:-1- 2264596 " A DC- AC Converter for Igniting and Supplying a
Gas Discharge Lanp This invention relates to a DC-AC con ting
and suppl ying a gas discharge | anp, e. g‘ & fl uorescent mater
having two input termnals intended to be connected to a d.c. voltage
source, the input terminals being connected together in series by an

arrangenent of at least a first sem conductor switching elenent, a
capacitor and a load circuit conprising at |least an induction coil and

the gas discharge | anp. The capacitor and load circuit are shunted by a
secqn¢ sem conduct or switching el enent provided with a control circuit
conpridsing at least a starter circuit and a resonant circuit. - The

resonant circuit includes the parallel arrangenent of the transforner
primary wi nding and a capacitor in one branch and the gas discharge lanp in
t he ot her branch. A DC- AC converter of this type is known from US- A-
4,415,838 and US-A- 4, 748, 383. The undi nmed | anp situation is concerned
in this case. -~ In this kntwA Deraer Convertteansfosr rkgnitingeandt in the
load circuit ( in which the Isﬂgﬁ?g Qreg ab@@dhaf&@ gﬂh&@nsforner has

of

two secondary w ndi ngs which e control” circuits of the

sem conduct or switching el enents. The SMAtChIng el enents are rendered

al ternatively conducgyfig %%é%ﬁldipnﬁéﬁteg I% neape-ac téenvertetorpey and
t he control CIFCUItS res ectlve ‘Thi s coqﬁsrter i s deS| ned for an
el ect r odel eskgnid indardye qaa?rp

the known C'fmkbi'eséeﬁbalamﬁ, otHer cbnvettetr hagdtngdtwohdmpatl &lemnmaj.s a
fluorescent | at@ﬁdedm‘f: h' grc]:%;m\é(c):ltte%ge gegdsd tc? b%oi‘égaje' egoﬁpcéhe the
input terminals being connected together in series by an
arrangement of at least a first semiconductor switching
element, a cépacitor and a load circuit comprising at least
an induction coil and the gas discharge lamp. The
capacitor and load circuit are shunted by a second
semiconductor switching element provided with a control
circuit comprising at 1least a starter circuit and a
resonant circuit. The resonant circuit includes the
parallel arrangement of the transformer primary winding and
a capacitor in one branch and the gas discharge lamp in the
other branch.

A DC-AC converter of this type is known from
US-A~ 4,415,838 and US-A- 4,748,383. The undimmed lamp
situation is concerned in this case. In this known
converter a transformer is present in the load circuit ( in
which the lamp is incorporated ). This transformer has two
secondary windings which form part of the control circuits
of the semiconductor switching elements. The switching
elements are rendered alternatively conducting and
non—éonducting by means of the transformer and the control
circuits respectively. - This known converter is "designed
for an electrodeless low-pressure gas discharge laﬁp.
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| anp and hence the voltage across the resonant circuit which is

I ncorporated in tfre series arrangenent is nuch higher than the operating
vol t age. This results in a potential risk to the sem conductor sw tching
elements. It has also been found that when the above nentioned arrangenent
Is used for running nultiple lanps with the same DC- AC converter a high
current through one induction coil which is incorporated in the sertes
arrangenment with the resonant circuit and the lanps is needed to be able to
supply enough power for the | anps. Thifis a drawback because such
circuits cannot easily be used universally with | anps having differenfs~
power ratings. TheHowewergi ac drawbackn' tofal they kewn ucircuitupsl thdtt o
the lanp to o} ter u ogegat o np,
thi's woul d obietaeF k8 BEREE &) Gha°diuchiegH 1hih, "B2L7, pB1dbrbgEenET

i ncreases dubamp, ageimigh chig nRthéfoé&ﬁGeofn%F‘iﬁ)mF?rbgsﬁ‘@RHMrtql §bﬂarge

| venti on Coraipriad [HaACE e TOLLAGE AeToms ehe, tonomait Cirbaie
arr angenent Wx?ﬁ %p&%‘é@?’r’%ﬁ Bt p%ﬁ?*ﬁspér‘é'&g‘g ent \i# cHurhe
vol t age acrolgsghbe el | €her espenrat i1 r volltage .t he Thdad rﬂésa]_tgwin gduring
igniting an
brovi di ng o EPFERELah Flnk &3 G MR By sty Blomebite, V1e,
di fferent pobas radsagsbeenf ofcundps thiatse wmn cuthentakaveesmenthongd.
Accordi ngly, t o] r r tin
I ngly ai-{’ﬁngéﬁgﬁﬂ 's“g‘ﬁ‘i‘él%d Pob’ Prfifihg? m}'@ﬁgfﬂ gin S JPEh' 2Rkt | ng

and supplying a gas di schar conpr|5|ng ecend 1 nput
terninal s foFaEBnPGCBFoﬁ°nV9FGe£ &0 %ﬂ?(ﬁuﬁl9ﬂﬁﬂ¥bﬁﬁpghl?§? &ﬁ€u§ﬁé8ﬁd

sem conduct ogo$1M WhlEERY iel 4 oratiedhdt the sexiée si-ﬁsﬁqedentawdtnl n

el ectrode ang a CO0lhoht teEEEh e an "End! 15hp8"Es586888a to be able to ~
supply enough power for the lamps. This is a drawback
because such circuits cannot easily be used universally
with lamps having different power ratings. The known
circuit doesn't allow the current supplied to the lamp to
be set to a predetermined value during operation of the
lamp, this would offer a longer lamp life because the
current through the lamp increases due to ageing, or in the
case of a low pressure vapour discharge lamp, operation at

a relatively hot location.

It is an object of the invention to overcome the
above-mentioned problems by providing an arrangement of the
type described in the opening paragraph in which the
voltage across the parallel resonant circuit in the control
circuit during igniting and operation is always
substantially constant, and by providing a circuit which
can be universally used for multiple lamps with different
power ratings or for lamps whose arc current varies with
age.

Accordingly, the present invention provides a DC~AC
converter for igniting and supplying a gas discharge lamp,
comprising: first and second input terminals for connection



- sem conductor switching el enments being conmected in a first series circuit
across—said first and second input termnals; a capacitive voltage divider
having first and second capacitors, one end of said capacitive voltage
di vider being connected to a junction point between said first and second
sem conductor switching elenents and the other end:of said capacitive
vol tage divider being connected to said second input termnal; a . :
transfornmer having a primary winding, a first secondary wi nding and a
second secondary wi nding, said primary wi nding being connected in a
paratbel circuit with said second capacito? via a first resistor, said
first secondary w nding and said secondary, w ndi ng being arranged to apply
respecti ve swkbchi mpursie afePe ovelkbagent Frst| apdr §econg sepipandugtorg

o coORHEE e e I ing o detces dlectoas: s it
the primary wePAgckyode |apfdl & SO Ha\? ﬁcgﬁ gnéﬁ’%ﬁﬂéﬁf%@ 3885[‘?2136&;"&”
e B o Lot e
current sensoPeFdEEst FLT ALk I%%ﬁggfr gﬁlg?hco}?rifgs?nlggg&t h%rgggbgg;ciﬁ%}@ an
i ndgct i on c?i tezmdnalggs ali sapacitivenyolsagecidividen dnaeing ofdrsid and
i vi der via aSPOUTEy, SabAbREoRE, Tbhp M Por Je8id (EpdTRLEy | YtdgC
conpri sing -a ddydderr deindrconpegted; ke FE§QQQﬁ%°Q1P?%§€ between, paid
W nding. 8 baga e e g T conittor i L o] SIEL
bei ng connect 88heg ¢ 814 % | FAIR; n‘EaB?cgg}.‘%g? i ?’&g%gamsh%\)@#glet gxg%ﬁg
divider; a secohfiectedsttye saild agecdnd dimputontermitadcr 03 s tyAnsfiamer
said second rﬁ%bﬁ%by% prf%ary winding, a first secondary winding and a
second secondary winding, said primary winding being
connected in a paréllel circuit with said second capacitor
g&%hz first resistor, said first secondary winding and said
'Lsecondary winding being arranged to apply respective
switching voltages to the control electrodes of said first
‘and second semiconductor switching elements to render said
first and second semiconductor elements alternately
conducting in response to a current in the priﬁary winding;
a load circuit having one end connected to the junction
point between said first and second semiconductor switching
elements and the other end connected to said second input
terminal via a current sensor resistor, said load circuit
comprising a third capacitor, an induction coil and a gas
discharge lamp connected in series, one end of said current
sensor resistor being connected to a first resistive
voltage divider via a fourth resistor, said first resistive
voltage divider comprising a second resistor and a third
resistor; a first diode and a third semiconductor switching
element connected across said primary' winding, a base
electrode of said third semiconductor switching ‘element
being connected to the junction point of said first
resistive voltage divider; a second resistive voltage

divider connected across said lamp, said second resistive

e’



vol tage divider conprising a fifth resistor and .a sixth resistor; and a
fourth sem conductor swtching el ement having a coll ector el ectrode
connected to one end of said first resistive divider via a second di ode and
an emtter electrode connected to the other end of said first resistive

vol tage divider, a base electrode of said fourth switching el ement being
connected to a junction point of said second resistive voltage divider vi.a
a third diode of a voltage rectifier which conprises said third diode and a
fourth capacitor. Thus, a DC AC converter enbodying the invention for

i gniting and supplying a gas discharge | &p conprises: a converter cortyol

circuit includj a st,arter circui ontainj first,and secqoqnd swtchi ng
el enent s an&@§£$b?d ider kPP g & m%#%qﬂFffﬁft?ﬁc i By g%xFEast
one gas di schesistbapp;amhdaanfognthi pmicanductior| switghingouelément

swi tching el X ' r | Lcuit co o) rrent
t hrough the IF%.@W#%I ﬁhgaiﬁqu’g&? sgg%\sé,%rgbrﬁgs%e@&fﬁ r%o zf;'ber e%éa%? ngag#age,
the ignitingfi¥sturesistivecdividerhivia anisedand) diaierandnant emitber
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converter contro ferUIt contrili the current through t via t
current sensoesigtivecyoltaga divider, oRcbase fleqtrode of satd, fourthi o

converter engeivéhinghelpmentnibdiiveiomiedbedstesat Hunkitdon’ Pdpe eeak

e g : G6Sat | G
ol i nat 1 no SAPE, Pesong' FaRAaFIvS, keltope (i Fhoef oriace tifra dRodd oE"
capaci t or i sacvoltagetrectifiersowhichseonpriisesasaidrthird odbodécand a

capacitive v @gﬁ R ereby the voltage across the resonant circuit
can be set Bg&ée ec€+¥ggﬁﬁg¥2apacitor val ue. The capaci tances of the

vol tage divider are chosen so that their inpedances at the
Thus, a DC-AC converter embodying the invention for

igniting and supplying a gas discharge lamp comprises: a
converter control circuit including a starter circuit
containing first and second switching elements and a third
switching element; a load circuit including at least one
gas discharge lamp; and an igniting circuit including a
fourth switching element; wherein the converter control
circuit controls a current through the lamp via a current
sensor resistor during a pre-heating stage, the igniting
circuit disables the third switching element and thereby
isolates the converter control circuit during an igniting
stage and the converter control circuit controls the
current through the lamp via the current sensor resistor
during normal operation.

The control circuit of a converter embodying the
present invention bypasses the high voltage peak away from
the parallel resonant circuit whilst igniting the lamp
thereby eliminating any risk of damaging the switching
elements. The first capacitor is coupled to the resonant
second capacitor to form the capacitive voltage divider
wvhereby the voltage across the resonant circuit can be set
by selecting the capacitor value. The capacitances of the
voltage divider are chosen so that their impedances at the



5 operating frequency of the converter are high. Preferably a value is
chosen for the voltage divider at which the power dissipation in the
control circuit during operation is negligible. Wilst igniting the |lanp no
interference signals are generated on the switching el ements. The energy
di ssipation-in the control circuit is also greatly reduced during igniting.
An enbodi nent of the present invention can be universally used with . ’
multiple | anps of different power ratings by connecting an additional | oad
circuit to the converter. Therefore, the ¢drcuit can provide an easy way of
lighwfng nultiple |anps of different power ratings by one DC-AC converter.

Because an in ' 0} ' n d e e
i ool pat fon | oPeFaeingtEreguenty; bENEHE 8?22??}‘3&5? highe, ngféféfgalxn.

In addition, ®h&adme riscchegen JFfox hEheo ¥rltage pdivider @ty whigh| the
circuit can epéwey aisisaganriahecid He tdentrol ERscudE auﬁﬂﬂﬁasbeﬁ'ation
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el ectrode andsi¢malentare generated odnt lthd i switehingonellementswi t cFheg

el emrent and a [ t J}ﬂimt c{Lo n nd
of the first %@%gﬁga%’?gﬁ?ﬁg?%gqgs ?‘t ﬁ%ﬁ?r&ans or ne‘%%csﬂd%s}ééri%gﬁéi %89%19
US- A- 4, 748, 38eeducedr dungngt dgnakingebodi mrent of the present invention,
an igniting circuit conprising at |east the second resistive voltage

di vi der and the fourth sem conductor_ sw tchigﬁpel,errent Is coupled to

a control el ectrode ohNa eMRELNGRE c QFuEh8, RLLERRE gnvenpiAn \ican hie
first resistiwgiversaveydugederwitihi maltiglie! i Tampdeolargi fEardrit Cooweky
hi gh vol tage fa?ti’ﬁ&ée%ty ac%r?nséscéﬂ?g an additional load circuit to the
~ converter. Therefore, the circuit can provide an easy way
of lighting multiple lamps of different power ratings by
one DC-AC converter. Because an induction coil of low
impedance can be used, the energy dissipation in the load
circuit is also greatly reduced during operation. In
addition, the entire circuit of the converter based on this
simple circuit can easily be integrated into the lamp base

of a compact gas discharge lamp.

In an embodiment of the present invention, the
converter starting circuit comprises a resistor which is
connected between the drain electrode and the control
electrode of the first semiconductor switching element and
a capacitor coupled between the control electrode and one
end of the first secondary winding of the transformer as
described in US-A-4,748,383.

According to an embodiment of the present
invention, an igniting circuit comprising at least the
second resistive voltage divider and the fourth
semiconductor switching element is coupled to a control
electrode of a third semiconductor switching element via
the first resistive voltage divider. Whilst igniting the
lamp a sufficiently high voltage is present across the



6 second resistive voltage divider to allow the fourth sem conductor
switching elenent, coupled to the second resistive voltage divider through
the third di ode to becone conductive so as to disable the third

sem conductor swi tching el ement. As a result enough current at a
relatively low frequency flows through the |amp so that the [anp can be
ignited. Wien the lanp is ignited, the voltage across the lanmp is reduced:
to a nornal operation voltage, and the fourth sem conductor sw tching

el enent becones non- conductive so as to gnable the third sem conductor |
swi tching elenent of the control circuit. The control circuit is now™

e tron & i ﬁ‘asti;:zfixbhevan.eta g aﬂvm%for\%?]s apaci %lré g?roanged

ogni tion n swi.tchin ] e converter C
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paral l el resopant ,cifcuit t .supplying t equency power -
signals for PHECHAE &FsBRYr gPeratdvencanwhi l e, the capacitor of the
rectifier arranged between

An embodiment of the present invention is based on
the recognition that upon switching on the converter the
capacitor arranged between the control electrode of the
first switching element and the first secondary winding of
the transformer is first charged until the voltage on the
control electrode is sufficiently high to render the
switching element conducting. As a result a current flows
to charge up the capacitor in the load circuit and the
capacitive voltage divider. The parallel resonant circuit
including the second capacitor of the voltage divider and
the primary winding of the transformer then starts
oscillating due to the current through the capacitive
voltage divider. The primary winding of the transformer
incorporated in the resonant circuit then takes over the
driving of the semiconductor switching elements via the two
secondary windings of the transformer which are connected
to the control electrodes of the switching elements. The
switching elements are then rendered alternately conducting
and non-conducting at the resonant frequency of the
parallel resonant circuit thereby supplying the high
frequency power signals for the gas discharge lamp.
Meanwhile, the capacitor of the rectifier arranged between



: 7 the base electrode and the emtter electrode of the fourth sem conductor
swtching elenent is now charged until the voltage on the base el ectrode is
sufficiently high to render the fourth switching el enent conducting to
ignite the gas discharge lanp. The third switching el enent is disabled
during the irgniting. Wien the lanp is ignited, the fourth sw tching el enent
becones non-conductive due to the operating voltage of the |lanp and the ’
third switching elenent is enabled to activate the control circuit. The
sensor resistor for neasuring the current through the lanp is coupted to

t he ™ird seni conductor switching el enent ‘which is connected across the

' y w ndi e i h lrcuit to control the
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i nvention nakedementyolsi enablednpniegitivate the comtrol eireudtnst dhe
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life. In order that the iInvention max be "nore readily
a

that further fedfRREe h&PeJtheaihiEd, SemiGonauetan ewbbahiegt efemgnt
present invewhieh Wikl connected across the primary winding of the

transformer in the resonant circuit to control the period
of the conductance duty cycle of the first switching
element on the converter. When the current through the

sensor resistor reaches a threshold, the third switching
element conducts, thereby reducing the conductance duty
cycle of the first switching element on the converter. As
a result the current through the lamp can be set to a
predetermined value during operation.

The invention is particularly advantageous for use
in low-pressure mercury vapour discharge lamps in which the
operating current varies due to the discharge tube ageing.
During operation of fluorescent lamps, an increase in the
current through the lamp occurs due to a decrease of the
impedance of the lamp as the lamp ages. As a result this
causes the life of the fluorescent lamp to be reduced. An
embodiment of the present invention makes it possible to
maintain the lamp current at a constant value over the life
of the lamp which can offer an extension of the lamp life.

In order that the invention -may be more readily
understood, and so that further features thereof may be
appreciated, an embodiment of the present invention will



8 now be described with reference to the acconpanying draw ng which
Illustrates diagranmatically an enbodi nent of the converter accofrding to
the present invention. The supply circuit in the drawing has two input
terminals 1 and 2 intended to be connected to an alternating voltage

source of 220-240V, 50Hz. These termnals are connected via a fuse 3 to
a full wave rectifier 4. The output voltage of this rectifier is snoothed
by neans of the capacitor 5. Furthernore, a nmains interference suppression
filter constituted by a high frequency cagacitor 6 and coil 7 together with
capacitor 5 is connected between the rectifier and the input tern1na|s“A

and B of the fd fe 8RBKEILeE withersraphnba! t4 aieu&cﬁ@m{% ig drdwing

constitutes DC vo gge source or t - AC convert

wi Il now be Mu@h pilluskrates idiagrammakically ap,frkedinente: L the

means of a seidriferidlEerdimg to fthe ipregent thwdwtiond t chi ng el enent 10
and a second sem conductor swi tching el enent 16. The switching el enents

are power MOS-FET type transistors. The transistors 10 and 16 are connected
toget her in such a n&rheersupplyt cdrewitceirl ther dbhawing Heas r &wei simputdO i s

connect ed toééﬁitq{%lsn & ecih@de gf ﬁé&ﬂ&&@g%gt 05e16co Rcte®"¢o an
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sensor resistor 37 In one branch, a ca %Fltlve v@ ge dlvigfer(%? 23)

in the ot her Bfciifier 4.  The output age of rect
smoothed by means of the capacitor 5. Furthermore, a mains

interference suppression filter constituted by a high
frequency capacitor 6 and coil 7 together with capacitor 5
is connected between the rectifier and the input terminals
A and B of the DC-AC converter. The capacitor 8 of the
supply circuit constitutes the DC voltage source for the
DC-AC converter.

The converter will now be described. The terminals
A and B are connected together by means of a series
arrangement of a first semiconductor switching element 10
and a second semiconductor switching element 16. The
switching elements are power MOS-FET type transistors.

The transistors 10 and 16 are connected together in
such a manner that the source electrode of the transistor
10 is connected to the drain electrode of the transistor
l6.

The second semiconductor switching element 16 is
shunted by means of a series arrangement of a load circuit
made up of a capacitor 39, an induction coil 40, the
electrodes 41 and 43 of the lamp 42 ( with capacitor 44)
and a sensor resistor 37 in one branch, and a capacitive
voltage divider (22,23) in the other branch.



. 9 The second capacitor 23 of the capacitive voltage divider (22,23) and a
primary wi nding 27 of a current transforner 28 ferns a parallel resonant

circuit for the control circuit. A resistor 24 is coupled between the
capacitor 23 and the primary winding 27 to optim se the phase of the drive
signal for the switching elenments 10 and 16. A third sem conduct or

swtching elenent 26 in the control circuit is then bridged by the prinmary’
wi nding 27 via a coupling diode 25 which is used to protect the third

switching el enent fromany reverse currentgfromthe primary wi nding 27. The
currat sensor resistor 37 which is used t0 provide the feedback signal for

the control circuit i 0 r ke o] '
swi t ching el ement vi a&'é) |Lgrgs‘§:]:q'.r&eg('fé | v%e%l ‘t‘?%ggfdﬂ/&h%ﬁp%%ﬂé:ﬁ?eé?%%&gae

resistor 31. divddexyr 632,28) esnd dav AWIMANY oWARALRG | 3Tp ofand pewratent

the predet er meh@ghsdiriRDY2 S CE6FRENE Patalla@ls irdichdr | @1péuiBe fogsithers
30 and 29 in the first resistive voltage,divider, The thir tchin
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and 19. Wndipg_13 far a . t Lar Gl £ Of ot L t.Gi
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connected to g€l d 4y sty ' | hr £05Ed Sty foRi Ve grifdifeo et
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capacitor 12. Wian@ fgupd ingr fdodey 25t Wij-cf‘héscb‘ﬁﬁﬂolt°cPF9€rPFtoﬁ:thiﬁhlrd
switching el eggitchinydlemehti 8g6fl Ahp Féverssi cirferty ffth it piiiairyor
18 by the ser | e aths? 39S LS o PRI (€8 " A0080e 425 ThedRS 120 LG 21
~ to provide the feedback signal for the control circuit is
coupled to the control electrode of the third switching
element via a first resistive voltage divider 30 and 29 and
a resistor 31. The current threshold value through the
lamp can be set to the predetermined value by selecting the
resistance ratio of the resistors 30 and 29 in the first
‘resistive voltage divider. The third switching element 26
controls the positive cycle of the resonant waveform of the

parallel resonant circuit.

The transformer 28 has two secondary windings 13
and 19. Winding 13 forms a part of the control circuit of
the switching element 10 and is connected between the
control electrode and the source electrode of the switching
element 10. The ends of the winding 13 are connected to a
voltage limiting circuit consisting of a series arrangement
of two oppositely arranged Zener diodes 14 and 15 via a
resistor 11 and a capacitor 12. Winding 19 forms a part of

" the control circuit of the switching element 16 and is
bridged via the resistor 17 and the capacitor 18 by the
series arrangement of oppositely arranged Zener diodes 20
and 21.



10 A starter circuit for the converter forns a part of the control circuit
of the sem conductor switching etrenent 10. The starter includes a resistor
9 which is connected between a drain el ectrode and the control el ectrode of
the switching elenent 10, together with the capacitor 12 which is connected
bet ween the control electrode and one end of the secondary w nding 13. This
type of starter circuit is described in US-A-4,748,383. The igniting ’
circuit for the gas discharge |l anp includes a second resistive voltage
divider 38 and 36, a voltage rectifier 3fgand 34 and a fourth seni conductor
swi t ching el ement 33. The second resistive voltage divider 38 and 36 ¥
connect ed across t healsttgrter seirxcuit oroithegeonvegter! fornana. part her

iyt tor 20 ShERAVEIL' eirtn iy B4 g %ﬁnfééﬁﬁ%%%é%%@ﬁ%ﬂ%fﬁ%

fourth smntchﬂng Thenstartes ihcdndean} resdstor Gumhich is comnectedt ance
i f theg

Ezﬁf)lsgnot ot render %ﬁ?’f‘ﬁ SwW t chi ngrﬁ%m%ﬁndhﬁﬁﬁfg%gl %?[l Ina

and non- conﬂ##@%r#*@%ﬁrﬂaﬂh with the gapaci t°’6p’e3 as

fol | ows. id céhBettéd Be{:ﬁeénaaﬂeanheraan electiode @i Ane Wi yofrai ns

(e.g. 220-24QV, 50Hz t he capacitors 6 and 8 will b rapldl cha

via the rect¢ fegondary Yﬁ@ggﬂﬁkgéaligiﬁf%yﬁg \ﬁﬁqgiﬁ§ %&? {ghls
results in tdesd¥ibedt hycUSchry, pARSE83. across the input ternminals A and B
of the DC- AC converter. Meanwhile the capacitors 12, 22, 23 and 39 are
charged via resistor 9 until the voltage across capaC|tor 12 reaches a
threshol d at which tTkesdgnitdsgdginguit, foni the| gaendischargenstamp

conducti ve. J-.rrlitﬁﬂni’eé1I Hhﬁécshﬁr s ilstave WHIRdHe t&‘fvf&éi'e%a"aha”%mrﬁ of

the capac tow;o 3&5‘2 rectif?.er C:‘ssr C%‘n&i (34r40ana11 a 4;.'}ourt:h sem:.conductor ~
switching element 33. The second resistive voltage divider
38 and 36 is connected across the lamp to sense ;he voltage
across the lamp. The fourth switching element 33 is
bridged by the first resistive voltage divider 29 and 30
via a coupling diode 32 which is used to protect the fourth
switching element 33 from any reverse current. The
resistance ratio of the resistors 38 and 36 in the second
resistive voltage divider is chosen to render the fourth
switching element 33 conducting during igniting and

non-conducting during normal operation.

The converter operates as follows. If the
terminals 1 and 2 are connected to the AC supply mains
(e.g. 220-240V, 50Hz), the capacitors 5, 6 and 8 will be
rapidly charged via the rectifier 4 up to the peak value of
the AC voltage source. This results in the DC voltage
being present across the input terminals A and B of the DC-
AC converter. Meanwhile the capacitors 12, 22, 23 and 39
are charged via resistor 9 until the voltage across
capacitor 12 reaches a threshold at which the senmi-
conductor switching element 10 becomes conductive. Then a
higher current flows through the series arrangement of the
capacitor 39 and the load circuit ( 40, 41, 44, 43 ) as



. well as the current sensor resistor 37. The capacitor 23 in the parall el
resonant circui4+ ( 23, 24, 27 ) is then quickly charged up via the first
capacitor 22 of the capacitive voltage divider. An oscillation is
then produced in this circuit whereafter the transformer 28 renders the

sem conductor switching el enent 10 non- conducting-and renders the

sem conduct or switching el enment 16 conducti ng. This produces a current :
t hrough the capacitor 18 whereafter the switching el ement 16 becones

non- conducti ng again and the sw tching elqﬁ?nt 10 becones conducting again
and && forth. During the igniting, the high voltage present across the |anp

charges up ca ht QL f Ok L ' | | g=t he S| [

Veanuhi | o t hoveat, 3 the? cubpien@hondbe Hegtitol! 7. O ThRS cAbBeitin, 23 ¢
the lanp and dRe the rprxalleh ngsenaptncireuids f 6r 43, t R4 ,c @ rbl iBukhearn
via the Curr?&hi&ﬁﬂ&orcﬁ&?gééoruﬁ?vti% CER&' Ofirde @apaliicor’ 289hof heneanm
in a preheatlgg st gg. The current, through the Ianpiﬁln t.hen he

mai nt ai ned to F?écg ¥&: eVRLtage afiyigery (¢l AN | O5F¢ %ﬁ'lﬁ’ﬁ’eréﬁ orthen
frEQUﬁnCy drepradubedr eint 'rurﬁlsy elhﬁeﬁitondwﬁamniutnecmm@fomer 28 )
.switching ele : en t \Yj ro . capaci 4 ac _the
t hreshol d val ggmi?%g f}%’ﬁ h ss%’tcgﬁ%%gme%ii%%%bé%onég@%ﬁguci:aveq%%'d t he
control circucenducting dndavevpderktihehseaichoductoirc switichingglelemendnt
and rel ati vel %g' O%BEEBE‘EHEY_ pOWﬁS%iL%&?&d&é@é’“@ et th t Rfe

| anp. After t Iaqg as 1 gnited, operating_ voltage present &across the
| anp renders €APacdEPrh 1H\ivhererfeernthe §y¥§§h¥ﬂ§uéiﬁq ahf becones r ol

circuit enabhgfi-condhbting’ adadH RIHA pfnwimtémﬁa?oéleﬁéﬁtt 100 bilcons Y
of the converter ang. rovides th mgy in YPICh the Tanp can be preheated
bef or e ignitiﬁﬁpduc ing again and so forth.

N’

During the igniting, the high voltage present
across the lamp charges up capacitor 34 of the igniting
circuit via the resistor 38. Meanwhile the current through
the filament 41 and 43 of the lamp preheats the lamp and
the third switching element 26 performs the control
function via the current sensor resistor 37 to control the
current . through the lamp in a preheating stage. The
current through the lamp can then be maintained to the
predetermined value at a relatively high operational
frequency due to the relatively short conductance duty
cycle of the switching element 10. When the voltage across
the capacitor 34 reaches the threshold value, the fourth
switching element 33 becomes conductive and the control
circuit is then disabled. Meanwhile the sufficiently high
current and relatively low frequency power signal through
the lamp ignites the lamp. After the lamp has ignited, the
operating voltage present across the lamp renders the
fourth switching element 33 non conducting and the control
circuit enabled. This arrangement provides the soft
starting property of the converter and provides the way in
which the lamp can be preheated before igniting.



12 If during normal operation the current through the | anp exceeds the
threshol d value due to the ageing of the lanp, the third sw tching el enent
26 becones conducting to render the switching el enent 10 non-conducting at
an earlier stage. This arrangenent provides a way of controlling
the period:-of the conductance duty cycle of the swtching el enent 10, and
mai ntai ns a constant current through the lanp during the lanp life., This:
results in an extension of the lanp life. In one enbodi nent of the present
i nvention, the nost inportant circuit elfgents have t he val ues as shown in
the Tabl e bel ow : TABLE capacitor 12 0.47 uF ™

capacitor 18 0) i
,4f during normal oﬂgfat&b%ggﬁﬁ %éiﬁéﬁ%CF?%$u% the

220 pF capacitor
0.1 UF capbMmpoexgeeds the threshold value dye totheyngeing of the

10 UF coijaf, the third switching element 36 bedbhés éohdicfing to
10 Mohmresistor

10 Chm r esi or 17
10 Chmrestenderothe switching element 1930"°EﬁﬁPP§§F§-§BB o3t an
10 KOhm reseskDieO stage. This arrangemént [fiovidessiar wdy of
220 Ohmresjistor [ 37
0.75 Chn1re§+%é€¥°§ging the period of the cond%%&aﬁg%g?§§§e§§§igdgg ﬁﬁfzo
12 Volts zeswitchings element 10, and maintaing \w| constantf ccwerent
through the lamp during the lamp life. This results in an

extension of the lamp life.

In one embodiment of the present invention, the
most important circuit elements have the values as shown in
the Table below :

TABLE

capacitor 12 0.47 uF -
capacitor 18 0.47 uF
capacitor 22 220 pF
capacitor 23 680 DpF
capacitor 39 0.1 uF
capacitor 44 15 nF
capacitor 34 10 uF
coil 40 500 uH
resistor 9 10 MOhm
resistor 11 10 ohm
resistor 17 10 Ohm
resistor 24 330 Ohm
resistor 29 10 KOhm
resistor 30 5.6 KOhm
resistor 31 220 Ohm
resistor 36 10 Kohm
resistor 37 0.75 Ohm
resistor 38 120 KOhm
zener Adiodes 14,20 12 Volts
zener diodes 15,21 7.5 Volts
transformer

primary winding 27 6.30 mH
secondary windings 13, 19 670 uH

The gas discharge lamp (42) which is connected to the
circuit specified in the above table is a fluorescent lamp
having a power of 58.65 W. For a fluorescent lamp having



. pri'mary wi nding 27 6.30 nH secondary wi ndings 13, 19

670 uH The gas dischargelanp (42) which is connected to the circuit
specified in the above table is a fluorescent |anp having a power of 58.65
W For a fluorescent |anp having 13 a power of 40 W the inductance

val ue of an induction coil 40 and the capacitanceiyal ue of a capacitor 44
woul d be set to 700 uH and 12 nF, respectively, to nmeet the operating
condition of the |anp. The current sensor resistor 37 would need to be
set to 1.5 Ohm having an operating current, of 0.15 A If the DC AC:
convester is used for dual |anps, the additfonal 1o0ad circuit conprising a

capaci tor and arhé‘p%ucéf (‘v?I ltl'?é § 4& @&égevgﬂg%tbf)gﬁ {_I ona o:.l

connected int gt rCUI by’ neans Connect |
circuit betweetD tansl dhel capasuithanne yalues ofemi QQPGGG!'-QI‘ 44i Weﬁilﬂgbel sebnt

16 and one tergg npho Ofy! QﬁaS%SQ{Fref%%seétweiygetbehéaﬂ bcﬁéleogovaeiag

val ue of the sensor resistor C converter.describ eis

sui tabl e to usonditianef etl'}%lﬁﬁ@‘m't h Thes qugrent, nﬁ%n%?rpcﬁﬁélsr % ngé.
* C L M Syduld need to be AeRCtAC1¢sNuRnt Baving agroperating cuppentng

di sch I i si.ng:. first d d f
omnecti on toBE dntth &Ko e YT RGAC [qdtitesiar oin JTHEL A% (HiRL 1 gbe,
swi t chi ng el ertirg sadchicthi dwsarl njoad scidircait! eomprdeing @ aiapastidirr cald aad a
control el ect rﬁ-f’dix J‘lfrlnf'crositl apd sgepnd %enl:ﬁ&?”dé{fciﬂléf{%idl% eLaRebe

bei ng connect &t rst serres circui
’ connected into the circuit by' means of connecting the

additional load circuit between the drain electrode of the
semiconductor switching element 16 and one terminal of the

N sensor resistor 37 together with the correct value of the
sensor resistor 37. The DC-AC converter described above is
suitable to use for multiple lamps with different range of
power ratings.



said first and second input termnals; a capacitive voltage divider havi hg
first and second capacitors, one end of said capacitive ngﬁe di vi der

bei ted t j unct i int bet said first a u"
ei ng connecte 0 a junction poin et ween q "”"‘l””m

sem conductor switching elenents and the other end of sa
vol t age di vider being connected to said second input termnal; a
transfornmer having a primary wnding, a first secondary w nding and_ a
second secondary wi nding, said prinmary w nding being connected in a
parallel circuit with said second capacifgr via a first resistor, said
first secondary wi nding and said[err]secondary w ndi ng bei ng arranged "o
apply respeci isLching voltages to the control electrodes of said first
and second sem conductor switching elenents to render said first and second
sem conductor elenents alternately conducting in response to a current in

the primary wi.ngi ng; aa qxiji-z?cj:r@wu‘rehwr' ngoendgiit 10?1ramedup?1ﬁmﬁg a
uncti on poi nt be n_sai irst and sec sej@.cqnduct.or_ sw i,n
JeI enent s gndgtaﬁe %ﬁ@i‘aﬁﬂﬁ &méctgag!’sfggﬁgzs% [ ﬁﬂét ﬂ%‘f‘?ﬁ‘ialin%“& a
current senstermdnadsoforsdahrection rtnia source sofigb@ vbltdgeapfdrstr, an
| nduction Cohhda%%c%n%‘%éﬁiﬁgﬁi&%&@%%tgﬁﬁ% €& dfleri€s ' @achCRaving &f

r bel ng cted 10 a

said current sensor resisto conne Irst resistive val tage

di vider via 8onzGet h elegtnade, sad drain r edestnpde, ojangde ai vicgntrol

ChiTd Semcon o podess M| TAEaLT A | i dedutof| uleening

W nding. ' b@LEneRE: Hadds,Chnnarhan AP & f COPR APE o8 FLERRIE BcEhet

bei ng connecsaddt first andcséecondanputitemihdlssta capatitive voltage

O o BBt b s SRUSESH SSiE il AR,

si xth resi st 6rpagiiye voltage divider being connected to a junction
point between said first and second semiconductor switching
elements and the other end of said capacitive voltage
divider being connected to said second input terminal; a
transformer having a primary winding, a first secondary
winding and a second secondary winding, said primary
winding being connected in a parallel circuit with said
second capacitor:;rc%?\ a first resistor, said first secondary
winding and saidlsecondary winding being arranged to apply
respective switching voltages to the control electrodes of
said first and second semiconductor switching elements to
render said first and second semiconductor elements
alternately conducting in response to a current in the
primary winding; a load circuit having one end connected to
the Jjunction point between said first and second
semiconductor switching elements and the other end
connected to said second input terminal via a current
sensor resistor, said load circuit comprising a third
capacitor, an induction coil and a gas discharge lamp
connected in series, one end of said current sensor
resistor being connected to a first resistive voltage
divider via a fourth resistor, said first resistive voltage
divider comprising a second resistor and a third resistor;

a first diode and a third semiconductor switching element



fourth seni conduct or swi tching el ement having a collector electrode -
connected to one end of said first resistive divider vi agulﬂrﬂmm”j

and an emtter electrode connected to the other end of , " r""
resistive voltage divider, a base electrode of said fourth switichitngs
el ement being connected to a junction point of said second resistive

vol tage divider via a third diode of a voltage rectifier which conpri ses
said third diode and a fourth capacitor. 2. A DC- AC converter

according to claim1, wherein the DC AC c verter further conprises : a
seventh resistor connected betmeen the dr n el ectrode and.the control

Fesistor and SSPnRaed ackals ki bainntly WInleg oI P $18ckiioke of
secondary wi ngpig sbnw@eﬁemnsomdmpm@r switching slement dbeing: connectest of
sai d first segoCOPRECHRIncdrf NpBint! SOENlsaitf E;ﬁ&&erﬁéb{seéwé%fﬂ&%&ea' d

fifth capacitqr, formng a starter circu a serles arran
oppositely ar B&N&g&rf'l r 8t %ﬂﬁ°§€co‘?ﬁ§§%ﬁ£¥edl‘fﬂj‘&a‘1ﬁ)n &%e%‘%ﬁ%‘

contrﬁl el elct aedesandsfatiua sanpge sﬂﬂtéﬁfendf Ml@ﬁ;ﬂ\fétvémgfén@iﬂhﬂer
t, rma age-l,imtin I rcul or
:\é\nmt gohggc'?o?ggmﬁ’f'&%ﬂ'ﬁé eqem\;ﬁ{:ﬂ gsiskor g 2 oPixXkR xes %P’E‘apﬁeiit@r
connected i n Sonurth wemhcnmdﬁchannsktnnhﬂngugdemgmtrhphbhgeancbﬂ&eutdn(ﬂ
I
¢l ectrode andesgutesas! Snfuieal 88 briecand S5 SAIAUS Bloe hhERGye |

el enment; and a series arrangenen positely arrange
Zener di odes @éﬁhé@?edvbét v@erﬁecoqfﬂi t Q,Q)ntaﬂﬁ @necempdgserndelretrodece

el ectrode of gghfleeee@ndosefCoHEet Bhasykt §Bhagfﬁi:sﬁBQ&s&etEQé%l%QL;Eage-

limting CIrCHLt égé'salgaggcggecggghgogguggga %3%%%3'2%1%2%253 element

~ being connected to a junction point of said second
resistive voltage divider via a third diode of a voltage

rectifier which comprises said third diode and a fourth

capacitor.

2. A DC-AC converter according to claim 1, wherein
-the DC-AC converter further comprises : a seventh resistor
connected between the drain electrode and the control
electrode of said first semiconductor switching element;
an eighth resistor and a fifth capacitor connected in
series with said first secondary winding between the
control electrode and the source electrode of said first
semiconductor switching element, said seventh resistor and
said fifth capacitor forming a starter circuit; a series
arrangement of oppositely arranged first and second Zener
diodes connected between the control electrode and the
source electrode of said first semiconductor ' switching
element to form a voltage-limiting circuit for said first
semiconductor switching element; meens—fer—conneecting a
ninth resistor and a sixth capacitor connected in series
with said second secondary winding between the control
- electrode and source electrode of.said second semiéonductor
switching element; and a series arrangement of oppositely
arranged third and fourth Zener diodes connected between



3. A DC- AC converter according to Claim1l or 2, wherein said second
resi stive voltage divider and said fourth seniconductor = form an
igniting circuit used to disable and enable the thirgd sem conduct-or

swi tching el enent during the igniting and after the m””lmm i vel y.
4. A DC- AC converter according to any precedi 4 ,Wgy' sai d
parallel circuit conprising said second capacitor in said c¢apaci§i '
voltage divider, said first resistor and said primary winding forns a high

frequency parallel resonant circuit thatsgroduces a high frequency _
oscillation current in the transformer primary winding in the operating®

condi Ej ion Orthée SOty ]I?ﬁleétrodgt and® asetAGWrétrécaﬁsa??ldm gamgy
precedi ng cl ai m wherei n capaci t gnce ,o e _capacgitiye volta i vi der
P ehosen ccoefnd peminpBiurtbe. svitchite iemedltdia Aomch FeTpAae
frequency. 6limiting &ibPCuA€ fowesaid second mEenicondugtarecswitichingm
wher ei n saidefgﬁéﬁ t sensor resistor is coupled to the base el ectrode of
said third sentcondlctor switching el enent via said fourth resistor and
sai d second resistor of said first resistive voltage divider, the current

through saidgload circyl ipceQidl ' ebfivebeet! HecUrditiyluebataai iy $aidy tHird

sem conduct or_. swi tchi ng el enent _and t hy eshol d . volta al ue for

conduct ance ¥ReEein (53 §8FFPBSnc{{&,ﬁ‘a%fk_t NG t YRiLkg9e e‘ﬁg dex and ;gajid
certain val Uﬁoﬁ&tﬁ%@ﬁié@ﬂdﬁbﬁot : hmm-mfa:s abﬁimhgeatregutoused % .
resistor, or esi stance_rati t I St V. 0 I vi der er eby
t he period d?i?ﬁgiﬁonﬁﬁgtaﬁ%@g%ﬁtygkﬁclgh%?asa+%¥f??§é£§% coﬁﬁgg?%?ng
swi t chi ng el ehementanduhinge the cigniéhinghrangh afiteranphecabghiting,
control | ed. FéspectivefyPC'AC converter according to any preceding

4. A DC-AC converter according to any preceding
claim, wherein said parallel circuit comprising said second
capacitor in said capacitive voltage divider, said first
resistor and said primary winding forms a high frequency
parallel resonant circuit that produces a high frequency
oscillation current in the transformer primary winding in
the operating condition of the converter.

5. A DC-AC converter according to any preceding
claim wherein the capacitance of the capacitive voltage
divider ‘is chosen so that its impedance is high at the
converter operating frequency.

6. A DC-AC converter according to any preceding
claim, wherein said current sensor resistor is coupled to
the base electrode of said third semiconductor switching
element via said fourth resistor and said second resistor
of said first resistive voltage divider, the current
through said load circuit controls the time of conductance
of said third semiconductor switching element and a
threshold voltage value for conductance of said third
semiconductor switching element is set to a certain value
by selecting the resistance of said current sensor



claim wherein said third.sen conductor swi tching el ement . and-sai-é-first

di ode are connected in series across satd primary w ndin wher
positive cycle period of the resonant wave of said paralﬂmul HH E E U!\
circuit can be adjusted, said first diode being used to d
swi t chi ng el enent agai nst reverse current. 8. A DC-AC converter
according to any preceding claim wherein a second series circuit across
said first and second input termnals includes, in series, said first

sem conductor swi tching el enent, said firist capaci‘tor and said parall el
circet. 9. A DC- AC converter according to Claim8, wherein a third
seri es circuiresdsteys i the resimstdmegatiomf the mesanlsstxve:lxmmge n

series, said djigiderseny t%e SYe1£84 nngéﬁ%EB“aﬁb%a%‘%d ‘ﬁ a‘%ﬁl al ly

said current sensor Tresis conver

as herein defcraaid ﬁrﬁtréemmup@orh@vé&@myehgmewaw ngad hence

the current through the lamp, can be controlled.

7. A DC-AC converter according to any preceding
claim, wherein said third semiconductor switching element
and said first diode are connected in series across said
primary winding, whereby the positive cycle period of the
resonant wave of said parallel resonant circuit can be
adjusted, said first diode being used to protect said third
switching element against reverse current.

8. A DC-AC converter according to any preceding
claim, wherein a second series circuit across said first
and second input terminals includes, in series, said first
semiconductor switching element, said first capacitor and
said parallel circuit.

9. A DC-AC converter according to Claim 8, wherein
a third series circuit across said first and second input
terminals includes, in series, said first semiconductor
switching element,said load circuit and said current sensor

resistor.

10. A DC-Aé converter substantially as herein
described with reference to the accompanying drawing.



