; Y& (e3et|tBBCtFj vF& 6\ 1 TlIr19 May 2003 | mprovenents to el ectronic
bal | asts The present invention relates to electrical |ighti n&f Y 55&% and
to el ectronic ballasts therefor for high intensity discharge ng uc

| anps have a hi gh before they are lit, and a | ow i npedance Whl |l e

they are lit. wmnn@mﬁ di scharge | anps are characteri sed by a short
arc length, typi han 20 mm for a 70 watt have a seal ed
envel ope cont ai ni ng ‘®o2kast two el ectkrodes for an el @W ﬂﬂﬁm char ge,
and typically have a high internal pressure when hot. |ty :

di scharge | anps are in w despread use. A disadvantage of téﬁéﬁse | anps is

that addi tyi verMAYY L& LAAY 1ed 1fQk st hei r proper operation. In
particul argma‘rrs—cr—h—nrrmg—m—mrrm—%-n' g the current drawn by the | anp
i's requirqhe t QHRIdERNT Wildyh tIRADS Q1 atledr t £5Y éﬂeéﬁflééf(?hﬂeﬁthﬂ?t he

| anp. The arrangenments of copponents associated wth the caontrio] | anp

current afySIEonRRG eF@rré%leF‘éragiﬁ "Dk asdis | thereder nbeE cBP@Bnents

per form ngﬂmgwm@twrg@ Ardmpid the lanp are collectively referred to
as the "ignitor"”. Traditionally the ballast function was perforned by a

| ar ge and Sy )l dmpehudiare cnpemﬁgh ngmpéddee owford i theey rexpiehiy, ahdl st the

t f t t f | t
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order 10 QUEHCH SABROLidle 2bSAAY2LAACT0A%RRE Aleffh Wil thadk! honal

nmet hods of arrp operation ese vanta es |nc u SI ze, _weight, and a
|l ack of affPaikssthenelare reantaining rQ)qI SR chxesies | £6F BBwer with

vari ati ongligttxuRRlly dddeeg®) EhQUUGREKXally have a high internal
pressure when hot.

High intensity discharge lamps are in widespread use. A
disadvantage of these lamps is that additional components
are required for their proper operation. In particular a
means of limiting or controlling the current drawn by the
lamp is required, together with a means of starting an
arc discharge in the lamp.

The arrangements of components associated with the
control of lamp current are commonly referred to as a
"ballast", whilst those components performing the
function of starting the lamp are collectively referred
to as the "ignitox".

Traditionally the ballast function was performed by a
large and heavy inductor operating at the power line
frequency, whilst the ignitor function was performed by
the generation of high (2-5kV) voltage impulses
superimposed onto the supply terminals of the lamp.

More recently electronic means have been devised for
operation of discharge lamps in order to overcome some of
the disadvantages associated with traditional methods of
lamp operation. These disadvantages included size,
weight, and a lack of any means of accurately controlling



The e“ectronic bal | ast neans enpl oyed to date have been successful in
overcom ng the above nentioned di sadvantages, but as a result, of their
conpl exity, new di sadvantages of cast and' reliability have hWHVGHQQthheir
wi despread, use. It is convenient to describe such electronic ballasts as
utilising "square wave technol ogy" because of their output waveforns. One
of the reasons for the conpl ex design of square wave technol ogy ball asts,
(which operate |lanps at relatively | ow $requencies 50 - 400Hz for exanple),
is that discharge | anps exhibit undesirable instabilities when operated in
t he frequency range of |kHz - 300kHz. El aborate el ectronic topol ogies are
required to generate | ow frequencies with power |evels and control
characterisiics suited to di,scharge L?ngs. Shoul d_t he opera ing frequency
(or some hat#thi cPBFSEub arhon 8 bR L RBSopetRt i MPFHR ueﬁ8§fa & suth as' to
excite stanfireqpemores of pressure within a | anp then undesirabl e novenent
or even extinction of the arc can occur. This can be danaging to the | anp
si nce arc nbDvenehéctrontaubelihstamears | epphggedpdo t Hetbuhasre viegérs with

conseauent Lamdaiure ol Gismlagst Libge MouetbDls dedbente ol

_ um nation obtarne e aboveé nmentToneéd ins y and
st andi ng eniagessurkutr asmani fesehti ofs bthedr ploomplexdf Yknow as

acoustic reSONRAGageACOGH | eols@asange %reil%.%%iquj.@\/r%é Prorapse
variations | n the ,Icflrrp caused by the ogperating fredquency or 'sone harnonic

or sub har nfBMIE Hi4exPRARG HI%y f LEqdénGehveniant \hy HeFFribeHeB ng to
the inventigledtiond daliastdeta diOhtd Ny SYsheRreoRRris| turiaiolepst 1 a) a

high intensity discharge.la b) an_electronic ballast having a regul at ed
Pidmite P e dhapt BRvEE

alternatin &Mt operating circuit included in
and bet ween..t he S hg La t he ball hayi n vari abl e
frequency &nneeroafﬁﬂﬁh#%%gﬁé af?ﬁngga %)Smpgﬁf t%%gféxéqﬁ négl“gr‘et h%aakgeal | ast
out put overtechn@dggyofbdlbasksci éwhivht opena te mimrprsegatnoelat 4odigHz, e)
the circuityfjavi FadrRadaNncey such 4Rkt he il r cg&;m%ﬁ}e?r ranged {40 4be
resonant to provide a_ starting voltage for the |anp at or’above the nini mum
frequency. dissiasmiet bamBEcedhilt adtndesiraklet mstakikhigactan at

low cost whjgdravaan qmer #Heng drlandmaharde@mobas 1qbi gh effgmipncy and
reliabili tryEF@X benefit of operating at a %2:1#1 fr%que,ncy greater than 400kHz

and gr eat eE{3ROR 3% B SAIRORIGUSTIROIFLRRNELEr SRBRENL DT EPhIENERATS t hat
the life oflowhe Ifampuendielde qudlthty @lowdre ililewedati oands i gy by the
avoi dance of %cogstri.c r.esonange. gr eferaB# a gaxi nmum frequency of the
range is sUCRYER £ f’ﬁngSV\E}'lf" ﬁ_fip P HeSShAras RSy mai ntain operation of
the |anp. %P%%gaf 'ttheOfoxégféfi&%' B8eHA8nE PSP CY kBN ot ST o3t ARl
operation of the lanp IS ensurad.

harmonic of the operating frequency) be such as to excite

standing waves of pressure within a lamp then undesirable

movement or even extinction of the arc can occur. This

can be damaging to the lamp since arc movement can cause

the_arc to impinge upon the burner walls with consequent

lamp failure. At the very least these movements of the

arc spoil the quality of illumination obtained.

The above mentioned instability and standing waves of
pressure are manifestations of a phenomenon known as
"acoustic resonance". Acoustic resonance arises as a
result of pressure variations in the lamp caused by the
operating frequency or some harmonic or sub harmonic of
the operating frequency.



Preferably the ballast of the invention is arranged to regul ate the power

output to the lanp by varying the frequency of the ballast )#ﬁut Q%
bénefit of arranging the ballast of the invention to control 8y88 r to

the lanp is that the lanp may be operated at its optimal rating, and the

ef fect of 19 May 2003 4 variations arising from manufacturing tol erances
may be mnimsed. Preferably the high intensity discharge |anp conprises a
seal ed envel ope containing at |east tgo el ectrodes for an electri cal

di scharge. Preferably the ballast or frequency generator of the invention
operates in a frequency range of between 400 kHz to 30MHz. More preferably
the frequency generator operates in a frequency range of between 400kHz and

1 500kAZAc 5@&%9% e bﬂ&&%&;gﬁ %fg%g fat B 9 2 G988kaRy pover

to the I's runntng 1N stea a hi ghéer current
during a §W§|’tﬁmng phase ofcemprising Pr eferabl yathe startinglpaa&é-of the

lanp is t3ansignt, angigf, a sho&htgﬂthH}p A heneéndreé providizpg,a higher

current dyring startlng hat th reaches its o eratlngﬁcondluon
more qui cPly aRB PLPFR P?’-CPPé%FQBI f/‘af"ﬁélgoeﬁ | 2Ruidted 3AGEHDAS PN t the
hi gher curdue-mento a permssible val gewairt hin a safe rati ng obutbeat!amp.

o1 nusol daF vt ATk t AR RbI A o T tor ERETU6RY ok e 3905e%ore
pr ef er abl $hehe subst abtilabkky si nusoi dahdnvavef or m hse a har noni datpst orti on
of less thgn 1P ballast having a variable frequency generator

which is arranged to vary the frequency of the ballast

output over a range of frequencies, with a minimum

frequency of 400kHz,

e) the circuit having a reactance such that the circuit

is arranged to be resonant to provide a starting voltage

for the lamp at or above the minimum frequency.

A benefit of such a ballast is that it may be
manufactured at low cost which when operating the
dischargé lamp has a high efficiency and reliability. A
benefit of operating at a hJ.gh frequency greater than
400kHz and greater than a maximum acoustic resonant
frequency of the lamp is that the life of the lamp and
the quality of the illumination is improved by the
avoidance of acoustic resonance.

Preferably a maximum frequency of the range is such that
the power output is sufficient to maintain operation of
the lamp.

A benefit of restricting the frequency range is that
stable operation of the lamp is ensured.

Preferably the ballast of the invention is arranged to
regulate the power output to the lamp by varying the
frequency of the ballast output.

A benefit of arranging the ballast of the invention to
control the power to the lamp is that the lamp may be
operated at its optimal rating, and the effect of



A benefit of an electrical output with a sinusoidal wave formis that a
sine wave has only one fundanental frequency, conpared mnth1gwﬁgqgog wave
where a Fourier analysis shows the square wave formto conprise’a very

| arge range of frequencies. Hence in avoiding the excitation of acoustic
resonance, with an output with a 19 May 2003 5 sinusoidal wave formit is
only necessary to avoid the resonances that may be excited by one
frequency. A further benefit of a sine4wave is that the rate of change of
voltage with tine dv/dt is mnimsed This reduces the. stress on electrical
and el ectronic conponents in the control, reducing a cause of failure A
benefit of this is that the size of conponents may be reduced, both

reduci ng Gstlations z&rising herome menuf asttur isichet Qherances hFay: ke

el ectri calysgfiiicd&pcy of the control is inproved and hence the |ight output
fromthe lanp per power input is inproved. Preferably the frequency of the

out put mespreresah ey Whiel asidhe ix?f%éft*ndéslchhréball FAélﬁdi:ﬁ:flsteﬁfathl sis
R

that by v the uenc e out put any éxcitation, of oustic
resona%ces@é‘ u%‘l’i‘é?iﬁa?ccezt?hélﬂgt Bkt lfﬁ'aeiﬁly u%brd

Pref erabl wlidustficaleatychbrgde output is varied at a rate greater than
50Hz. A benefit of this is that any acoustic resonance that may occur does

not have ara?ﬂcmmblmi tyhe o eMadstp tox alfxﬁe*q:iéridydegeharauonl dofaullee an arc

A furtner AR LCh "BREPELER Cln (| dHeqUGAdEL sindh JBE ndtudet 1A
of 1ight dtﬁopl}tﬂhrl song 3Gt he chtownre | priedepabdiier thei si ﬁEﬁWW%uch
frequency gnésféxaéwfl bbeBhBbyl $8da /f&eggg ea;gr@énﬁrwf i Betbeddi Sod R4 hat

al t hough acoustic resonance is un nps may w thstand such
resonance i RRPkB2: it is not allowed to devel op to such an anplitude

t hat causes t c to be.d flected onto the |nternal surface of, the
bur ner . V\l‘l’é:r?{]er@%ﬁlrfé tgad@fal d@s&d L sRRRNPEd] Ri RFOYIGE tanec?rl‘ﬁ*e?'rhﬁl

surface ofpowea bt nehedalrge whesauted d Orhhﬁihglr har a awkddye stdeepof the
lanp is re%d:ead hf‘gcl?gf‘t icﬁri‘gﬁgngﬁ%:%n%f a2 stgptlng phase of the lamp.
Preferably the starting phase of the lamp is transient,
and of a short duration.

A benefit of providing a higher current during starting
is that the lamp reaches its operating condition more
quickly and reliably.

Preferably the ballast is arranged to limit the higher
current to a permissible wvalue within a safe rating of
the lamp.

Preferably the alternating current output wave form is of
a substantially sinusoidal waveform with a harmonic
distortion of less than 40%.

More preferably the substantially sinusoidal waveform has
2 harmonic distortion of less than 15%.

A benefit of an electrical output with a sinusoidal wave
form is that a sine wave has only one fundamental
frequency, compared with a square wave where a Fourier
analysis shows the square wave form to comprise a very
large range of frequencies. Hence in avoiding the
excitation of acoustic resonance, with an output with a



19 May 2003 6 frequently takes many hundreds of cycles before it has built
up such an anplitude. Preferably the reactance of the invent%gglc%gpéises a
series arrangenent of an inductance and a capacitor arranged t he
out put frequency is above a resonant frequency of the reactance. A benefit
of this is that the reactance presents an inductive |load to an out put
swtching part of the ballast. The outp%t switching part may conprise at

| east two inverter transistors. Preferably the ballast is arranged to
provide the alternating current output by alternate switching of at |east
two inverter output transistors driven by a ' discontinuous alternating

- waveform the waveformcontaining a period within every half cycle when

nei t her outsgausoigiadi swmve céoguctt Ashenely tnedessaryli fooravaiubutheavef or m

is that th%ael fofdacﬂc%réc* 3} 'b%b éfﬂerﬁlﬁq b&ﬁ%ﬁ@t QQqBE V\ge transi stors and

hence t he l'ast 1I's en ance e ou put po I's arranged to
pass through suseRasi iindfleokes \stihet v s tt'?x%tvahﬂé Pateangg! t ance

bei ng sufficiently smal imt a current flow, throu | anp, at a

frequency SPa0EE ePEcMAliRTOWLED ke  6V(RE &8l I%%@imi-%e@ess T™his som
A benefit dehlaﬂe% i sthleat setesy negnbe élrﬁHtQ\i%‘ilby BheEvenklasteongEar dous

current flow.n mthe rmnal_at. a su frequency Pre bly the

react ance EOMPPRSELS, Jc:'bni:ﬁsl @é&&%cer?‘ﬁg?%eg bal FALES, rﬁjE E?i[:lfr% %IEact ance

nmount ed t oAt feerefiiit of 18hbRy i200&hat the size of components may be
reduced, both reducing cost and size.

Another benefit of a sine wave 1is that the electrical
;5 efficiency of the control is improved and hence the light
output from the lamp per power input is improved.

Preferably the frequency of the output may be wvaried
while the lamp is in a lit state.

A benefit of this is that by varying the frequency of the
output any excitation of acoustic resonance by a sub-
harmonic of the output frequency may be reduced.

Preferably the frequency of the output is varied at a
rate greater than 50Hz. A benefit of this is that any
acoustic resonance that may occur does not have an
opportunity to develop to an amplitude that would cause
an arc within the lamp to impinge on an internal surface
of a burner of the lamp. A further benefit is that the
perception of flicker caused by the variation of 1light
output arising from the change in lamp power arising from
such frequency variation is minimised.

An additional benefit of this is that although any
acoustic resonance is undesirable, lamps may withstand
such resonance provided that it is not allowed to develop
to such an amplitude that causes the arc to be deflected
onto the internal surface of the burner. When the arc is
deflected so that it impinges on the internal surface of
the burner damage is caused to the burner, and the life
of the lamp is reduced. Acoustic resonance of a lamp



7 Preferably in an enbodi nent the reactance conprises a control reactance
in the ballast and a | anp reactance nounted to a | anphol der 1f I i Vi ng
the lanp. Preferably renoval of the lanp fromthe | anphol der “i's™arranged to
di sconnect the lanp reactance fromthe ballast. Preferably a connection to
the lanp is arranged so that the |anp can be replaced, and a capacitance is
pl aced across the lanp in a parallel CUél’ent path to the lanp, the

capaci tance bei ng arranged such that disconnection of the |anp fromthe

bal | ast output disconnects the capacitance fromthe ballast, the variable
frequency generator being so arranged to sweep over a predeterm ned range
of frequencies to produce by neans of a resonant circuit including the said
capaci t or E£repuentky htgkes$ r manyndyandmgdsy ob £ agyadiespubetforegnit e higlse | anp.
Preferably t i nted in thermal proximty to the | anp.
Pr ef er abl y%‘ﬁ%*&eﬁgt%@fcﬁga aléttﬂggr'rpri ses neans for igniting the | anp,
and preferably a required ignition voltage is generated by the reactance.
Preferably a value of the reactance and a value of a first |anp reactance
have a contpmege e, thad M@téﬁ?&%e%far W@r 1y h t Rdmp Pgs bl lzast

wi ||l be resonant only by neans of the conbined value. In an enbodi nent of

t he i nvent iYFEI§T ef agemeRs v efue2Bf 1BERCERREEandBd s dar r"z?r&j’é'g-t?&' that a
second | anmamfarfyet o dtipovetth ¢ adu tish i ide a SRBO NS ValhoeeOla IryBonadact ance
will be su ethfgtxhéfeopa};l | ast vvitll not be resonant when the second lanp is
fitted to CHEMTED ©F PR THRFENCEs A benefit of an enbodi ment of the

i nvention iyS £.CO t i sadv g of C i

associ at edAvvi %’%n%\ﬁ'gr eB?vvave scejca'%ol ggégso %at“'ﬁ%<'i1%‘%'|t“'.f'€?le%c£ Wi gge%)%ﬁée&}a{ uéd of

el ectroni c inductskwe  jIoasbnjtinctamon avtputdi setidgjeinainpearts pdssithlee. A
benefit of gfdzodi I Squbi j j tnt}%} y rat ed
wth a subgéalnlt,i al | y%u@&ﬁc_}g Ssm%l\%@(}trl{r%ogﬁ‘é%urr ntégﬁ?%ggugﬁgi%?%ﬁgher
than any whi%h IAFex ineasié6@ssi-c resonance in di scharge |amps. A
benefit of _thi e of operatjon is that the conplexity of the ballast is
greatly re&f@e%.rr% %rt‘l’-?éé) FRRshe Hhy BETBBE&HneF Dy BEPVEERNg W&acti ve
Corm_onegt fs aaltTeemtximgetsgﬁuEreMﬁh hbmt:)phe bglj!amaietzﬁ]rmg@ngw?mmhﬁ; hbghta\t0| tages
require r i n ereby, avpl din e,.nee r, a.separate
i gnitor. s%&&%f %‘%od{lﬁr‘é%’féelbf P Ep?ﬂvehfgﬁﬁlﬁﬁalrsno xb’ev%%scﬁ?’be& by way
of exanpl ei:éi:;@n’cémosx&e tdtf@aﬁa@pagyamgzmm r:g_s:hﬁ \Ahivavgfléirgjure 1
is acircu rs r m [ (Y
gener at or of aa?‘?lrl?tr& eﬁb%%ﬁended;twg&ﬁe&(nggﬁpl gg: cycte WREH el thid

output transistor conducts.

A Dbenefit of the discontinuous waveform 1is that the
efficiency and reliability of operation of the
transistors and hence the ballast is enhanced.

Preferably the output power is arranged to pass through a
capacitor in series with the lamp, the value of
capacitance being sufficiently small to limit a current
flow, through the lamp at a frequency of the electrical
power input to the ballast, to less than 30mA.

A benefit of this 1is that safety may be improved by
preventing a hazardous current flowing from the terminal
at a supply frequency.

Preferably the reactance comprises a control reactance in
the ballast and a lamp reactance mounted to the lamp.



Figure 1A is a circuit diagramof second enbodi nent of the invention for

the operation of a lanp froma high power signal generator Fig egbB Is a
circuit diagramof third enbodi nrent of the invention for t he %ﬁ' ®n of a

| anp froma high power signal generator; 19 May 2003 9 Figure f is a
circuit diagramof an electronic ballast according to a fourth enbodi nent

of the invention; Figure 3 is a graph showing a rel ationship between an
open circuit lanp start voltage and fréquency of an electrical supply
across a lanmp of the first enbodi ment shown in Figure 1. Figure 4 is a
graph showi ng a rel ationship between current through a |l anp and the
frequency of the electrical supply to the lanp of the first enbodi nent
shown i n FiRpeferdbly FHgurst SembBodifieafh thewW rénhetahese edipieis«d ata onship

between a r ' current through .a | angd the frequency of this

el ectri cal %&@&%ﬁ e T Inesi 3ﬂalhtrb%n gﬁi‘l&s f affle i ;ﬁszfm%nﬁ&?i €& hown
in Figure Imountgdre t® i saa ilamphplajdr of farr el recenvlihg betheen lampal t age
across a | L JRENL £S [ i g 1 ore .l i Lt ;and up
to the ins?gﬁtﬁ%ﬁg?zt I's 11 \%’\nft Mel r qug%%/n o?ﬁén %ﬂé%}tﬁrlfs%% si%ppl y
across t he arigpgedndtef disebanechshithebethomm theachbucer eduoncy thed a
current thnRughgkhe lanmp fromthe instant it is lit and begins to conduct:
Figure 7 is a graph of a driving waveformfor the output transistors for

t he enbodi nent shown in Figure 2;

Preferably a connection to the lamp is arranged so that
the lamp can be replaced, and a capacitance is placed
across the lamp in a parallel current path to the lamp,
the capacitance being arranged such that disconnection of
the lamp from the ballast output disconnects the
capacitance from the ballast, the variable frequency
generator being so arranged to sweep over a pre-
determined range of frequencies to produce by means of a
resonant circuit including the said capacitor a specific
high frequency high voltage output to ignite the lamp.

Preferably the lamp reactance 4is mounted in thermal
proximity to the lamp.

Preferably the electronic ballast comprises means for
igniting the lamp, and preferably a required ignition
voltage is generated by the reactance.

Preferably a value of the reactance and a value of a
first lamp reactance have a combined value, and such
values are arranged so that the ballast will be resonant
only by means of the combined value. in an embodiment of
the invention, preferably the value of lamp reactance is
arranged so that a second lamp of a second power rating
with a second value of lamp reactance will be such that
the ballast will not be resonant when the second lamp is
fitted to the circuit.



Figure B shows an output waveform of the power output to the lanp at a
preferred operating condition; Figure 8A shows an out put “anﬁﬁH Gﬂlﬁ | ar
to Figure 8, but at a non-preferred operating condition and Fesulting from
the driving waveformof Figure 7: Figure 9 is a graph of a driving waveform
for the output transistors for the enbodi mrent shown in Figure 2 at a higher
frequency: and L 19 May 2003 to Figube 9A is a graph of an out put
waveformresulting fromthe driving waveformof Figure 9. Figure 1 shows
operation of a lanp froma high power signal generator 10 of a first

enbodi nent 1 of the invention. The generator has negligible internal

i npedance, produces a square wave voltage output of anplitude 350 volts,
and has an output variable over a wi de range of frequencies. The w de range

of frequepncieges i% [%ref erably from400 - 1,500kHz. A high intensity
di schar ge®l ahfnedifts edupiasy Ehasingnter afor the anvenkikonr 18, thd a

capaci t or o¥@rabmei scel@ecididadifintiagel! a88 lnod@NPahél Corgnplsaa iy seal ed
envel ope 19 cogt ﬁi in Eiﬁectrodes 17 and, 18 arﬁ_an ed for _an el ectri cal

i schar ge RAGATERES AWPERS FHYETS, FFncF SFBRPLPEN c3paciid: 33 Hare

provi ded. wi\djaspnbadpenagi ngfci ébdbﬁraﬁibs barlased, i n:é:&mObdle_Ejumﬁﬂc}Ihe

gener at or a i 11, the ¢ citors 12 and 13 and the lanp 16.
The opera‘fll}'gﬁ ggsgzﬁlgg'dé lric%ltﬂﬁs'ijjﬁ %Wai%g%'escri bed. The initial conditions
assuned are: 1. Qutput is available fromthe signal generator. 2. The
signal generator has been set to its maxinmum output frequency. 3. That the
lanp is nbt Benefifpiaf 1ape| snboddmenty ofy Wilseximveat ess ofthate

i nductor idmpsd wapaqld Oloper e N Widte BeeiusbPsRPih 1§ diddie Ryaer of

the lanp used, which for this exanple, is ?0 watts. .
waveform of current at r}Epreqt,lencz.es higher than any which
would excite acoustic resonance in discharge lamps. A
benefit of this mode of operation is that the complexity
of the ballast is greatly reduced. A further advantage
may be obtained by utilising reactive components already
present within the ballast to generate the high voltages
required for lamp ignition, thereby avoiding the need for

a separate ignitor.

Specific embodiments of the invention will now be
described by way of example with reference to the
accompanying drawings in which:-

Figure 1 is a circuit diagram for operation of a lamp
from a high power signal generator of a first embodiment
of the invention:

Figure 1A is a circuit diagram of second embodiment of
the invention for the operation of a lamp from a high
power signal generator;

Figure 1B is a circuit diagram of third embodiment of the
invention for the operation of a lamp from a high power
signal generator;



19 May 2003 11 Table 1 Figure 1Figure 1AFi gure 1Bl nductor?7 6~. H nductor?

6~, Hl nduct or 7

6~,t HL111A11BI | nFCapaci torl | nFCapaci tori | nFCapaci t or 12A128121I9,|g?1¥%%0p3aci torl
. SnFCapaci t or. 75nFCapaci t or 13A13B13 Capaci tor 75nF21B Fi gure 3 shows a

rel ati onshi p between an open circuit lanp start voltage versus a frequency
of the lanp start voltage. It may be seen that at a resonant frequency RF3
of inductor 11 and capacitor 13 of Figlre 1 a high peak voltage PV3 is
generated. This voltage is arranged to be sufficient to cause the |lanp 16
to begin to conduct. The resonant frequency RF3 is within the operating
frequency range 4R between 4MF and 4XF', which are the sane as the

f requenci eEigife afd i4XFa andreabye difagiesnr bifecarbekdectbgice Halkast gr aph

showi ng a ' I p Db runni current,_.thr hthe |a 16 and the
freque%cy %?J:?#eﬁgfgj'c A ?&Wﬁpﬁﬁ@’%ﬁ%eﬁi%ﬁﬂ“g‘g%fé‘f»’a%'lr rlrg shown in
Figure 1. e epg t at : opna fr 4 LN tor 11
and capaci%%?ﬂ%zl .?1 h%ehgrei%?gntségrﬁ%éﬁf P%[ellsatq%g%;ﬁa ed&%@gghsg#g t hat
the curren®P&hr &J@h‘lutl%‘e Lamp nsyape cveltageedandhefreguencyenefatd® is

o oh s A ey e L T e L T ey

avai |l abl e SRR aﬁi?&ff?pd-rient s the maxi mum frequency currently avail abl e

's Tim tedF:EguFeboullt Eiosomgz’ glr):g%)h gh%%cil\r/la 2aOO?f*:elationsh:Lp between
current through a 1lamp and the frequency of the
electrical supply to the lamp of the first embodiment

shown in Figure 1;

Figure 5 is a graph showing a phase angle relationship
between a running current through a lamp and the
frequency of this electrical output from the signal
generator of the first embodiment shown in Figure 1;

Figure 6 is a is a graph of a relationship between a
voltage across a lamp of the embodiment shown in Figure 1
before it is lit and up to the instant that it is 1lit
with the frequency of an electrical supply across the
lamp, and of a relationship between the said frequency
and a current through the lamp from the instant it is 1lit
and begins to conduct;

Figure 7 is a graph of a driving waveform for the output
transistors for the embodiment shown in Figure 2;

Figure 8 shows an output waveform of the power output to
the lamp at a preferred operating condition;

Figure B8A shows an output waveform similar to Figure 8,
but at a non-preferred operating condition and resulting
from the driving waveform of Figure 7;

Figure 9 is a graph of a driving waveform for the output
transistors for the embodiment shown in Figure 2 at a
higher frequency; and



12 hi gher maxi mum frequenci es woul d provi de additional benefits relating to !
safety and operation described below. Figure 5is a graph sﬁg“h gphase
angl e rel ationship between a running current 1RC through a l'anp 1t and the
frequency of this electrical output fromthe signal generator 10 as shown
in Figure 1 It may be seen fromFigure 5 how the | oad on the output of the
si gnal generator becones inductive abave the resonant frequency of the

i nductor 11 and the capacitor 12. The:H%eration of the signal generator may
be nmade nore efficient by operating in the inductive part of this graph, as
is described with reference to Figure 2. The value of 13 is chosen such
that series resonance between 11 and 13 occurs at sone series resonant

f r equencyFRE8reoforFiipmire Qiaphtbfnahheutpamu?mvﬁfbamgeeéRlFQPgtEeoﬁign?| f
gener at or , : er | resonant frequency 4RF (of Figure 4) o
11 and 12Fﬂlgr F%?R’tlg)tqoér%‘{%?ﬁbfofﬁ‘?q%a?he | anp wi || behave substantially
as an open circuit so that no load is presented to the network of 11, 12
and 7.3. The frequency of the signal generator is arranged to be reduced
until itspoghedt {regusnsy ndsst g t boues tiﬁ{gﬁi =X

r esonant f[gggﬁncy RF3 of f%ggagi?g.q?f ﬁg 25% a?ggFgfgstlc ofiggF?es

n
resonant i ts hi Bt Row-:Fépe HeRthei ofrafit

gid Jereratedy dfhi Bft PowfirmpeciRedimentheily Odsohdf
frequencyin¥btitien.ar ge ce engehsrdtoyenhaddy theghi@nsle gengraranl t hrough
t he seri eiﬁnreaonant circujt formed by 11 and 13.. Ag_ t he 'a%@ Stlf|| an
open ci r ctiPSHE EGr r el #hr 58§ | WAV ndOIERPEs O ef
capaci t orafiglitutie MA§0 2@ tk3 Tilhddharsgeamesunpnt cvwml ’]?:llilhe‘l?\f@rthrough
capaci tor i inite inpedange. As.a result the finit
pedancedfie LAk B SHanELIBE iRy WaR, KK o8 ARRSHSHEES o hign
vol t age PA/8 ipreiferabpyd fconmsd0fapacit oP0QHz Pref Br dtdigh t Aatenghtyol t age
PV3 is i be n 0 ;vol 5 0 ol pr.eferably for
H D Iarrpgd ?ﬁ{éﬁﬁ?gﬁ v%%ltﬁggef) val\émgﬁaﬁggdbgﬁe%r@éz,égﬁe%)ﬁ?’é e _5?@00
vol ts. ThEPRERHEOFs IdonnadBfed | RRPRFEFPEI 1A t3t cAbEEPRRECEBORNPOIBES resul t

of the hiph vah&agespresam@ACn@sSSchigria®e a dsdaldy t hvaampdr egks down
and enters atgLow node gf ggeratl or][.’- he | anp, now no Ionaer J;'réargresents an
open cir cTPRanBIRgs a2t Bh5EqdeRice,t Tur PBRL b]ed;i n8TEBRERBw tHoughPt he

| anp. Theeleoprichfageisohthgs gihms nmbHe fldrs :s.apildlty.ffrcpm tfhethpen
circuit v - viel Y s quc r .vol t age o] - .300
volts. Eve #ﬁ%#’%{} t%@%%\gi\g?gbeﬁr’]glg?ngégﬁﬁdr n t%eejlogﬁbéca segg%ttﬁg lanmp to
transiti cPL¥e@itt 122 ghew includedr énnmated obebpeent ithe. déretrabpt np@dance of
t he runni I ”%%-Eﬁt t a@%g .14h eson i f

capaci tor&n% gﬁg ?%WI S i.gﬁjllyk%ae?rpe éééfgoéés]q%t?narh:g?eéftﬂeinteﬁ%f qtaﬁg danpi ng
i s such th@t tHhBeppresatdos ofafhdis sirenridanidd revgbey degsdi®®donce t he

lanp is running, Wien the  lanp is running in a steady state it is lit and
produci n ?g‘h’?lr'ﬁa nCePdiLiions ﬁéﬁﬁé\edqﬁ}%ﬁ‘r a variation of voltage and

current with frequency as the.la i S i tched qQqn and _starts to becone |it
and conti ‘uesé‘llﬁﬂugaﬁgbévéégﬁbﬂ‘ﬁg%rﬁﬂ’gE:}I’Iee 6s.lqrﬂ‘?qug§E?‘F§a O% ‘conbi ned gr aph
of both | t ag nd nt_ LTCV s phqtte ai_nst e C . Such a
gr aph rra;/@'be ogygi nse%yﬁg%gm%e ei'cf\r‘l"c‘{ﬁr[ %csh gg&?hést%scsh \Sm%il{ﬁg]Fﬁ\aggﬁ . Such a
circuit rytmpet afreqgyedcyo conprise a variable frequency generator. In

operation when the circuit of
3. That the lamp is not 1lit.

D:

Table 1 below shows by way of example values of the
inductor 11 and capacitor 12 which have been chosen to
suit the power of the lamp used, which for this example,
is 70 watts.



19 May 2003 14. Fig. 1 is switched on the variable frequency generator may
be preferably arranged so that it starts operation at a hi ghgfy cy at a
start point ST-ON. The variable frequency generator may be arranged to then
reduce the frequency so that a voltage neasured across termnals of a |lanp
follows the arrow SWL. The voltage rises to a maxi num /| anp voltage M.V at a
particul ar frequency PF at which point the | anp resistance breaks down and
the | anp suddenly begins to conduct. tde voltage across the |anp

i edi ately col |l apses fromthe maxi nrum | anp voltage value MLV to a | ow

val ue LLV. The voltage is no | onger shown on this graph, as it now varies
with time rather than with frequency. However, a lanp current LLC begins to
flow t hropgblgha | anp at the instant the | anp begins to conduct. Note that

for cl ariin I here a..aahl ala)Vallela e . qrann als anmn e ses

subst ant e M@f?@réhﬂ‘l falljs rapidly
to a poilat - 0 or bt ar cantinies to rdduce the
f r equendy midddiowyo I OBrSdii B€ot alfIepts t elhagqug@c?j indes to
fall thg curr ri

nt d sec maxilnum at § dwe) ) poi rt . Areferably
t he varijabl elf equency gendr at 03&& arjanged t dweHBfor a considerably
| onger period than epft

D
i t hat _has .el.aps¢d. bet n.t art{ point
ST-ON arld the dwel || pornt [} gﬁﬁcgiﬁgfiﬁlyathad%ﬁ%ﬁcf St i gglqs tHat the

di schar deCapach&ordnmp is alfl oned2®o st gbilise ht tHRHhighdr second maxi num
currant [beforyg the fvariabl g frequency deneratof reduces, tlhe freqyency to a

sust ai ndd oper ati or] bo?Ht $PCapred toke |\Vadindb| ¢ Garagidiey [getfdFat dr i s

operati NcabakheogYst ai ned Joper agimon pgi nt frefuencysgSk the | anp ils
operatirg so.as to {producellight in anfefficiept manner. 19 May {2003 1. 5

It is advant ous,[ in ordgqr to prolong |anp | {feapd®itansyrergirat |the | anp
spends gs little tijme as pqssible in the gl ow deeﬁ‘qoperation. Rreferably

t he val yes chosen flor 11 afjd 12, such as thosefgiv n Tgble 1, iln
conjunction wth other design Teatures present rn a practical enbodi nent of
the ballast invention, provide for a high current to be driven through the

| wWhi lysd it i Sy i ' i this is.th | ow t
arclcrand dyute 3 | Bblg s Mot PhebuBln | WE peh Bufdifi ol oW Lo
est abl | sHeaM® h&tRZitp W ikadr sVessnEmeedirequency hef psbeadamyr shiantent
through igo1tabélal by, rady pedlsledP tidl Sat @%&%ﬂ'frﬁué’rﬁfw REV. As the

| anp war ns ug owards itS final operatlggarterrperature t pressure of the
| anp fil 19F néREAYSEST i 30 | AgRaghser r@E pBHINFR {nér dH<ds ReRK anp
; lrrpeqancercamhcbarrﬁvsoﬁtsag_endgrait@@._t herdrvw de:_alQﬁf ibicsiahz%ﬁﬂda Cie st f
oW ng t . am_i.s erm_ne ijmarily by the series rgactance o
11 and 124%%%9%1}.%1‘%*é&ﬂgﬁgﬁ%g‘?h?aﬁpgﬂ% tgoerlﬂfrg?/i'lrbrt,o tcf?élcﬁ}cetq'uerﬁﬁﬁ of the
gener at orr esgndmt adjrespencyo RE 3 hs nwibthdnudheo apetatingbf eéquerpgy opri at e
val ues of UuppGUr d en p U ot LQVvi gui.red eady
state | arfparr(&:%rgﬁt. q%&uﬁﬁ glgpnotagggt %g? 'V\A(‘allgﬁc heéjlleeaanf)ﬁ?slélra&%ni%, | anp
current fohsnsEreqeenaiencidErand d¥Enandedangapbicdescuibeddoalow Dependent

upon the frequency of operation chosen, three distinct npdes of circuit
operati of 188 . Fi gl es? 9 AP sABAWdREphAcarelathenship Retwaan

frequencyant ipasaraaft e thebsigherttié onsmghege ahhr adedilddidndipdss are:
the electrical supply from the signal generator 10 shown
in Figure 1. It may be seen that at the resonant
frequency 4RF of inductor 11 and capacitor 12 a high
resonant current 4PC is generated. To ensure that the
current through the lamp may be controlled, the signal
generator is arranged to operate over a frequency range
4R above a minimum frequency 4MF which is 400kHz or above
and below a maximum frequency 4XF. Using currently
available commercial components the maximum £frequency
currently available is limited to about 500kHz, but

ny



19 May 2003 16 1. Were the operating frequency is above the series
resonant frequency of 11 and 12, the current drawn fromthe §é 12003
generator will lag the signal generator voltage by some phase angle, i.e

t he signal generator sees an inductive |oad. 2. \Were the operating
frequency is below the series resonant frequency of 11 and 12, the current
drawn fromthe signal generator will |ead the signal generator voltage by
sonme phase angle, i.e, the signal geneldtor will see a capacitive |oad. 3.
Where the operating frequency is set at the series resonant frequency of 11
and 12 the lanp current will be essentially unlimted, as the overal

| npedance of the supply circuit formed by the signal generator and the

component s Hilggwl 1Raiihin Derabgae At Mvohl8 SiGRGYigENCTAH LIt Wrd]L See an
essenti al Iﬁ?res tive load in this node of operation. Clearly the thjrd

mode of opERFLHS s Fetatindcilq Rafahy Shte PPerating oufergrikediny
practical hsélast to limt lanp current to sonme known and control |l abl e
value. Limting the output frequency range of the signal generator is a

practical ribmsref Sensurangrapht shawingpel aphasei sangly pedldfionstip
frequenci eg, US& I he seriges sQrant. f.reguency of .1 n 2, that
S operatiosnn pr%%ﬂer%bgggf‘gnéoﬁgﬁ‘ﬁ? e&kﬁo%ﬁ&?&l% %yifg&l iirf;t ?aﬁ‘é S:ﬁée out put
frequency rErrauesicy heoBi ghils gehectrbcalt cottpytienfrem atihe tdigmadri es
resonant fr f1g1lan bt | ured that . [ 1B 1S
controll ablge, ang %oﬁol O\A/sagogr%&‘l%r‘\v%%se nggt ilo'n. g? énlaé'na élrrrér?e%;ﬁa‘tor
frequency_ qu@%ys ZM 1Vhe load on the output of the Slgnal

generator becomes inductive above the resonant frequency

! of the inductor 11 and the capacitor 12. The operation of
the signal generator may be made more efficient by
operating in the inductive part of this graph, as is

described with reference to Figure 2.

The value of 13 is chosen such that series resonance
between 11 and 13 occurs at some series resonant
frequency RF3 (of Figure 3) within the frequency range
4R' of the signal - generator 10, but above the series
resonant frequency 4RF (of Figure 4) of 11 and 12.

Prior to ignition of the lamp the lamp will behave
substantially as an open circuit so that no 1load is
presented to the network of 11, 12 and 13.

The frequency of the signal generator is arranged to be
reduced until its output frequency corresponds to the
above-mentioned series resonant frequency RF3 of 11 and
13. It is a characteristic of series resonant circuits
that they exhibit low  impedance at their resonant
frequency. Thus a large current is driven, by the signal
generator, through the series resonant circuit formed by
11 and 13. As the lamp is still an open circuit no
current passes through it, or the series connected
capacitor 12.



2'. The signal generator is caused only to operate with an inductive | oad
present at its output. Both of these conditions are net in, Qgﬁ4a%§jgot
necessary to, a practical enbodinent of the invention, which P, 8
frequency control as the primary neans of regulating |lanp current (and
therefore | anp power) to sone chosen value. It should also be noted, as a
benefit, that any DC conponent of voltage present at the output of the
signal generator will be blocked from&l8aching the | anp by the action of
the capacitor 12. In addition any tendency of the lanp to act as a
rectifier wll not result in a DC conmponent of current flowing in the |anp.
A benefit of this feature is that of preventing premature lanp failure or
damage to the ballast circuit. A further benefit of capacitor 12 and the
hi gh frequency being above 940kHz,  is that the value of capacitor 12 is

suf fi ci ent Ighsgrel drge @eewﬁahtach%&@h@ FasiT] %ﬂ%@gﬁreﬂﬂ%wofurﬂﬁm t hat
ent at, hol der tern na tthat |I's the points 14

could ot her

and ' 15. Pr"\gf:‘eﬁq’hgﬁ@gt inl"fﬁﬁl ﬁﬂ‘RF 8PFent afSt ife EEEBP-F queqﬁléﬁcfp L%l ow a
val ﬁe \If]\lhl fmmdadxqw e@Ent:apa?ﬁwtbfllaohamr Sthé \M&Q:gl*a gbﬁrﬁ@fre m@m@;t act
with the era s Vv IS SS an and nore
pr ef er abl yq{m’s ﬁ%aﬁ'%rm A 1"8 rtﬁgéﬁﬁgﬁl ngk of"st hg ﬁb‘ dg a\ﬁrqs now be
descri bed igapbstigior i3 h r @refemeblyo tthee hl_‘LghuwtoIhaeggas aBVgi den &8 R gure
2, and the gﬁdeow%v]'@é}l e gophi GBJ.QL;VG |t§§Ihe t{ﬁilésor t heygqigoonent s

shown in Fi gure 2 articul ar exanp enbodi ment

arranged tcPrpﬁﬁﬁé'rabd-WOfﬂhl HEDi Aeawsi t‘;l'lQil bé-lgélr g‘é‘ﬂ-‘éﬂﬁe HYeh weukdplie i ps
MASTERCOL O tefdéinT (R@9iost QBQQST@S&”&SK 00" HoFEsARCSTiRgRM (1'3&@ stigr ed

Trademar k) . 19 2003 18 Tabl e Synbol Val ue [/ Synbal Val ue
Ref er enceR éA*sz%@ 9W%Aszfeee-ﬁe§49t% BABS1 RBFR~ Pﬁf@é&BAszle
QAFVMI7 20 DeftBIHe -HIQTD BBE&QLaéQ%lsRFIﬁ@QVBEiiﬁOé 4897 i RFEHRDBBAS21

6D9RB160L- é%ﬁ%tﬁ%% 4 | UC386 ND1éRBlGOL 9 D12RBl% 40T110: 1, AUX
PONERTRANS ki B3¢ CERRERTTRANSFOMVERBES B/ 1 BPSFAHL OBaTE
DRTVE. TRANSFGQME!@lMWMQE%gmmSWaSEWen circuit and, as

%EFLEUCTDU%%% i UF%%?%BQ FOADH R FRERSP 518 L AR RBR1 4A

600V BRI |aF1PENRi_rtaele| ip1tbasrolokh@mdm£alls rapiddp3from the
open circuit wvalue (2 - 5kV) to a very much lower voltage

of some 200 - 300 volts. Eventually the power being
dissipated in the lamp causes the lamp to transition from
the glow to the arc mode of operation. The low impedance
of the running lamp now shunts the capacitor 13. The
resonant action of capacitor 13 and 11 is highly damped
as a result. The extent of the damping is such that the
presence of capacitor 13 can be largely ignored once the
lamp is running. When the lamp is running in a steady
state it is 1lit and producing light in an efficient
manner.

Such a variation of voltage and current with frequency as
the lamp is switched on and starts to become 1lit and
continues lit can be seen from Figure 6. In Figure 6 a
combined graph of both voltage and current LTCV is
plotted against frequency FREQ. Such a graph may be
obtained from a circuit such as that shown in Figure 1.
Such a circuit may be arranged to comprise a variable
frequency generator. In operation when the circuit of
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Ckr1' C3100nFR4I 8knC4100nFR5100knC5l 2pFR61001nC6100nFR73. 913y %g?éggkncszz
OpFR922knC9100nFR101MhC10100nFR111MhC11100nFR12] 8knC12100nFR13 C13100nF
R 41 A t nC143. 3uFR1515nC15470pF/ 1kVR1615nC16470pF/ 1kVR17471" i C19220pFR1847nC
20220uF/ 200VR19471" i C21220uF/ 200VR20827knC22220nF/ 250VACR211WvnhC23220nF/ 250V
ACR22180knC24470uF/ 25VC | nF/ 1kVSR120n NTCClI GNl . SnF/ 6kVAI | resi stors

1~Al | capacitors 5~voltage rating 25 vdt4rating exceptas stated According to
Figure 2 the power supply neans to the invention is rectified and snoot hed
line frequency current at a supply voltage of 230 vac (volts alternating
current) (although the enbodi nent could al so be arranged to work froma

different piylage SsipRvd tdheld Obha tdid efarLablent fsepidndy geAreaests SRI,
c22, L1, & CZ?{ﬁformg fi héer networfglthat revggts hlﬁh fregugwg

i nt er f er et X rRAEECHBRYaBEF2NILY BD) gharhe ePRERFLO%&belling
back into & hkipbwdirdquencPRati & astart padathr 8WgONL ectThe evaandbl®0 and
C21 are e i ' oRpon S I piRg

di rect cu%ﬁhﬁ %%é‘ %\‘}{é}l Wﬁg irgs% Kk gﬁngggdr%ﬁl‘shgggs?greacg*)éeeahgirlgmni C
currents ffzgauencyoner thate a Theltageuneasuxess dcwess ctiernimals BRE, a
full wave Dradgg r }éd:@rtg%”da%agﬁlcfzz he CPS{gygSt Q4588 SgBohhi ng
conponents may be replaced by an " Active Power Factor rrection” circuit

in order tRARVEEEoHBMPhIASREe REN | ahed BRIFdvariarycfreienaittFHe2Poner
Fact or Corvileigh OfoLhtCitiHes K b i S0NBe aBd ARG RIMEand the dkhpand nay

be enpl oyed wi t hout, detrinment to the fungction qQf the inventign. Rectified
and_ Shoot FAA4ERIEY JBRBLOSG Hon KON abl They VA LAIERETOR CEPFy L8RP 350
volts dc. ifimedistely poliapgesodrom dhepaveetimum Lhmpexwbatagentaloebe
describedlﬁ\g L1 L, | I ckt,y, e t h Y ail.
The 350 vo r%\éfl ‘L‘li slog‘énﬁég?éd?’gyd plr)f(;k\)/# d‘fé‘gi%g@r %I%%é& zgcr’gg%%l ? gg‘é’ﬁ
swi t chi ng @l £hbsi dipaphverser iti mom t vavhpsi wilgh Q¢ imgr rajitser DEBanp17,
D18, C17 &{&h8. £FBhen@(Lr t Clokeveld,! SURRBKECScRESEnE " eaitensyy fits PRYEr 10
the lanp via 11 angﬁlzaﬁn [ r?i te:bo%lr#'capacjat gr Ci% ?snprovi ded.g4(4'él'she general
functi ons %o¥ow 1thioughd the chamRspéndhe tinatanto thendamp j heg t
descri pti atorgiue. abmeaen tiat egpecicllad iftiygWwitede) 1Ehe 0pas ashown 0bnt he
hal f brid | nverteh Ci rcquF] Wi IlI now be es%rl befl Wi t h rgf grence ?10 Fi gure
2. Transfo ‘the citP8ui t1aRgr SHFPERFor e 3R | SYRSCEREFELAY
requi red timsiportatreediel gatteo ok tmeximugh valdee MLC and then falls
rapidly to a point LC3 as the variable frequency
generator continues to reduce the frequency of the
voltage across the lamp. As the frequency continues to
fall the current rises to a second maximum at a dwell
point DWP. Preferably the variable frequency generator
is arranged to dwell for a considerably longer period
than a sweep time that has elapsed between the start
point ST-ON and the dwell point DWP. A benefit of the
dwell period is that the discharge in the lamp is allowed
to stabilise at the higher second maximum current before
the variable frequency generator reduces the frequency to
& sustained operation point SP. When the variable
frequency generator is operating at the sustained
operation point frequency SF the lamp is operating so as

to produce light in an efficient manner.



19 May 2003 21 transistor Q6. Conponents 4, R15,D14 and Cl12 enhance the
gate discharge current available to Q 6 whilst B R16, Rl7 &1§§n%ﬂﬂgﬁce t he
gate di scharged current available to Q7. The driving wavefor ! made
avai lable to the power switching elenents @ & Q7 are arranged so as to be
in anti-phase thus Q is driven on whilst Q7 is biased off and vice-versa.
Mor eover the drive waveform provides for a dead space i.e, a snmall period
of time between the comutation of thejgonduction period of one transistor
and the onset of conduction of the other transistor. FromFigure 7, a graph
of such a driving waveformfor the output transistors, the power swtching
elements @ and Q7, for the enbodi nent shown in Figure 2 may be seen with

t he voltagﬁ the vertical axis,and tjme on the_horizontal _axis. The

. 0
driving wa¥bf POVARHAGEOUS 1q LR uSTESTay ECpHFOLORS prate 13Ignd &P
negative pehseré3thatpatnd b}y shaafis 49| L 2EEl dlepihe s epddsible fregative
pul se foll d E)éwa second. dead space 75 T?IS | tk}gn regeateé?at atine
interval ofi91 I8 MdR0F P cy DFSFREAREN FRF Y3 LIRT SREFEN han
400kHz. ThEoxealll spamés l2we sudh masi nthosal gfivertT iandTabIer e3pecin vely,
and prefer ' [ sLnterval is th ut nsi,stqrs have
sufficient |¥r%§?gigéaggllg§nd8\éﬁleﬁg, d%%?fga sgg?#\‘gfegheé%% %‘é@ sjf%rga((:l in the
react ance P¥achécadt pembedinent iof sthei chahlasth daventdonhe prrwiie al of

t he out putegyd e tryansd s o] h d o]
swi tch anyft?}ic;)l fsag{ei.érlp cag&egﬁbcﬁ?i %tag?§ﬁlﬁg&?£a%gh3%éﬁsqh%§; b@gyn tE)und to

Ip the n
be an accebt abfe 4% nﬁgﬁnt‘%qufhlm?da?- th® ReRetidacet ¥a¥sadg thed NERe 2003 22
75T with agldw! Eocreke tiramsiitibar pak i 64T 1¢f ndudmake8OKHz.

Once the arc mode has become established the lamp
presents low impedance to the passage of current through
it. Initially, at start up, this impedance will be very
low. As the lamp warms up towards its final operating
temperatux"e, the pressure of the lamp f£fill increases.
This brings about corresponding increases in lamp
impedance and lamp voltage during the warm up period.

As the current flowing through the lamp is determined
primarily by the series reactance of 11 and 12 and the
frequency of the signal generator, the frequency of the
generator may be adjusted to a minimum value so as to.
obtain appropriate values of run up current and then
adjusted to provide a required steady state lamp current. :

It will be noted that, when the lamp is running, lamp
current flows through the series connected components 11
and 12. Dependent wupon the frequency of operation
chosen, three distinct modes of circuit operation exist.

Figures 4 and 5 show graphically the lamp current,
frequency and phase angle considerations

These three distinct modes are:



Figure 8 shows an output waveform 81 of the power output to the |anp LP1 of
Figure 2 at a preferred operating condition. The preferred Q@%?\%b@%
condition is such that when the first output transistor ceases € driven
at 84A, the stored energy in the output reactance Z and C of Figure 2 is
sufficient to produce the voltage change shown by |line 84, such that at
tinme 84B the voltage has reversed conpletely and the second transistor
begins to conduct to maintain the negatfve pulse until tinme 85A when the
reactance again drives the voltage up |line 85. Figure 8A shows an out put
waveform 81' simlar to Figure 8, but at a non-preferred operating
condition and resulting fromthe driving waveform of Figure 7. The

nonpr ef err dd opditereng thendpgerating sfiréqudrmty Wwhen abevei rishe owguites

eactance Forghant,CtEEauehdB o 1t T8 AL ekl P
vol tage ch&hge, signalan gensrahaduced tlhe dag t dde chabhgnadhogeneratore 84',
such that b iWage 888 ddife VoLl ugFﬁgienof‘i.ree.VGfﬁﬁg %g%g%lf;‘/?e\gmu%&o%en the

second transi stor begins to con 0 Maintaint e It has

t o i ncr eas&%@fe sdutififugidiemtliosd.by a step change 86', when it maintain the
vol tage until ti 85A" when the reactance again drives the voltage up line

85'. Agai n4this LésEhei QR4 A oFFRBIBISY 1 éSerRelote Woet SAFLESI t he
fT |h rst t[ansieﬁb@xraritasfi@qw?fhﬁéﬁaéﬁ Lhe aoid pmb,l valxéF ae&rtﬁegﬁt_ sagawﬁhaﬂmf 87" .
ese step,.changes in voltage. are undesirable. JFigure LS a.qgra a
driving vvasg‘reor%g@afr}or gﬁ?@%&}fjﬁut wf'ggns' E?grstl?%r f‘ﬁgnér]rbo@i a%own in
Fi gure 2 awodthaigghebyf remmmec nolyasendanbde, hdwet.hethlead isgreace tgemedaticar val s

94 and 95 ty T, [ at OnS to 19 May 2003 23 allow the
transi st or ggitlosgvr%atagrﬁ%%n%%g&& S}og Swever, from Figure 9A which is a graph

of an out pdat wa m r i f ris i fo 9 : i gure
o T rayba-seolRepellte FSRLLLIMY EQORLaRCYL LY, LT DERLO Ldhice 01
suffici ent Te8RBARE ifregrenti i bulaed d2 she dampo apapeRtt Wd ldudsut

reactance p@seh®i@134 fhALEeRLtEALT Q% [En&0BRbehelY IRNyeaaRckheoyOldhrge.
Hence t he vol tra'r e change 94 reaches st ead si)ate voltage at 98 ,before

the out put SBPERYi sE&FCPitqriqrmed Ry eStIRAHUIGRRCTREAT; 2 to
i ncrease tbempohnenttsvoll agadby2stwdlichiaenget9a rbimdhamly i Phéheisgadnd hal f

of the cychgnoligooliate change 95ccherghes Bosigpdyestaleqvohiagnaat oo

before the“output "transistor is hence the outpu ransi stor has
t o i ncr easBodBe ofuop@ratdlomage by step change 97. This dead space serves

two functions, the first is to ensure that Q6 & Q7 cannot conduct
si nul t anectdPRrand the sEhbdrd imode Movioperatirhe st elpdl Hradtdy

resonant tngagulll, Onsifc&Uitelk ftham yedt adsi 8hQT PradbEcal heyal IHHLS

r esonant tEanSitl OE Si current e,nn% Erow de consi derabl e begﬁ_‘gotéa':%the

el ectri cal T8f f1EREhcy  YP ¢ HMIGENEi FO sSORe HPOWRi s@REanSs© Yer abl e
swi tchi ng adses t Hamitimgldhe aamiput frsdieneyCivanigd afetteoisdemhal

al t oget her h eration_of_ this feature wll_. now be .descrj.b Vi

conpari songs\n;[?ﬁaggfi reditdt ﬁgtac('fg‘g?ino?‘egﬁfﬁpc?rft PEESAATY t rezﬂéﬁjt iqc?rllup

swi t chi ng.operationveis i ondy possibke ehe frewaensieschisgfeléyemtover e not
equi pped W14 pé‘é{?‘ié@' ﬁé‘?&ﬁéﬁ@r%r%#ﬁe‘%c S%g"*fio' Uiy Ory P ey devisee

conmut at es current, such current “comtinu win the device for a
peri od of @p@sation preferably is constrained to mode 1.

By so limiting the output frequency range of the signal
generator 'to frequencies above the series resonant
frequency of 11 and 12, it is ensured that:

l. Lamp current is controllable and follows some inverse
function.of signal generator frequency.



19 May 2003 24 known as the "fall time". During such fall tinme the device

supports sinultaneously a high current and voltage which Iemgz&ﬁh
power dissipation during the conmutation event. Wen the comm on events

occur at high frequencies, such as is the case in the present invention,
consi derable power is lost. This loss is comonly referred to as swi tching
| oss. The introduction of C15 & C16 into the circuit can under certain
operating conditions, conpletely elinihhte this switching | oss. The

i mportant conditions are: 1. That a dead space is provided by the driving
circuit waveforns. 2. That the load driven by the inverter is inductive in
nature and is of a certain mnimmcurrent. As has already been stated a
si npl e congtr ai Bee| sighalogenaratgrf rltsqwsauged aondywild epewatet witht he

operating faheq}!'ﬁ!ﬁ%)&i?‘eeioéﬁo feEgﬁtrEEOP? %{lgﬁrgency of 11 and 12 so that

the inverter always drives uctrve I'ng | anp operation. The

above condj ns e f e t hi.s € [ he €S
Boths o © el UondiRl ond t Rire edi tf%g hgfa?k agfg Qdft

i nvention. In the resonant transition variant of e .l nverter

capaci t or sPEP§5§2EY6 TR oy RdPTEAF Gk narbodipanhnedt f dihe héﬂ"iﬂi\fé@i"ve
current nowtdldhy wtinsest eff éri’c?y mwrcsw dShthe ¢heifaty. mébas o

exanple th I\ wayef or m a 0 o the low state Q7
ceases to g&%ﬂ'\éﬂ%& ?{%‘P&’ cf"d’fﬁ“ﬁ%s (gﬁ @W’%’ﬁ‘gﬁ@h i RRREDr %f
however, ssomeachpisenceradurt, which was rovm ng in Q7 now comut at es

wi thout loss into the capacitor Cl16. The direction of current flowis such
as to chard& Csbonddonakie y beownetied:i heasipper besefddt+ sthpty any | DC 19

May 2003 2 le®it-e t t queta f S
chzlr gi ng pré(??gtsofge?g (rifcu‘}rmar&ésc%lkﬁ%o%edn%@éhﬁ RE}% d%fpgggdsg tcare1 perl od

by way of FeRSXELCXbIeliiniRe nalockedh&rednmanchimanthenckapr b é{w to

char ge C16at:ltt1'bhl e firghercdpadiaid exp f ronheaaagh%txpr:ﬁﬂyl ﬁehﬂ@b&@:"yO'bfll
However g 7. 1 stores nore ene{_ﬂ(ler UI r ed tl% c ge (&16 to a

vol t age eq t et QUppSF &fpt yEPG not' resu
component of current flowing in the lamp. A beneflt of

this feature is that of preventing premature lamp failure
or damage to the ballast circuit.

A further benefit of capacitor 12 and the high freguency
being above 400kHz, is that the value of capacitor 12 is
sufficiently small to prevent a hazard from a supply
frequency current that could otherwise be present at
lampholder terminals that is the points 14 and 15.
Preferably the maximum current at the supply frequency is
below a value which would present a hazard to persons who
might come into contact with the lamp terminals.
Preferably this wvalue is 1less than 30mA, and mnore
preferably less than 5mA.

A fourth embodiment of the invention will now be
described in detail with reference to the circuit diagram
given as Figure 2, and the following Table 2 which gives
suitable values for the components shown in Figure 2 for
a particular example of the fourth embodiment arranged to
power a 70W high intensity discharge lamp, such as a
Philips MASTERCOLOUR CDM-T (Registered Trademark) or a GE
ARCSTREAM (Registered Trademark).



This additional energy is returned to the supply rail via D17. D17 is in
anti-parallel to @ and serves in conjunction with D16 to prﬁiﬁnt h&g flow
of current in the "body Di ode" of Q6. Exactly the same proce gY.é when
Q@ conmmutates current into Cl15 during the opposite half cycle of inverter
operation. The body di odes of power nosfet transistors have |ong reverse
recovery tinmes that |lead to poor high frequency performance and devi ce
failure if the inverter circuit feeds &épacitive | oads. If the load is
capacitive, for any reason, then the body di ode of one device can be
conducti ng when the opposite device is turned on. This event causes very
hi gh currents to flow in both devices for the duration of the body diode
reverse recovery period. Although operation of the inverter is always into
an inductive load, if the lanp is running, capacitive |oads can be present
during | anfabi®i2ion so that D15, D16, , D17 & D18 are provided to
elimnate the possibility of catastrophic transistor failures during |anp
ignition. Driving waveforns for the two inverter transistors @ & Q7 are

anut act u SHY ‘Ef@ﬁﬁ% e o USTRRYR. Prlie of REFEERRES 2005 26 This Ic
perfornms a nunber 0O %%ions useful to the invention, although these
functions Phy eqi$316el| be obta@hed frdB&&8$Calternative suitable circuit
arrangenerp2 The BE32m¢ be nade sepgitive gggdde prevailing lanp and supply
condltlonngnd C ffgefore be us§g to c f% bhe hal f bridge inverter
circuit so as to sfart lanps, Iim¥ the rgﬁéé ? operating frequencies, and
to regul atld the RWELOf running |@fps. THRMEA2@r in which one enbodi nent
of the invehti on RB140Ises0t he contp®l | C viRNL2®@@3be described with
reference Fig Lperating p r for ontrol IC, Ul, is derived
Be lﬁlﬁ@m‘sg‘}l}?ce IS utgg\?sed cﬁﬁﬁf}ﬁ

fromtwo squrces, _one ng circuit start up and relies
upon a parrl’fcul aRBHHEAQri stic d®7the coRF®AOI C. The other source is
used to sUifply pdBRAI2lied the 1C in steady state operation with a running
llamp. I'n tgy s wayg ggef4d nmode of lanp ignition is ultimtely obtained.
The 1C ch cteristic nentioned above i s known as Under Vol tage Lock Qut
(WLO whith? pr eREHEOL5iAY ati on ofUt he | cUREPIMe supply voltage to the IC
is too | oWilor pRBIEOIepr ati on. When the ICis in the under voltage

conditionpitz i s s@10Ir 4 bel ow the WLO 1 ar tathpr Rd. I'n this node The
|C draws a very low current fromits suppl ®dl'y a high val ue of

i st f -vol t il 2 i AN I fficient
curront |t @Xhar BRI 4o (he uppertINLO { HAn G s connect ed acr o
T

4 is connected across
the supply pins of the control I1C). Once t

LO threshol d of the
control | ®as bB8&S21dached the | Tl |l bdodie GAREE aDROVAI and draw a hi gh

current fromthe capacitor C24. TRANSFORMER
D15 UF5404
D16 UF5404 L 76 MICROHENRY OUTPUT
INDUCTOR
D17 UF5408 L1 20MH COMMON MODE
INDUCTOR

D18 UF5408
D19 UF4006
D20 UF4006
D21 BAS216
D22 BAS216
D23 15V ZENER

BR1 4A 600V BRIDGE
RECTIFIER

RI  10kQ c1 10nF
R2  10kR c2 10nF



19 May 2003 27 This capacitor is sized such that sufficient energy is
stored init to allow operation of the IC for sonme 20ns . Dur%&g tBbs
period of operation the outputs of the ICwll becone active' YdPP3e the
gates of the inverter transistors @ & Q7. Once the inverter has becone
active a small auxiliary transfornmer T1 has its primary energised via a
coupling capacitor Cl13) This transformer T1 has a 10:1 reduction ratio and
its secondary is full wave rectified bygD9, D10, D11, & D12. The rectified
?Utfﬁt is ?pp: [ lecci: aZ{ o;s?] C24 sot asfto mai nt ai tnha gont: tnuou;s supply of p]?wer
o the contro : e nonent of power up the 5-vo reference pin o
the 1 C becones active and rapidly transitions between 0 and 5v. This
C10 50 tha the codk0e! ol 2" hovelto an TORFE Ll U0l tage of approximatel
S ves | % g ppr oxi y
4.3 vol ts%“}l\s Clof%%érges the enit%dr vol tia@e“%f Q@ falls towards 0 volts.
The tinme Rhstantl@PkRhis circuit €8 set H2pR' 0. D8 ensures that CI10 is.
a0, 0B Liws pr oy gig a means of Fosett i b, The action of this part of
the circui®’is suth gé to force th voltaggQ ntrolled oscillator (VCO
internal tRBthe 122K run at its n@&i mum p22@pRrmmed frequency on power up.
As Cl0 chaggges amgbidie vol tage on g§e em tigipnPf 2 falls the VCO frequency
falls towagfiqsmt h 1 Ni mum progr angﬁ frquﬁ&a@ C8, RB & R9 conveniently
program t Xi and ni ni mum f r&4@enci the VCO The output of the
VCO i s i ntRkhal | yAMRvi ded by two a®tlused ¥30nF cl ock for the | C outputs, so
t he ovgralﬂlzaffec;:em t hi sdsub-_ci _r@yﬁtfi S iepuse the invert_el_[1 out put ]EO
sweep betueen a ]l!gum and a m ni r eque at power up. e rate o
this sweep s de]E‘n'iagr(le ultimately bgfﬁnhe ti g&rg%nstant of C10 and R10. 19
I\P/Ey 2003 gl?ri e ¥R sfp(ﬁ/er-gplgcbﬁijfangﬁ Mfﬁ;’; a pgrt! cul ar bf re?uepcy
a seri esorggme o an 16 &4 FOGST produci ng a burst o
hi gh vol t ggg at tkﬁ.’parti cul ar freé]ij?ncy Pf.,@b the lanp termnals,
t her eby brea;7 [ ng]t e lanp down intg the glow of operation. The output
frequency B¥/ the 4 ™erter will cortlfue tR23WF rapidly to the nininum
programme®Y& equety. This will me@2o se tdpouEapoonce in series with the
l'anp ther gy MaXighgi ng lanp curregy, so %&we arapid glowto arc
m re

transition., This sequence may be seen fro I as descri bed above.
Shoul d t h&3%np f e] o light, a t$%®-out %ﬁqrgqx’lgs%%ri sing C7 & R6 will
cause theR2introllM to shut down ¢23 out REmE/RSOVAI biting the inverter
activity. gpge ti nggpapstant of C7 &R6 is pigigsadfy made small so as to
limt operation of the inverter to,a short_ per c\(of time in this
"ignition" node. Preferably the short perilold" 1%V e is less than 10
seconds, &% nor @0 NECably | ess CHEh 500 MAnFASKeconds, and still nore
preferably to |l ess than 100ns. This short period of tinme mnimses the
exposure Qfy4t i.nverter.yransistors to the high dissipation conditions
t hat exi s?‘l' r}%ﬁéﬁtﬁ}éﬁtg is allowed to run continuously without a | anp
| oad. Und@lt marachbedrsi ds Toktageeratingodsd vic drabing sxcepdciti ve

| oad wi t hasos&ad@sht hi gh switching | osses.

According to Figure 2 the power supply means to the
invention is rectified and smoothed 1line frequency
current at a supply voltage of 230 vac (volts alternating
current) (although the embodiment could also be arranged
to work from a different voltage supply or from a direct
current supply).

Components SR1l, C22, L1, & C23 form a filter network that
prevents high frequency interference currents generated



As soon as the action of the tinme out circuit has inhibited inverter
operation the auxiliary transfornmer Tl is deprived of power, t thIS
source of supply power to the control 1Cis renoved. The cuﬂﬁjﬁ?

t hrough R22 al one cannot sustain operation of the IC, so that capaC|tor C24
beconmes di scharged. Once the voltage 19 May 2003 29 on C29 falls bel ow
the lower UWLO threshold the ICw Il revert to its |ow power node and the
charge cycle of C24 begins once nore, R8ading to another power up ignition
sequence. This process will continue until the lanp eventually |ights, or
mai ns power is renoved fromthe ballast. This process provides an automatic
means of |ighting |anps whi ch have becone too hot to start as a result of a

previous peyy oaaé)fcfpéaﬁk epsfrailwﬂ %&ﬁomﬁtwﬂsﬁéngoa@s@euiﬁbtheaiul last.
Hot | anps have increase pressures, whi can el evat(i t he

vol t ages rddui Pedtbt "‘éﬁﬁﬁ ngﬁnifiigén ¥eF tirdes rﬁBF‘y CFﬁQgh g el | ATEne

att enpt t O driegtitly iSt@diald sntso it Tohpbneh@lp current flow ng through the
primary of the lamp current sense transforner T2 causes a scalar current to

flow in the secondary of T2. This secondary current is full wave rectified
by D1, D2, D3 & D4. This rectified current produces a voltage drop across
R1, the curtemst metﬂsedreﬁ stbtaifimg ddreaye dusrentpafrorondihe t hewekore, to

thelarrpcr olta | o t o that
if the Iarrg" as st Htié‘ﬁxt ﬁé lglf\rr?ehﬁolt.%cgli%%t}fl% %%gi&gu%qeat e% y t he
action of Gheamewsintlineus Gber siineniss stagesi davolves Hamakyl

continuous Hpgiat i é‘aﬁr%e@mﬁe%%%ﬁ?lekShgﬂdt geof Hﬁﬁt 'C‘2'2 %hd h@n@?t_’;?m'

becone that of regulatin rrp current ower. In arder_ to regulate

| anp pover BEHNWamSRAAFRING arkPIRARERLS td‘&éf mP&  FERIARRY. P¥rpaBurrent

sensing is vactday OPowed CTaEEBr Sedffedt Bdidf OaReul? anf t Bedakoveo

menti oned %l{rrerr%rc])gneset sg ra So'vset Onrtent:i.oneciwa Xlsaé)vantage Such Active
Power Factor Correction circuits are well known and
documented in the art and may be employed without

detriment to the function of the invention.

Rectified and smoothed line power is thus available at a
voltage typically of 350 volts dc. This is the primary
source of power for the embodiment to be described and
will, for simplicity, be referred to as the 350-volt
rail.

The 350 wvolt rail is connected and provides power to a
zero voltage switching half bridge inverter circuit
comprising Q6, Q7, D15, D16, D17, D18, Cl17 & C18. This
inverter circuit supplies high frequency ac power to the
lamp via 11 and 12, An ignition capacitor 13 is
provided. (The general functions of 11, 12 and 13
correspond with 11, 12, and 13 in the description given
above with respect to Figure 1.)

The operation of the half bridge inverter circuit will
now be described with reference to Figure 2.

Transformer T3 in the circuit diagram performs the level
shifting required to operate the gate of the "high side



30 Averagi ng conponents R2', Cl, R3 and C2 present a signal (I Ianp
average) to the control 1C which is proportional to the |a An
operational anplifier internal to 'the control |IC conpares thls %lgnal W th
a set point established by R13 & R14. In this way the |lanp current signal
causes the frequency of the VCO to be increased or decreased in order to
mai ntain the set point current. Conponents Cll1 & Rl11 are used to tailor the
frequency response of the operational 2anplifier so as to .maintain | oop
stability under all operating conditions. Holding |lanp current constant in
this way woul d take no account of the | anp power variations caused by | anp
vol t age changes. Lanp pomer woul d be proportional to | anp voltage.

Accor di ngl ta S _sense 9 D21,
b22. Reo. EARCERR BB mite it @Book T PEEnal G Th0 A s o
so as to p:lsa/egatfealdmdm@alourrlemt ngvlaamablgmto 0Q6, ThehilghalQ3/hus
derived i op onal Aan re :g{gﬁcﬁ th the
aver age I;Rngé cu(r)?‘%?n g‘l gﬁ% %&% ﬂ%a%ontéi"?&#%gy 1 ﬁ#thl S
way the acivadlabhe ter@ent set poi nt |s reduced according to increased

| anp voltage, so as to obtain constant |anp power oi)%er ation_ over the

ant i ci pat &he¢ aRFavéng wavefamegethushmadgetavad-JablRl ExnbhR iRPHSR art
and is refsw@ﬁhwga&lehbﬂear lentaer@pl atkORrrafiyed (4@ la@rn@é b@ngm of |anp

Cont rol OB o hhyE Gonds %%‘%?”“v%%é"@it%e B

range, |argndovnkcevwetsaevi Hbpesveni theadtive fwavefdemnpriovdldesal fiox In a

preferred e he i nvent o] r signal s
are summed rTagg'uch a%y&ag to ?ea{%zl galr}%lﬁgv\e?f kzti?%e sg‘rér‘ﬁg\gél %ee falls
out si de ofcanmtmitienh oferthhé ngondugeion Ierdimd 2003 Gie| ttransistor

charact er i34 Cthé’foﬁi%ﬂ‘ %V&}?A&%lcgég;pr%% 'o?HE? tt:'i“'é.tm degnd of |anp

life, |anp voltage w e consl romnorna val ues. If the
el ectrodes of the | anp have becone eroded, fox exanple as a result of
extended operation, the lanp voltage will be increased as a function of the

:j ncr Fas eg ﬁ:e:lmgtmgniré he, aé Cgﬂhﬁl‘i heﬁ 9§utt¢_;ht ai arithd; aWEveE'btﬂr:]dﬂefo%’ CthHere has
evel oped a or i as been sqne_ ot.her cha |sm
Che’l anp_ GBiiRIds GEPRSLSEPTEs SheydSh BrLEORLREqSIBPIITT SPod

within th@],arﬁnr&\bedemhddmemtgeslmdwmim rmuamsuz ymalysblearaﬁn amishl s the
risk of e Lsi | u arj.si nc fe [ r f{gh

oper at i ng@enpe‘?% géé) ag]h p?fe?%su{r'ggegcrﬁg ??’g ﬂtfﬁ (Etl& fal aljre

i ncreases @mqutal telkd sl.anp The opeivied beyeﬁarmt snate@npr#éeswﬁe ri sks

of the |anmpnip é'agvexrﬂd%aﬁa%}ey b gl 32V"3a\hcﬁt tB%g%rtq_ﬁf pls seat s,
lifetinme are considerably dimnished if the power LS#E he_ld to the, Iarrp i's
ma

reduced. PRPEATRF BY fhEshtFoltags h88a V\ﬁpéﬁea Eal1S5F 3 es |anp
power if Ilpafise/ofbpuewedl by @Jts‘éc&xd)fdém gpwel 75ange'rhns dischtleen t o

d th I fail t
nithe |1 FEHSARSS A acE naiBenoibfertilonts ot fonshlR: it the ' O1e
cl osed- | odrdopesiimg k ofesrire bedvaborme dst cgm&atea:l | ghaonpi@iizs f dtheuch
vari ati on%e@a %#%&égg h?eefrgqu%rl% of tt{éﬁ:x}aﬁverot r ﬂl CUIatr1C§O PSpto hol d

| anp power -const eSpofse time 0 €“Operational anplifier
i nternal Tespestioraiwn an;darn;reigg@hlart ethisxt bimel iadorreht 45 sSWeRh as to

al I ow thet %M C&’Aé 619t15 pEPQnQPs\E 9\9& esy Pt i A0OSt PEERRN It Ped2ée & C27.
which wi || tw ce e power [1 ne re quency.
conducting, and also that the energy stored in the
reactance of the output circuit is sufficient to reverse
the potential of the output side of the output
transistors so that they do not have to switch any

voltage.

In the embodiment of Figure 2, 300nS has been found to be
an acceptable time interval for the dead spaces 74T and



19 May 2003 32 The effect of this ripple voltage on |anp power is also
therefore elimnated and any | anp power vari ations occurringﬁﬂ% %%8 second
har moni ¢ of the power |ine frequency will be elimnated. Suc

variations can lead to visible lanp flicker, which is undesirable in nany
applications. A further benefit arising fromthe above is that the inverter
frequency becones nodul ated as a function of the second harnonic of the
power |ine frequency. This frequency @&lul ati on spreads the ball ast
operation over a range of frequencies. This reduces the instantaneous

sub- harnoni ¢ energies available to excite acoustic resonance in | anps and

i nproves .anp stability. This spread-spectrum operation al so reduces

radi at ed aygk coaeuct gd iyl f erRace fﬂi%etp%&%aqst 717edE ngusheat

precautions needed to constrain such interference to acceptabl e | evel s.
Fi gure IAW'operatl on of a lanp froma bal | ast or a high power signal

gener at or _LOA of econd enbo t he i nyention. The erator has
negl i gi bl & i%W&r él&%ﬂhc@ung‘gd&@é@e 84 eoﬁlaggewﬂ‘?‘é%’é gﬁ€ Wt of

?rrpl i tude t3SOtkel tlsénpanﬁphasa?nm@t\mat garafablze pfefeﬁrwﬁ?eopwwimé
requenci s, er ncies i refer rom_40

1, SOCkHz. ec}%ﬁg ol\Mnten ﬁ{% 5&&{?&:&}5 |§I&?qast pF8Ba?5 d‘gne a‘t-’or Vi a
an i nduct mharlmhean¢me EHpzadi tauntpei. trgnsﬁsmnrca}easesortd%el drpvewi ded,

in series  y tahl a gtsconn\g}{e&gb Siﬁh?ﬁ@ 8 ﬁﬁq rl%'a{tc:ﬂla%@é rgt éo open

when the lanp 1 rom contr Cl T cui at

di sconnectqforfipﬂﬂrrﬁ 52 144 Mfﬁmziemnpmmqﬁmmsbg yoddmaasl @h@@%pe 19A
cont ai ni n%r@mctw)dffnel?é‘q ?n‘éu%?f\ th&@ Moy tA003 848 aphanarsh e

el ectrical disch V\/q arrpls lit. In operatjon this CII‘CUI'[

functi ons H&Y€XS§ ‘F%FFP 8B4t Hehe | B&COoB OB 3RMES BRE c RS btR e,
except thajonduet tbe maiptkiA | g¢hdi seegaecved ﬁmpgetlu@talgnalingeneszator
the switch 20Aﬁ§§ens ence capacitpr, 13A i.s no}g er |nl§B ? nant

h
circuit WY FHGcEGACEIRCE RTINS RS ffmaTe atBr “unabl e to
d h |
El gure: 10 assd" SISO &' LARERL' Ry G PRI T SEn i Tt S BioGE.
gener at or 820Bkft a akiral eﬂb@dipmﬁemd)f oherahinat | G@ndﬂkiéi@}éneamg has

negli gi bl ‘i‘e's'&ﬁ.%&ﬂ%' ﬂr%e@ﬁ%cﬂrﬁﬂ%'cﬁﬁvéféﬂ'ﬂab? WA ¥R r\e0 -t a08n O U AL Of
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omtted amtstutﬁélcapad:l tor pZbRluce pmtanpeaifleyrednw@dﬂ:a@e rchaegel | &hdwith
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di scharge when the lanp is lit. I'n operation this circuit fupctions in a

similar n&ﬁﬁ@PcFotPhé‘aﬂpltéf‘-nerP&W|%‘ﬁ%tHES%PPBéG alov@s &R epRCFAFE when
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si gnal gefttatains %ﬁﬁ% Pgtéﬂodﬁ pe |g‘ﬁh?%n| S®nEFBFEARES t hat
are requi agdiho daiarés atherrpvoltage up line 85°'. Again this is
insufficient to completely reverse the voltage and the
first transistor has to increase the output voltage by a
step change 87°'. These step changes in voltage are
undesirable.

Figure 9 is a .graph of a driving waveform 81 for the
output transistors for the embodiment shown in Figure 2
at a higher frequency and show how the dead space time
intervals 94 and 95 must remain the same at 300nS to
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descri bed above, the switch 20B may be inserted, and the Iamj‘f &isczé\q?ecti on
points arranged to be at the alternative |ocations 14B and % tch
20B being operable to an open state when the |lanp 16B is di sconnected from
the ballast. Hence the operation of this circuit is simlar to the fourth
enbodi nent descri bed above, in that when the lanp is disconnected fromthe
bal | ast by di sconnection at 14B' and 1%B' the ignition capacitor 21B is
removed fromthe resonant circuit and the signal generator 10B is not able
to generate ignition voltages. In the third enbodi nent of the invention the
ignition capacitors 13B and 21B , resonate with the~i nductor 11 to provide
t he hi gh vglit S cessal amp, s I capa B may
be situat e%lslgggrg?g or ér/legrrtg r+ r% E%E'E ba?+lg§!tlgglgrmgw tr;}lc}v&d;ve%l
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19 May 2003,3 rtlcu arIy in respect’ of operation wth nq |a present in
the | anp séé'EEt st artimigl 3t ¥ adBs Hhesafcend tlli’é-lrfec@ t 488 es of

an exposedcbaurﬁ,somket xgsm éSQ:Héhg}é'lf—‘QB"SkﬁeQI:hefsoraexé‘tﬁ@é& eltedleric
shock. If th:l? cap the structure of

d
the lanp of°i §gﬁag%, tgghe’r?ft“rfee a’é‘g%néﬁ’fp%%t‘:fﬁnﬁeéeggaﬁf ¥R §8%erati on
of high Iahpnsearlihmgouupuagesramtmitor)chas tol deacredsmpthesserputy an

appropr;i at Q?Eegblg B% gegg Fﬁgn %p@cf tance is properly fitted into the lanp
a

socket . I's’nmea af €ty is inparted in respect of operation
with m 55| ng | anps. Anot her di sadvant age of known-~arrangenents relates to
the fact that discharge |anps are available with nore than one power

rating, buthitildeddidspBeesE@rPase twdS ﬁuﬁé‘ﬁi‘bﬁs?f Eﬁésﬂﬂrdts ﬂ@sstlobl e,
for exanple tOrI ngg\# %I ow power, say 35 ‘¥V ng g%o a so 3&1'

i ntended f5PS¥ 45 . A GNP SPREREE FhEU W’Ieﬁ’l"r‘ﬁ agj’idg & over
power ed andewphd dlsnosd qerdwidey o atimexgmrwal dotrthi the fmanamtt es of
start-up. transition of current from one transistor to the other.

This resonant transition of —current may provide
considerable benefit to the electrical efficiency of the
circuit, since by this means the considerable switching
losses that normally occur in such a circuit are avoided
altogether.

The operation of this feature will now be described by
comparison with a circuit that does not support resonant
transition switching.

In a conventional inverter the power switching elements
are not equipped with parallel capacitors C15 & C(Cl6.
When one or other device commutates current, such current
continues to flow in the device for a period of time



In order to overcone this m smatching of |anps and sockets the fractiona
proportioning of the ignition capacitance between capacitor éfﬁ tgﬁé S
permanent|ly connected to the ballast circuit and the capacit 3 %ai S
di sconnectable with the |Ianp may be nade such as to prevent resonance
occurring between high power ballasts and | ow power lanps. In this way | ow
power lanps will not start when connected to ballasts intended for
operating high power |anps, since the 24 ectrical conditions required for
resonance will not be net. By this nmeans of matching | anp reactive
paranmeters to ballast reactive paraneters inproved safety and reliability
are achi eved. 19 May 2003 36 A further advantage nmay be obtained if the
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unnecessarSPTERQELY xafierredsko t 8 oshbehinthdosstem It is normal practice
in the industry to fit tinmer systens to overcone this difficulty. If the
capacitor 21Bis thermally coupled to the lanp in such a way that capacitor

tenmperature closely.fol]ows |Lanp _tenperature and the capacitor construction
i s such tﬁg’te 0 d‘écFJa‘?%eoiQegglsi Ve q]eqiﬁ&t& e SHFYIG eFRN oBRARE val ue,
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2. That the load driven by the inverter is inductive in
nature and is of a certain minimum current.

As has already been stated a simple constraint in the
operating frequency range will ensure that the operating
frequency lies above the resonant frequency of 11 and 12
so that the inverter always drives an inductive 1load

during lamp operation. The above conditions are
therefore met in this embodiment of the present
invention.

In the resonant transition variant of the half bridge
inverter capacitors Cl15 & C16 provide an alternative
pathway for the inductive current normally commutated by
the power switching elements. When for example the
driving waveform for the gate of Q7 goes to the low state
Q7 ceases to conduct. Current continues to flow through
the inductor 11 however, so that the current, which was
flowing in Q7 now commutates without loss into the
capacitor Cl6. The direction of current flow is such as
to charge Cl16 resonantly towards the upper 350-volt
supply rail.



CLAIM5 1. Alighting systemconprising at |east:a) a high intensity

di scharge lanp, b) an electronic ballast having a regul ated 28@%
current power output, c) a point operating circuit included t ween
the ballast and the lanp, d) the ballast having a variable frequency
generator which is arranged to vary the frequency of the ballast out put

over a range of frequencies, with a m ninumfrequency of 400kHz, e) the
circuit having a reactance such that t3& ,circuit is arranged to be
resonant to provide a starting voltage for the |lanp at or above the m ni num
frequency. 2. Alighting systemas clainmed in claim1 wherein the ball ast

Is arranged to regul ate the power output to'the |anmp by varying the

[requency ol sha bl | theOth - b3 A1 6041 A S¥ACrcH CpphBEd dot ol aim

. or 2 wherein _a maxi num frequency the range I's such that thegfomer
out put i s tBEEf .Cchae?ﬂl% E’EPﬁ:teéﬁn t@pe‘P‘é‘F‘P’én ofrfi%eCPlﬂH?PeEtS ACPi §hifh

system as seltaltmed ddadngpQBe pbrebal Eg Wal0 oF WheichdstdlFle airgerefal _
frequencaﬁ from,40 k;E?to 1, 500k 5. Alighting systemas clainmed in

claim3 AN power out put is regul ated so that the output
provi des @hgon 895yp0%2 edheteangh élés;ln'l%hQ%y ﬁggéer is
derived from energy stored in inductor 11. However
inductor 11 stores more energy than is required to charge
Clé to a voltage equal to the upper supply rail.

This additional energy is returned to the supply rail via
D17. D17 is in anti-parallel to Q6 and serves in
conjunction with D16 to prevent the £flow of current in
the "body Diode" of Q6.

Exactly the same process occurs when Q6 commutates
current into C15 during the opposite half cycle of
inverter operation.

The body diodes of power mosfet transistors have long
reverse recovery times that lead to poor high frequency
performance and device failure if the inverter circuit
feeds capacitive loads. If the load is capacitive, for
any reason, then the body diode of one device can be
conducting when the opposite device is turned on. This
event causes very high currents to flow in both devices
for the duration of the body diode reverse recovery
period.

Although operation of the inverter is always into an
inductive load, if the lamp is running, capacitive loads
can be present during lamp jignition so that D15, D16, D17
& D18 are provided to eliminate the possibility of
catastrophic transistor failures during lamp ignition.

Driving waveforms for the two inverter transistors Q6 &
Q7 are preferably derived from a control IC available on
the market, and manufactured by Unitrode Inc. of USA Type
Uc3861.



38 running in a steady state, and a higher current during a starting phase
of the lanp. 6. Alighting systemas clained in any one of tﬂf
precedi ng, clains wherein the alternating current is of a sub Mﬁyggp?y

si nusoi dal waveformw th a harnmonic distortion of less than 40% 7. A
lighting systemas clained in claim6 wherein the substantially sinusoidal
waveform has a harnonic distortion of less than 15~. 8. A lighting system
as claimed in any one of the precedi ngzgl ai ns wherein the reactance
conprises a series arrangenent of an inductance and a capacitor where the
out put frequency and the value of the reactance is arranged so that the
out put frequency is above a resonant frequency of the reactance. 9 A

lighti I I d t
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frequencyﬁzenerator being so arrange over a pre- range
of frequenties to produce by neans of a resonant circuit including the said
capacitor a specjfic high frequency high voltage output to ignite the |anp.
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control IC. The other source is used to supply power to
the IC in steady state operation with a running lamp. In
this way a useful mode of lamp ignition is ultimately
obtained.

The IC characteristic mentioned above is known as Under
Voltage Lock Out (UVLO) which prevents operation of the
IC when the supply voltage to the IC is too low for
proper operation. When the IC is in the under voltage
condition it is said to be below the UVLO start
threshold. 1In this mode The IC draws a very low current
from its supply.

Accordingly a high value of resistance from the 350-volt
rail (R22 in Figure 2) will supply sufficient current to
charge C24 to the upper UVLO threshold. (C24 1is
connected across the supply pins of the control 1IC).
Once the upper UVLO threshold of the control IC has been
reached the IC will become operational and draw a high
current from the capacitor C24.
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Lot volt output of the control IC falls to zero. D8 thus
provides a means of resetting C10.

The action of this part of the circuit is such as to
force the voltage-controlled oscillator (VCO) internal to
the IC to run at its maximum programmed frequency on
power up. As Cl0 charges and the voltage on the emitter
of Q2 falls the VCO frequency falls towards the minimum
programmed frequency. C8, R8 & R9 conveniently program
the maximum and minimum frequencies of the VCO.

The output of the VCO is internally divided by two and
used as a clock for the IC outputs, so the overall effect
of this sub-circuit is to cause the inverter output to
sweep between a maximum and a minimum frequency at power
up. The rate of this sweep is defined ultimately by the
time constant of C10 and R10.
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During this power-up frequency sweep at a particular
frequency PF a series resonance of 11 and 13 will be
excited, producing a burst of high voltage at the
pa:rticular frequency PF across the lamp terminals,
thereby breaking the lamp down into the glow mode of
operation. The output frequency of the inverter will
continue to fall rapidly to the minimum programmed
frequency. This will minimise the reactance in series
with the lamp thereby maximising lamp current, so as to
ensure a rapid glow to arc transition. This sequence may
be seen from Figure 6, as described above.

Should the 1lamp fail to 1light, a time-out circuit
comprising C7 & R6 will cause the control IC to shut down
its outputs thus inhibiting the inverter activity. The
time constant of C7 & R6 is preferably made small so as
to limit operation of the inverter to a short period of
time in this "ignition" mode. Preferably the short
period of time is less than 10 seconds, and mofe
preferably less than 500 milli-seconds, and still more
preferably to less than 100ms.

This short period of time minimises the exposure of the
inverter transistors to the high dissipation conditions
that exist if the inverter is allowed to run continuously
without a lamp load. Under these conditions the inverter
would be driving a capacitive load with consequent high
switching losses.

As soon as the action of the time out circuit has
inhibited inverter operation the auxiliary transformer T1
is deprived of power, so that this source of supply power
to the control IC is removed. The current flowing
through R22 alone cannot sustain operation of the IC, so
that capacitor C24 becomes discharged. Once the voltage
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on C24 falls below the lower UVLO threshold the IC will
revert to its low power mode and the charge cycle of C24
begins once more, leading to another power up ignition
seguence. This pfocess will continue until the lamp
eventually lights, or mains power is removed from the
ballast.

This process provides an automatic means of lighting
lamps which have become too hot to start as a result of a
previous period of normal operation, without wasting
power in the ballast. Hot lamps have increased lamp fill
pressures, which can elevate the voltages required for
lamp ignition to undesirably high levels.

If the attempt to light the lamp was successful, lamp
current flowing through the primary of the lamp current
sense transformer T2 causes a scalar current to flow in
the secondary of T2. This secondary current is full wave
rectified by D1, D2, D3 & D4. This rectified current
produces a voltage drop across Rl, the current sense
resistor. This voltage is proportional, therefore, to
the lamp current. This voltage is applied to the base of
Q1 via R7 so that if the lamp has started the time out
circuit of C7& R6 is defeated by the action of Q1 and
continuous operation of the circuit is allowed.

Once continuous operation has become established the
function of the control IC becomes that of regulating
lamp current and power.

In order to regulate lamp power both lamp current and
lamp voltage must be sensed. Lamp current sensing is by
way of the current sense transformer T2 and the above
mentioned current sense resistor.
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Averaging components R2, Cl, R3 and C2 present a signal
(I lamp average) to the control IC which is proportional
to the lamp current. An operational amplifier internal
to 'the control IC compares this signal with a set point
established by R13 & R14. 1In this way the lamp current
signal causes the frequency of the VCO to be increased or
decreased in order to maintain the set point current.
Components Cll & Rll are used to tailor the frequency
response of the operational amplifier so as to .maintain
loop stability under all operating conditions.

Holding lamp current constant in this way would take no

" account of the lamp power variations caused by lamp
voltage changes. Lamp power would be proportional to
lamp voltage. Accordingly the lamp voltage is sensed and
averaged by components Cl9, D21, D22, R20, Cl14, & D23.
Components D19 & D20 limit the lamp voltages sensed, so
as to prevent false operation during lamp ignition.

The signal thus derived is proportional to lamp voltage
and is resistively summed with the average lamp current
signal presented to the control IC via R12., In this way
the actual lamp current set point is reduced according to
increased lamp voltage, so as to obtain constant lamp
power operation over the anticipated range of lamp
voltages. This method is well known in the art and is
. referred to as "linear Interpolation".

Over the normal range of lamp voltages, lamp power will
be held substantially constant by the use of this control
method. 1If however the lamp voltage falls outside of the
normal range, lamp power will deviate significantly from
the nominal value. In a preferred embodiment of the
invention, the lamp voltage and current signals are
summed in such a way as to reduce lamp power if the lamp
voltage falls outside of the normal operating range.



10 10 10s@B9' 109k () - - 44445727dEbC 10 3+ 10%0& ()-S  10%% ()-"3
10908’ () - @LOYOR' () - L0%0&’ () - FLOYO’! () - - z77x8888999bC

10, #10%&' () -, MLO%& ()- 100 100 1006 10%0& ()-1 10%& ()-. 19May2003
10%&' () - f 99n9<=] =z=dEbC 10F! 10% .

& ()-F9F! 1098 () - FU%! 10%& () - F%! 10%&' () - F% 10%& () -z
109%8& () -z=+>, > >. >/ > >>>F>bC 10, 310%&' () - mLOY& () - S#f 109%&' () -, , 10%&’ () -
10z 10z 31

It is a characteristic of high intensity discharge lamps
that, at end of lamp life, lamp voltage will deviate
considerably from normal values. If the electrodes of
the lamp have become eroded, for example as a result of
extended operation, the lamp voltage will be increased as
a function of the increased length of the arc discharge
within the lamp. If the arc tube has developed a leak,
or if lamp fill has been lost by some other mechanism,
the lamp voltage will fall as a function of the reduced
fill pressure within the lamp.

One disadvantage of high intensity discharge lamps is the
risk of explosive lamp failure arising as a consequence
of their high operating temperatures and pressures. The
risk of this type of failure increases greatly if the
lamp is operated beyond its rated life.

The risks of the lamp failing explosively in this way at
the end of its rated lifetime are considerably diminished
if the power supplied to the lamp is reduced. The action
of the control method, which automatically reduces lamp
power if lamp voltage  falls outside of the normal range,
is such as to reduce the risk of explosive lamp failure
at end of lamp life.

Variations in the line power voltage have no effect on
lamp power since the closed-loop feedback described above
automatically compensates for such variations by
adjusting the frequency of the inverter circuit so as to
hold lamp power constant.

The response time of the operational amplifier internal
to the control IC and associated external components is
such as to allow the .circuit to respond to the ripple
voltages present on C20 & C21 which will be at twice the

power line frequency.
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The effect of this ripple voltage on lamp power is also
therefore eliminated and any lamp power variations

'occurring at the second harmonic of the power line
frequency will be eliminated. Such lamp power variations
can lead to visible lamp flicker, which is undesirable in
many applications.

A further benefit arising from the above is that the
inverter frequency becomes modulated as a function of the
second harmonic of the power line frequency. This
frequency modulation spreads the ballast operation over a
range of frequencies. This reduces the instantaneous
sub-harmonic energies available to excite acoustic
resonance in lamps and improves lamp stability. This
spread-spectrum operation also reduces radiated and
conducted interference from the ballast, reducing the
precautions needed to constrain such interference to
acceptable levels.

Figure 1A shows operation of a lamp from a ballast or a
high power signal generator 10A of a second embodiment 1A
of the invention. The generator has negligible internal
impedance, produces a square wave voltage output of
amplitude 350 volts, and has an output variable over a
wide range of frequencies. The wide range of frequencies
is preferably from 400 - 1,500kHz. A high intensity
discharge lamp is coupled to the generator via an
inductor 11A, and a capacitor 12A. Ignition capacitor
13A is provided, in series with a switch 20A which is
shown closed, but is arranged to open when the lamp 16A
is disconnected from the joint control circuit 22A at
disconnection points 14A and 15A. Lanp 16A comprises a
sealed envelope 19A containing electrodes 17A and 18A
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109% (f & (l}ence the signal generator 10A 1s unable to produce the
high ignition voltages that are required to start a lamp.

Figure 1B shows operation of a lamp from a ballast or
high power signal generator 10B of a third embodiment 1B
of the invention. The generator has negligible internal
impedance, produces a square wave voltage output of
amplitude 350 volts, and has an output variable over a
wide range of frequencies. The wide range of frequencies

is preferably from 400 - 1,500kHz. A high intensity
discharge 1lamp is coupled to the generator via an
inductor 11B, and a capacitor 12B. Ignition capacitors

13B and 21B provided, ignition capacitor 21B. In this
embodiment switch 20B shown is omitted and the capacitor
21B is permanently connected in parallel with the lamp
16B. Hence when the lamp 16B is disconnected from the
signal generator 10B at disconnection points 14B and 15B,
the capacitor 21B is also disconnected from the signal
generator. Lamp 16B comprises a sealed envelope 19B
containing electrodes 17B and 18B arranged for an
electrical discharge when the lamp is 1lit. In operation
this circuit functions in a similar manner to the first
embodiment described above, except that when the lamp 16B
is disconnected from the joint control circuit, the
capacitor 13B is no longer in a resonant circuit with
inductor 11B, and hence the signal generator 10B is
unable to produce the high ignition voltages that are
required to start a lamp.
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10% " &f(hff%hls capacxtor is located in whole or in part in the
structure of the lamp or its base, then the resonant
action necessary for the generation of high lamp starting
voltages cannot occur, unless a lamp possessing an
appropriate value of parallel capacitance is properly
fitted into the lamp socket. By this means greater
safety is imparted in respect of operation with missing
lamps.

Another disadvantage of known -arrangements relates to the
fact that discharge lamps are available with more than
one power rating, but utilising the same base. As a
result of this it is possible, for example to insert a
low power, say 35W lamp, into a socket that is intended
for a 150W lamp. As a result of this the 35W lamp is
grossly over powered and will almost certainly fail
explosively within a few minutes of start-up.

In order to overcome this mismatching of 1lamps and
sockets the fractional proportioning of the ignition
capacitance between capacitor 13B that is permanently
connected to the ballast circuit and the capacitor 21B
that is disconnectable with the lamp may be made such as
to prevent resonance occurring between high power
ballasts and low power lamps. In this way low power
lamps will not start when connected to ballasts intended
for operating high power 1lamps, since the electrical
conditions required for resonance will not be met. By
this means of matching lamp reactive parameters to
ballast reactive parameters improved safety and
reliability are achieved.
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2 further advantage may be obtained if the capacitor 21B
is thermally coupled to the lamp. It is well known that
many types of discharge lamp cannot be restarted whilst
they are hot. During a period of normal operation the
lamp will become hot and cannot be restarted until it has
cooled to a sufficiently low temperature. Any attempt to
restart the lamp will be unsuccessful until the lamp has
cooled to a temperature such that its starting voltage
requirement has fallen within the capability of the
ballast to provide a sufficient starting voltage.

It is the case therefore that the ballast may make a very
high number of unsuccessful attempts to restart a hot
lamp. These attempts represent unnecessary electrical
stress throughout the system. It is normal practice in
the industry to fit timer systems to overcome this
difficulty.

If the capacitor 21B is thermally coupled to the lamp in
such a way that capacitor temperature closely follows
lamp temperature and the capacitor construction is such
that it has a large negative temperature coefficient of
its value, then the capacitance will fall in value with
increasing lamp temperature.

If this decrease in capacitance is such as to prevent
resonance occurring when lamps are too hot to restart,
then the lamp (and capacitor) must cool sufficiently
before resonance and lamp starting can occur.

By this means unnecessary and stressful attempts to start
a hot lamp are automatically inhibited until the lamp has
cooled to an appropriate degree.



10 " 10 " 317110%" & ()-T F2 10% " & ()-$j| [ NA41010! 10! 10! 10% & ()- %
108 & ()- % 10%W& ()- % 10%W& ()- % 10%W& ()- %7|]: NA41Qd Qs LOY8! & 0)-
y 10%!' & ()-@y 10%!' & ()-@S 10%! & () - 10%! & () - y
#10% ! & ()-nb678DGvWA10 F 109R & ()- #10%R! & ()-10e! 10e! 10e! 7!10%! & () -,
y/110%! & ()- Y'!10%!& ()-:G {|}~| obU410 y#10%!& ()-10R 10R! 10R!
S& 10K & ()-. S 10WR & ()-. S& 109K & ()-.
S& 109R! & ()-.r|[NA41010,!10,!10,! A£10%!'& ()- ) 10%'& ()-s 3
10%!'& ()- 3 10%!'& ()- 10%!& ()-<=|[:-410e! 3110%!& ()-@('10%! & () -
10%! & ()-' vy 10%! & ()-' F 10%! & ()- S#10%! & ()-=>?KNi bA410e! Y
10%!: & ()- 10%!:& ()- 10%!':& ()- F 10%!: & ()-
f#10% ! : &C e! 10e! ~EFGHTW U410 10%' m&' () - f#10%' m& ()-10:!:10:!:10:!:
4 10%!':& ()-, Yg@/310%B & ()-@f/Gl0% !: & ()-W]~_"| | obW10
y#10% & () - 10m' nlOom' nlOm' ' m /! 10%m m&' () - @$Y" 10% & () -
1. A lighting system comprising at least:-
a) a high intensity discharge lamp,
b) an electronic ballast having a regulated
alternating current power output,
c¢) a joint operating circuit included in and between
the ballast and the lamp,
d) the ballast having a variable frequency generator
which 1is arranged to vary the frequency of the
ballast output over a range of frequencies, with a
minimum frequency of 400kHz,
~e) the circuit having a reactance such that the
 circuit is arranged to be resonant to provide a
starting voltage for the lamp at or above the

minimum frequency.

2. A lighting system as claimed in claim 1 wherein the
ballast is arranged to regulate the power output to.
.the lamp by varying the frequency of the ballast
outpilt.

3. A lighting system as claimed in claim 1 or 2 wherein
a maximum frequency of the range is such that the
power output is sufficient to maintain operation of
the lamp.

4. A lighting system as claimed in any one of claims 1
to 3 wherein the range of frequencies is from 400kHz
to 1, 500kHz.

5. A lighting system as claimed in claim 3 wherein the
ballast power output is regulated so that the output
provides a constant power to the lamp when it is
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6. A lighting system ‘as claimed in any one of the

preceding claims wherein the alternating current is
of a substantially sinusoidal waveform with a
harmonic distortion of less than 40%.

7. A lighting system as claimed in claim 6 wherein the
substantially sinusoidal waveform has a harmonic
distortion of less than 15%.

8. A lighting system as claimed in any one of the
preceding claims wherein the reactance comprises a
series arrangement of an inductance and a capacitor
where the output frequency and the value of the
reactance is arranged so that the output frequency
is above a resonant frequency of the reactance.

9. A lighting system as claimed in claim 8 wherein the
ballast is arranged to provide the alternating
current output by alternate switching of at least
two inverter output transistors driven by means to
provide a discontinuous alternating waveform, the
waveform containing a period within every half cycle
when neither output transistor conducts.

10. A 1lighting system as claimed in claim 8 or 9,
wherein the output power is arranged to pass through
a capacitor in series with the lamp, the value of
capacitance being sufficiently small to limit a
current flow, through the lamp at a frequency of the
electrical power input to the ballast, to less than
30ma.
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connection to the lamp is arranged so that the lamp
can be replaced, and a capacitance is placed in a
parallel current path to the lamp, the capacitance
being arranged such that disconnection of the lamp
from the ballast output disconnects the capacitance
from the ballast, the variable frequency generator
being so arranged to sweep over a pre~determined
range of frequencies to produce by means of a
resonant circuit including the said capacitor a
specific high frequency high voltage output to
ignite the lamp.

12, A lighting system as described with reference to the
accompanying drawings.



