage 30 frequency, corresponding to the type of lanp and the
desi red degr eecayisiditreni i1y, mearhting mmalar‘eaba of the pin current

control /eval “%l}ﬂ;gh Ci I’IPLEHe aéa@@me] é‘.ntl %{1} i§ hon at

regul ar interval's once nbre a qu ut to rm ne whet her
coi | - break 35 Figmigsshki bis ﬁmrdﬁﬁﬁe@m H@aftsneoﬁ aﬁfﬁlﬁ he_l baae @é%ved

IT this is the ST "Fe it o 13 A 32 oL ReCE8EL@Ps| S
brought to an en and%ﬁ ystemls resetoto thgg"state of _the OI’I%]I ngl

coi | - br &ak qud¥sy arwh A§ ¢ v'x’ihﬁ FOoHoRERFSEANWD b RIGHITIRDY e eifdch of f

the inverter uyponHdendifdrbidd thdfate 00 ledd K tHe afméﬂf@atﬁaglef ect of the
| anp. It vvouldthen be poss e to nltor th the a d alégltable
circuit arranddsf: YHPY ectl?’{/eéi?aa %has Heth Jr‘:q;\'p TEA Dy a new

one. |If, finaldhge ]amp rnpac:lts | s texd | -deldmp |tk rent oy stetn yefai N, a

restart can b% 10 H}Lr}lt[ei,%]i %Lg or‘gw_aélcéaléjyso II;?%%bc][r%r\&F rﬁé‘aé&e %ﬁée of the

lanp is ascertal Ted ih Teasur enent anp 1S aciivated for
so | ong 0 n norveEl Yafendrap dehiwedrothmttidrningls Xq rmd yasoundhed of f. In

this connecti Ol?,{qe dHOW Jeif tfm&{i&w@f 4 10 Do rgh ‘ﬂ‘é@%s o‘?wﬁi}bl lity

of the seguence he vari ous ec neasurenents an g € | anp.

Of course, verhPYWrEiRAotWPWHoNGRRTIIBMARLY FivRwlee riutarfagker) is
gasur erretn} S t@ﬁ i Q‘ﬁﬁé&t it fé\ﬂfﬁ{\te:td%sﬁhﬂiétl}]é%lhrﬁb %ﬂ?ﬁ@ ®O5Bs bl teh t20
nsequently, all jn a r contr e in the er a
has just been Wes#a ped %M’%% aetnet%i’ss aFtl“E T 13T éht ’p‘é}i‘nts in

the cineuit arfretgsmit i apprmxamdded yt vie (a@tzondary coi | - heating 25
circuits and in the primary heating circuit) as well as a controll able

switch arrangenment for the connection of the primary heating circuit are
required. The Thet @iralcuwsindnty opmrigrableneaminad. anharsviply at i vel y

smal | It follaﬁ%g 0 e dIRSpIddid A e (iR Y 14 Ay ke on

nmeasur enent s i nst ead of the vol tagﬂ nmeasur enents at two neasuring

resistors R2 SRS Ohotie RSt R et (Rl fchr iSe- bethiged)
since $of or tfiﬁawrmaf& Q\fhﬂciﬂ&ﬁéjeﬁédéuﬁa’ﬂ ife aKbrdetrecddem @dsa

CO1 L Dreale ol pthie LESPESL LY SULPN JNENS! U 30 Br o By or
resi stors R2 armhRI sarasaexttained w1th the aid of the result of the
comparison. For each lamp type, consequently, two
resistance reference values are required, one for the
25 cold coils W1, W2 and one for the preheated coils Wi,
W2. It is to be noted in this connection that the pin
current is not only dependent upon the coil resistance,
but also upon the coil voltage and thus upon the bus
voltage Ugys that is fed to the inverter. 1In order to
30 avoid possible fluctuations and measurement errors, the
identification of the coil is therefore not carried out
until_after the system has settled and until after the
bus voltage Upygs has stabilized. As an alternative to
this, however, the bus voltage Ug,; could be determined
35 in a separate measurement and the voltage drop across

the measuring resistor R3 could be set in relation



2 6 APR 2002 -24 prescribed absolutely. For exanple, the measuring resistor
R2 can al so be | ocated between the two switches S3 and S4. It is also
-possible to neasure the pin current as well in the heating circuit ,qf ﬁu@
upper 5 coil W2 and thus neasure the coil resistance of the upper gg'AIQ 02
2 6 APR 2002 -25 Clainms 1. Electronic ballast for at |east one | ow pressure
di scharge lanp (LA), having an inverter that is fed 5 wth direct voltage
(UBUS) and the output of which is connected to a |load circuit containing

term nal CO”taEhéréeb tESrLéﬁambhé)byhﬁwrmﬁné hﬁ@taﬂgfb&éﬂﬁﬁgﬂﬁer that has
a primary w ndin

? é I S connect ed E%Sthe put of héh I nverter,
and a 10 respe¥Pi¥ 9§ecoﬁBaF 1% Wa¥nglfT¥e 2ye CP°?§1P t in a
heating circui t:a»t?hoatcahla (ihtkntmt)maftdbnheat the gamp dhdeperidently

el ectrodes of tE gpaé % EaV|ng a series circuit arrangenent that is
connected in p8FafPER FAPR*PREIPBEA circuit and which contains 15 ~. he
primary s nding (Tp) of the heating transformer and an el ectronic SMAtCh

arrangenent (S, fé%% ?gnﬂlﬂﬁxgﬁggée ggbﬂa&hnghgiagee FhLRIGETRH Hhat

nmeasures the curréen ow n e series Ccircul arrangenent with
the primary w hdmpgcerrplpcana nﬁetbaemamm vodkRgehsepPaviagg&hent (S3, $4),

charact eri sed LilebBabn] 8epaYahUR! EBA1G! £6U b 8hHRRIERA! o204k banaldy al so
measures the current flow ng roug | east one of the two heating
e

circuits and ef¥itghed ehé éﬁﬁIP?G §nor £Re®BFReCRfgr atbdSsi 46 ¢ of the t wo

measur ego curreﬂh@eﬁﬁreﬁearayrat bailldasti by hheebtaetot:fl &HE aashpt Im state of
the | anp. 2. Elegtronic bal fst ac ' racterl |n t hat

Yor the” pur posEA0 CHRREARERG V1B S6eEH P ot AR B EAESEAPRe Ot E
ar r angenent mnlampharercaaryednadtngneTpprandlmhe eHewEveuucthW|b©hls

arrangenent (Sﬁl,Sﬁ%’iﬁogﬂfgtggsgnaEthgﬁ p%&hcbgfed and accordingly

have a different resistance. The identification of the

15 lamp then leads to an incorrect result. In order to
make allowances for this possibility, before the
resistance is determined it is examined whether the
coil W1, W2 is hot or cold. If the coil W1, W2 is
actually still hot, the lamp LA is deliberately

20 preheated with a somewhat lower heat output, and
identification of the lamp is only carried out on the
basis of the resistance measurement at the end of the
preheating phase. The somewhat different form of
preheating can be tolerated in this connection since

25 this case only seldom occurs. The distinction between
a hot and a cold coil W1, W2 is made by way of a
measurement of the change in the coil resistance within
a predetermined short time span of, for example, 10ms.
If the change is negative, it is assumed that the coil

30 W1l, W2 is hot or warm and the preheating is carried out
at a reduced level. 1If, on the other hand, no change
can be-ascertained, this is seen to indicate the
presence of a cold coil W1, W2 and therefore the usual
preheating and determination of the lamp are carried

35 out. This check measurement is also carried out by

means of two short scans of the pin current or of the



r latter there is a first nmeasuring resistor (R2), and in that the
evaluating circuit arrangenent evaluates the 35 voltage which is generated
-at the first neasuring resistor (R2) by the current (I R2) which flgwﬁ qum
t hr ough 2 6 APR 2002 -26 the latter. 3. Electronic ballast according t
claim1 or 2, characterised in that for the purpose of nmeasuring the 5
current through one of the two heating ct¥2uits this heating circuit
contains a second nmeasuring resistor (R3), and in that the voltage that
drops across thosthecbadmneaéuABngndeEhStG@uptﬁpgaﬁdpaﬁichrl§3géﬁerated by

the current ('E{%ar{;é&‘vw “ﬂE througd thse! 8kt ghel §déﬁél%9caele>ﬂeo§vehuat' ng

circuit arrangénen ectroni c ball ast accord ig 16 clai m 3,
characteri sed 1®mPhaPh¥ﬁem§é%%ﬁﬁmﬁE§shF|EBEFE§P§?0§ BR3Farsigdr @H§ed i n one

of the two heaéwﬂt rsélféiselﬂhéSeﬁalcsfacneyswe&haohaﬁnager HENEREl Owi ng

through the lanmp (LA) after the_l as _been ignited flows in the
sane di recti on'PPEHh %ht%hh%%t?%gggg é%ﬁ% gﬁé? 9fs generated by the heating

transforner flows through the second neasuring resistor (RS) 20 5.

El ectroni c bal t accordin 0.0 f_glalns to, 4, char IS that

t he electronicigaf?ga %?+£ig%%éﬂ?8?§§)ogmgh?sl?%Pn%ﬁ Bt wo ?c rdggFfect

transistors (SB@lEM@im@irhlaméonmhtptappﬂiea bppbket peak2alvesgack ot her,

and in that t r n d®) of the heating transformer and also a
b heRrd bt

coupl i ng capaci s connected in series with the latter, are
arrangekP bet ween the two fleld effect transistors (S3, $S4 ) . 30 6.

El ectroni c ball ast according to clalq1 Ichg& gterised is that the gates of
the two field-effect transistors (S3, ) *ar e actlvated by way of a comon
pul se-w dt h nmodul ated signal (A3). 35 7. Electronic ballast according to
claim4 and cl@ithen denotes the transformation ratio and n the

number of intact coils W1, W2. The transformation

15 ratio 4 of the heating transformer follows from the
maximum coil voltage. It should be ensured that this
ratio 0 does not become too large, since otherwise the
capacitive currents with preheating switched off give
rise to excessive coil losses during the operation. In

20 order to evaluate the state of the lamp, the primary
current Ip, is then set in relation to the pin current
divided by the transformation ratio Iy,;'1/G and the
result that theoretically produces the number of coils
n is evaluated. 1In the simplest way, this is effected

25 by comparing the result with a reference value. 1If,
for example, a value that is smaller than 1.3 results,
in all probability there is a coil-break. Since
current still flows through the lower secondary heating
circuit of the coil W1, accordingly the upper coil W2 .

30 must be defective. If, on the other hand, no current
at all flows through the measuring resistor R3, either
the lower coil W1 is defective or no lamp LA at all is
present. In this way, it is consequently possible to
detect the possible states of the lamp in a simple and

35 rapid manner.



2 6 APR 200Z -27 6, characterised is that after the lanp (LA) has been
ignited a pul se duty factor is set for the pul se-w dth nodul ated si gnal
.(A3) in such a way that the current (I~) flow ng through the secodﬁgAPRZMZ
measuring resistor (R3) 5 is substantially equal to a rated value. 8

El ectronic ballast according to claim7, characterised in that the rated
value is established by the type of |anp-d8tected by the evaluating circuit
10 arrangenent. 9. Electronic ballast according to one of clains 1 to 8,
charact eri sed Anfulsherhedvansager ofofihdisngeshpd ran dge seemsiist ithe of two

el ectroni c sw ka@gsgﬁ%’ aSgkatemeld!l off @heORRGELC s Rnathiagy, anRd which-are

alternately opene closed, and in that  the load circuit, which contains
the | anp (LA), thagebleObsriBgS thaGi i SalraREEREsRtwPEh POsEiBi&rary wi ndi ng

("Ip) and the ehfetnghkiensWihCRhar capgeeRbleade ag%s.ar iayeg ed in 20
parallel with gne of the two electronic swtches )

t ) S2 . 10. El qut ronic
bal | ast &ccor dfAYCEHRERQPMLE Haes et & the T s &t E}%ﬁ%ﬁ%%& s
that a di ode (P& psn2buzreasgedhbeprimaryhBebvingatesrehtt e falelod- ef f ect

transistors (S3, _S4),. and in _that_the gate 9 gne.Q the two _field-effect
transistors (S§Pa§§%alSlgSWﬁ§8redI%othgoguFbﬁP BFSL¥ePPRESPEEY Y way of a
resi stor ( R4 yait3ﬁntil EEEerrthcsygtbmshaacsgtdlag andcthpnsh@ply
Bt et e
precedi kg cl ai af, peRaihéececpriddrraishancet tedaranAssais algoArrdpged .
In the same way, during the normal operation of the
lamp LA it is also possible to check the state of the
lamp at regular intervals in order to detect a coil-
break that occurs in the meantime. For this purpose,
15 however, the lamp current should not affect the heating
current too much, for example it should not amount to
more than 10% of the pin current. If a coil-break
occurs whilst the lamp is in operation or if the lamp
is removed, this check measurement can be carried out
20 repeatedly until an intact lamp is identified in the
system again. A restart can then be initiated
automatically.

A possible temporal sequence of these measurements

25 which have just been described for the identification
of the lamp and for the detection of the state of the
lamp is shown in the timing diagram in Figure 3. The
start of the lamp occurs at instant T,. It may be
assumed here that at this iustant T, the system has

30 already settled and the supply voltage Uy, hes
stabilized. Immediately after the start of the lamp,
in the first place the check measurement is effected to
determine whether an intact lamp is inserted or whether
possibly there is a coil-break. Since here the pin

35 current at the resistor R3 is compared with the primary
current of the coil-heating at the resistor R2, this



-28 rectifier that is connected to the mains and which generates the direct
voltage (UBUS) that is to be fed to the inverter. 5 13. Electronic ball ast
.according to one of the preceding clainms, characterised in that ége@; Oﬁ&t
cincuit contains an inductance coil (L1) which is connected in seém R h
the lanp (LA), and a resonant capacitor (C2) which is connected in parall el
with the 10 lanp (LA) . 14. Electronic ba&4-ast according to one of the
preceding clains, characterised in that for the purpose of identifying the
type of the | amgasuremarte migt e dryiEd)outhat fanvinatamudh, @te of the
two heating. clifid SR 18 AANte KD Aot d RS PRL LA NG £91 |

resi stance i s neasure nd eval uat’e dg/sct he evaluating circuit arrangenent.

a
20 15. El ectr driiec afald dsigdeawad Ay t A ihamalereadnhrenrsasd, idtihat for
the purpose ofeHdlepddhitdmerdthe dnedHrfdithlyarahdtid tdie: eyabpgtyng circuit

arrangenent conpares the peak value of_ the current (lR3). neasured in one
of the two heé%qfrﬁeci%i¥§,n%sc o #ndRg I u@é“?r%nﬁ?’é‘%t rdnic

bal | ast accor di & Afmaldnart 1R okrhariac tswlieanted rEdhathesasur enent s for
t he purpose of .identifying the lanp type are r_arried out in each case 30
at the begi nnis‘rk?“fﬁif'at the end of a preheating phase of the lanp (LA)

17. Electronic ballast according to claim 16, characterised in that in a

Hock ; or di Lo o (v
W2) “bef ore. t ha boREhaRGty e Hs” B AcHiTh it R daOLE 60 o
eval uaflidng ci megsuramenigeaihithe Afirde rasictanse areFarriel Pgelak val ues

of two currentggelh3) oA t3hodne O afHeriddirid1er,. hhaoq\gp one of
the two heating cirCuits. 5 18. El e(‘:'h_r@onlc t?:ﬁlllast, accordlﬁg to claim 16

and 17, char adfeOrded &P AfaeTHALP MReThedu S Was Ve iR YR he end
of the preheatdgmgdid@ase silndehein ami o loynriecdisad varietdeind aindentify the
type of lanmp 10 if a warm coi|l (‘1\5%51% V\Eé% has. heen identit_fi d in the check
measur enent . MRS TS 61 F tf‘g*ai S AL HF R FERE O I RE pr ecedi ng

cl ai nsl5char achsersed i durtiatg ftdvis tedmeurepdssy pulse duty factor is

selected for the control signal at the terminal A3.

The spacing between T;; and T;, amounts to approximately
l0ms.

20 Subsequently, in the period of time 1,y the coils W1, W2
are preheated, with the heat output occurring in
accordance with the state of the coils W1, W2, that is,
for example a higher heat output is set if the
resistance measured at the later instant T;,. is not

25 lower than the resistance value measured at the instant
Ty;. After the preheating time, at the instant T, the
coil resistance is measured again and then with the aid
of the measurement results at the time Ty;, Ty, and Ty,
the type of lamp is determined. If the coils W1, W2

30 were warm, only the result of the third measurement is
taken into consideration; if the coils were cold, all
three measurements can be used for the determination of
the lamp. Subsequently, the ignition of the lamp LA,
which is not further represented, is initiated.

35

A summary of the functions of the electronic ballast in



15 of identifying a change of |lanp or |anp defect the evaluating circuit

arrangenent eval uates sinultaneously neasured peak values of the currents
.(IR2, IRS) through the series circuit arrangenent with the prinazy ﬂlg
(Tp) and the electronic switch arrangenent (S3, S4) and 20 al so tﬁi@h@ 0

of the two heating circuits. 20. Electronic ballast according to claim19,
characterised in that the evaluating cireRt arrangenent sets the

si mul t aneously nmeasured peak 25 values in relation to each other and

eval uat es t he mesolrtiangé. wEthcthenEUVBatﬁastthacodeRngencbat&ﬁh@dor 20,

characterised g pagea agHr BIEALS! 5.7 hRELCdnoul 20:0hdet cied ¢qaly Ty 2

change of |anp™or rately after t een
swi t ched on. 22haEte9€rbhﬁclbdlvaéua&c@bﬁéﬁﬁgduﬁluﬁetbﬁ epgration of 21,

characterised {get *ﬂaﬁgaftgftweswgehahé) oHaEh§5mQ§ﬁB 've,&ua@@ @rimgasur ement
is carried out at intervals to iidentif %ga change of "l anp or |anmp

defect. 5 Z 6 ﬁPRTQOGéanOfQBluEPeéPP@nFE 3: FSFoplacPo%on§§5ure

di scharge | anppmbohAer BBYENHadNjlLBYEebkEh HEQE:rh.BeHedhéﬂ Hhethyr a0t el t age
(UBUS) and the outgut of, which.is connectgFHé oad ¢ircuit .containing

terminal cont aBEE £BrOFABT| GRpISTELR}RenY SFFantﬁaﬁgﬁ Fmer that
has a primary bradkng (Fpthiwhishthe casseotredft ohebe st pot lafmpt Ae

inverter, and a eciive cond T ich is |ocated
in a heatlng c?} ufg gﬁ?hsg Fb% &%@g§ ?8£ ; afgﬁéggggﬂ of the two
el ect r oties of chethﬂubuﬂby(uﬁy;laﬁdnhéangnalseaceslémpcdst ar r angenment
that is connec&gg%k?fp?aallel with the load circuit and which contains the

primary w ndi ng ithe heating transformer and a first switch (S4),
characterised is that the series circuit arrangenent with the primary 15

winding (Tp) amd hheihtast Emnpchaésﬁéeﬁdﬂﬂéheﬂﬁhéd COAt @hBSnaxeoEpkpny
capacitor (C3)_.and.a secon mary w nding (Tp) and

the coupling caPacitots (%E?CB%?ngQXrWﬁ%ﬁéd°%e?§§eﬁ8?hEleB“§ﬁFPEhes (S3,
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| ALl Ayl . ASs. fRd - Pabhe fefEaBBA oAV he lamp is carried out on the

basis of the measurement results before and after the

20 preheating phase 103. If a warm coil has been
identified instead, only a reduced level of preheating
104 is carried out and the type of lamp is determined
at the end. After preheating 103 or 104 respectively,
finally the lamp is ignited 105, with the four switches

25 being activated as a function of the lamp type that has
been identified.

After the ignition 105, the system operates in normal
or dimmed opera‘t-ion 106, as an alternmating-voltage

30 frequency, corresponding to the type of lamp and the
desired degree of dimming, and heat output are set by
the control/evaluating circuit arrangement. During
this phase, in addition at regular intervals once more
a query 107 is put to determine whether a coil-break

35 has possibly occurred or whether the lamp has been
removed. If this is the case, the normal/dimming
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measurements and phases of the lamp. Of course, very
many other control methods in which the various
measurements take place at different instants, would
also be possible.
20
Consequently, all in all in order to control the lamp
in the manner that has just been described, current
measurements at two different points in the circuit
arrangement (in one of the two secondary coil-heating
25 circuits and in the primary heating circuit) as well as
a controllable switch arrangement for the connection of
the primary heating circuit are required. The material
outlay for such an extension is then comparatively
small. It follows from the descriptions of the various
30 detection measurements that, instead of the voltage
measurements at the two measuring resistors R2 and R3,
other_gprrent-measuring methods can also be used, since
for the purposes of lamp-identification and detection
of a coil-break only the respective current intensities
35 need to be determined. Moreover, the arrangements that

are shown for the measuring resistors R2 and R3 are not
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upper coil W2.
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connected to the output of the inverter, and a

10 respective secondary winding (Tsl, Ts2), which is
located in a heating circuit with a coil (W1, W2), for
heating each of the two electrodes of the lamp (LA),
having a series circuit arrangement that is connected
in parallel with the load circuit and which contains

15 the primary winding (Tp) of the heating transformer and
an electronic switch arrangement (S3, S4), and having
an evaluating circuit arrangement that measures the
current flowing through the series circuit arrangement
with the primary winding (Tp) and the electronic switch

20 arrangement (S3, S4), characterised in that the
evaluating circuit arrangement additionally also
measures the current flowing through at least one of
the two heating circuits and evaluates the amplitudes
or the time characteristic of the two measured currents

25 in order to identify the type of lamp and the state of
the lamp.

2. Electronic ballast according to claim 1,
characterised in that for the purpose of measuring the
30 current through the series circuit arrangement with the
primary winding (Tp) and the electronic switch
arrangement (S3, S4), connected in series with the
latter there is a first measuring resistor (R2), and in
that the evaluating circuit arrangement evaluates the
35 voltage which is generated at the first measuring
resistor (R2) by the current (I;,) which flows through
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4. Electronic ballast according to claim 3,
characterised in that the second measuring resistor
(R3) is arranged in one of the two heating circuits in

15 such a way that a lamp current flowing through the lamp
(LA) after the lamp (LA) has been ignited flows in the
same direction in which a heating current that is
generated by the heating transformer flows through the
second measuring resistor (R3).

20
5. Electronic ballast according to one of claims 1 to
4, characterised in that the electronic switch
arrangement (S3, S4) is formed by two field-effect
transistors (S3, S4) which are orientated in opposition

25 to each other, and in that the primary winding (Tp) of
the heating transformer and also a coupling capacitor
(C3), which is connected in series with the latter, are
arranged between the two field-effect transistors (S3,
S4).

30
6. Electronic ballast according to claim 5,
characterised in that the gates of the two field-effect
transistors (S3, S4) are activated by way of a common
pulse-width modulated signal (A3).

35

7. Electronic ballast according to claim 4 and claim
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electronic switch arrangement (S3, S4) are connected in
20 parallel with one of the two electronic switches (S1,
sS2).

10. Electronic ballast according to claim 9 and one of
claims 5 to 8, characterised in that a diode (D1) is

25 arranged between the two gates of the field-effect
transistors (S3, S4), and in that the gate of one of
the two field-effect transistors (S3, S4) is connected
to the output of the inverter by way of a resistor

(R4) .

30
11. Electronic ballast according to claim 10,
characterised in that a further capacitor (C4) is
connected in parallel with the resistor (R4).

35 12. Electronic ballast according to one of the

preceding claims, characterised in that it contains a
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rectifier that is connected to the mains and which
generates the direct voltage (Ugyg) that is to be fed to

the inverter.

5 13. Electronic ballast according to one of the
preceding claims, characterised in that the load
circuit contains an inductance coil (Ll) which is
connected in series with the lamp (LA), and a resonant
capacitor (C2) which is connected in parallel with the

10 lamp (LA).

14. Electronic ballast according to one of the
preceding claims, characterised in that for the purpose
of identifying the type of the lamp (LA) the current

15 (Iz;) that flows through one of the two heating circuits
and which is dependent upon the respective coil
resistance is measured and evaluated by the evaluating

circuit arrangement.

20 15. Electronic ballast according to claim 14,
characterised in that for the purpose of identifying
the type of the lamp (LA) the evaluating circuit
arrangement compares the peak value of the current
(Ig;), measured in one of the two heating circuits, with

25 reference values.

16. Electronic ballast according to claim 14 or 15,
characterised in that measurements for the purpose of
identifying the lamp type are carried out in each case
30 at the beginning and at the end of a preheating phase
of the lamp (LA).
17. EZéctronic ballast according to claim 16,
characterised in that in a check measurement for
35 distinguishing between a warm and a cold coil (W1, W2)
before the preheating phase of the lamp (LA) the
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18. Electronic ballast according to claim 16 and 17,

characterised in that only the result of the

measurement at the end of the preheating phase of the

lamp (LA) is used in order to identify the type of lamp
10 if a warm coil (W1, W2) has been identified in the

check measurement.

19. Electronic ballast according to one of the

preceding claims, characterised in that for the purpose
15 of identifying a change of lamp or lamp defect the

evaluating circuit arrangement evaluates simultaneously

measured peak values of the currents (Ip,, Iz,) through

the series circuit arrangement with the primary winding

(Tp) and the electronic switch arrangement (S3, S4) and
20 also through one of the two heating circuits.

20. Electronic ballast according to claim 19,

characterised in that the evaluating circuit

arrangement sets the simultaneously measured peak
25 values in relation to each other and evaluates the

result.

21. Electronic ballast according to claim 19 or 20,
characterised in that a measurement is effected in

30 order to identify a change of lamp or lamp defect
immediately after the ballast has been switched on.
22, EIectronic ballast according to one of claims 19
to 21, characterised in that after the lamp (LA) has

35 been ignited a measurement is carried out at regular
intervals to identify a change of lamp or lamp defect.



" #$UR' ()*+,-./0123456789: ;
<=>? @GABCDEFGHI JKLMNOPQRSTUVWKYZ[ \ ] ~_" abcdef ghi j kl mopqr st uvwxyz{| } ~

26 APR 2002
-30-

23. Electronic ballast for a low-pressure discharge
lamp (LA), having an inverter that is fed with direct
voltage (Ugys) and the output of which is connected to a
load circuit containing terminal contacts for the lamp
5 (LA), having a heating transformer that has a primary

winding (Tp), which is connected to the output of the
inverter, and a respective secondary winding (Ts1l,
Ts2), which is located in a heating circuit with a coil
(W1, W2), for heating each of the two electrodes of the

10 lamp (LA), and having a series circuit arrangement that
is connected in parallel with the load circuit and
which contains the primary winding (Tp) of the heating
transformer and a first switch (S4), characterised in
that the series circuit arrangement with the primary

15 winding (Tp) and the first switch (S3) additionally
contains a coupling capacitor (C3) and a second switch
(S4), with the primary winding (Tp) and the coupling
capacitor (C3) being arranged between the two switches
(83, S4).

20
24. Electronic ballast according to claim 23,
characterised in that the two switches (83, S4) are
formed by two field-effect transistors (S3, S4) which
are orientated in opposition to each other.



