Process and device for the detection of the rectifier ef fect appearing

in a gﬁs di scharge | anp. 5 The present invention relates to a process
forg.t he detection of the rectifier effect appearing in a gas

di scharge lanp and to an el ectronic ballast, for the operation of at

| east one gas discharge lanp, with the aidi of which a rectifier effect
appearing in the gas discharge 10 |anp can be detected. Gas
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Inverter C'rcubk Qﬁilﬁ'g rectifier effect appearing in the gas discharge
10 lamp can be detected.

Gas discharge lamps are, as is known, operated with the aid
of so-called electronic ballasts.

15 Such an electronic ballast is known for example from EP-Bl-
0 338 109. Figure 10 shows the basic structure of this
electronic ballast.

The electronic ballast shown in Figure 10 includes first a
20 circuit A which is connected to the a.c. mains. This
circuit A serves as HF-harmonics filter for reducing the
higher-order harmonics of the mains frequency and for

elimination of radio interference.

25 A rectifier circuit B is connected to the circuit A, which
rectifier circuit transforms the mains voltage into a
rectified intermediate voltage and supplies this via a
harmonics filter C, which serves for smoothing the
intermediate wvoltage, to an inverter circuit D. This

30 inverter circuit D serves quasi as controllable a.c.
voltage source and converts the d.c. voltage of the
rectifier B into a variable a.c. voltage. The inverter D
includes as a rule two (not shown) controllable switches,
for example MOS field effect transistors. The two switches

35 are connected in the form of a half-bridge circuit and are
so alternatingly controlled with the aid of a corresponding
bridge driver that in each case one of the switches is



30 inverter circuit D serves quasi as controllable a.c.

vol tage source and converts the d.c. voltage of the rectifier Binto a
vargdable a.c. voltage. The inverter D i ncludes as a rule two (not
shown) controll able swtches, for exanple MOS field effect

transistors. The two switches 35 are connected in the formof a
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of t he | anp: h I.ng can be effected for exanple with 15 the
aid of a heatrﬁéu§?§ﬁ§%§an?Eth'prinary wi ndi ng of whi ch is connected
with the §€ries resonance circuit, whereas the secondary wi nding of the
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15 the aid of a heating transformer the primary winding of
which 1is connected with the series resonance circuit,
whereas the secondary winding of the heating transformer is
coupled with the individual lamp coils. In this way it is
possible to supply the lamp coils with energy also in
20 ignited operation. In pre-heating operation, the frequency
of the a.c. voltage delivered from the inverter D is so
altered, with regard to the rescnance frequency of the
series resonance circuit of the output circuit E, that the
voltage applied to the gas discharge lamp G does not cause
25 ignition of the lamp. In this case there flows through the
lamp electrodes of the lamp, in the form of coils, a
substantially constant current by means of which the lamp
colls are pre-heated. After conclusion of the pre-heating
phase the frequency of the a.c. voltage delivered from
30 inverter D is displaced into the vicinity of the resonance
frequency of the series resonance circuit, whereby the
voltage applied to the gas discharge lamp G increases so
that the gas discharge lamp G is ignited.

35 During the pre-heating, ignition and operation of the gas
discharge lamp G, certain fault conditions can appear which
are to be identified in order to be able to appropriately



voltage applied to the gas discharge | anp G does not cause 25 ignition of
the lanp. In this case there flows through the | anp el ectrodes of the
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. power taken from the rectifier B is as constant as

15 possible, or a capacitive operation of the series resonance

output circuit E is avoided.

As also in the case of other lamps, with gas discharge
lamps there appears, as a result of wear manifestations of

20 the heating coils, at the end of the lifetime of the gas
discharge lamp, the effect that the lamp electrodes wear
out unevenly with time, i.e. the degradation of the
emission layers on the lamp electrodes is different. Due
to this different wear of the lamp electrodes there arise

25 differences in the emission capabilities of the two lamp
electrodes.

This difference in emission <capabilities has the
consequence that in the gas discharge lamp concerned there
30 flows from the one lamp electrode to the other a higher
current than vice versa, so that the temporal development
of the lamp current exhibits an excess during one half-
wave. Due to the different degradation of the two lamp
electrodes there thus come about asymmetries which bring
35 about not only a strong light flickering at the end of the
lifetime of the gas discharge lamp, but in the extreme case
allow an operation of the gas discharge lamp only during

THIS SHEET HAS BEEN
REPLACED




As alsa in the case of other lanps, with gas discharge | anps there
appears, as a result of wear manifestations of 20 the heating coils, at

thegend of the lifetinme of the gas di scharge | anp, the effect that the
| anp el ectrodes wear out unevenly with time, i.e. the degradation of
t he em ssion layers on the |anp electf4odes is different. Due to

this different wear of the lanp electrodes there arise 25 differences in
t he em ssion cenab]iléifiv%v@,f it.ke Guweihgnbhe excedlsicty hd@f-wave. Théhgas

di fference capabj l.itiLes opseguence _fhat in

the gas di scha ﬁgcﬁéﬁ% Oio]?‘l r{& tlﬁle\r;g 6amef"f%vr§]"sf rao%ef"ﬁé oh 'I?\?‘r’pt_'ltl“"é1

el ectrode to thbeot Abova-tiegheibed effgeentishamalled vemsa, "secthfierhe

t enpor al develg gu of the lanmp current exhibits an excess during one
e'tot

hal f - he different degradation of the two |anp
electrodes5there t hus conme about asymmetries which bring 35 about not only

a strong ||9htA£|Mﬂ%ﬁ'Iﬁhﬁﬂeiéétﬁﬁéeo%hﬁeﬁ witH i £ fhd "Bk LRROa8ore

di scharge lanp, but in the extre case all,ow a eratjon of th as
dlscharge IaggSBHP993ﬁrlﬁ e emlsggon work functlcn o %. electrons fsg 4

gne Ealf wistve greatedUrdizg t 8 @heeskes® Bakbnylye wolhe @dsctrode. As

I scharge | anp_ac¢ts.in th rectifie t he
above-describea%éﬁfégP w%e%éﬁgg%%?%%%ﬁ?ggtf$l%aneﬂélly'mean% FPS Tlnlmum

5 10 Aenehgy Wahphelecieatsd W clemonet Ant eirecthas fioom aometal,
strongly, the egi sgkgn, kf%é{ﬁ‘gc{ﬂeoria‘?cga teﬁ%c%%ﬁyon§hésdlpole layerd5igater
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the surface of the metal, i.e of the lamp electrode, is

thereby an important factor for defining the emission work
function. The more strongly worn lamp electrode, having a
15 greater emission work function for the electrons, as a
consequence heats up more strongly than the less strongly
worn electrode upon putting into operation the gas
discharge lamp. The heating of the lamp electrode can in
particular with lamps of having small diameter be so great
20 that parts of the lamp glass bulb may even melt. In order
to avoid the danger of accident resulting from the heating
of the lamp glass bulb during the operation of the gas
discharge lamp, the rectifier effect must consequently be
recognised and, if appropriate, the gas discharge lamp
25 switched off or its power take-up reduced.

In this regard, it is already known to detect the
appearance of a rectifier effect by monitoring the lamp
current flowing through the gas discharge path of the lamp.
30 With the aid of this process there can be directly
recognised emission differences of the lamp electrodes, but
the evaluation of these emission differences and the
realisation of this recognition process in a monitoring
circuit configured as an integrated circuit is problematic.
35 Alternatively, the rectifier effect can be recognised also
by means of monitoring of the peak value of the lamp
voltage since the asymmetries appearing in the lamp current
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em ssign work function there is generally nmeant the m ni mum 10

energy which is needed to renove an electron froma netal, I n
this case fromthe | anp el ectrode. The di pol e | ayer at t he
surface of the netal, i.e of the lanp electrode, is t hereby an

| nportant factor for defining the em ssionswork function. The
nore strongly worn |lanp el ectrode, having a 15 greater em ssion work

function for theeetarriedsoverndmthe lamp voltagsequencdoreaksmppenotiee
strongly than ghg.l %itageoeggxed a particU®ip £ xﬁf&?@gfu!?’pé’ﬁ RULLERYL I NtO
gas |scﬁargg Fa the | anp

operation the ga ( ar g rg The heating o
el ectrode can P§ the asymmetypietemigpiomiah Yhengamer ehgrtngdsmal Fhai adet er

be so great  giscBlrgkhatarRaris ghtéhgcieari@l 8escbHEl BEE .ev@tHethis |0
or der danger of .accident_, ulting from It,lge_ heat i ng

to avoid the re
of the |anp gl Z85°HREH18R PRCERR Dperadievsr digagyantageous thag; thear ge
| anp, the rectikheitelfiegt ofusthecomssmspmntiy bery limited gieregnirsedhand,

i f appropriate,_the s_disscharge | amp 2 switched ,of f _or. its. power
t ake- up reduces.ase Ka f%uli%l'n%t'ﬁal's lf’%% ra?Pfg?r?%% rogagi/hef(ngmﬁtf%lﬁgt ect
t he ~ e@fipetr ahbe péaka vadatel Pifethef detectnd nimmg goltggehes| anpy

current flow ngoehpough. tig,gas %b%&%rgge{’%#?%:g{ | ;;*h%t'h%fﬂ?- upon diﬁrQin%v th

the aid of this process there _can recogni sed
eni ssi on &Pf f ePéntbs Bas tdisghangelaspr ofibs, 1y voltage changgs e@aFbaki on

of these en ssienmdiyf fRIRACEIANATIRE dimming of t18R! §8at §08cRArddi Samp
recogni t1on pr O%GSS In a nonitori nﬂ/ rcuit conf In{Q'UI’Gd as an

. ci
i ntegrated cirEGPESi s1fr oBFERBEPRS detegmningd ¢ i PEPFenfRe PEct FRfer
effect can be recedgfiieedefifsot as a resulthyfimedes thkereby tiaciragsell Laep peak

val ue of the | | t age since .t.he as tries, appeari Ln the
| anp current %gﬁ?ﬁgg'SHI?éLFrl—alﬁg’B de%%oﬁ)cﬁ?/%e rS3ePPPER" effett
15 with the aid of a monitoring of the peak value of the lamp

voltage is thus problematic.

The present invention is thus based on the object of
proposing a possibility for the detection of the rectifier

20 effect appearing in a gas discharge lamp such that the
rectifier effect can be detected more simply and in
particular more precisely.

In accordance with the invention this object is achieved by

25 means of a process according to claim 1 or 5 and a
corresponding electronic ballast according to claim 13 or
18.

In accordance with the present invention it is proposed to
30 detect the 1lamp voltage, or a parameter dependent
thereupon, but in accordance with the present invention the
detected parameter is integrated and then the integration
result evaluated. Advantageously, the lamp voltage is
thereby integrated over a whole period or over a multiple
35 of a whole period of the lamp voltage and it is then
determined that the rectifier effect is present if the
integration result deviates from zero. If the detected
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5 .are carried over to the lanp voltage. |If, for exanple, the | anp
vol tage exceeds a particular limt value as a result of the asymmetric
emsssion of the lanp el ectrodes, the gas di scharge lanp is
automatically switched off. Wth this 5 recognition process it is however
di sadvant ageous that the sensitivity o the process is very limted
since in the case of a fault, i.e. upon appearance of the rectifier
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par anet er depen en 'er eupon,. bu | accordance wt t he pr esent
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integration  geghesHl La8YR! UAREL o AINRRI 20LOHS! Yimekheid agp-MOLLRER. 1 S
thereby integrated qver a whol e period or over a multiple ,
This 1s sensible because the rectifier effect is a fault
15 which appears insidiously so that in the recognition of the
rectifier effect it must be ensured that the presence of a
rectifier effect is not determined upon, and
correspondingly reacted to, too hastily. It can thus be
provided that the presence of the rectifier effect is only
20 determined upon if the integration result deviates from the
predetermined desired wvalue, or from the predetermined
desired value range, 32 times in succession each 255th

period of the lamp voltage.

25 In accordance with a preferred exemplary embodiment of the
present invention, the lamp voltage - or the parameter
dependent thereon - is "integrated" in that the duration of
the positive half-wave of the detected parameter is
compared with the duration of the negative half-wave so

30 that the presence of a rectifier effect is then determined
upon 1if the difference of the temporal durations of the
positive and negative half-waves exceeds a predetermined
tolerance value or tolerance range. In this case there can
in particular be employed a counter which receives a

35 reference timing signal and then upon zero crossing of the
detected parameter is started, in oxder to count up or
count down during the following half-period. When the
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35 of a whole period of the |lanp voltage and it is then determ ned
that the rectifier effect is present if the integration result
deviates from zero. If the detected | anp vol tage or the

par anet er dependent thereon is superinposed with a d.c. conponent, then
this d.c. conmponent - rather than zero7- is given as desired val ue

for the integration result. 5 In practice, the presence of the
rectifier effedetestedl yparamettt egaiad upachesd téhe dentoegradbbsnngesthée
lies outside ag r e i ¥ I gﬂg? i abi Ly of
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the integratiopetesekts @%‘fleé&esthéo@bunte&hﬁuBEedeta%rdEx“%éjeﬁéff&d vgfue
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hastily. It canlthaé beunt valwwi ded that the presence of the rectifier
effect is only 20 determ ned upon if the integration result deviates from
t he predeterm ned desired value, or fromthe predetern ned desired

val ue rang®, 3?h@|ﬁﬁyenﬁlgucyéééud@sgacbeQSthwmre;ﬂﬁuaxiaﬁ héveow ampth
voltage. 25 yokBra8reerdangs a&ér&blaare; %fnﬁ;ord%e@ﬁegnhawtﬁ@gf'w&@&eOéot he

present invention, the |lanp voltage - or the paraneter dependent
thereon - is "Fh?e@?%?%ﬁanYhn$r%EaW%ﬂgﬁﬁJrat|on of

Figure 1 shows a circuit diagram of a preferred exemplary
15 embodiment of an electronic ballast in accordance with the
invention,

Figure 2 shows an enlarged representation of a control
circuit illustrated in Figure 1, with corresponding
20 external connection of this control circuit,

Figure 3 shows a block circuit diagram of the control
circuit shown in Figure 2,

25 Figure 4 shows a circuit diagram of a current detection
block illustrated in Figure 3,

Figures 5a and 5b show illustrations for the purpose of
explanation of the detection of capacitance current with

30 the aid of the current detection block shown in Figures 3
and 4,

Figure 6 shows a circuit diagram of a voltage detection
block illustrated in Figure 3, with the aid of which in
35 combination with the current detection block illustrated in
Figure 4 the appearance of a rectifier effect is

recognised,
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the posjtive half-wave of the detected paraneter is conpared with the
duration of the negative half-wave so 30 that the presence of a rectifier
effect is then determ ned upon if the difference of the tenporal
durations of the positive and negative hal f-waves exceeds a

pr edet er m ned tol erance value or tolegance range. In this case there
can i n particular be enployed a counter which receives a 35 reference
timng signal BRigukben 7apamdaere éhO@Sh‘.mQuQErthons foget@et grhproaTedbLr 1S
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det ect ed par anaidér ofgahe vedthge degerbicnobionly thbtustratemlinimrFbggres to
count in the ogpgﬁatg di rection. Thus, in order not to determ ne upon

t he presence o rectifier effect, the counter nust - after one
period of 25 the detected parameter - have again reached its initial

count val ue, omgaﬁefsl@%ll &mnbbv@m nustclite Midtdnd of aor»egﬁhﬁéawed

tol erance range in the vicinity of initjal” count val ue.
i nventi on mnIISﬂégﬁrFB@Hg?ﬂVﬁBr%lQE%eﬁ#%&PQﬁﬂqﬁﬂ\MQJ?lgureréﬁerence to an
exenpl ary embodi nent and with reference to t he acconpanylng dr awi ngs.

Fi 1 sh di f d d f
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shows an énlargedtrebieéehyathewelﬁccrqnﬂulbwllast illustrated in Figure
1,

Figure 10 shows a block circuit diagram of a known
electronic ballast, and

15
Figures l1lla to 11d show illustrations for the purpose of
explanation of a preferred exemplary embodiment of the
present invention.

20 The electronic ballast shown in Figure 1 includes first a
circuit A, which is connected on the input side to a supply
voltage, for example a mains voltage, and which serves for
elimination of radio interference. The circuit A is
constructed in conventional manner and includes for example

25 capacitive input filters and if appropriate harmonics
chokes. In Figure 1 capacitor C2 and a symmetry transformer
11 are illustrated by way of example, whereby a surge
diverter or a VD resistance with the reference F1 may be
connected in parallel.

30
The circuit B connected to the circuit A includes a full-
wave rectifier bridge having diodes V1 - V4., The rectifier
circuit B transforms the supply a.c. voltage applied at the
input side into a rectified intermediate voltage. The

35 rectifier circuit B can be omitted if the electronic
ballast is operated with d.c. voltage.
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circuit illustrated in Figure 1, with corresponding 20 external connection
of this control circuit, Figure 3 shows a block circuit diagram of

t hescontrol circuit shown in Figure 2, 25 Figure 4 shows a circuit

di agram of a current detection block illustrated in Figure 3,

Figures 5a and 5b show illustrations for tde purpose of expl anati on of
the detection of capacitance current wwth 30 the aid of the current

det ecti on bl ockhehbohlowitd gurenil partabdekves for Ehgmo&i@ssf&WEeming

circuit diagra f e ect. c il
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18 connecfed to'a supply voltage potential VCC and can be
so connected with the other circuitry elements that it
receives various voltage potentials U or currents I. The
10 construction of circuit C shown in Figure 1 is to be

understood as purely exemplary.

An inverter circuit D is controlled by the harmonics filter
C shown in Figure 1, which inverter circuit has as main
15 elements two controllable switches, in the present example
in the form of MOS-field effect transistors T2 and T3,
connected 1in series between a supply voltage line and
ground. The two inverter switches T2, T3 are connected in
a half-bridge and are controlled in each case with the aid
20 of a control circuit IC2 formed as an integrated circuit,
i.e. opened and closed. The control circuit IC2 thus
assumes at the same time the function of a bridge driver
and is connected to a corresponding supply voltage line VCC
or coupled therewith. The inverter circuit D generates, in
25 dependence upon the rectified intermediate voltage
generated by the rectifier B, an a.c. voltage having
variable frequency and/or duty ratio. In general, the
inverter D is constructed in conventional manner and its
function is sufficiently well known that a further
30 explanation thereof can be omitted. Of significance at this
point is only that the control circuit IC2 alternatingly
controls the two inverter switches T2 and T3, in dependence
upon the control signals delivered to the control circuit,
so that at the connection point between the two inverter
35 switches T2 and T3 a "chopped" high frequency a.c. voltage
appears.



Figure 9 shows by way of exanple various operating states 10 controlled
by the electronic ballast illustrated in Figure 1, Figure 10
shotws a bl ock circuit diagramof a known el ectronic ballast, and 15
Figures 1la to 11d show illustrations for the purpose of explanatlon of
a preferred exenplary enbodi ment of the 10 present invention. 20 The
el ectronic ballast shown in Figure 1 includes first a circuit A, mhlph
i's connected oh shtiesputessindeiden eutspiopl gircuivobtagead otiexaipl € adsmins

voltage, and whishesesyen; (AT cne sShidPindlion of padi o Loterf erence. The
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10 Cl4. This series resonance circuit or the resonance circuit
coil L3 1s connected to the connection point between the
two inverter switches T2 and T3 and the resonance circuit
capacitor Cl4 is so arranged that it is connected parallel
to the gas discharge lamp to be operated, or the gas

15 discharge lamps Gl, G2 to be operated. The high frequency
a.c. voltage generated by the inverter D is supplied to the
gas discharge lamps Gl and G2 via the series resonance
circuit.

20 As has already been explained, in accordance with the
example shown in Figure 1, the two gas discharge lamps G1
and G2 are connected in tandem configuration to the load
circuit E, or to the electronic ballast. This means that -
as can be seen from Figure 1 - the upper coil of the upper

25 gas discharge lamp G1 and the lower coil of the lower gas
discharge lamp G2 are connected directly to the load
circuit E, whereas the lower coil of the upper gas
discharge lamp Gl and the upper coil of the lower gas
discharge lamp G2 are connected with one another and

30 connected to the load circuit E. Before the application of
the ignition voltage to the gas discharge lamps G1, G2
these are pre-heated, in order to extend the lifetime of
the gas discharge lamps. For this purpose there is provided
in accordance with Figure 1 a heating transformer L4, the

35 primary winding of which is connected in series with the
resonance circuit capacitor (14, whereas the secondary
winding connects together the lower coil of the upper gas



The folJowng circuit part C serves for harnonics filtering and

snoot hing of the internedi ate voltage delivered by the rectifier B. The
cireuit C shown in Figure 1 includes for exanpl e capacitors C3, Cl1, a
diode V5, a coil L2, a MOS 5 field effect transistor Tl and a control
circuit IC1 provided as an integratediaircuit. The control circuit ICl
I's connected to a supply voltage potential VCC and can be so connected
with the ot herdischargey lempredt satfiatthet upper eceilesfvarh®uldowelrt agpes
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expl anation theagps cen kRendmdat ed11(btsagedfiizangagatret 1S The paitfive S
only that the coniroll,l %I rcuit, 1.C2 terggtlggrllg q:ongrols t he two,
inverter switchBRIFPNGAPTICIRIHEFREEAREE [i58h FEhECBORE BT assz‘\éﬁaefds
del i veredlbo tim_ consiaplei rcamter alsso thatthat operzohmectdfonopei rdas
ZEE“BS& t Qget "‘Qié&a{lg%%g Sfaﬁnp SWt CRSFe T212Rd dwo @ g ORREARaRLAN TLGH0eNcY
T Further, aﬁart from the tandem configuration, there is
conceivable also a parallel configuration or parallel
connection of a plurality of gas discharge lamps Gl, G2. In
20 Figure 1 there 1is illustrated, however, the tandem
configuration of the gas discharge lamps Gl, G2 since with
such a lamp configuration, with the aid of the electronic
ballast illustrated in Figure 1, a lamp exchange both of
the upper and also of the lower gas discharge lamp can be
25 identified advantageously in a simple manner. Lamp exchange
recognition will be explained in more detail below. For the
purpose of lamp exchange recognition there serves inter
alia also the resistance R12 illustrated in Figure 1.

30 After conclusion of the pre-heating phase, wvia the control
circuit IC2 the frequency of the a.c. voltage delivered by
the inverter D 1s displaced into the vicinity of the
resonance frequency of the series resonance circuit,
whereby the voltage applied at the resonance circuit

35 capacitor (€14 and the gas discharge lamps G1, G2 1is
increased, whereby these gas discharge lamps ignite.



10 . A series resonance output circuit or load circuit Eis

connected with the inverter D. In the present case, the load circuit E
is eonfigured for the connection of two gas di scharge lanps GL, & in
tandem configuration. O course, 5 the load circuit E can be so nodified
that only one gas di scharge | anp, or l@ore than two gas di scharge

| anps, can be operated. From Figure_ 1 it can be seen that_the |oad
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rectifier effect in the gas discharge lamps Gl and G2 or a
capacitive operation of the load circuit E.

For the control of the inverter D there serves a circuit
20 module which includes as main component the control circuit
IC2 already mentioned above and a plurality of external
components as external connections of the control circuit
IC2. The main external components are six resistances R10,
R13 -~ R16 and R21, R22 and two capacitors C7 and Cl17. As is
25 shown in Figure 1, the individual external components are
connected to respective input terminals of the control
circuit IC2. The external components connected with the
control circuit IC2 serve primarily for the detection of
particular circuitry parameters of the electronic ballast,
30 so that these can be evaluated in the control circuit IC2.

Figure 2 shows an enlarged illustration of the control
circuit IC2 illustrated in Figure 1 and the external
connections of the individual input terminals of the
35 control c¢ircuit IC2. Thereby, in Figure 2 only the main
terminals and external components are illustrated. In the
present example, the control circuit IC2 is constituted



35 prigrary wi nding of which is connected in series with the resonance
circuit capacitor Cl4, whereas the secondary w ndi ng connects together
t hes|l ower coil of the upper gas di scharge lanp GL and the
upper coil of the | ower gas di scharge lanp &2. In pre-heating operation
t he frequency of the a.c. voltage delijsered by the inverter Eis so
set, with regard to the resonance frequency of the series 5 resonance
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in Figureid. apparent from Figure 1 that the ground potential of the
overall electronic ballast 1is earthed via a coupling
capacitor Cl. At the terminal VDD, which is connected via

the coupling capacitor C7 with the ground potential (c.f.
Figure 1) there is made available the internally generated

20 supply voltage for the individual analog and digital
functional blocks of the control circuit IC2. The terminal

NP serves, as will be explained in more detail below, for

the external setting and recognition of the pre-heating
method, i.e. for the selection between a cold start

25 operation and a warm start operation. In particular, the
terminal NP is so externally connected that a dynamic
selection of the pre-heating method is possible. The
terminal VL1 detects via the resistances R10 and R14, R15 -
illustrated in Figure 1 and partially in Figure 2 - the

30 divided-down lamp voltage of the gas discharge lamps G1, G2
and thus serves primarily for lamp voltage monitoring.
Analogously, the terminal ILC serves with the aid of the
resistances R13 and R16 - shown in Figure 1 and partially

in Figure 2 - for monitoring of the output circuit current

35 or load circuit current (choke current) or for monitoring
of the lamp current flowing through the gas discharge lamps

Gl, G2 after their ignition, in that with the aid of the



30 After conclusion of the pre-heating phase, via the control circuit

| C2 the frequency of the a.c. voltage delivered by the inverter Dis
di splaced into the vicinity of the resonance frequency of the series
resonance circuit, whereby the voltage applied at the resonance circuit

35 capacitor Cl4 and the gas dischargel4lanps Gl, & is
I ncreased, whereby these gas discharge |anps ignite.

12 After $hyahti aesisteneegRlai achmlf@deanpEopereienatt thgreto is
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For the controfnef ddiﬁﬁdlveéiﬁéu&t hene 581 ¢@% acént£al ! sAPplROtbEraded ch
i ncludes as main component, the control cirguit . | C2 al ready nentioned
above and a pIE?ET?ng She Rt rol circuit IC2.

The supply voltage range may for example include 10-18V.
15 Furthexr, the control circuit IC2 so controls the inverter
switches T2 and T3 that from the output side of the
inverter circuit D an a.c. voltage of variable frequency
having a operating frequency range of for example 40-80 kHz
is generated.
20
The control circuit IC2 forms the centrepiece of the
overall electronic ballast illustrated in Figure 1 and
accordingly includes a plurality of different functions.
Thus, for example, with the aid of the control circuit IC2
25 the pre-heating method for the connected gas discharge
lamp (s8) can be dynamically determined and switching between
a cold start operation and a warm start operation can be
effected. For this purpose, the control c¢ircuit IC2
provides for a defined pre-heating operation with a defined
30 pre-heating time and a defined pre-heating current.
Likewise, the control circuit IC2 provides for a predefined
ignition operation with a determined ignition time and a
determined ignition voltage. Via the terminals ILC and VL1
of the control circuit IC2, for example the pre-heating
35 current and the lamp operating current or the lamp voltage
can be detected and controlled to a value as constant as
possible. Further, via the current terminal ILC the control



conponents as external connections of the control circuit | C2. The
mai n external conponents are six resistances R10, R13 - R16 and R21,
R22.and two capacitors C7 and Cl7. As is 25 shown in Figure 1, the

i ndi vi dual external conponents are connected to respective input
termnals of the control circuit I C24sThe external conponents
connected with the control circuit I1C2 serve primarily for the
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anal og and di git@b, i.e. both an exchange of the upper gas discharge lamp
Gl and also of the lower gas discharge lamp G2 can be

15 recognized. Finally, in the control circuit IC2 there is
realised a (preferably digitally implemented) process
control which provides that the gas discharge lamp(s)
connected to the electronic ballast are controlled in
accordance with predetermined operating states whereby a

20 change from one operating state to a new operating state
can be effected only when at least one particular condition

is fulfilled. Within each operating state there is possible

a monitoring of particular parameters of the electronic
ballast in dependence upon the operating state, so that

25 depending upon the respective operating state different
fault parameters can be monitored and differently
evaluated. With regard to the faults, there is effected in
particular an event filtered fault evaluation, i.e. with

the aid for example of digital event filters it is ensured

30 that the presence of a fault is only determined upon if the
corresponding fault actually appears several times

successively.

Along with the above briefly summarised functions, the
35 control circuit IC2 has further functions which will all be
explained in more detail below with reference to the

accompanying drawings.



functiopal blocks of the control circuit 1C2. It is 15 apparent from
Figure 1 that the ground potential of the overall electronic ballast is
earthed via a coupling capacitor Cl. At the termnal VDD, which is
connected via t he coupling capacitor C7 with the ground potential (c.f.
Figure 1) there is nmade available the intemnally generated 20 supply
voltage for the individual analog and digital functi onal bl ocks
of the control Fegueei B |§Rowdhe tdlovknatircuit NPiagraesofasthe | Enbernal
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control signal%ugzggr’ there is coupled with the terminal NP a further

module 300 which serves for the recognition of warm start

operation or cold start operation upon pre-heating of the

gas discharge lamp(s) to be controlled and for the

20 realisation of a dynamic pre-heating operation. There is

connected with the supply voltage terminals VCC and VDD a

voltage regulation module 400 which has an internal voltage

regulator which makes available a regulated, very precise

voltage for the voltage supply of all internal function

25 blocks. A further module 500 serves as source for all

necessary reference parameters, i.e. reference voltages and

reference currents, in the control circuit IC2. An

oscillator 600 serves as internal clock of the control

circuit 1IC2, whereby a timebase generator 700 coupled

30 therewith derives in dependence upon the predetermined

timing of the oscillator 600 internal temporal parameters

for the process control of the control circuit IC2, such as

e.g. the pre-heating or ignition time. A further module 800

gserves for the realisation of the process control of the

35 individual operating states of the overall electronic

ballast and cooperates closely with a further module 900

which serves for measurement phase control. The module 900



| evel) for the switching on and switching off of the two 10 inverter
swtches T2 and T3. Finally, the term nal VCC of the control circuit

| C2-is the central supply voltage termnal of the control circuit |IC2.
The supply voltage range may for exanple include 10-18V. 15 Further, the
control circuit 1C2 so controls the inverter switches T2 and T3 that
fromthe output side of the i nverter circuit D an a.c. voltage of
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Further, via the current term nal e control circurt
monitors a cap&ePtEes - od@%%$|6@ﬁofa%ﬁe‘¥%aéhls module 1000, frequency

setting signals delivered from the measurement phase
controller 900 are transformed into corresponding control

15 signals for the upper inverter switch (via the output
terminal OUTH) and the lower inverter switch (via the
output terminal OUTL).

The control circuit IC2 may include both analog and also

20 digitally implemented functional blocks. In the present
case, the digital part of the control circuit IC2, formed
as an ASIC, includes the timebase generator 700, the
process controller 800, the measurement phase controller
900, and the inverter controller 1000. In particular, the

25 control circuit IC2 can be so equipped that the digital
part corresponds to the analog part with regard to the area
requirements of the control circuit IC2.

Figure 4 shows a more detailed circuit diagram of the
30 current detection module 100 illustrated in Figure 3. In
Figure 4 there are also shown the resistances R13 and R16
which are connected externally with the current terminal
ILC of the control circuit, which resistances are also
shown in Figure 1.
35
Internally a reference current Irefl is added to the signal

detected at the current terminal ILC, in order to ensure



circuit, EE Via the voltage termnal VLI there can further be detected

t he appearance of a rectifier effect in a connected gas di scharge | anp
Gl,+- &. Likewise, with the aid 5 of the voltage term nal VL1, the

appear ance of gas defect, whi ch | eads to an over-voltage of the
correspondi ng gas di scharge | anp, can,Re detected and correspondingly
t he el ectronic ballast can be switched off in this case. A
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which w |l expl ai ned i n nore det ai low with reference to the
acconpanylng dgbgpﬁbsof the integrator. The charge thereby stored in the
sample-and-hold members is supplied to an integration
amplifier of the integrator circuit 105. This procedure is
cyclically repeated.
20
The integrator 105 may have an internal controllable switch
which bridges the above-mentioned sample-and-hold members
and which is closed over the duration of the offset
compensation of the integrator 105. In this way, there can
25 be applied to the actual integration amplifier during the
initialisation phase any arbitrary signal, in particular
the signal at the input terminal ILC, wvia the switch S105,
or a reference voltage potential for recognition of the
rectifier effect, from the voltage block 200 via the switch

30 S107.

The actual integration amplifier of the integrator 105 has
the task of integrating, temporally exactly controlled, the
current measurement signal at the ILC terminal. In the case
35 that the current measurement signal at the ILC terminal is
integrated by the integration amplifier of the integrated
circuit 105, the switch 8105 is closed, whereas in the case



Figure 3 shows a block circuit diagram of the internal structure of the
above-descri bed control circuit |C2. First, there is coupled with the
current termnal ILC a nodul e 100 which serves inter alia for the above
explained 5 current detection and capacitive current detection of the

| oad circuit. The evaluation of the currepy detected via the term nal
ILCis effected in particular with the aid of a regul ator fornmed by
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operating state. Thus, during the pre-heating operation,
the reference voltage Vrefl or Vref2 is applied to the
comparator 103 with the aid of the controllable switch S124
20 so that the momentary and not integrated measurement signal
applied to the ILC terminal is compared with the
respectively applied reference value Vrefl or Vref2. In
normal operation, the reference potential Vref3 corresponds
for example to the integration starting value of the
25 integration amplifier of the integrator 105 so that upon
application of this reference potential Vrxef3 the
comparator 103 can detect the actual variation of the
integration result. The reference potentials Vref4 and
Vref6 may correspond to a positive or negative limit value
30 for the lamp voltage of the terminal VL1, supplied via the
switch S107 and integrated, in order thereby to be able to
reliably recognise the appearance of a rectifier effect by
means of comparison with these two limit values in the case
that the integration result overshoots in a positive or
35 negative direction. For this purpose the further reference
potential Vref5 is also employed which in the case of
recognition of the rectifier effect is switched in and



bal | ast and cooperates closely with a further nodul e 900 whi ch serves
for measurenent phase control. The nodul e 900

17 - serves in particular for event filtered eval uation of
particular fault paranmeters of the electronic ballast and for the
measur enent phase dependent control of allagw tches of the individual

function bl ocks of the control circuit 5 1C. The process controller
800 eval uat es wiikth &yerdspondd itdethd denditlonr eponits wflddefor the
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functi onal block% In t he present case, the digital part of the
control circuit’d * forned as an ASIC, includes the tinebase
gener at or 1000, the process controller 800, the measurenent phase
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25 control circul can~bé " so e t hat
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the control cirgitudtled this signal and evaluates it differently in
dependence upon the momentary measurement phase. Thus, the
15 measurement phase controller 900 provides for example for
a corregponding adaptation of output frequency of the
inverter of the electronic ballast in the case that the
current measurement signal of the terminal ILC monitored by
the comparator 103 deviates from the predetermined desired
20 value Vref3. For the case of rectifier effect evaluation,
however, the measurement phase controller generates, as
will be explained more detail below, an event filtered
signal which indicates whether a rectifier effect is
present or not in a connected gas discharge lamp. This
25 signal is evaluated by the process control block 800 shown
in Figure 3 and employed for the operating state control of

the overall electronic ballast.

In the present case it is particularly proposed to regulate
30 the peak value of the pre-heating current I;; during the
pre-heating operation. On the other hand, for normal
operation, it is proposed to regulate the average value or

the effective value of the lamp operating current I,.

35 As is shown in Figure 4, the measurement signal applied at
the terminal ILC can alsoc be monitored and evaluated
without making use of the integrator circuit 105, in order



Figure 4 shows a nore detailed circuit diagramof the 30 current detection
nodul e 100 illustrated in Figure 3. In Figure 4 there are al so shown

t herresi stances R13 and R16 whi ch are connected externally with the
current term nal | LC of the control circuit, which resistances are

al so shown in Figure 1. 35 Interkdal ly a reference current Irefl

I s added to the signal detected at the current termnal ILC, in order
to ensure for example to detect capacitive opegation tdfat thhe Isiaghal
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integrato¥lcircuit 105. This procedure is cyclically repeated.

The appearance of a capacitive current in the load circuit
will be described in more detail below with reference to
Figures Sa and 5b.

15 Figure 5a shows an enlarged illustration of the main
elements of the inverter D already illustrated in Figure 1,
and of the load circuit E. For the purpose of simplicity,
it is assumed in Figure 5a that only one gas discharge lamp
Gl is connected to the load circuit. In Figure 5a both of

20 the series connected inverter switches T2 and T3 are
illustrated. As is already shown in Figure 1, the load
circuit with its series resonance circuit is connected to
the connection point between the two inverter switches T2
and T3, i1.e. the resonance circuit coil L3 is connected

25 with the resonance circuit capacitor Cl4 parallel to the
lower inverter switch T3. The resonance circuit capacitor
Cl4 is further connected parallel to the gas discharge lamp
Gl. There are connected in parallel to the individual
inverter switches T2 and T3 free-running diodes V11 and

30 V12, which serve to protect the respective inverter
switches.

In Figure S5b there are illustrated on the one hand the
switch-on states of the two inverter switches T2 and T3 and
35 the current development of the current I., flowing via the
choke L3 and the temporal development of the voltage
potential V, appearing at the connection between the two



20 . The integrator 105 may have an internal controllable switch

whi ch bridges the above-nentioned sanpl e-and-hol d nenbers and which is
cl osed over the duration of the offset conpensati on of the integrator
105. In this way, there can 25 be applied to the actual integration
anplifier during the initialisation pgmse any arbitrary signal, in
parti cul ar the signal at the input termnal ILC, via the switch S105,
or a referencelyykrhgs poibnahesal T3 amd §8ogAkt tle afittdie-on timeepoifit esf

effect, fromthgeveldhge blo 0 ;v ¥ 10:%.
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correspondi ng acy vation of g tch S124 tl&er% can_be added or applied
to current carrying free-running dlode of one of the two
inverter switches. This in turn leads to very high recovery
currents whereby high switching losses appear in both

15 inverter switches T2 and T3.

Figure 5a shows the development of the individual currents

I, - I,, which appear during the time intervals t, - t,

illustrated in Figure 5b in the case of an inductive or
20 capacitive choke current I,.

The above-mentioned phenomenon appears in particular with
load circuit voltages V, having an output frequency in the
vicinity of the resonance frequency of the series resonance
25 circuit, which is particularly the case upon ignition of
the gas discharge lamp Gl, whereby initially an inductive
current flows in the load circuit which leads to a heating
of the coil L3. As a result of the heating of the coil L3,
its inductance falls so that suddenly a transition from the
30 inductive range into the faulty capacitive range appears.

For the recognition of the undesired capacitive operation
of the load circuit the height of the current amplitude of
the load circuit detected via the input ILC can now be
35 monitored and can be compared with a fixedly predetermined
reference value. Advantageously, the height of the current
amplitude is in each case detected at the switch-on time



t he conparator 103 various reference voltages or reference val ues,
whereby in Figure 4 reference voltages Vrefl - Vref6 are illustrated by
way: of exanple. The reference 15 potential Vrefl and Vref2 thereby
corresponds for exanple to a desired pre-heating voltage during a
pre-heating operating state. Thus, durjgang the pre-heating operation,
the reference voltage Vrefl or Wref2 is applied to the conparat or 103
with the aid opoihe ed@nthel |labies 5whb&he$1%wrﬂ&hfmztdmﬁcdfuhrmmmmteageand
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or Vref5 LbBereincrease the working frequency and thus to counter the
capacitive operation.

Below, there will be explained in more detail with
reference to Figure 6 the construction and the function of

20 the voltage detection block 200 already indicated in Figure
3, which block evaluates or processes the measurement
signals applied at the voltage terminal VL1.

Figure 6 thereby shows on the one hand the internal
25 construction of the voltage detection block 200 and the
external connections of the control circuit coupled with
the terminal VL1 of the voltage detection block 200. In
particular it can be seen from Figure 6, in correspondence
with Figure 1, that a series resistance R10 is coupled on
30 the one hand with the terminal VL1 and on the other hand
with a voltage divider consisting of resistances R14 and
R15, whereby the two voltage divider resistances R14 and
R15 are connected parallel to the gas discharge lamp Gl or
to the gas discharge lamps Gl and G2 connected in tandem
35 form in Figure 1. For the purpose of simplicity it is
assumed in Figure 6, in contrast to Figure 1, that only one
gas discharge lamp Gl1 is controlled with which also the



can thus be determined with the aid of the conparator 103 the actually
present variation of the correspondi ng I ntegration paraneter relative
to the correspondi ng start val ue. 10 The out put signal of the
conparator 103 is delivered to the measur enent phase controller 900
shown in Figure 3, which eval uates thixa signal and eval uates it
differently in dependence upon the nonentary neasurenent phase. Thus,
the 15 neasuressthampdase: comt addpicidt maviidegschnecexdnphepévallel. a
correspondi ng adapt ati on of output frequency of the i nverter of the
electronic ballast in the case that the current neasurenent signal of
the termnal ITi®nowdtoeelisbynces RiheandnRLs dvave 108 deadlatas diominge
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pre- heating cu g t he pre-heating operation. On the
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use of the integrmi@41 citigui {c 165, tHa Ord8istances R13, R16) - via a
terminal of the control circuit a total of three different
15 regulation parameters of the electronic ballast can be set
or controlled with the aid of one and the same regulatoxr to
different time points completely independently of one
another. By means of setting of the resistance values of
the resistances R10, R14 and R15 there can accordingly be
20 set or predetermined, dependent upon the currently employed
lamp type or the currently employed electronic ballast
type, the desired values for the regulation of the three
different regulation parameters. In the present case there
can be set with the aid of the three external variable
25 resistances R10, R14 and R15 the following parameters of
the electronic ballast: the maximum lamp voltage
positive/negative, the amplitude of the a.c. voltage
component of the lamp voltage signal and the signal peaking
of the 1lamp voltage signal for evaluation of the

30 rectification effect.

As can be understood from Figure 6, there is again provided
an internal reference current source which acts upon the
measurement signal applied to the voltage terminal VL1 with
35 an additional internal current Iref2. In contrast to the
ILC terminal illustrated in Figure 4, in this case however
the reference current Iref2 is activated with the aid of



21 . for exanple to detect capacitive operation of the |oad circuit
of the electronic ballast. For this purpose there may be provided a
detector for detecting a capacitive current flowing in the | oad
circuit, which for exanple 5 determ nes the phase angle of the | oad
circuit, i.e. the phase difference bet2seen the load circuit voltage and
t he |l oad circuit current (capacitive current detection). The resul t
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measur enment ph 0 : _.The ra o] apaCidy
current in theeﬁgag?%ﬁ%ﬁ% %Qofv(\e/icljcl’ be" descri Eeg i n%(%g'r egagﬁgi Iﬁgﬁ%%(vfw th
reference to evafughiessshebpedh:o thes VI §ermingd shewsonpetnedrwih

illustration otheh@igBhD appl€k&NeHt Enef tbbeihaverierwirgbheagdyaiti gy at ed
in Figure 1, of the load circuit E. For the purpose of sinplicity,

and e -
it is assufed FREFFEHFE GArTERt Hrth? orde Sga¥ilirsthafye- | Ghprent effset-
connect eg to therkéaﬂoﬁﬁ{.}ﬁgly, durdiEigguhe :E@cm:‘hzlafﬁi&ﬁeftgetsww@?iond
connected inverter itc T2 and T3 re i |l ustrated. i s.already
shown i n Fi ur 81T, EREY| GRFectotn ty PRGIVRY EEalrrde T ARnebi BT o
is connected teince theyceonkdtovhepoise dedtiveen falleet wesdverter switches
T2 and T3, i.e. the resonance circuit coil L3 is connected 25 wth the

resonance circuit capacitor Cl4 parallel to the | ower inverter swtch
T3. The ré8onaBremeanre @i tdwpswiitehing-incafy the refemenceonnsrent peetd | el

to the gas di sghar@egndfib applic@l atiNEhe seemeRANeGted sisn Rayal | ghitogt he
i ndi vi dual i nverter switches T2 and T3 free-runni ng diiodes V11 and 30

V12, which sBR3ECIPYSIY, §Peclthe ( heediRdpddt iRk tRRv&RIEFeNCe QuF¥ehes.
In Figure 5b thee€iarne itheusturakead errinifadnaLidartcie in Fidgwid ch-ois

devel oprent of ‘bhe ‘RYEVERY FLErTIe rToMF ngtviEd et 1" Rndl TotHRiT he
t enporal d8vel effieat not tddversiet ageice - pot wihllabeViexplpeameidngirat mohe
connection betyeen; ihEe1¥0 - the recognition of the rectifier effect is
carried out by means of evaluation of the output signal of
the integrated circuit shown in Figure 4, whereby as a
consequence of the averaging by of the integrated circuit
20 the d.c. current component Irefl or Iref2 is eliminated.

First, the recognition of the rectifier effect with the aid
of the present control circuit will be described in more
detail. As also with other lamps, there appears with gas
25 discharge lamps as a result of wear effects of the heating
coils at the end of the lifetime of the gas discharge lamp
the effect that the lamp electrodes wear out unevenly with
time, i.e. the degradation of the emission layers on the
lamp electrodes is different. Because of the different wear
30 of the lamp electrodes there arise differences in the
emission capabilities of the two lamp electrodes. This has
the consequence that upon operation of the corresponding
gas discharge lamp there flows from one lamp electrode to
the other a higher current than vice versa. The temporal
35 development of the lamp current thus manifests an excess of
one half-wave. Through the different degradations of the
two lamp electrodes there thus arise asymmetries which lead



22 . inverter switches T2 and T3. At the switch-on tine point of

the upper or lower inverter swwtch T2 or T3, a current flows in the
free-running diode of the inverter switch to be switched on and the
inverter half-bridge switches the 5 resonance load circuit inductive,

I .e. the voltage or the potential V[e&a] is in advance of the choke
current I[err]. In contrast thereto, there stands the capacitive
switching of not chdyr ésormnserémadl bght hélickendngeatosdecigrsliiof thethis
wor ki ng region crent of ' . - i i p ' to
the inverter s&??%gﬁﬁg % %@%@%ﬁgg&gﬁ?g%ﬁgrgﬁﬁg'qg”gﬁﬁgggggﬁpégrgQgi.?%h

bl ocki ng vol t agasatpereit opneration ofctihpesas cirgshiangs Ae8Pr gRAYNGuEiede of

one of the tWogone hal PVREYE! faMdhage%aszbiﬁhén?aé"dlédﬁa¥§é<;am§rxc959£s
recovery currents wher eby hlgﬂasmntchlng osses appe€ar in_both 15

i nverter switcResYestafders. so Ei gtibe sabsKsundesrelaedel 8pheft oSt he

i ndi vi dual curBgeBtignated akertéctitier rdfraddch appear during the tine
intervals t[err] - t[err] illustrated in Figure 5b in the case of an
i nductive or 20 capacitive choke current Iferr]. The

above- nent i onethphealboenorexgipdares! | mephifieunl affvath has [foatiheirr cuhe
vol t ages V[errLoH§¥hﬂgn§§ %%BEPHﬁk{%ﬂ&ﬁgcxtkgg§T§ worn‘@f%éyéﬁgé”wﬁbéh
resonance frequency o e series resonance circuit; Ich 1s

parti cul akPy th@hééééSuporhigj?ﬁni@miQﬁion worke fyastdpschdege thmpotier

wher eby initiakh¥caBolBdHEhEY¥Cup mor&USEBBhg{ OMBah NthbeotRad i EEHEEq@NI Ch
| eads to a heating of the coil L3, As a result of the heating of_the

coil L3, FPen hFiaganse tha |$28 ot ASPAEIRAANY ARtV onff he

emission work function there is meant in general the
minimal energy which is necessary to release an electron

15 from metal, in the present case from a lamp electrode. The
above-described heating of the lamp electrode can, in
particular with lamps of small diameter, be so strong that
parts of the lamp glass bulb may melt.

20 Thus, with the aid of the present control circuit, each
controlled lamp is monitored with regard to the appearance
of a rectifier effect, so that upon recognition of a
rectifier effect an appropriate reaction may take place.

25 As indicated above, the actual recognition of the rectifier
effect does not occur in the voltage detection block 200
illustrated in Figure 6 but in the current detection block
100, since for rectification effect <recognition the
integrator circuit of the current detection block 100 and

30 the downstream connected comparator 103 (c.f. Figure 4) are
also employed. In this manner, the number of components
needed for the monitoring of the electronic ballast or of
the gas discharge lamp(s) can be reduced.

35 In the voltage detection block 200 shown in Figure 6 there
is effected only the signal processing of the measurement
gsignal applied to the terminal VL1. For this purpose the



30 I nductive range into the faulty capacitive range appears. For
the recognition of the undesired capacitive operation of the | oad
circuit the height of the current anplitude of the load circuit
detected via the input ILC can now be 35 nonitored and can be conpared
with a fixedly predeterm ned ref erencey val ue. Advant ageously, the

hei ght of the current anplitude is in each case detected at the
switch-on tinmeswitch 8207 is first closed in order to raiZ@ more posntivé the

| over inverter g EQQ.Téog{E%%& él(*;{;z{ahi %piﬁigd to t %?ifr{a# €210 akPEhe
measur enent values to be e ct'e are . avour a e or € processi ng
wi thin the contopmsgineam tcouplin® eaprtitan eRGs bhersl can fonkle Hassct ed

current value powdhieS bShow i | kbt V@b uagy edehgbAbAed Oy weansthfist he
correspondi ng reference potential, it is_determned that a capaci tive

operation & tBEAEEFE PRaPErEeRt sdigmal -afBerntore., Atk tiegRaAlPhaeng a
hi gh | evel candagpagdneraterbmhi ehei ignalevaldtatvd byatihe reiasdd en@Atchhase

trol block 9 h 0 .in Fi 3 t hen , formed by.th
Cover ter contr T rslRstbBoOE Ch ot Sl Ciiam T 1 o S1HE HEEhCREREE
signal s fpmcthhetmnrranersmureaMﬂnaﬁesi§2eﬁﬁdcﬂéﬁiby:maﬂmsaoﬁaqmesing
that these sw tcheg aLg abbe{ !‘atﬂ{e\&e%ﬂ,t%%? 0P aNd, 6y I%Wsti%%edo%fftﬂ’éth
, inorder'to

an increased frequency ' “increase_the workin requency and
t hus to cd@ént efmegsairemengapagnal whespedgt poployed an Batexnalfyr definpdpe

explained in MR detarhaMi{hinfludisd eRe@ekBnEl Wb Erfyd TR UE! 8N
and the function of 20 the v Ita%p detection block 200 alreadg |nd|ca%ed
in Figure ERus MNOHTH [EOc K PV QVEAPed GPRPrBleSitCuthe fRaklifefBff ©

the evaluation of the rectifier effect this internal

reference voltage Vref8 - as has already been described
15 with reference to Figure 4 - 1is applied also to the

integration amplifier of the integrated circuit 105.

Advantageously, the switch 8207 shown in Figure 6 is
already closed some time before the expected zero crossing
20 of the lamp voltage signal applied to the terminal VL1, so
that build up processes caused by the capacitor C201 can
not additionally corrupt the measurement signal. Exactly at
the calculated zero crossing of the wvoltage, the switch
8201 is again opened. The signal applied to the switch 8107
25 shown in Figures 4 and 6 corresponds at this time point to
the a.c. voltage amplitude at terminal VL1, whereas the
d.c. component of the signal applied to the switch S107
corresponds to the switched-in reference voltage Vref8. By
means of closing the switch 8107 there is then - as already
30 explained above - supplied to the integrated circuit 105
shown in Figure 4 the so processed measurement signal of
the terminal VL1l. The switching condition of the switch
8107 is controlled, as for all other controllable switches
of the overall control circuit IC2, by the measurement
35 phase controller 900 shown in Figure 3. The individual
switches shown in Figure 4 are thereby so closed or opened
by the measurement phase controller 900 that with the aid



signal s, applied at the voltage term nal VLI1. Figure 6 thereby shows
on the one hand the internal 25 construction of the voltage detection

bl ock 200 and the external connections of the control circuit coupled
W th the termnal VL1 of the voltage detection block 200. In
particular it can be seen fromFigure 6, ixg correspondence w th Figure

1, that a series resistance R10 is coupled on 30 the one hand with the

termnal VL1 asd @het konpaliatoRands thewet L poydidge didd deie capstBéamg of
resi stances R14

nd R15, whereby the t vol tage .di vi der,_.resi stances
Ria and | RISREPETRbRReCAB par 3 AVAEaotRe YR LI Te e Pas
to the gas di smkasgeeihnanpss@inahdag@liedneot tlei neramded 33.C far nef ntEe gur e
1. For the pur ' LCl |t Sigred, i [ Q. _ 4
contrast to Fi 88’?26‘% t eagt%hg%h%xgnglﬁal gaapsﬁ?i]i scha?ggh:éa%pgralll%asl VL1
control | ed5wi t Bugkhenr. afls® gamparator 103 can, by corresponding actuationgy

resonance cirCyict tapaehteb1EAB1LSshOPERCEEILhE PRFALLE! detectiod ME1EMR
resi stances R14 and R15 have, the task .of divid

applied at thel§8sSHBPYRhERBIGWR ‘Gl 21 fiﬁlaggwlhfhcgﬁﬁga‘%ggoﬁ%ggge
resi stance RlOctizpphBonéduremertivfieeatingl PO Ntbybelasedmat brer bstegpaces R14
o supp! | ed 1o LREUIEr ¢ e TR HeTALES of VEhUSb8) Phod oo Ak UT RE B ock
200. 10 10 Advaidtiegedusthe ¢heremt eseasteenant r edgsainess D, t@aminal
L A el apahie  Soad 3as 21RL8E0UTer O BTatHBRS by RN B2 LhE
measurement phase controller 900 it is determined which of
the above described measurement or regulation states should
be assumed.
15
The rectifier effect recognition principle realised with
the present control circuit IC2 provides that the lamp
voltage detected via the voltage terminal VL1l is integrated
with the aid of the integrator circuit of the current
20 detection block 100 shown in Figure 4 and then the
deviation from a predetermined desired value is evaluated.
In particular, the measurement signal corresponding to the
lamp voltage is integrated over a full period or multiple
of a full period of the lamp voltage and then the deviation
25 of the integration zresult from the original integration
starting wvalue is evaluated. For this purpose the
integration starting value is supplied to the comparator
103 by application of the corresponding reference potential
VrefS. With the aid of the switch 8124 there can be set for
30 the comparator 103, in the form of the further reference
potentials Vref4 or Vref6, a positive limit wvalue or a
negative limit value for the rectifier effect recognition.
The potential Vref5 may for example be 3.0V, whereas as
positive reference potential Vref4 a value of 4.0V and as
35 negative reference potential Vrefé a value of 2.0V can be
employed.



termnal of the control circuit a total of three different 15 regulation
paraneters of the electronic ballast can be set or controlled with the
aid of one and the sane regulator to different tine points conpletely
i ndependently of one anot her. By nmeans of setting of the resistance

val ues of t he resistances R10, R14 anddR15 there can accordingly be 20
set or predeterm ned, dependent upon the currently enpl oyed | anmp type

?r thﬁ currelntWytnnp?eysﬁdetieaﬂreoakralgatliaﬁtcircuitt l)éﬂﬁzwnt he Qeghf@dc;v;?a’lg ues
or the regulation of .{he ree . different regulation r ters..In
the present casg Pﬁgﬁéiﬂe Eocﬁﬁcﬁ’gnéﬁ? %\I‘?hr?'ﬁ'élggﬁa%’foq h%P€$$é”§°%We+?1al
vari abl e 25 rebespastesvRildnd Ril4écand & ndmmtfiold diregtpananthersugbut
the electronig; I : e ' | 3R VoL . .

posi tivel/ negat %%gggghgé%rrpﬁ}%qu 8“@&?%@& c. Vol ?ggzlgfgurecor%poﬁgnta%?utl he
| anp vol t a§e sFyRRLiGAd thetBpgmalasyagrieny phass eaetrabpeyold@gewhignal

for eval uati ongetethe 3ograthichi Cajd Onaef teEtifier cABe6RN hgdwader siood
fromFigure 6, there is_again provided an internal reference current

source which a€PErGEBANERET conBdd@enERPOLE gl ERPLF edaRPThe thol ERe

tﬁrm' nal l\/::é V\ptbgasls _alalna@ldnué@naboilgzl_tl@mair}lcmg@f% _3.reé£ncér>]n koReves! to
t he termnal .illustrated in Figuce 4, i i.s case however ..
the reference tor S&LE &F R4 ??vgﬁggl&ytﬁopﬁiué?é at a rectifier

25 1be cefifeot| &bl prewehth ¥R ohiy flor i aganplbe eapartd aonbf for
the rectifier eff . cl pse Al t her [.on
related to theQVL%?%Iét% mpﬁea lCladr)’e ggﬁcetb%%%@%r?%ﬁg t%%atsfﬁze S?gﬁg{ﬂ%ﬁl i%%oto
the term nal \VEarwiefoputadait eygat B ltesfest cpeceagimentofr éhds fault

wi thout d.c. cHepept Qffdeensures QAUHteSPARIENGlY, sEHEI N t BBl §6EELEALT ON
ef fect evaluatéggtroller 800 a fault report of the rectifier effect only
15 if the rectifier effect appears uninterrupted for a longer
period of time. This applies in principle not only for the
fault report indicating a rectifier effect but for all
fault or condition reports issued by the measurement phase
controller 900 to the process controller 800. The above-
20 mentioned processing of the rectifier effect fault report
is, however, in particularly sensible since in the case of
the rectifier effect an insidious effect is involved which
appears with a temporal delay. Therefore, the measurement
phase controller 900 only sends out a rectifier effect
25 fault report to the process controller 800 if a rectifier
effect is detected by the comparator 103 shown in Figure 4
32 times 1in succession each 255th period of the lamp
voltage. As soon as no rectifier effect is detected during
a period of the lamp voltage the counter of the measurement
30 phase controller 900 allocated to the rectifier effect is
again set to zero and the evaluation of the rectifier

effect fault signal of the comparator 103 is begun anew.

As explained in more detail below, the appearance of a
35 rectifier effect 1is taken into account only in the
operational state of the electronic ballast since for

example during the pre-heating phase the appearance of a



all other detectors at the VL1 term nal are deactivated since they

woul d otherwi se deliver false results. 10 By neans of the switching-in
of the reference current Iref2 the signal applied at the termnal VL1
IS again raised. Anal ogously to the feeding in of the reference
current Irefl at the current term nalzg LC showmn in Figure 4 this

is, however, in the case of evaluation of the rectifier 15 ef f ect not
adverse since reasifiiklr beffeqy ashedld n maar elead tdet&iitdie! ©FF - offhethe

recognition ofskggekectifier effect is carried out by neans of

eval uation of the output signal of the integrated circuit shown in
Figure 4, whereby as a consequence of the averaging by of the

i ntegrated cir gy dyGrhCuYrr q9g¥p I I

el i m nat ed. ,H %C%%FS%?%Fhe nggb.ltjﬁﬁﬁ 0 Fﬁgkpégg%%iggfé#§%§?£§f?%tthe
ai d oP t hénprBEEAR Cobe r glecogndionwi P Hdalegectiddern affect is

detail. As al seawiriBdOUu@r iranpsrt {AEIH- apReahst Widhki88S B FhIFPEagS)
| anps as a res Iﬁ of wear e%fe ts qQf the heating oils at the end of
the lifetine o?‘a fEWgXESdi ha’%clb?e ﬁz?r%’ VOLlteHE ePFecPit hblke t RATAMDST
el ectrodes weadepahdanevehéyewpddh, timidgIﬂmpuﬂsgsf?headegigyaﬁréquéécyﬂe
em ssion | ayer h | a el ectrodes Jis different., Because t he
di fferent mear§§ggr%F8?h%l?%%ﬁ¥%7é%lygﬁggapﬁef8mgﬁfgg Hf??é?%$c%%9éﬁ?rthe
em ssion &8pabwhereby thet keuntedl aipiebepuledes arthidedeasient ugdre the
consequence th o] I.qn. of ¢t h or [ _ di schar ge
| anp there fIosém??gﬁ%oﬁg&ﬁgﬁgﬁé[égtrggg t%gﬁﬂgﬂgfﬁg 8?%£rg§§ﬁrgh£$ dg?rent
than vice ver sieCthieEmpfifactasisdarasgntenthef timinmnpudaesentourusd
mani fests an e3gessgofthe poSerivdf-ypye. nddyough the difd/entare in
degradations of the two | anp elect%gdeﬁ there thus arise asynmetries
which | ead agreement. In the case of the presgmce of a rectifier
15 effect the timing pulses counted during the positive and

negative half-waves differ from one another.

Figure l1la shows a circuitry realisation of this exemplary
embodiment with an up/down counter 107 which receives as
20 actual input signal a signal UZERO and further receives as
control signals a high frequency reference clock signal
CLK, e.g. having the frequency 10 MHz, and a reset signal.
The signal UZERO assumes during each positive half-wave of
the lamp voltage applied to terminal VL1 a positive voltage
25 level, and otherwise assumes a negative voltage level, and
thus detects the zero crossing of the lamp voltage. The
counter 107 is in particular formed as a 9-bit counter and
upon application of the reset signal is initialised to a
middle count state, e.g. to the initial count value N,=255.
30 The counter 107 is started upon zero crossing of the lamp
voltage and during the following half-wave of the lamp
voltage counts either downwardly or upwardly. When the
measurement signal, i.e. the lamp voltage, again attains
the zero crossing after a half-period, the counting
35 direction of the counter 107 is reversed. After conclusion
of a full period of the lamp voltage the current count
value N of the counter 103 is connected to a comparator



not only to a strong light flickering at the end of the lifetime of the
gas di scharge | anp, but which in an extrene case permt operation of
the gas discharge lanp only during one hal f-wave. In this case, the gas
di scharge lanp acts as 5 a rectifier, so that the above-described
effect 1is designated as "rectifier effiect”. The above expl ai ned
rectifier effect has further the consequence that the nore strongly
wor n el ect r odewhiichbh ney I hifbirtneda floirg heetangylies Shyp nmaank bnaiHeonalhdwad- t he
ot her el ec ; ta S n han _t he oth el ectrode
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functi on t her echsraphincount genkralN whéh the nimitnisl isatrign whilok 68 with
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rectifier effecbuan a\aqolwrlmt delv&acésonffmy ttanlel Dhilﬁﬁal whlueAs N ndigat ed
above, the act ggné# of  th re does not occur

i
in the vol tage | on lfOBr sEHE I%‘%Jsafr}ta?tggglﬁs Vi éh CERRAKGN t he
current db@ectl@h Qbmpares th.EO@:OUSJitnoia]ﬂm NsmuﬁlmbElmlteiaibcvalue N,
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and 30 the downstream connected co rat or
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15 is clocked by means of a latch signal, which measurement
phase controller - as has been described above - evaluates
this signal and in particular carries out an event filtered
evaluation, i.e. only determines that a rectifier effect is
present if from the comparator 103 a rectifier effect is

20 reported for example 32 times in succession each 255th
period of the lamp voltage.

The zero crossing signal UZERO can for example originate
from a further comparator 203 which monitors the voltage
25 measurement signal applied to the voltage terminal VL1 with
regard to its zero crossing. With the aid of this =zero
voltage comparator 203 the entire integrated measurement
system of the controller circuit IC2 1is cyclically
synchronised with regard to the zero point of the lamp
30 voltage. Thereby, the synchronisation is effected
advantageously every second period of the output frequency.
An exception from this principle is represented by the
rectifier effect evaluation. In this case, the
synchronisation is, because of the integration carried out
35 for the rectifier effect evaluation, delayed beyond a full
period of the lamp voltage by two further periods. The
output signal of the =zero crossing comparator 203 is



signal applied to the terminal VL1. For this purpose the

27 swtch S207 is first closed in order to raise nore positive t he
a.c. voltage signal applied to the termnal VL1. At the downst ream
coupling capacitor C201 there can only pass, however, only the a.c.

vol tage conponent of the thus 5 processe@d neasurenent signal. Therefore,
after the coupling capaci tor C201, the signal nust be again raised,

whi ch af t eriksricdaissuppbied tpartie uheasundnahtuphasee atintiraldgar P00 to
the current 30#[&9 Hd Ll 2t 201 ets}ﬁ]gﬂ;:[gi/céﬁ?@éls £y CLAg! HSOthcﬁf SY¢ ¢y 15201,

Thereby, for the new raising of measur enent signal there is
enpl oyed an i MRl lakis i fiektches qforthai@rerally Janimedndd cyidterdifte
vol tage Vref8 sdtidticn of WiHiSh kiOWH téndihecqueeraddt el Citilliderd n

t he case of t he, eval yation of the rectifier effect this internal
ref er ence Vol tHREHYE %él-tha%n]‘r?é’?éﬁ ‘been described 15 with reference
to Figure 4 - is applied also to the i ntegration anplifier of the

integrated cirguit 1Q5. Ady equsly, .t SW tc 7..sh '
Figure 6 is Pclg%ﬁer glgl&’ys 95ed™s @%‘%émboe orfepﬁﬁegmlei%%bt%gegrezleorpgn%eoé;si ng
20 of the | akp Mmtaigpecaiignhllwate;ﬂ tioy tHigurer dilsalinvithe smse _thatthat
bui l'd up prOCex?ée§e8€ﬁ§§grbye§€é%§aPécg‘i:Qfseﬁg(?la N the s legdddﬂéx%‘:ﬁ}'y
corrupt the nmeasurenent signal. Exactly at the cal cul ated zero
crossing B¢ tRPRRAYLRP, [RePaRfieHlar itsrRn ke o50¢h SpeRediovEe Sildhal

applied to theiga t €Re SEEF022rosshAYN si Bnkll JWZER04 a@RUmE sC @lhiee RHTAS] <Al
this tine poin{ to , the a. c.,voltage _rrplitu%g Ee grm"r/] VL1,
whereas the TeV&{ éu%&b@npoéFtﬁﬁﬁﬁg?bﬁaWa‘éepﬂ 5% tﬁ) TReVRWF3en G107
corresponds t ocatdie svdrttcihes-firon eher nteiadl satgeorV/efllie By, the awmarnswof
closing the qu_é,yhr%%%%etshe{gsi Scoturrll N Jafle aINr eggy accordance with the
15 reference clock CLK until a new zero crossing of the lamp
voltage Uy, is present. Then, the count value N is again
increased. After one period of the lamp voltage Uy, the
initial value of the comparator 103 is issued via the D-
type flip-flop 108 to the measurement phase controller 900,
20 by means of the latch signal, and then the counter 107 is
again set to the initial value N, with the aid of the reset
gignal. In the case shown in Figure 11b, the count value N
of the counter 107 after a full period of the lamp voltage
Uy, again corresponds to the initial value N,, so that the
25 comparator 103 does not report a rectifier effect.

In contrast, Figures 1lc and 11d show developments of the
count value N in the case that a rectifier effect is
present, whereby after expiry of a full period of the lamp
30 voltage Uy,; the count value N in accordance with Figure 1llc
is greater than N, or, corresponding to Figure 11d is
smaller than N, and thus the comparator 103 recognises and
reports the rectifier effect by mean of comparison of N
with N,.
35
As has already been explained above, the comparison of the

comparator N is advantageously effected within



30 explained above - supplied to the integrated circuit 105 shown in
Figure 4 the so processed neasurenent signal of the termnal VL1. The
switching condition of the switch S107 is controlled, as for all other
control | able swi tches of the overall control circuit 1C2, by the
measurenent 35 phase controller 900 shows3 n Figure 3. The individual
switches shown in Figure 4 are thereby so cl osed or opened by the
measur enent phpzedebetrmohkdr QODermm¢evwlimiﬁnazﬂwhlch are defined in

28 of the r 8oV st rea
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15 this behaviour, the sensitivity of the rectifier effect
recognition in the case of count value N which after a full
period of the lamp voltage U,, lies below the initial value
N, is increased and the threshold value Ny, is displaced
towards the initial value N,.

20
There may be connected to the voltage terminal VL1 a
further function block for the recognition of over-voltage
of the lamp voltage (c.f. the arrow illustrated in Figure
6), whereby the output signal of this function block can

25 also be delivered to the measurement phase controller 900
and for example again be event filtered (c.f. the above
explained rectifier effect evaluation) to a corresponding
fault report to the process controller 800.

30 The voltage detection block 200 shown in Figure 6 includes
a further function block which is provided for the
recognition of a lamp exchange. This function block
includes a sampling circuit 201, a switch S206 and a
comparator 202. This lamp exchange recognition circuit

35 makes possible the recognition of an exchange both of the
upper gas discharge lamp Gl shown in Figure 1 and also of
the lower gas discharge lamp G2. Up to now, because of



of a full period of the |lanp voltage and then the deviation 25 of the
Integration result fromthe original integration starting value is
eval uated. For this purpose the i ntegration starting value is supplied
to the conparat or 103 by application of the corresponding reference
potenti al Vref5. Wth the aid of the3®w tch S124 there can be set for
30 the conparator 103, in the formof the further reference potential s
Vref4 or Vref6¢iacwssryi wadblems,valtuewap Possibhegaarnidseknewilt opdlyue or

the rectifier gEAREtCE GRAMNAI Y of thENSoRO:eldRlconebs Ry Qe ! e

be 3.0V, whereas as ositive reference potential Vref4 a value of 4.0V
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| ssued by the neasurenent
15 received no indication as to whether the gas discharge lamp

Gl which he had exchanged was actually defective.

With the aid of the present lamp exchange recognition
circuit it is now possible to recognise the exchange of any
20 gas discharge lamp Gl, G2 connected to the electronic
ballast. As soon as a lamp exchange is recognised, this is
reported via the measurement phase controller 900 shown in
Figure 3 to the ©process controller 800 likewise
schematically illustrated in Figure 3, so that this process
25 controller can automatically bring about a new start of the
system after communication of a lamp exchange. A lamp
exchange comes into consideration in particular when a lamp
fault, such as e.g. a gas defect, 1is determined and
reported by the control circuit. In this case, the
30 technician will attempt to exchange the faulty lamp.
Initially, however, the technician does not know which of
the gas discharge lamps Gl, G2 connected to the electronic
ballast is faulty. Thus, he will exchange one of the
connected gas discharge lamps. As soon as the lamp exchange
35 recognition circuit of the voltage detection block 200
shown in Figure 1 has recognised a lamp exchange, the
process controller 800 shown in Figure 3 will carry out a



controller 900 to the process controller 800. The above- 20 nentioned

processing of the rectifier effect fault report I's, however, in
particularly sensible since in the case of the rectifier effect an
i nsidious effect is involved which appears with a tenporal delay.
Therefore, the neasurenent phase conggol | er 900 only sends out a
rectifier effect 25 fault report to the process controller 800 if a
rectifier ©dd ecdtd de:tfecwd byyéb@mconpfar@t orlair@S showm i hs Figiiel 4
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t he appear ancedb$charge lamp which he has exchanged was eithergpot faulty
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ref erence cloc red MA one ano t he
count ed ti mi ngtipl$ sesans efcdle;té'rﬂjé:rﬁcmmmamhéhat on the one hand the gas

discharge lamp which he has exchanged was faulty and on the
other hand that now all gas discharge lamps connected to

15 the electronic ballast are fault-free. Overall, in this
manner fault recognition and fault <correction are
considerably simplified for the technician, since the
technician can decide immediately after exchange of a gas
discharge lamp, on the basis of a successful or

20 unsuccessful new start of the system, whether or not all
lamps connected to the system are now fault-free.

With the aid of the lamp exchange recognition c¢ircuit
illustrated in Figure 6, a lamp exchange 1s recognised in

25 that a supply voltage of particular frequency is applied to
the load circuit from the inverter and with regard thereto
the build up behaviour of the load circuit is evaluated.
The assessment of the build up behaviour of the load
circuit is in turn effected on the basis of the measurement

30 signal applied to the voltage terminal VL1, proportional to
the lamp voltage, whereby this measurement signal is
sampled a plurality of times and thus the characteristic
line of the lamp voltage arising as a consequence of the
applied supply voltage is assessed.

35
The supply voltage applied to the load circuit in the lamp
exchange recognition operation has in particular a



tenporal duration of the respective half-wave. If no rectifier effect
Is present the timng pul ses counted during the positive and negative
hal f -waves are in agreenent. In the case of the presence of a
rectifier 15 effect the timng pul ses counted during the positive and
negative hal f-waves differ from one anot h&s. Figure 1la shows a
circuitry realisation of this exenplary enbodi nent with an up/ down
counter 107 whrehatévelyetowusfzequentyabfi hput examgpbe 40KZ grRdrtIRERO End
further receiv a | .si l:s sa.hi en fere ck
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counting 38 dfheclevnrepetielenufirequeryy iaf radmarts&@HzAf t er concl usion
of a full period of the |lanp voltage the current count val ue N of the

S0 o ohThey PRI 08 SRR ARSI ETa gLt shown
descri bed conpanarbguid3e Thiss cHopbswed or 103 conpares the current
count value Nwith the initialisation value or with
15 As has already been explained, in the case of recognition
of a fault, the lower inverter switch T3 of the inverter D
shown in Figure 1 1is switched on and off with a low
repetition frequency of about 40Hz, whereas the upper
inverter switch T2 remains permanently switched off. As a
20 result of the switching on and off of the inverter switch
T3 there occurs in the load circuit of the electronic
ballast a particular build up behaviour which in particular
depends upon the gas discharge lamps connected to the
electronic ballast. This build up behaviour of the load
25 circuit is reflected in the measurement signal detected via
the input terminal VL1, which is evaluated by the lamp
exchange recognition circuit. For this purpose, the
sampling circuit 201 stores at particular time points T,-T,
the momentary wvoltage value of the measurement signal
30 applied to the terminal VL1. In principle, the third
measurement at the time point T, is not absolutely necessary
but it increases the reliability of the measurement with
regard to disrupting influences. The above-described
measurement procedure is effected after the opening of the
35 inverter switch T3 and before its renewed closing.

After taking the measurement points at the time points T,-



t he original count value of the counter 107. When no 5 rectifier effect

Is present the count value N nust, after attai nnent of the next zero
crossing of the |anp voltage, have again attained the initial value
Nlerr]. If, however, the count value N deviates fromthe initial value
Nerr], a rectifier effect is present37 Advant ageously, the conparator

10 103 conpares the count value Nwith the initial value Nerr]
within certai nTg plemarm&zhltm i§,irimamre@ﬂaratbr1§rs smotretioin thecdbwhudertam
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absolute measurement parameters since there would be
necessary for the evaluation of absolute measurement
parameters additional components.
20
Figure 7a shows a temporal diagram of the development of
the voltage U,. applied to the terminal VL1, the switching
condition of the inverter switch T3 and the switching
condition the switch S206 shown in Figure 6. Further, there
25 are indicated in Figure 7a the individual sampling time
points T,, T, and T,.

The evaluation of the comparator results Dbetween the
sampling values at time points T, and T,, and T, and T,
30 delivered by the comparator 202 is effected in the
measurement phase controller 900. On the basis of the build
up process, i.e. on the basis of the voltage characteristic
line formed by means of the sampling values at the time
points T,-T,, it can be decided whether during the lamp
35 exchange recognition operation one of the gas discharge
lamps has been removed and, if yes, which of the gas
discharge lamps was removed. Further it can determined



32 . l'i kewi se supplied to the nmeasurenent phase controller 900 and
has central significance for the control of all control | abl e switches
of the overall control circuit, the actuation of which is in each case
controlled to the zero 5 crossing of the |Ianmp voltage. Figure 11b
shows an illustration of the signal devel ggments in the circuit
Illustrated in Figure 11la in the case that no rectifier effect is

present, and t@ﬁeéﬁ@{feslﬁsrteera@oyaw 1ARPe/IiNG: 5@ p@{é'%ﬁahaha@angyg
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By means of the evaluation or detection of the
characteristic line of the voltage signal Uy, applied to the
terminal VL1, the control circuit can thus determine which
of the connected gas discharge lamps Gl, G2 has been
20 exchanged. This means that there can reliably recognised
not only an exchange of the lower gas discharge lamp G2 but
also an exchange of the upper gas discharge lamp Gl1. As
soon as the control circuit has recognised an exchange of
one of the gas discharge lamps connected to the electronic
25 ballast, an automatic new start of the system is carried
out in order to ignite the connected gas discharge lamps.

In practice, the control circuit IC2 will, upon appearance
of a lamp error in a fault condition monitor the build up
30 behaviour with regard to the appearance of the
characteristic line a or b. As soon as the voltage applied
to the terminal VL1 develops in accordance with one of
these characteristic lines, this means that one of the
connected gas discharge lamps has been removed from its
35 fitting for the purpose of fault correction. Then, the
control circuit IC2 or the process controller 800 goes into
the actual lamp exchange recognition condition, in which -



As has -al ready been expl ai ned above, the conparison of the conpar at or

N is advant ageousl y ef fected W thin

33 predeterm ned tolerance Iimts, which are defined in
accordance with Figure Iid by nmeans of threshold values Nerr] and
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potential applied to the terminal NP of the control circuit

15 is continuously evaluated and it 1is determined by

comparison with a predetermined reference voltage Vrefl2

whether a warm or a cold start should be carried out. This

comparison is carried out with the aid of a comparator 301

the positive measurement input of which is connected with

20 the terminal NP. On the output side, the comparator 301 is

connected to a state retaining circuit 302 which may for

example be realised by means of a D-type flip-flop. This

state retaining circuit 302 brings about that the output

signal of the comparator 301 is switched through to the

25 process controller 800 and evaluated only when a

corresponding release signal EN is present. This release

signal EN assumes a high level for a short time exclusively

upon the new or restart of the overall system, for example

by means of actuation of a corresponding mains switch. At

30 no later time point does a signal change at the terminal NP

lead to a condition change at the output terminal of the
state retaining circuit 302.

With the variant shown in Figure 8a, switching between a
35 cold start and a warm start operation can be effected by
connection of a series resistance R, either to the higher
supply voltage potential VDD or to the ground potential. If



30 The voltage detection block 200 shown in Figure 6 includes a
further function block which is provided for the recognition of a lanp
exchange. This function bl ock i ncludes a sanpling circuit 201, a
switch S206 and a conparator 202. This |l anp exchange recognition
circuit 35 nakes possible the recognitioggof an exchange both of the
upper gas discharge lanp GL shown in Figure 1 and al so of the | ower gas

di scharge | anptk®. sdpid® e sthenaUse 06 connected to VDD, a cold start
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ballast. As sogp,ass@ | M &ehanggdes taeRaN $AY, rififei 53 which, in

dependence upon whether a c¢old start or warm start

15 operation is selected, controls the gas discharge lamp

without or with pre-heating operating states.

Figure 8b shows a variant of the above-explained circuit
which makes possible a dynamic switching between a warm and

20 a cold start operation. The c¢ircuit shown in Figure 8b
corresponds in substance to the circuit shown in Figure 8a,
however with the exception that internally a switch 8301 is
provided at the input terminal NP via which the supply
voltage potential VDD can be applied to the input terminal

25 NP, whereas externally an RC member - consisting of the
resistance R22 and capacitor Cl17 already shown in Figure 1
and 2 - is connected to the terminal NP. As with the
variant shown in Figure 8a, the voltage potential applied
to input terminal NP is monitored by the comparator 301.

30 The function of the circuit shown in Figure 8b is as
follows.

During the normal operation of the electronic ballast, the
switch 8301 is closed so that the capacitor C17 is charged
35 by the supply voltage potential VDD applied to the input
terminal NP. If (e.g. as a consequence of a fault)
switching off of the system or switching over of the system



reported via the measurenent phase controller 900 shown in Figure 3
to the process controller 800 i kewi se schematically illustrated
in Figure 3, so that this process 25 controller can automatically bring
about a new start of the system after communication of a |anp
exchange. A | anp exchange cones into4g$nsideration I n particular when
a lanp fault, such as e.g. a gas defect, is determ ned and

reported by th r | FeGlipte. ' SARE ggﬂﬁi | L
attenpt to esgﬁggge@rto ﬁne “%iéftﬁ teydﬂI %‘ggr% cqﬁrﬁrﬁglcf%, O\Ac/gedygél?c%ée’
t echni ci an doeShRoEWkRel SRPEhinfopened amd §he grpefitgr Fhhpdismbhaxges

connected to tRethl atd Ofifie consPaht agkteembiadlt Yy WS, rBE pliddereXchange
one of the conaected ng di sc As Soon,as the | anp exchange

arge | anps. ]
35 recogniti oRCEPFEARES oY T EReS TR %@%'d&h@cﬁﬁoﬂeﬁb%kl?o@dvantaWYn

Fih gure 1 has rsoogon is‘leﬁt@té@rﬂhaﬁxthéngepabb&r C17 RIa@Cee8acANt el d1girRO0
shown in Figur | carr, ut_.a . . ,
35 neW/stg?? %% 9ﬁ@9§§§ﬁ mtier VRItASS Atuiths Sy (terninal. iR Rd or
ignition of algresheectbdngabedirefleaegeel anjitage Virefnat appddied eo ttiee
control ci rCU'&oﬁ?Qitcﬁtag%oi”f&aa durafcg;%{ ¥ JAHB gyghange recogni tion

u e

condition, wtho connect ed gas |schar5' I"anps "berng able to be
per manent |y driven. For the technician this neans that the gas

di schar ge1b anpupbhch-dhesthas exghangedsmas ebthﬁcrhen%yé@é{h,tythe Péléhat@é a

further faulty gas I schar ge Iag?p exists. In this case, the technician

nust exchange 3hFtRer ENaSidiSthat it e oretakplrpnpbedett t 302 hEakPEciHori ¢
bal last. If, ahigh Bevelp so thexChA8gEompaBiEse &l tnew sharldobatdteor

systemis possible thi,s neans far e_technici,an that on the one hand
the gas di%thair%etl}réjr‘flpqhmhqo&?el‘fgeaas&gx %gﬁb‘@%\?ﬂ‘? PROPE YRR VAR
ot her hand thaporentitl aeslikddlathe iopps wommnecledNPt ds15tilheywdapdr oni c
bal last aie fauhinfrRE rO¥8F8hLe ¥O1Ld4S vref12, the process controller

800 provides for the putting into operation of the
connected gas discharge lamps without pre-heating operation
and thus carries out a cold start. If, on the other hand,
the voltage potential applied to the input terminal NP is

20 smaller than the reference potential Vrefl2, the connected
gas discharge lamps are pre-heated and thus a warm start is
carried out.

From the above description it is apparent that the voltage
25 potential applied to the input terminal NP of the control
circuit is dependent upon the switch-on time of the switch
S301, which is the same as the operating time of electronic
ballast. This parameter is determinative for the charge
condition of the capacitor C17. Further, the voltage
30 potential at the input terminal NP is dependent upon the
switch-off time of the switch S301 or upon the duration of
the emergency current operation of the electronic ballast,
and dependent upon the time constant of the RC member.
These parameters are determinative for the discharging
35 process of the capacitor C17.

The circuit shown in Figure 8b thus carries out a cold



manner . fault recognition and fault correction are consi derably
sinplified for the technician, since the techni ci an can deci de

i medi ately after exchange of a gas di scharge | anp, on the basis of a
successful or 20 wunsuccessful new start of the system whether or not all
| anps connected to the systemare now fault-free. Wth the aid of
the | anp exchange recognition circuit 4% lustrated in Figure 6, a |anp
exchange is recognised in 25 that a supply voltage of particular frequency
is applied to Start 2 |dataEnrebart f ivnfehendenes t wpornghai gurpsdand of
thereto t hthduigwd tiep -befave e afnd hanl ogdpehdenéd Ipofyaltyrt e@dime
The assessment of the buil.d Uﬁ) bg{mi Oﬁ{) of the | oad £ circuit is.in
turn effected SAHEHasPS ofh§ h BREPehentY30MeqRGn AL aFSrTrEFPreHRE

vol t age ternm nalindrsigriopordf carited time condtentd asp t/lmétmgemembefelﬁ}:hhlﬁi S
measur enenty Si . 11S Sam lurali f.tine nd t hus.the
characteri SSt i CMtdlfior{fef otflsﬁ?ehea‘ﬁgarrtgio\?lol{agbeg%r‘?%?%ﬂma@eg @%@gqf]gnegs&

t he appl i enffigpleptyofernge iaplabsesart. opsrationTid stuppl gonokrcagd
applied to the Jagrk ol fsHi tnkB biepbBBP the @XChaRger’ RE8YNIJIIYN BRCLR! I on

has in particular a | ) :
rel atively | ow 3 ifErtedoithady abtai Darging i tHes | capacitoyxhelfaspd
exchange recogrigdriimhREr 8hbOswi tdh Ys30e ok {BBtage gvertiear @p1SwWd ebes

T2, T3 . Fiqure, 1) . i f ched-.on, ., or switched-off alJternately with
t he abO\(/g- nt :tg%edm%“é S‘?‘;rs%mﬁld‘éaﬁt&\,m Phel B85 ITRRCCHt HRrn F*ﬁetrf' Pre\é\ﬁet ch

remai ns perpmtrmﬂ:tﬂayg oprerf 1dunt nghé heotpana texc fEng e faper akipdry bff the
present_exeml a, AMHAUIIRALof Lo & G APPEERLIVERLEE on S LER TR HCH
I s permanent|y open, ereas the Tower invertéer SwWtch T371

al ternatel y swiwidhedtde antienfidrdi t however, the maximum allowed time

between switching to emergency current operation and the

15 new or re-start of the electronic ballast without pre-
heating of the lamp electrodes, is determined to be 400 ms.
In correspondence thereto, the resistance R22 and the
capacitor Cl17 are to be so dimensioned that the above-
mentioned time period of 400 ms can be complied with.

20
Of course, in place of the RC member having the resistance
R22 and capacitor Cl17 shown in Figure 8b, any other energy
storage circuit can be employed which stores energy in
dependence upon the supply voltage potential applied to the

25 input terminal NP and which discharges with a particular
time constant after disconnection of the supply voltage
potential. This energy supply circuit can thus contain any
kind of delay members, so long as a defined and known
temporal behaviour of the delay member or of the energy

30 storage circuit is provided.

Below, the function blocks 400 and 500 shown in Figure 3
will be explained in more detail. The voltage regulator
function block 400 generates an internally regulated, very
35 precise supply voltage VDD for all internal function
blocks, which at the same time is the source for all
necessary reference voltages. As can be seen from Figures



10 the low repetition frequency of about 40Hz. The function of the

| anp exchange recognition circuit shown in Figure 6 is as foll ows. 15
As -has al ready been explained, in the case of recognition of a fault,
the lower inverter switch T3 of the inverter D shown in Figure 1 is
switched on and off with a | ow repetition frequency of about 40Hz,

wher eas t he upper inverter switch T2 fémains permanently switched off.
As a 20 result of .the switching on and aoff of the jnyerter switc .13
there occurs in #hA8 anﬁht’:?r%’iﬁ?‘%’:%ﬁ tﬁ’rﬁ’pgiyeé’tot%ﬁ‘% VBB b ’f%%?nao"gér‘f]i%ul ar
buil d up behavthartahmifhal rvpmarand fiidtered degperics expernbhecgpsciiier el ge

| anps connecte he el r org || ast. i Il d behayi of
the | oad 25 cﬂ?%gF% igOPngéggéﬁ ir#%4§§n§§255?§ e%FqgﬁgnaFEﬁEtecte Vi a
the input ternkvailybilithi of tbeeinteunald dyrphe vakpage VIR g can

recognitiog cigpgui EmpEB?eHhi $oPUrgose, rhhetion SEAPLd NLLirepdt Hrsiores
at particular tinme points TherrL—T[ery] t he nmpnent ary volt%&§1 al ue of
t he measur enenl8Ffranigobaddasted tHLARKE t &PWi NRLLIEE. LeVRlpr (WAdiSH €5 the

third  nmeasgaesBBhgabubhpatt fBuDSHTY I8 drouils dlFsebdtely necessary
but it increases the reliability of the neasurenent with regard to

di srupting influences. The above-descri bed nmeasur enment procedure is
ef fect ed after Theerepfenengeovol baeg8generatet &00swetrvhsTSoanthdefenteral s

reneved clgsiNgyneratiof! I LAY HABRATRAHAIN AP BLE Fnd! ki1

points T[éerr]-
circuit 1IC2, i.e. for the generation of all reference

potentials and reference currants.

The oscillator 600 illustrated in Figure 3 represents the
15 central timing source for the entire control circuit IC2.
The oscillator 600 is so constructed that no external
components are necessary. The basic timing of the
oscillator is balanced with the aid of micro-fuses to the
desired value of for example 10MHz, with an exactitude of
20 e.g. 4 bits., Via a digital input of the oscillator 600, the
frequency of the timing generator can be reduced to about
1/20 of the nominal timing rate, i.e. to about 550kHz. This
reduced timing rate is necessary, as will be explained in
more detail below, for particular operating states, in
25 particular for the fault and lamp exchange recognition
states, in which the supply energy must be reduced. The
timebase generator 700 likewise shown in Figure 3,
generates a plurality of constant time intervals, in
dependence upon the basic timing of the oscillator 600,
30 which are delivered via digital outputs of timebase
generator 700 to the individual function blocks of the
control circuit IC2. The process control function block 800
receives, for example, all temporal reference parameters
from the timebase generator 700. All temporal parameters
35 generated by the timebase generator 17 are a multiple of
the basgic timing of the oscillator 600. The temporal
reference parameters generated by the timebase generator



T[err], the result is internediately stored in the down-stream di gi tal
part (not shown in Figure 6). Then, the | anmp exchange recognition
circuit is newy initialised, i.e. via the switch S206 a particul ar
reference voltage Vrefll is 5 switched in and a new sanpling val ue of

t he vol t age si gnal at termnal VL1 is |nterned|ately stored in the
sanmpl i ng circuit 201. The conparator 2 thus carries out a double

| at I f t I .
Cirout 201 i 190 TREYe S deFEPH BelibhiaRe o YRRV IS « RESAPEPbLEAce
bet ween the sakphwmg vzl uehst argrittie  timeti NEhews nttefjpent]l apdfehence
sampling value ahred 3l the ' hiPwit1 peoLAl im0 ﬁ\otrged@th%& Band,t he

di fference bet npl I'Mg en at e tine poin e(r]
and the sanpli®f smgmm%nlqeémﬁt oneop@tt:tmelam nEopotime T8Mpdhat epelka&tngn of

the 15  rel atigy(gtd ARlir¥ISREPEnRELYRER 1 r@.rdﬁdﬂ \T'C@uakvh1§ﬁnﬁg' egrrled

val ues i s advantageous in conparison Wih the eval uation absol ute
measur enent paCitet®r $HE REOCLREr EORBLPH BﬁnCtlonH%B§§%éWW for the
eval uati on of absolute measur enent par anmet ers addi ti onal conponents.

20 Figure ate di agram of the de t of t he
vol tage Uerr] % IQ:D CF&QPhgg? ﬁaJékﬂﬁ?sﬁtu§QRﬁq§ﬁ1eﬁpn%% ¥dhdi t PSn of
the inverter swixpdlaifiddardc mbeesdetahlrmplow wxnhuhdfem&nbhetSWFﬁghrSZQG
shown in Eigure 6. Further, there 25 are indicated in Figure 7a the

i ndi vi dual” sanpling tine points T[err], T[err] and T[err]. The
eval uation of (e cemesestsor coatubls Penokernt Helock 89@npkbngredkueshat
time points T[ %rprelraac&%nﬂ %rff] ’th%nd ellgtibnand EL@iaLt?»Oforde&ﬁﬁgfg by,

the conparator i's fected in ﬁe measur enent
control | er 900aq9?ﬁﬁ%§cﬁa§1§hth?h%t%ﬁﬁIQFagramLﬁi%ﬂﬁ9§§§§d Pnep’aﬁrﬁhg

basis of the vaHeagdychaiRckegugti ®, eachl @@sEQbMEdo@ér@&&E@; rdde 1s

sanpl i ng Iues t the ti 0|n s T[err]-T[ery be dec
whet her ddri ng SRETREH5 235 Y éf@ﬁp ? codHi ti%n ?%ﬁﬂon %E F tﬁg €gas
di schar ge ﬂnﬂnmidmmilammbwsamapmhsynt pdsgidsle Wiate othdhgegaghich

di schar ge 'a”p%ﬁgﬁixfeﬂﬁﬁﬁg- BUREDShehd CBR deLPr MO sted condition

corresponding to the two operating states. These conditions
are each linked to particular states of particular state
20 parameters or monitoring parameters of the electronic
ballast or of the 1lamp{(s), whereby these monitoring
parameters are processed internally by the process
controller 800 in the form of wvariables which, in
dependence upon whether the monitoring parameter takes up
25 the corresponding state or not, for example take on the
value "1" upon taking up the associated state or "0" when
the state is not taken wup. The individual parameters
monitored by the process controller 800 may include for
example temporally based parameters or fault parameters.
30 With regard to the temporally based parameters there can be
monitored for example the expiry of a time for bringing
into operation, a pre-heating time, an ignition time or a
delay time for the rectifier effect recognition. With
regard to the fault parameters there may be monitored for
35 example the appearance of a capacitive current in the load
circuit (via the current detection block 100), the presence
of an over-voltage at the connected gas discharge lamp, the



38 . Whether instead all lanp coils of the individual gas di schar ge
| anps are correctly connected with the | oad circuit, i.e. that al

| anps are connected in a fault-free manner. Figure 7b shows by way of
exanpl e the developnent 5 of the characteristic line of the voltage
signal Uerr] applied to the termnal VL1 for three different cases.
The characteristic line a correspondésto that characteristic l'ine

whi ch th f t.h th di sch

o G1 shown TROPTEERES 1% i EFo Lenedh | SFFE0s 0OE B, R BaNERAI T o
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determ ne whi chhlch af dé hibs Lo neadwetrgas WirscBaage bpapst{dn ak® dasoheen
20 exchanged, {5 nmeans, t hat there can r I|ab réco ni sed t onIy
an exchange ostﬂE Ioﬂg?r§5%°%|s%%%rgg So dex

t he upper gas ﬂonrhargmglap@rimetdss ofsobmeaselémtxmnmd(ﬂbamlannt dvas
recogni segyan gégggggg? one of the gas discharge | anps connected to
the electronic ast, an automatic new start of the systemis carried
out in order to ignite the connected gas discharge | anps. I n

practice, the gontfQ gifr&yhd ho@%nwchéscﬂﬁ?éli apQQé‘ﬁéﬁ‘&ﬁ the Oin@l‘J'?cﬂpafrror
in a fault condltlon nonitor  the build ehaviolr wth regard to

the appearanck®ulpfpargpgters a%%a?%%?%gé%tbﬁ ?h?mb%??%stﬂOQQQQRKﬁh%EPthe
vol tage applietih Figlgeth®, t edharal i 1 mi@ialmﬁs effageod danswevét h one
at

of tbgse BP%&Q&%E&&SH59 l%%%% gglstﬁgagiééureﬁg] Oéhggg control

function block 900 before the individual failure parameters

are actually evaluated by the process controller 800. For

this purpose, the measurement phase controller contains for

each monitored fault parameter a digital event filter

20 associated with the corresponding fault parameter. This

digital event filter carries out in principle the function

of a counter which counts the uninterrupted appearance of

the corresponding fault. A fault report is given out from

the corresponding event filter to the process controller

25 800 only then when the corresponding fault has appeared n-

times in succession, whereby n corresponds to the filter

depth of the corresponding digital event filter and may be

different for each fault parameter. As soon as the fault no

longer appears upon a read out, the count wvalue of the

30 digital event filter is reset and the counting procedure

begun again from the beginning. In this way it is ensured

that the process controller 800 does not react over hastily

to the appearance of a particular fault, and an operating

state change as a consequence of a particular fault report

35 ig only the carried out when it can be assumed with

relatively great reliably that the corresponding fault is
actually present.



connect.ed gas di scharge | anps has been renoved fromits 35 fitting for
the purpose of fault correction. Then, the control circuit I1C2 or the
process controller 800 goes into t he actual |anp exchange recognition
condition, in which - 39 as
in the fault condition - only the lower inverter swtch T3 i s opened
and cl osed for exanple at 40Hz, whereas the upper inverter switch T2

i's permanent | yxapemg ﬂ?éﬁ the Cﬁgg%ghogv Re ﬁ%erxolfo%' Eﬁ&if‘eé%ﬁt S

for the appearance e chara |st|c Inec, 1.e ace of
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and now al | | agpgeabe BHAI PeEONRELE eberienn ihRidiousSystem @é’tﬁﬂié@élwt a
new or restart. _This proceduyre wil |l agai n,be explained |ater with

reference to FPGAW Y9aPEGarln9'Fﬁ@H?Escéﬁeahﬁ BBV%%%%QtWBh%%w|%#ﬁse%ﬁn§he
circuit 308 fofilter thescedagedt i eitdf anaar Weedlidistar tefFReftat iig) so

illustrated Fi h th

vol tage o pAiERBEEPRERC PRl (5 RETEREATRS P o S kAR e Eh chE ¢ 15

S continuousﬂyteemahadteponandndlﬁhe|cprnhap©mdungdfabyt repoxrnjpssuedn
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nis carriéd ou

start should beée carri
aid of a conpardfefFt3ds reported @@sﬁhq\m@aﬁyx§@c@ﬁenhasﬂpg@n©¢ohh¢trﬁ@%

connect edyyi th330 tidd® Her MkRete Mo hlbe O2HRU §|eg§odt her C‘Eﬁgarf&rﬁﬁ 301

S connecteg to a state retg ning circuit 302 which g
exanpl e be reaVPiEaIBy HRLRESBPRALEEIYpdhe igyeritoblilfRrsass 01%?%§é”lth
retai ning circuht 3@2thftiegs edlfeut tiRalutbe @.utfliuter depghgwd@l nof= t3e x

cval uated oni §2undh canerasto Phekd a7, 5%, BPRLEs; fRa i Teleriidhe
This release of x=igaphciEhiussumeseathighfityvel ﬁepta sifor 64t i for the

exclusiveh¥  getection of an overvoltage a filter depth of 3 and for
detection of a synchronisation fault and for the lamp
exchange recognition in each case a filter depth of 7. Of

course, other filter depth values are conceivable.

20 In the following, when the appearance of a particular fault
case is mentioned, there is meant the corresponding fault
report from the wmeasurement phase controller 900 to the
process controller 800 after passing the correspondingly
associated event filter.

25
The initial state of the operational state control shown in
Figure 9 is the so-called reset state (state I). The system
is always in state I when the electronic ballast is started
or started anew, which is the same as the appearance of the

30 release signal EN explained with reference to Figure 8. For
this purpose, the process controller 800 may include a
comparator with hysteresis characteristics, which monitors
the external supply voltage signal VCC within particular
limits and generates the release signal EN in the case that

35 the supply voltage signal VC lies within the necessary
supply voltage range. In this way, the comparator monitors
both the switching-on and switching-off of the overall



upon the new or restart of the overall system for exanple by means of
actuation of a corresponding mains switch. At 30 no later tine point does
a signal change at the term nal NP | ead to a condition change at the
out put term nal of the state retaining circuit 302. Wth the
variant shown in Figure 8a, switching betwsen a 35 cold start and a warm
start operation can be effected by connection of a series resistance
Rl err] either Spstem hi ther releaseippdignal t e pomenttilals Vhopmeat o tire

ground potenti g en th hi and hi
series resi stanc F7 "B°%onnec %It(f l%[?n olsof”l%c 9 Bre oeratlon is
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Rlerr] is conne ted ground poteng I%éfr a warm_start operation is

carried oup, 3attere Swtlﬁé &Bﬁn&?téﬂfg’é% WLeThie PANPS 41 | GIETEPREE h a
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process contro own I n Figure dépendence upon
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Figure 8b shows a_variant ,of the above-expl_ai ned CIrCUIt whi ch naﬁ?s

possi bl e a dyn&fPtasnfd cKihh BeffEenca ﬁﬁrﬁ%%ﬁﬁe » with appearance

the release signal EN there 1is effected the reading in of
the output signal of the function block 300 shown in Figure
15 3, so that at this time point it is determined whether the
connected gas discharge lamps should be taken into
operation with a cold start or a warm start. Overall, there
is thus effected in state I an initialisation of the
control circuit IC2.
20
After initialisation of the control circuit, the process
controller 800 goes automatically into a bringing into
operation state (state II). The transition from state I to
state II 1is, exceptionally, not 1linked to particular
25 conditions and takes place automatically with each new or
restart of the electronic ballast. In state II, there takes
place the running up of the harmonic filter and the build
up of the load circuit of the electronic ballast. Further,
in state II, the coupling capacitor of the load circuit is
30 precharged. In this phase, all fault detectors are
deactivated, i.e. there is effected no evaluation of the
above-mentioned fault parameters.

A pre-heating state III is entered starting from the state
35 II, in the case that e.g. a bringing into operation time
associated with state II, which designates the normal
operational duration of state II, has expired and no cold



20 a cold start operation. The circuit shown in Figure 8b corresponds

I n substance to the circuit shown in Figure 8a, however with the
exeception that internally a switch S301 is provi ded at the input
termnal NP via which the supply vol tage potential VDD can be applied
to the input termnal 25 NP, whereas extefpnally an RC nenber - consisting
of the resi stance R22 and capacitor C% al ready shown in Figure 1

and 2 - is con d er i h.t.h ; ' [
Figure 8a, the ?%#a&égﬁt‘é‘? gﬁbi %gé%?%di %%%of{lﬁgﬁortl gl\r@léa?%&Péﬁgw -
noni tored by tH& cBhgarat ¢ 30n. the geketuderidon b the HFOFINEhdRECI n
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state retaining circuit 302 takes up a

In the first pre-heating state III, the inverter half-
bridge is so controlled that it oscillates in terms of
15 frequency at the upper limit and for example generates an
output frequency of about 80kHz. In this condition, the
pre-heating regulation, the over-voltage recognition and

the capacitive current recognition may be activated.

20 After expiry of a predetermined pre-heating time, a
transition into the above-mentioned ignition state IV takes
place if no lamp over-voltage and no capacitive current
operation has been detected. During the ignition state IV,
all fault detectors of the control circuit are deactivated

25 with the associated event filters of the measurement phase
control function block. Correspondingly, starting from this
state IV, there can be no jump into a fault state VII which
is explained in more detail below. This means that the
system remains in ignition state IV until the state change

30 condition for the transition into an operational state V is
fulfilled.

In the ignition state IV, the working frequency of the
inverter of the electronic ballast can be changed in
35 dependence upon the value of the detected lamp current and
the states of the over-voltage and capacitive current
recognition. Starting from the working point of the load



high level, so that the conparison result of the conparator 301 is

t hrough-connected. If at this tine point the voltage potential applied
to'the input termnal NP is still greater 15 than the reference voltage
Vrefl2, the process controller 800 provides for the putting into
operation of the connect ed gas dlscharge | anps wi t hout pre-heating
operation and thus carries out a col @9start. |If, on t he ot her hand,
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the over-voltage recognition, the lamp voltage is now also
regulated. Nothing changes in this behaviour wuntil the
15 ignition of the lamp or until the expiry of the
predetermined ignition time. As a rule, however, the gas
discharge lamp will ignite before expiry of the
predetermined ignition time, whereby in this case the lamp-
current regulation will again be dominant and the output
20 frequency of the inverter will be reduced for so long until
the stable working point determined by means of the lamp
current reference value is taken up. In the ignition state
IV, the capacitive current recognition will only actively
interfere in the ignition procedure in the case of a fault,
25 e.g. upon saturation of the resonance circuit choke L3
shown in Figure 1. As soon as the capacitive current
recognition responds, the output frequency of the inverter
is displaced upwardly by means of the control circuit for
so long until another of the above-mentioned influencing
30 parameters during the ignition operation IV again becomes
dominant. Additionally, at this point attention is directed
to the fact that during the ignition state IV there is
carried out a new desired value/actual value comparison by
the regulation circuit of the control circuit IC2 only for
35 example in each eighth period of the output frequency of
the inverter, since it as proved in practice that with the
aid of a thus reduced regulation timing for example the



di mensi oning of the tine constant of the RC nmenber, that 5 swtch-off
time duration can be determ ned which is just sufficient for a cold
start operation of the connected | anps. For this purpose, the RC
menber nust only be so di mensi oned that after charging of the
capacitor Cl17 and openi ng of the sw ggh S301 the vol tage potenti al
applied to 10 the input termnal NP is just greater than the reference
potential Vrefildnpfvd haagorial dedrraifil stfd®iwiddpid Yeitfniifiantly lesser
above- nenti oned, swﬂtch off tinme duration. In accordance with the
standard, howevP1% he maximum al | oned tine bet ween swi tching to
energency current operation and the 15 new or re-start of the electronic
bal | ast witho r e trqde &L n to
e 400 me. L S e ThebaRobl Batral (I the Byt g e
capaci tor 17 e atlorebeiysabdmemsnbn@mecﬂ Ienenatd casdy state Virenlwrdden me
per i od of 400 &g, c3n b CORD! kalathbini®ea igflc S $anel.n PhEge Rladdie RC
menber havi ng the resistance R22 "and capacitor Cl7 shown in Figure 8b,
any ot her enerdipnge i dra@arEilfudpy é&ﬁeﬁén@%\:o‘}%d”ww shibrig y in
dependence upgstdte ﬁumagsul\atllb@g%p@wmnl Bélﬁ@péf@@c&éutwﬁre&efemae
termnal NP and mh% di scharges.with a pa ti_nme constant after
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circuit cen tHusmeanimtantany ki nd of delay nenbers, so long as a
defined and known tenporal behavi our of the delay member or of the
energy 30 storage circuit is provided. Bel ow, the function bl ocks
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dependent upon the detected lamp current. During this
operating state V, the over-voltage, capacitive current and
synchronisation fault recognition are activated, whereby
also during this state the regulation circuit carries out
20 a new desired value/ actual value comparison only in each
second period of the inverter output frequency. Likewise,
the rectifier effect recognition (GLRE) may be activated.
The operating state V is not temporally limited, i.e. it
represents in principle an endless loop, and can be exited
25 only upon the response of one of the activated fault
detectors. Advantageously, during the operational state V,
all fault detectors of the control circuit are activated.

Now, if a fault appears in one of the above-explained
30 states III or V, which is detected by means of the
corresponding state dependently activated fault detector,
the fault state VII illustrated in Figure 5 1is entered.
This fault state VII is thus the central reference point
for all serious operational disruptions. The fault state
35 VII is directly jumped to starting from the pre-heating
state II if during this pre-heating state an over-voltage
or a capacitive current operation is detected. In contrast,



43 . 1 and 2, this internal supply voltage VDD is taken out via t he

termnal VDD and filtered via the external capacitor C7 havi ng good

hi gh frequency properties. Due to the avai lability of the internal
supply voltage VDD there can 5 be enployed for all function parts of
the overall el ectronic ballast a singhe |ow voltage level, which is
advant ageous particularly on grounds of costs The reference vol t age
generator 500 §ﬁﬁV§§uiersEQ€eC%&r% tﬁtegeaen:%tnoepetaethgr ghakenee if
paranmeters for the control circuit 1C2, i.e. for the géneration of al
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lamp coils. This is the same as the fault state VII being
exited in the direction of the already above-explained lamp
exchange recognition state VIII, as soon as one of the
connected gas discharge lamps is taken out of its fitting.
20 Additionally, attention is drawn to the fact that during
the fault state VII the operating current take up of the

control circuit is reduced to a minimum possible value.

In the fault state, the electronic ballast is operated as
25 in the lamp exchange recognition state, i.e. in each case
the lower inverter switch T3 is opened and closed with a
low frequency of for example 40Hz whilst the upper inverter
switch is permanently open. As has already been explained
with reference to Figure 6/7, in fault state VII, the
30 control circuit IC2 waits for the appearance of the voltage
characteristic line a or b (c.f. Figure 7a) at the voltage
measurement terminal VL1 which corresponds to the removal
of one of the connected gas discharge lamps G1, G2. In this
case, the control circuit IC2 goes into the lamp exchange
35 recognition state VIII.

With the aid of the lamp exchange recognition process



the basic timng of the oscillator 600. The tenporal ref erence
paraneters generated by the tinebase generator

44 700 may for exanple include the individual pre-heating times or
the ignition tinme. These tenporal reference paraneters are, as wll be
expl ained in nore detail bel ow, of significance in particular for the
tenporal operating 5 state control of t%@ control circuit 1C2, which is
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The individual jparafet easitomat PBNI EQi€Ehbyotde ptocesBe coptingiey 80Rtomy
i nclude for operation state II occurs and the gas discharge lamps are
again taken into operation in accordance with the
15 functional cycle illustrated in Figure 9. Also during the
lamp exchange recognition state VIII, with the exception of
the lamp exchange recognition, all other fault detectors

are deactivated.

20 Finally, there will be explained briefly below the function
of the inverter controller 1000 shown in Figure 3.

The inverter control function block 1000 sexrves for the
generation of control signals for the upper and lower
25 inverter switches T2, T3 (c¢.f. Figure 1) which are issued
via the output terminals OUTH and OUTL of the control
circuit. In dependence upon these control signals, the two
inverter switches are either switched on or opened. As a
rule, the inverter controller 1000 generates alternate
30 control pulses for the control terminals OUTH and OUTL of
the two inverter switches T2 and T3 and may also have an
internal dead time counter function in order to ensure a
sufficient dead time between the control of the two
inverter switches. In the lamp exchange recognition
35 condition VIII (c¢.f. Figure 9) the inverter controller 1000
ensures that via the upper output terminal OUTH the upper
inverter switch T2 remains permanently open whereas only



exanpl e tenporally based paranmeters or fault paraneters. 30 Wth regard to
the tenporally based paraneters there can be noni tored for exanple the
expiry of a tinme for bringing into operation, a pre-heating tinme, an
ignition tine or a delay tinme for the rectifier effect recognition.
Wth regard to the fault paraneters tBare nay be nonitored for 35
exanpl e the appearance of a capacitive current in the |oad circuit
(via the curr ephe ddoweri ointg ek 190)tch h83prisseatiernatelst apesedr -ansl t age

at the connectef,9a9 &Eé&Q@&Q@aE@U@l¥tfﬁw frequency via the lower output
45 appearance, of _a rectifier effect or of an non-symetric | anp
oper ati on, thet%ﬁl%ﬁi%s%[ﬁ%- of a lanp or the appearance of a
synchroni sation fault with regard to the zero crossing of the | anp

voltage (ip eagh case via the 5 . voltage detectjon .block, 200). Further,
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the function inverter can be set.
15
The generation of a non-symmetric duty ratio has, however,
also the effect that the so-called "wavering" of the
connected gas discharge lamps can be altered. This wavering
involves an effect, which appears in particular at low
20 temperatures shortly after the start of the system, of
"running layers" which are caused by an uneven 1light
distribution in the corresponding gas discharge lamp. These
"running layers" consist of light/dark zones which run with
a particular speed along the lamp tube. As is for example
25 known from EP-B1-0 490 329, this running effect can be so
accelerated by the superposition of a slight d.c. current
that it no longer has a disturbing effect. Also the
generation of a non-symmetric duty ratio by means of the
present control circuit of the electronic ballast can work

30 against the appearance of the so-called "wavering".

As has already been explained above, with the aid of the
present control circuit there 1is generated during
individual half-periods a non-symmetric duty ratio for the
35 two inverter switches, whereby however the duty ratio is
averaged out over a complete period. Since non-symmetric
output signals are to be generated only in the operating



of a counter which counts the uninterrupted appearance of t he
corresponding fault. A fault report is given out from t he correspondi ng
event filter to the process controller 25 800 only then when the
correspondi ng fault has appeared n- times in succession, whereby n
corresponds to the filter depth of the corresponding digital event
filter and nmay be different for each Pault paraneter. As soon as the
fault no | onger _appears.upon a read out, the count val of, t he 30
digital event $%§t®rV isg‘of"@séf‘ 5?1%“’5?169@5%?[ FﬁﬁeﬁFSEeﬁ?ﬁ%rOflfe%e]gq.d;b fé’% n
fromthe begi nekargpld rvaluatedyal dorsespmdiagy contirbat sigraprwiciess only
control |l er 800_does eact ov ALy t0. a n of _
parti cul ar fau???haﬁg?é%éoS§Fgfi§8 Qgi&??éf%’é%aﬁbéggg gggg%gegggnggﬂbf a
particul ar fausymmetporealdsopeéxaidy ifiethearisd@mouks whenthe @Redstinsuned

W th gel atiyelwgareat reliably that the corresponding fault is
actual ly present. 46 In this
respect, the digital event filter for the rectifier ef fect recognition
represents a special case, since in the case of the rectifier effect
an insidious, i.e. tenporally slowy appearing, fault case is

i nvol ved. Thus, the event 5 filter associated with the rectifier
effect is so di mensi oned that the appearance of a rectifier effect
IS determ ned upon, and the corresponding fault report issued to
the process controller 800, only in the case a rectifier effect is
reported to the neasurenent phase controller 900 10 32 tines in
successi on each 255th period of the |anmp vol tage. Correspondi ngly, the
event filter associated with the rectifier effect includes a filter
depth of n = 32 x 225. In contrast, there may be provided for the
detection of a capacitive current a filter depth of 64, for the 15

detection of an overvoltage a filter depth of 3 and for



detection of a synchronisation fault and for the | anp exchange
recognition in each case a filter depth of 7. O course, other filter
dept h val ues are concei vabl e. 20 In the foll owi ng, when the appearance
of a particular fault case is nentioned, there is nmeant the
correspondi ng fault report fromthe BBasurenent phase controller 900
to the process controller 800 after passing the correspondingly

associ ated event filter. 25 The i nCLR3MSst ate of the operational state
control shown in Figure 9 is the so-called reset state (state |I). The
system is always in state | when the electronic ballast is started

or started anéw, WKPERSPs fidte Bhse rasopgrétappesfantle orechéfier affjasise

signal EN explaigad-Md hid ef efeN6a dchariqgunamg, For t his purpose, the
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swi t chi ng- on ahkemaby chiheigpoeéentet hE evaraitliifier effect is determined

47 syst Theer el_gas '%Fgg t (- : dyggg nce
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asynchr oddus| ek [desiintessifgom & particylareBpsaredr vehee appear ance of
the release signal EN, i.e. 5 after switching on or re-switching on of the
el ectronic bal | ast, the adjustnent _of, the individual functional bl ocks

of the control? ciFRF5T FIFYIMEHeFL2HM <7adj ust ment s effected by
nmeans of readidgitaravtodrider riaspedett ve val ues

the detected parameter is integrated over a full period or

15 over a multiple of a full period of the detected parameter.

3. Process according to claim 1 or 2,

characterised in that,

the presence of a rectifier effect is determined upon if
20 the integration result exceeds a predetermined upper limit

value (Vref4) or falls below a predetermined lower limit

value (Vrefs).

4. Process according to any preceding claim,
25 characterised in that,
the detected parameter is monitored and integrated by a
monitoring circuit (IC2) configured as an integrated
circuit, and
whereby for the processing of the detected parameter this
30 is raised into the working voltage range of the monitoring
circuit (IC2).

5. Process for the recognition of the rectifier effect
appearing in a gas discharge lamp,

35 whereby the lamp voltage applied to a gas discharge lamp
(31, G2) to be monitored, or a parameter dependent (Ugy,)

thereon, is detected, and
S —
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for the individual mcro-fuses. These mcro-fuses are small 10 fuses

whi ch serve for exanple for the adjustnent of the I ndi vi dual i nternal
current sources. Further, as has been expl ained with reference to
Figure 8, wth appearance of the release signal EN there is effected
the reading in of t he output signal gafg the function bl ock 300 shown in
Figure 15 3, so that at this tinme point it is determ ned whether the

connect ed gas ¢heebBygeheanrpesehed ey takedi i effectOPRs alib 08 hB3a
cold start or a warmstart. CNE%%#I, thffe .S, thus effec eg in state |
an initialisatP¥BR%oftthe?® TG e85 Shrech  cpr3itagn, thg (dffference
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automatical ly Lfpto i.ngi ng. lLnto oper at | fate ate I1).. T
transition fr olF'nﬂét a‘feer*ﬁdl{)% @uf%‘%%ﬁne ?F %gl,e eéég%?oﬁ\genafl%‘;%"‘h’%yel i egﬁ?o
particul ar 525 debadrefomsrantteaketUpllacexeerdsmbi qaEntyianlisr ebbheskoldr

restart of the t gni c Ilast. In state |1, there takes pl ace the
runni ng up of Yﬁ%ﬁﬁar(ﬁ%lﬁi g??‘?i'l ter and the build up of the load circuit
of the electronic ballast. Further, in state I'l, the coupling
capacitor of the beadeskr88bbrdsnglco reharged. In this phase, all
fault detector are 4 deactjvated, i.e. there is effected no

eval uati on of Fﬁ%rac er3f80eiteridoned fault paraneters. A

pre-heati hg st ahe Bukatsoenbér edespasitigef opmedet StatleaBS-wate , of nthée
case that e.qg. Lngi | eration,ti ssociated with e
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[1, which design perationa uration o has
expi red and notéwigg pulses are counted between the zero crossiggs of shaert

operation is rgggégggdbl\éaggﬁe{ggcg[ﬁvgn Dblgek 300 shown
in that the presence of a rectifier effect is determined
15 upon if the difference between the reference timing pulses
of the positive half-wave and the reference timing pulses
of the negative half-wave of the detected parameter (Ug,)
exceeds the particular threshold value (Ng, Ng,).

20 7. Process according to claim 6,
characterised in that,
the comparison between the reference timing pulses of the
positive half-wave and of the negative half-wave of the
detected parameter (Uy,) is effected in that a counter

25 (107), starting from a particular initial count value,
counts in one particular direction during one half-wave of
the detected parameter (Uy,) and during the following half-
wave of the detected parameter (Uy,,) counts in an opposite
direction, and

30 in that the presence of a rectifier effect is determined
upon if the difference between the count value of the
counter (107) after a period of the detected parameter (Uy,)
and the initial count wvalue of the counter (107) exceeds
the particular threshold value (Ng, Ng,).

35
8. Process according to claim 7,

characterised in that,

R




in Figure 3. On the other hand, if the bringing into operation tine has
not yet expired, the systemfurther remains in state Il, which is
ilfustrated in Figure 9 by 5 neans of an arrow starting fromstate
Il and again returning to the state Il. If a cold start operation is
detected by the function block 300, and if,the bringing into operation
time is already expired, the process controller 800 changes directly

fromstate |l i ppdhbbe bENLT AR SERES E\ffe%' ¢k ﬁ@‘cé?ﬁrﬂ!ﬁ@ésub@mt fle:
above- expl ai ned warm start operatjon. In the first pre-heatin

state 111, th&handdifitaremaer betweep, thgLqunts yadys: PEI Fae It 8% 107"

oscillates in dmie® &f pkaiod refUeRsy @ttetdtedrmfa:retmxt and, )f oanéxamne e
generates an put fre ency about cqultlon t he

pre-heating r eid'tﬂ%?tarlﬁoﬁ:o% 25 }'Qﬁecpgf} GﬁHﬁ%%Pa]rﬁigr 1, dhan

capaci ti ves curgsartiaEcogmippen trhyebhohdt waated.(Ng, )20r Ald elesexphayx aof a
pr edet er m ned al t transi;t hon into the
éﬁ£¥ J#i A Ny f'ﬁﬁy éﬂ?ld valﬁ% %N

above-nention on s ﬁe if no lanp over- voltage
and no capaci tWh@rEdW rielne dlffeep@qﬁgt bekwhas Bb@nu@@?éctté@e idn 5 altve

i gnition stat e(ti) and u?éllrhaéaail dRheit %auef ghgef@@éécplt&lﬂé:lgﬂea%ree
deactivated 25 he associ ated event |Iters of the ne surquft phase

control funct|Qﬂﬁ%ﬂqaﬂ<dlééﬁ?@@ﬁ@nﬁ?ﬁ@??n %@%ﬂ%ﬂ%ﬁjaﬂrSHPPﬁlga ue a

there camde Moyarhrdghald awdiuest@g Vi1 which is explained in rmre
detail below This neans that the systemremains in ignition state |V
until the state change 30 condition for the transition into an

operational st®tenbdess accdrdifig Ited any precedinghelagmiti on state |V, the

wor ki ng freque ter of the electronic ballast can be
changed in 35 CrlV?ep étd%%%ee% et}’hgtrval ue of the detected |a current and

the states of the rregenas t@fgel asetddpaei effectuis edeterningddmpn Qroy
Starting {gom {he. \orkihg: Po:Rt e Pfedthecdf@fcion is repeatedly fulfllled

in successive regular slots.

10. Process according to any preceding claim,
characterised in that,

20 the presence of a rectifier effect is determined upon only
if the rectifier effect condition appears without
interruption nil-times successively in each n2-th period of
the detected parameter (Uy,).

25 11. Process according to claim 10,
characterised in that,
nl = 32 and n2 = 255,

12. Process according to any preceding claim,
30 characterised in that,
the gas discharge lamp (Gl, G2) 1s controlled wvia an
electronic ballast, and
in that during a pre-heating phase for the pre-heating of
the lamp coils of the gas discharge lamp (Gl, G2) or during
35 an ignition phase for the ignition of the gas discharge
lamp (Gl, G2), the rectifier effect condition or the lamp

voltage or the parameter (U,,) dependent thereon is not
ufani

-

I
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49 . circuit predetermned by neans of the pre-heating

operation, it is attenpted with the aid of the regulation par anet er
“"lanp current” initially to reduce the output frequency of the inverter
since the detected lanp current - 5 due to the not yet effected ignition
- is significantly too little with regard to the predeterm ned desired
val ue. This regul ation procedure is continued for so long until t he
over-vol t age é@gP? nitgon or capacitive current recognition prevent
or counter the continuing reduction of 10 the inverter frequency. As a
rule, initially the over- vol tage recognition will be the dom nant

influencing i13fagigbeyffid BanIagueRee %et age&}awlaﬁea@n@tdqrear&nc&l@f
t he over-voltage reco nition, the lanp voltage is now al so regul at ed.

Not hi ng change$2® ndt$¢ XA until the 15 ignition of the lanp or
until thes exm{ryngoin a he. volw@l@&fmwe@)i gandi on tine. As a rul e

however, the C np, gni for

pr edet er ni nedg%‘@’ﬁ'?ﬁ; f???g gjvﬁf‘éjrlgio (Ei)ﬁ twlﬁllghcég f‘t‘ﬁ 38 3 eleas)’(@ orYe %%

regul ati on w | discghangde ldow ne&dit, aml) i heoconeptied2@o0 ftlequenc:y O«folzme

inverter wll qufggu?ﬁf for so | ong unti | t he stabl e working point
he

determ ned by neans o current reference value is taken up.
In the |gn|t|onhsra¢éerlsed|hy the capacitive current recognition will only

actively 3o  {BLE{ESLP é@féB@ w@bgﬂ%&{%&geu@ﬁ %fcﬁ'ﬁ%éﬁec?c fand t,
25 e.g. upon saturation of the resonance circuit cho L3 QwWn i n

Figure 1. As sbBhegkat@e 2apidamekercuPfenthe loa}dec&@ﬁF‘t‘FBn F%Epdﬁa’s‘mthe
out put frequen@&r@éspb@dsw@rtné lamp vélwgséalcaﬁeal@wc&ys&yamrma@ t he

control circuit_for sa | o ot her of _the above-nmention

i nfl uenci ng SOEGbar Gfdt 8Fs l&ur‘fﬁ%’frﬁ? 3&191”851 0 f&R IS r"\?ngga‘ﬁporbg% fres
dom nant. Addipresahty, ofit at hetyidiietr @Eﬁentlam|uhaﬁgaandnscharg6cﬂQME
fact that, U“g gyt Neghpni § £ on 51 atfné \éozla*ﬁr% | $esult CALY1LLQUIFAREV,

desired va ue/ Ual val ue conpari
particular desired value

14. Electronic ballast according to claim 13,
characterised in that,

20 the rectifier effect recognition means (IC2) integrate the
detected parameter over a full period or over a multiple of
this full period of this parameter.

15. Electronic ballast according to claim 13 or 14,
25 characterised in that,
the rectifier effect recognition means (IC2) have
integration means (102) which integrate the detected
parameter, and
the zrectifier effect recognition means (IC2) have
30 comparator means (103) to which there is supplied on the
one hand the output signal of the integration means (102)
and on the other hand an upper or lower limit value (Vref4,
Vrefs),
whereby the upper and lower limit value (Vref4, Vref6)
35 define a predetermined desired value range for the

integration result.

—_—
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the regulation circuit of the control circuit 1C2 only for 35 exanple in

each eighth period of the output frequency of the inverter, since it
as’ proved in practice that with the aid of a thus reduced regul ation
timng for exanple the 50 | anp
vol tage can be regulated with a significapgly lesser ripple. The

ignition state IV can be exited, in the dlrectlon of 5 the already
above- menti onegly ORerald Aflc %raﬁtlﬁsy aeeei‘dﬁftéed'o any SEPLLY 1AL 1@@:0 15,
predetermned 1gnition tine. This st Change’is in particular

i ndependent ofchﬁ%§¢kﬁr4$ﬁqgﬂﬂtqhﬁ¥ state IV regulation is still being

effected W th ¢l ereRCefier éﬁéd@ﬂe@&k_:}hh@ioﬁoinéaﬁﬁ otcaj r@@éiyfdmtéu as
reference to the Janmp curr

r_attainnmen t he_operating
state V shown ?Wtﬁ’r%"tﬁ’ém Sp@“féﬁjullélttlegﬁat§defqlé%ctué'd: vt B@ﬁﬁr cf"Jtd-g"atlhe
average ors  r&idbod imemnel($00f, Theflhnin cardeantto aaibasthérebglyaberhn 15
explained, i.e.. th ut put frequency of the,inver | d ente upon
t he detected I%ﬂ% %ﬁg?%ﬁ?é Eﬂr?mﬁg?%llnto 2 §Pa% ?P&fa ,%%%%%I%f
over-vol t age, thpaxpplieatcion apecfdc 1ntegyachdonusaunbn(£@2)t recognition
are activated, whereby also during this state the regulation circuit
carries out 20 a new desired value/ actual value conparison only in each
second period b7- thee¢inanieradaiit Faceqddngy toL ckadmsad> and 1ghe

rect|f|erl@ffe@ﬁaféggggggédnhﬂ(aﬂga way be activat ed. The operating
state Vis not te oraII re ents Ie an
endl ess | oop, &M@ ¢BHeBE %k??eﬂeﬁgs 6HP§ uBSﬁ ORe ?goﬁ§e Iiﬁ F%he

activated faul¥alue by which the signal of the detected parameter is
raised with the aid of the signal raising means (S207,
Iref2).
15
18. Electronic ballast for the operation of at least one
gas discharge lamp,
having an a.c. voltage source (D), and
having a load circuit (E), which includes at least one gas
20 discharge lamp (Gl, G2), connected to the a.c. voltage
source (D),
characterised by
rectifier effect recognition means (IC2) which detect a
parameter (Uy,,} of the load circuit (E)} which corresponds
25 to the lamp voltage of the gas discharge lamp (Gl, G2) or
is dependent thereon, and compare the temporal duration of
a positive half-wave of the detected parameter (Uy,,) with
the temporal duration of the negative half-wave and
determine upon the presence of the rectifier effect in the
30 gas discharge lamp (Gl1, G2) 1if, as rectifier effect
condition, the difference between the temporal duration of
the positive half-wave and the temporal duration of the
negative half-wave of the detected parameter (Uy,) exceeds
a particular threshold value (Ng, Ng) .
35
19. Electronic ballast according to claim 18,

L

characterised in that,

THIS SHEET HAS BEEN
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detect.ors. Advant ageously, during the operational state V, all fault
detectors of the control circuit are activated. Now, if a fault
appears in one of the above-explained 30 states [IIl or V, which is
detected by neans of the correspondi ng state dependently activated

fault detector, the fault state VI |6I0I ustrated in Figure 5 is
ent er ed. This fault state VIl is thus the central reference point

oty UroaEn@P i LBFLRY 08B0ghi LA et P Yhbrlde 2

directly junp o'startin
this pre- heatlﬂguml%re(hWb\ﬁé?l%l t%\f@éftlng f@"pmaa@apatt%abé:@m émlue,

operation is dehgeted i4H &AME 33lue in a particular direction during a
51 the fault State VII is_entered fromo eratlng state V_if t here

i s detected dupRhf Yave <f &he deteperd tHa\Fé“l?t‘}relrer(\pvm insBerarfidpce gntth

over - vol t age fat&éfeﬁersdélaﬁruqmgsatlgﬁalf wLK) and dndtbe shes&@Rent amef-of
the rectifier effect et reoa e connected gas, sct'ﬁirge

| anps. THRY %nt‘?}ifa’f%ﬁ% tlﬁé fS&PP st‘é?leu‘?n |1rha§‘°68rﬁ?ﬁﬁ8d N Ao

exanpl e at thersfeepetcaetivinihgasignaésdohdi) ngnsitgreal dppupidfe dirddision,
respective fau{lj for the user. The fault state VII is 10 only exited by
the process controller if, after a new start of the system the gas

di schar ge | anpsnarthatewithepurechifier ebbeetat iarogndtine resaesst Bi&) and

the bringi§g i Phe1ude c%ra@raaia't% Shedits | l(10A) t qfIRMH V@J)l%(]% atdethauldogitat e

VIl can be exited if in this state it _is detected t not all of_ 15
the lanps conné’tdd b F]H% EPBRERBN{ L0 Bhl RECRY ravReT HRARE the deffFrtaft s,

This is the saprrasetde {oylt with echd | ibet gl countexvauadaland heerth raod | on
of the already abov%putplsailgr}:l% lflr%icating the rectifier effect if the
difference between the count value of the counter (107)
15 after expiry of the period of the detected parameter (Uy,)
and the initial count value exceeds a particular threshold

value (Ng, Ng,).

20. Electronic ballast according to claim 19,
20 characterised in that,
the comparator means (103) generate the output signal
indicating the rectifier effect if the difference between
the count value of the counter (107) after expiry of the
period of the detected parameter (U,,) and the initial count
25 value is greater than a particular upper threshold value
(Ng;) or is less than a particular lower threshold value
(Ng,) ,
whereby the difference between the upper threshold value
(Ng;) and the initial count value is selected to be greater
30 than the difference between the initial count value and the
lower threshold value (Ng,).

21. Electronic ballast according to any of claims 13 to 20,
characterised in that,

35 the rectifier effect recognition means (IC2) have means
(203) for the detection of the zero crossing of the

detected parameter (Uy,) . —
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exchange recognition state VIIIl, as soon as one of the connect ed gas
di scharge lanps is taken out of its fitting. 20 Additionally, attention is

drawn to the fact that during the fault state VII the operating
current take up of the control circuit is reduced to a m ninmum
possi bl e val ue. In the fault state 1t he el ectronic ballast is
operated as 25 in the | anp exchange recognition state, i.e. in each case

the lower invepserpsyid,chh 13 HaS 13R8N8H-8P8: £5 A58 LMW LE B1aims LW &Er£OuUency
OHEZ i1st SW tc%

of for exanple | t he upper 1 nverte i's permanentiy
open. As has afharagteeksed g ditkidd with reference to Figure 6/7, in

IﬁU|t f%ate V1thet%§céin§9n%EQbF§i&@@bbnh%@oﬂﬁkbﬁnéorUKﬁg &ﬂﬁﬁﬁﬁﬁmcﬁh?f

e vol tage characteristic ling a, or c.f. Figu a) at t vol t age
asur eront t CPRFFEEL Ok IohHith T AheptRtge Joihe (Phaois) ‘o EnpiderSer
the connected gpsndbperat sy |sgrse Gl, G2. In this case, the control
circuit I C2 goe

into the |a exchang 5 recognition _state Vil

Wth the aid o‘f’ﬁ?ﬁgbyar‘r%qeéxc%neg%td‘éfclreéccogﬁg Cn %?Sgggéhon fiedns hcz)
52 al r eadgorkpdlhj ned abaques-hdeticgntstitei rthét preanheskiapl pwf the
determ ne bot hy' exchangeso e erj«gas | $C | anp
Gl and al so of l%ﬂ% Fggvgg ggsEgi@s %g?\agglcg%p?bg 1'5[%% ((g’?'f'. Glgi)gu%{eé'lyﬁ{ﬁgﬁn
after recogni tignibion $taie ciidrgdonitéian abidimoacariycharag 4psht (@ new
start of fbe systemind ar¥bersascédsfalll ige DT | ike/Ithd tgds &heskeege
whet her a gas di chaéé?e Iarg has been remved, li n_|anp exahange
recognition coh@™Pi &FtvIFF) iV lrfg:rﬁ 25t é’&’e\ﬁ%ﬁﬁ&a alsltaggg anc di schar ge
| anps are in pwAeéeebPs sloon wsctifireacogfifeed t hatognition means (IC2)

evaluate the rectifier effect condition or the detected

parameter (Uy,;)} only in the operational state.
15
23. Electronic ballast according to claim 22,
characterised in that,
the rectifier effect recognition means (IC2) change into a
fault state after recognition of the rectifier effect of a
20 gas discharge lamp (Gl, G2) connected to the electronic
ballast, which the rectifier effect recognition means (IC2)
exit only if the gas discharge lamp (Gl, G2) connected to
the electronic ballast is exchanged or the electronic
ballast is newly started.
25
24 . Electronic ballast according to claim 23,
characterised in that,
the rectifier effect recognition means (IC2) include lamp
exchange recognition means (200) for the detection of an
30 exchange of a gas discharge lamp (Gl, G2) connected to the
electronic ballast.

25, Electronic ballast according to any of claims 13 to 24,
characterised in that,

35 the rectifier effect recognition means (IC2) determine upon
the presence of the rectifier effect only if the rectifier
effect condition is fulfilled a plurality of times in
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10 all gas discharge | anps have been put in place, i.e. that all lanp
coils connected to the electronic ballast are intact, automatic swtch
over to the bringing into operation state Il occurs and the gas

di scharge | anps are again taken into operation in accordance with the
15 functional cycle illustrated in Figurgzg. Al so during the | anp
exchange recognition state VIII, wth the exception of the | anmp
exchange recognj i : | other fault detectors are deacti vat ed. 20
Final ly, thergﬂkﬁ#ﬁﬂﬁéﬁgxplained briefly below the function of the
inverter controller 1000 shown in Figure 3. The inverter control

function bl ockygl00g] 8¢ ¥&8id OhaiN8st acE8PELALI @B céla%ntmlaﬁaga\%ks dror

t he upper and |l ower 25 inverter switches T2, T3 (c.f. Figure 1) ich are
i ssued vi £33 dtPputl® &midfal s OUTH and OUTL of the control

circuit. 15 deffentereaigee irhedatgontrol signals, the two i nverter

switches are ei,t her sw.t.ched_on or_opened.. As s i rter
controller 10 eggﬁé’r étfé's? rach" g?ﬁgtlée%gn{gtolnqr} (r)nl%a;rjlu éé@? olrﬁ(]éhﬁ‘ledég\()éﬁll}to d
term nal s OUThhesarts OUBOOf whicht herepedvienveheerosiptt hesigitaland T3 thed nmay
al so have an | a d ti C er_f. i.on_in t Qs re a
sufficient dea?f%%an%ﬁx?véng%%%heq%g%{ rol of g[eﬁ%’i‘;é\t% Iah (?1?1 ert% e%l tches.
In the | anp exekbimatins o tappeamnceorf tihen raquifier efifieglr ©ndy tife

i nverter gontngld ereckifator @RSMELS (168) Viapbhe UPREFiwdt dfer rHal
OUTH t he upper .. dlnverter switch T2 renmi ns _permanently open whereas
only rectifier condition a plurality g§ times; in ¥‘6 eSSHQRr t er

switch T3 is alternately opened and

I
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closed with a relatively |ow frequency via the | ower output term nal

QUTL. 5 The inverter controller 1000 provides in particular for a
non-symetric duty ratio of the inverter sw tches, whereby however this
non-symetry anmounts at an output frequency of the inverter of for
exanple 43kHz to only 2.1% and at an esit put frequency of 80kHz to only
4% and thus is hardly of 10 significance. The generation of
non-symetric output signals foragderd®® i nverter switches leads to
an increase of the frequency resolution of inverter, i.e. with the aid
of the control circuit snmaller frequency steps of the inverter can be
set. 15 The generation of a non-symmetric duty ratio has, however,

aiso the effeq ddals t i 5ovea! | $gcog9ﬁye&bﬂg off &ﬁ@voﬁec&%%%ct ok AR

di scharge Iarrps can ter I'STWaverin ves an effect, which
appear s i rP paragRasxainat unowazogaSenéesabargg shome | y(GE it erG2)he agtdar {arpf

the system Cglectronlrdmﬁéﬂﬂaé@}’erf%r Vﬁlﬁ&hoﬁéﬁaE%ﬁe%@ygég QTR AdPNt

distribution in th e corres ond mgéfg_l di'scharge |anp. These runni ng
| ayers" consi ska®e | iGnt Fdar kWb et igh snchua Rresess fllﬁiﬁamﬂlﬁw&%ﬁ%peed

along the |a”M‘HéJbeelé§tf§ni@rb§IB£@i eigel1udesve tbantBRiBg- @r4%n¥dBH1 this
runni ng effect can he celerated by the su osition of a_sl | ght
(52 oty Tay

d.c. current STy SPOHEOLE (7Rt GPBF A f BRFAMAFEE Pffe 2
gener ati aro of Jooabreisyomet r{B) diﬁyt}raatle)lém:nmams bafl lialse, wherplbgseaniis

control ci o ol 16y SLEEHN,C halaphra" 40he3 arB0YLASLeANS 1

appear ance of The Fo-
expl ai ned abovdspesiddntt idexiegnof Thﬁe monltomlexgemrcu@ht (5F2) @nt@gnatq31ere

is generated ¢ )l ifhitored Mid-4udly @%'xfamg%re'ro%e% 'AO'I“uS],)i”‘iJ‘étxf:ﬂoQi HH Y

ratio for the 35 two I nverter svmtches wher eby however th ratio is

averaged out GRECEIGRHIURD e RFesSNGEe HoR sr;ﬂﬁﬁzé{fr%e@ effec@utlpfutt e
signal s are tohegenacd ed @3uti N BBeigpesati Ailom a  predetermined

integration desired value. Further, for the recognition of
the rectifier effect, the duration of the positive and
negative half-waves of the monitored parameter can be
compared.

20

(Figure 1)



54 * state V shown in Figure 9, the inverter controller 1000 for

exanpl e eval uates a correspondi ng control signal which only then all ows
(e.g. by taking up a higher level) the non- symmetrical operation if
the system iwoigvidae operating 5 state V. PCT/EP98/07428
55 CLAI N5 1. Process for the
recognition of the rectifier effect 1/11appearing I n a gas discharge | anp,
5 whereby the lanp voltage applied_to a gas (i scharge | anp (G, @)
to be nonitored, or a paraneter depéﬂggnt th i s detectedvand

I ntegrated, and wher eby the presenca ifier effect is 2

det er m ned upon if, as rectifig j on, the integraﬁEBn 10
result deviates froma particular desi 2. Process
according to claim1, characte Ez t he detected

parameter is integrat edfover'a“fm“r’
full period of the detected parangfg

1 or 2, , -
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characterised in that, the presence of a rectifier effect is
det.erm ned upon if 20 the integration result exceeds a predeterm ned

upper limt value (Vrefd) or falls below a predetermined |ower |imt
val ue (\Vr eng) 99734647 4. Process according to any precedi ng RITAFFAS/02428
characterised in that, t he det egtidd paraneter is nonitored and
integrated by a nmonitoring circuit (1C2) configured as an integrated
circuit, and whereby for the processing of the detected paraneter this
30 is raised into the working voltage range of the nonitoring

circuit (1C2). 5. Process for the recognition of the rectifier

ef f ect appearing in a gas,di scharge |anp, 35 whereby the |anp voltage
.applied to a gas discharge |a (Gl, &) to be nonitored, or a

par anet er dependent (Uerr]) t hereon, is detected, and

56 whereby the presgnce of a rqctifier effect is determ ned upon
if, as rectifier effect cpndition, tHe difference bet ween the tenporal
duration of the posiiive Df - wave VE(ter the tenporal duration_ of the
negative hal f-wave of thel 5 det ectfed paraneter (Uerr]) exceeds a
particul ar threshol d value (Nerjr], Nerr]) 6. Process

according to claimb5,

C7 OUTHE—
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char acterised in that,
hal f -wave of the

ref erence

det ect ed paW&h¥3é47( U err]),
is determned 15
of the positive half-wave and the reference tim
of the negative half-wave of the detected paranmeter (U
exceeds the particular threshold_value (Nerr],

ef f ect
timng pul ses
pul ses

10

accordi ng to cl aim 6,

betvveen the Deference tin nPhul &

PR . o I I AT -

in that a cunter (107),

25

the duration of the positive or
(Uerr])

and

det ect ed paraneter
timng pul ses are counted between the zero crossings of the

negative

is measured in that

in that the presence ofPCI/EFE3PTRBer
upon if th&/idifference between the reference

Nerr]).
charastgri sgd ha the
of =T eI§ ?QQ_E

det ectted par anet er

-] = - - - -

fifrom{a particular initial

g'(rg?])

20 7. Pgocess
conpari s

itive hal f-wave and of

is eff ect ed
count

val ue, ‘counts in one par ction during one hal f-wave of .
the detect ed parameter—(U e uffnggtne] f orTew.gg npl f - wave, of
t he detected pa aneter (Ufe si{in &n opppside S di rection, ang
30 in that{ Enhe ppeSencelof a recBifi ¢r %ﬂf ec HEBrm pad upon i f
the differenc )et e t hg count val je Of:-l t?rhe chudter| @07) after a
period of the dpt eﬁtkgpa apetet (U ¢ri])d & apd& Bedi-ni 4l count val ue
of the counter {10F)§€xcepds < th partifcular threshol'd value (Nerr],
N err]). 35; 8% Proceps| accirdi ng fotrarmy; Tiraracterised in !
t hat , £S 57 the presence jof a
rectifier effec rs—deterpi hed 8p@n | 5o .
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the difference between the count value of the counter (107) after a
peri ed of the detected paraneter (Uerr]) and the initial count val ue
of the counteryddfi)s+s greater than a 5 particular upper threshold value
(N[err]) or is less than a particul ar | ower threshol d val uePCRNEeP(7)28
wher eby the difference between the uppef/threshol d val ue (N[err]) and
the initial count value is selected to be greater than the difference
between the initial count value and the 10 | ower threshold val ue

(N err]). 9. Process accor&8ng to any preceding claim

characterised in that, t he pfksence of arectifier effect is

det erm ned upon only 15 if the, mectfier effect condition is repeatedly
fulfilled in successive regjfjar shots. 10. Process according to
any preceding claim char acg gri'_!;c?e in that, 20 the presence of a
rectifier effect is determ ned Upgn QnAy if the rectifier effect
condition appears wthout 2 iont Npti on nl-tinmes successively in each
n2-th period of the detectelgp er (Uerr]). 25 11. Process
according to claim10, charqaét é in that, nl = 32 and n2 =
255. 12. Process accordifg®to preceding claim 30

characterised in that, the gas di arge lanmp (Gl, &) is controlled
via an electronic ballast, afd ¢ .|in that during a pre-heating phase
for the pre-heating of the | gipjcoifs of the gas discharge |anp (Gl,
&) or during 35 an ignition phaseyorfthe ignition of the gas discharge

| a (Gl, &), the rectifier effq;t;ﬁSnd tion or the |lanp vol t age or
t re Jpar anet er (U[ezg]) dependent thereon i
<

—

\“\\

/405

Integrotor

Fig. 4

$105
$

From voltage detection block 200

é"re“




58 s eval uat ed.

| east one gas di
and
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i s dependent thereon, and d?ternlne upon the presence of a rectifier
effect in the gas dlseha+ge t-arp 15 (Gl, &) if +the integration
result deviates fr@wm--a---—, particular desired val ue. 14.
_El ectronic ballast agcording tp tlaim 13, characterised in that, 20
the rectifier effecﬂzrecognltl ans (1C2) integrate the detect ed
paraneter over a full perlod or|oyer a nultiple of this full period of
.this paraneter. Elject r oni ¢ bal | ast according to claim 13 or 14,
25 characterised in that e rectifier effect recognition neans
(1c2) have |ntegrat|% { Op)tyhlcqnqntegrate t he detected
paranmeter, and t he ~efLf.egl....recogri-ti-on---nears, (1 C2)
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30 conparator nmeans (103) to which there is supplied on the one hand
the output signal of the integration nmeans (102) and on the other hand

an-“upper or lower limt value (Vref4, Vr ef 6), wher e er
and | ower | WO#3$Tue (Vref4, Vref6) 35 define a predeter nﬁp%é%pﬁ@gglred

value range for the i nt egrat Fbh! resul t.
59 16. Electronic ballast according to any of clains 13 to 15,
characterised in that, the rectifier effect ﬁ‘:ecogni tion means (1 C2)
are formed as application specific integr ate circuit and have

si gnal 5 raising means (S207, Iref2) in orderg o raise the signal of
the detected paraneter into the working voltage r e of t he
application specific integrated circuit (IC2). n o 17. Electronic

bal | ast according to claim 15 and 16, 10 chargtgezised in that,

the integration nmeans (105) are bal anced to that vglgt@age val ue by
whi ch the signal of the detected paraneter is B &raised with the aid of
t he signal raising neans (S207, lref2). 15 18. Electronic
bal | ast for the operation of at |east one gas di scharge | anp,

havi ng an a.c.: yoltage source (D), and having a load circuit (E),
whi ch includes &t |east one gas 20 di scharge |l aép (Gl, &), connected
to the a.c. vol kages source (D), char a{:teri sed by

rectifier effec§ ré?‘{)_g\n\iti on means (1C2) which dete¢t a
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parameter (Uerr]) of the load circuit (E) which corresponds 25 to the
| anp voltage of the gas discharge lanp (GlL, &) or i s dependent

t hereon, and conpare the tenporal duration of a positive half-wave
of the det e¥PX et aneter (Uerr]) wth the tenporal PEEEECPEHbt

t he negative hal f-wave and dé@/ét m ne upon the presence of the
rectifier effect in the 30 gas discharge lamp (G, &) if, as
rectifier effect condition, the difference between the tenporal
duration of the positive hal f-wave and the tenporal duration of the
negati ve hal f-wavegof the detected p anet?r (Uerr]) exceeds a
particul ar thresholfd val ue (N[err*, 2 3 35 19. Electronic
bal | ast accordi%ﬂj’ﬁ cl aim 18, | : charpcterised in that, I
REPLACED ; - ; 66 » | t he
rectifier effect r cogﬂ#1+1mT—nEéﬂ$ (1€2) inctude—a counter (107)

whi ch, starting {ﬂ } count :val ueg ehanges its count val ue
in a particul ar Lection durin . f -wave of the—-detected paraneter
(Uerr]) in accordpnce with 5 a reference timng signal (CLK) and in the
subsequent hal f - wave changes its count value in accordance with the
reference tiniﬁﬁoﬁ ghal (CLK) in the oppogite direction, and in
that the rectifierje gni i ns (1cZ)y 10 ITctude conpar at or
means (103) which'conpare the count val ue of the counter (107) after
a period of the detected paranmeter (Uerr]) with the initial count

val ue and generate Fig 70
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an output signal indicating the rectifier effect if the di fference
bet ween the count value of the counter (107) 15 after expiry of the

period of the detected paraneter (Uerr]) and the initial count value
exceeds a pe®9¥BHAr threshol d ga{ue (Nlerr], Nerr]) PCT/EPI845428

El ectronic ballast according to claim19, 20 characterised in that,

t he conparator neans (103) generate the output signal i ndi catdng t he
rectifier effect ig0R he difference between t he count val ue he
counter (107) aftér expiry of the period of the detected ramet er

(Uerr]) and the ffnitial count 25 value is greater than a particular

upper threshogd ue (N[ ref12 nor X1l ess t han—= )a'r:)ﬁ? cul ar | ower
threshol d val ue \ ° i ffergnce between the
upper threshold value - al co .5 “Sel ect ed
to be greater 30 : i . e inifial couhR? BFEFEE and
the | ower thrlesholid va L. El pctroni C CHRYeALE”
according to any erisefl in thd° 35 . the
ognition means (1C2) have|neans (203) for the

rectifier effg\zt
detection of t¥e O Crossi ngE@f gﬁ defected paraneter (Uerr]).
22. Electronic balJ ast :accordi @gt ny of cl@dinms 13 to 21,

characterised in #+hat, the rectifier effect recognition neans (IC2)
control the operation of the gas discharge lamp (GL, &) in dependence
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5 upqn operating state, whereby the rectifier effect recognition nmeans
(1C2) control, in a pre-heating state, the pre-heating of the | anp
coirls of the gas discharge lanmp (GlL, &) and, in an ignition state, the
ignition owotdmagas discharge lanp (Gl, 10 @), and after $GIEFITPIMS
ignition take the gas discharge /L@rrp (Gl, &) over into an operational
state, and whereby the rectifi e? ffect recognition neans (1C2)
evaluate the rectifier effect condition or the detected par amet er
(Uerr]) only in the operational state. 15 23. Electronic ball ast
according to claim 22, " characterised in that, the rectifier
effect recognition nmeans (1 C2) change into aBringind anwtd state affer
recognition of the rectifier effect of a 20 O@astiﬂnscharge'.l-&rnf?Gl, R)

"connected to the electronic bal | ast, wwuwhirdghepy ect,ifier ef fect
recognition neans (1 C2) exi\t only if the ggas di scharge%glsegrrp\(Gl, R)
.connected to t hemgl ectro bal t i§ 8xghanged or the el e¢tronic
ballast is newy st akbethge25: 4. Elect ,c bal | ast vaccording to claim
23, . char act eri sedognitthf er ~¢ff f ect Yecegnition neans

(IC2) include | anp exchange recdgni ' ¥ (200) for the detection
of an 30 exchange of a gas Yi schargg ( Yected to the

el ectroni c ball ast. 25N\El e mg L0 any of
clainms 13 to 24, characterisey in tha i'fi er\effect
the\rectifier
led & plurality

effect only if the rectifier

f tinmes in
O
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62 & successi on. 26. Electronic ballast according to claim25 and

any_ of clainms 15, 19 or 20, 5 characterised in that, the rectifier
effect recognition nmeans (1 C2) include filter means (900) which receive
t he out put ¥NQ@¥aI46¢T t he conpar at or nmeans (103) and generrarEras/oDE8puUt
si gnal I ndi cating the appearance of Wf rectifier effect only if 10
the conparator neans (103) report 1foul ilment of the rectifier
condition a plurality of tines in succession.
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