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canverter for igniting ang i- \epAse ahp, e.g. a
fYuoreseent |anp, the cony&d waa(f?ngasqﬂo ~teknpaged sl ended to be
connected to a d.c. vol taﬂﬁhﬂ?é‘é tﬂi'egﬁdnput tqmmnms bei ng connect ed
together in series by an t sem conduct or
switching elenent, a first ca aC|tor oad cjrcuit conprising at |east
an induction (AN elfetrpnig ‘gﬂ"?“j\iﬁp foF fandtingni th a second
capaci tor. Th@dpgpﬁ@mm td)_-tmmml; td ayd 9 A soHargd lamprshunt ed by a second
sem conductor switching elenent provided with a control circuit
conprising at least a starter circuit and a resonant circuit. ‘The
resonant circZHES INVENTIEN tied agmsalticclamaelaczopic balilhett cirshdtner
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No. 4,415, 838 ex¢tt 3 §1UPa’ﬁSCﬁBt lampg Y quﬁfem% having two termlnals
intended to be connected to a d.c. voltage source, the

input terminals being connected together in series by an
arrangement of at least a first semiconductor switching
element, a first capacitor and a load circuit comprising at
least an induction coil and the gas discharge lamp in
parallel with a second capacitor. The first capacitor and
the load circuit are shunted by a second semiconductor
switching element provided with a control circuit
éomprising at least a starter circuit and a resonant
circuit. The resonant circuit includes the parallel
arrangement of the transformer primary winding and a
capacitor in one branch and the gas discharge lamp in the
other branch.-

A DC-AC converter of this type is known from U.S.
Pat. No. 4,415,838 and U.S. Pat. No. 4,748,383. 1In this
known converter a transformer is present in the 1load
circuit (in which the lamp is incorporated). This
transformer has two secondary windings which form part of
the control circuits for the semiconductor switching
elements. " The sw1tch1ng elements are rendered
alternatively conducting and non-conducting by means of the
transformer and the control circuits respectively.

However, some basic short comings 6f-the known
circuit are that the circuit is started by appiying a
relatively large transient current to the load circuit and
the resonant circuit so that the resonant circuit begins to
oscillate to provide the drive signal for the semiconductor



known converter a transfornmer is present in the load circuit (in which

the «4anp is incorporated). This transfornmer has two secondary
wi ndi ngs which formpart of the control circuits for the seniconductor
sWi tching el enents. The  switching el ement s are render ed

alternatively conducting and non-conducting by neans of the transfornmer and
the control circuits respectively. However, sone basic short com ngs of the
known circuit are that the circuit is star%ed by applying a relatively
large transient current to the load circuit and the resonant circuit so

that th t t |l oty |
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for the sem conductor enents. e osci |l n~frequency of
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poor switch tip@shPtst hinsSen pRIFUCEWiteN t €ihBy cbeMethe adshESHAWRdr
startlng For Igm{:chlngfelements and poor soft starting for 1gn1t10n of
the lamp. It is also known that this circuit is unable to
provide the dimming function for controlling the lamp

brightness.

It is an object of the invention to overcome the
above-mentioned problems by providing a circuit using an
IR2155 self-oscillating half-bridge driver in which the
pulse width of the drive signal for the semiconductor
switching elements can be modulated during the ignition and
operation of a gas discharge lamp so as to provide
preheating and dimming functions for the electronic
ballast, and to provide a circuit which can be used for
output over-current protection.

Accordingly, an electronic ballast circuit is
disclosed for igniting, supplying and dimming a gas
discharge lamp which comprises an oscillation control
circuit, an IR2155 self-oscillating half-bridge driver, a
dimming control circuit, a load circuit'including at least
one gas discharge -lamp and an over-current protection
circuit, wherein the oscillation control circuit controls
a current through the lamp via the pulse width modulation
of a drive signal during a pre-heating stage and normal
operation for the undimming ballast and the dimming
ballast. -

In a specific'embodiment of the present invention,
there 1is provided an electronic ballast circuit for
igniting, supplying and dimming a gas discharge lamp



the lanp. It is also known that this circuit is unable to provide the

di mmsng function for controlling the |anp brightness. It is an object of
the invention to overcone the above-nentioned problens by providing a
cYrcuit using an IR2155 self-oscillating half-bridge driver in which the

+ pulse width of the drive signal for the sem conductor sw tching el enents
can be nodul ated during the ignition and operation of a gas discharge | anp
so as to provide preheating and di nm ng functions for the electronic
bal | ast, and to provide a circuit which cad be used for output over-current
protection. Accordihgly, an.electrgnic ballast circuit is disclosed for

igniting, suffPBmEingid fdirsh Apd segerd ARt mindd swHAcRrdoRdr £9&s an
oscillation copdfinectionuito an sBAEbe sef f Duscivblebgey hald - kontgeldedver,
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pul se width mgulPfQing half-bridge driver having an oscillator timing

resistor input RT, an oscillator timing capacitor input CT,

a high side floating supply VB, a high side gate drive

output HO, a high side floating supply return VS, a low

side supply VCC, a low side gate drive output LO and a low

side return GND; a choke transformer having a primary

winding and a secondary winding; first means for connecting

first (Ql) and second (Q2) semiconductor switching elements

in a first series circuit across said first and second

terminals; second means for connecting one end of a load

circuit and one end of a snubber circuit to a junction

point between said first and second semiconductor switching

elements and further connecting the other end of said load

circuit to said second terminal (B) and the other end of

éaid snubber circuit to said first terminal (A); said load

circuit comprising a first capacitor, a gas discharge lamp

and a choke transformer; said snubber circuit having a

first resistor and a second capacitor connected in_series;

third means for connecting the input terminals of a first

DC supply circuit across said first and second terminals;

" said first DC supply circuit having a second resistor and

a third capacitor connected in series; fourth means for

connecting said VCC pin of the IR2155 self-oscillating

half-bridge driver to a 3Jjunction point of said second

resistor and said third capacitor of said first DC supply

via a first diode, and then to said second terminal via a

fourth capacitor; and further connecting said GND pin of

the IR2155 self-oscillating half-bridge driver to saiad

second terminal; fifth means for connecting said VB pin of



of a drive signal during a pre-heating stage and normal operation for the
undi*nm ng ball ast and the dinm ng ballast. In a specific enbodi nent of the
present invention, there is provided an electronic ballast circuit for
fgniting, supplylng and di nmi ng a gas di scharge | anp 3 conprising: first
and second input termnals (A and B) for connection to a source of DC

vol t age; a controlled sem conductor switching el enment having a drain

el ectrode, a source electrode and a control electrode; a | R2155 self-
oscillating hal f-bridge driver haV|ng an dEC|IIator timng resistor |nput

RT, II ac ut CT. h side floatin u y
VB, Znh?;ﬁy5| §%5a§5q5$?%§ u?%% gh?@%fa? 9% o +%@Féﬁ%p?%l$ ﬁﬁ#
VS, a | ow sideigsums ythmR%lﬂﬁ)weslﬁs:spiJelatmga Ak firbridyeantt tvémwwia de -
return G\D, ;2 Jhdfffa (didaef, O AAHE: @@ dhg said VS pin of the

IR2155 self-oscillating half-bridge driver to a junction
point between said first and second semiconductor switching
eléments, and then connecting a'fifth.capacitor across said
VB pin and said VS pin of the IR2155 self-oscillating half-
bridge driver; sixth means for connecting said HO pin of
the IR2155 self-oscillating half-bridge driver to a control
electrode of said first semiconductor switching element
(Q1) via a third résistor, and further connecting said LO
pin of the IR2155 self-oscillating half-bridge driver to a
control electrode of said second semiconductor switching
element (Q2) wvia a fourth resistor; seventh means for
connecting one end of a second DC supply to said VCC pin of
the IR2155 self-oscillating half-bridge driver, and further
connecting the other end of said second DC supply to said
second terminal; said second DC supply comprising a
secondary winding of said choke transformer, a third diode,
a fourth diode and a fifth resistor connecting in series,
and a sixth capacitor across one end of said secondary
winding and a cathode of said third diode; eighth means
for connecting a resistive voltage divider between said vcce
pin of the IR2155 self-oscillating half-bridgé driver and
said second terminal; said resistive voltage divider
having sixth and seventh resistors connected in series, and
a seventh capacitor in parallel with said seventh resistor;
nineth means for connecting a first part of an oscillation
control circuit to said RT pin of the IR2155 self-
~oscillating half-bridge driver, and then connecting a
second part of said oscillation control circuit to said CT
pin of the IR2155 self-oscillating half-bridge driver, and
then connecting a third part of said oscillation control



wi ndi ng and a secondary w nding; first nmeans for connecting first (Ql) and
second (@) sem conductor switching elenents in a first series circuit
across said first and second terminals; second neans for connecting one end
¥Yof a load circuit and one end of a snubber circuit to a junction point

"~ between said first and second sem conductor switching el ement$s and further
connecting the other end of said load circuit to said second term nal (B)
and the other end of said snubber circuitsto said first terminal (A); said
load circuit conprising a first capacitor,” a gas discharge |lanp and a choke

transformer; ojpahqeSREPRAS€iddddnla 'l%‘i‘nﬁguaal Jldrd £8P coffle e 5§ 0R

capacitor connected in series; third means for connecting the input
ternminals of BORrEBt BPRrSuf yséllFlcu?Fch%§§°§al‘EP‘?*'FIF%Jf siFdddonde a

term nals; sajdnktish %mtppdaﬂ shiquiresiatiivg avereayel aeviaeer; andaad

third capacitor cgg ﬁcge I n § Hes rpur%p nmeans_for conneptlgg §ai€ \
pin of the | 963481 BSCFPP ﬁ&lfuﬁrldf'Wﬁﬁ\ﬁﬁch)%.J%% Foh S?nt
of said secondlmemeWNCQndusaJdmﬂpulbexﬂmdnhopoutnnﬁcbit¢@itD@nﬂumMy

via a first dpgdg)1aedohhestdasd) d %%Ci@?dpﬁféériﬁfétl‘{i 3 i%hiting circuit

having an eighth resistor and a fifth diode connected in

series and then connected 1in parallel with a ninth

resistor; said pulse-width control circuit having a sixth

diode, a third semiconductor switching element (Q3) and a

tenth resistor connected in series and then connected to an

-eleventh resistor in parallel with an emitter electrode and

a collector electrode of said third switching element;

said oscillation circuit having a twelfth resistor and an

eighth capacitor connected in series; tenth means for

connecting one end of said pulse-width limiting circuit to
said first part of said oscillation control circuit, and .

then connecting the other end of said pulse-width limiting

circuit to one end of said pulse~-width control circuit and

one end of said oscillation circuit, and then connecting a

- collector electrode of said third semiconductor switching

~element to a junction point of said oscillation circuit and

to the second part of said oscillation control circuit, and

then connecting the other end of said pulse-width control

circuit and the other end of said oscillation circuit

together to the third part of said oscillation control

circuit, and further connecting a base electrode of said

third semiconductor element to the fourth part of said

oscillation contrel circuit; eleventh means for connecting

"one end of a dimming control circuit to a junction point of

said ‘resistive voltage divider, and then connecting the

other end of said dimming control circuit to said second

terminal; said dimming control circuit comprising a



fourth capacitor; and further connecting said G\D pin of the |IR2155

sel fsoscillating half-bridge driver to said second termnal; fifth means
for connecting said VB pin of 4 the I R2155 self-oscillating half-bridge
driver to said VCC pin of the IR2155 self-oscillating half-bridge driver
via a second di ode, and further connecting said VS pin of the | R2155
self-oscillating half-bridge driver to a junction point between said first
and second sem conductor switching elenents, and then connecting a fifth
capacitor across said VB pin and said VS pin of the I R2155 self-oscillating

half- bridge dhhyeLeodl XL IRAS LA AROBBEELERINSALEOHOPI NehndBeed RRASS

sel f-oscillati river to a contro ectrode sald first
seni conduct or sewieshi iy eirbencapag)tora acness dthespassr elarkyasds napd

connecting Sabﬂll'tgelii rélQJct%%é %?fléiﬁﬁlctp@&%ﬂréz@éiéngoﬂﬂ,alén@ra dgeudteyar to
a control electro sal d second sem ¢ond uctq{ switchin g
re51stor connected in series with an opto-f@iode of said

opto-transistor; twelfth means for connecting one end of
a protection control circuit to a junction point of said
first DC supply, and connecting the other end of said
protection control circuit to said second terminal; said
protection control circuit having a fifteenth resistor, a
silicon controlled rectifier and a sixteenth resistor
connected in series, and a tenth capacitor connected in
parallel with the sixteenth resistor and a fourth
semiconductor switching element (Q4) with a base electrode
connected to a junction point of said sixteenth resistor
and said silicon controlled rectifier, and a collector
electrode connected to the base electrode of said third
semiconductor switching element; thirteenth means for
connecting one end of a current sensing circuit to a
control electrode of said silicon controlled rectifier and
other end to a junction point of said third diode and said
‘fourth diode; said current sensing circuit comprising a
seventeenth resistor, a zener diode and an eighteenth
resistor connected in series, and an eleventh capacitor
connected in parallel with said seventeenth resistor and a
twelfth capacitor connected between a junction point of
said zener diode and said eighteenth resistor.

An oscillation control circuit of the electronic
ballast circuit embodying the present invention controls
the pulse-width of the drive signal through the third
semiconductor switching element (Q3). The off-time of
drive signal is fixed through the ninth resistor and
twelfth resistor and the eighth capacitor. The tenth



element (@) via a fourth resistor; seventh neans for connecting one end
. of -a second DC supply to said VCC pin of the | R2155 self-oscillating

hal f-bridge driver, and further connecting the other end of said second DC
*supply to said second termnal; said -second DC supply conprising a
secondary w nding of said choke transformer, a third diode, a fourth di ode
and a fifth resistor connecting in series, and a sixth capacitor across one
end of said secondary w nding and a cathoge of said third diode; eighth
means for connecting a resistive voltage divider between said VCC pin of

the 1R2155 seldsadld 12 pAdchal inparlr1 Of WA GHb SAdherP SEAE f1RhMinal
sai d resistive voltage divider having sixth and seventh resistors
connect ed i n BerFeatradd the Refthinepaeprothen Hired | ¥rlvet Burdng fdeent h

resistor; ningtdytBaNSstageCONME iAig-Bihé ! 6F AN Five 836hhlakhadn be
control circuit to_said in of the |R2155 self-.pos LIIatln% h If-ggldge
driver, and tYReHnR¥cE ﬁgQ§¥£ﬁxﬁﬁFﬁﬁﬂq ?ﬁtgﬁlﬁw6g8ﬁFPgtF&ﬁ &ﬁ%r )
circuit to saanmd Cthpi rnsintth haib&8153dy ssettangi [tlet | bgskaldurtrerdgeodr iQzer,
and then conngeling, aph il tdRRLG 8 RIS UL AHdON CARL Ghiue of the
sixth resistor and seventh capacitor in the resistive
voltage divider determines the time for the preheating
during the starting stage. The eighth resistor and the
fifth diode control the minimum pulse-width of the drive
signal when the third semiconductor switching element is
almost fully on. The eleventh resistor across the third
semiconductor switching element controls the maximum pulse-
width of the drive signal when the third semiconductor
switching element is almost fully of f. The 6scillation
control circuit is able to provide the light output control
of the lamp via the pulse-width modulation of the drive

signal.

An embodiment of the present invention can control
the light output over a wide range through the dimming
control circuit comprising the opto-transistor and the
control signal input terminals of said opto-transistor.
The input voltage across said control signal input
‘terminals of the opto-transistor control the base current
of the opto-transistor which controls the base current of
the third semiconductor switching element, and then
modulates the pulse-width of the drive signal. Using opto-
transistor, the dimming control circuit can easily be
implemented by providing the voltage across the control
signal input terminals of the opto-transistor for remocte

control.



5 circuit to said second termnal, and further connecting a fourth part of
saidroscillation control circuit to a junction point of said resistive
vol t age di vi der; said oscillation control circuit conprising a

pul se-width limting circuit, a pulse-width control circuit and an

oscillation circuit;

resistor and a fifth di ode connected in series and then connected in

parallel with a ninth resistor; said pulse-width control circuit having a

si xt h di ode,

a third sem conduct or smﬁtcm§m)elenent (@) and a tenth

said pulse-width limting circuit having an eighth

parall o wiih an em thr chpaafRent 66 FRECRFPERRET 1Bt FARCLE BERRE B 1 o

parallel with an enmitf

r € and a c

swi t chi ng el ehbet ;recdgnbeion| &hiagn uporuswikahing n wehét baldsisdt othand
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end of said pu

se-wi dt'h [imting circul ) ‘
charged until the voltage on the IR2155 self-oscillating

half-bridge driver is about 5 volts to provide the initial
oscillation of the oscillation control circuit. As a
result, the voltage divider sets the minimum pulse-width of
the driver signal and the current. starts to flow through
the gas discharge lamp filament and heat it up. Whilst the
voltage of the secondary winding of the choke transformer
is being built up, the second DC supply is taken over by
the first DC power supply and powers the IR2155 self-
oscillating half-bridge driver and the control circuit.
The supply voltage for the IR2155 self-oscillating half-
bridge driver and the control circuit is gradually
increased to the operating voltage of 15 volts. Meanwhile,
the pulse-width of the drive signal is gradually increased
up to the preset value. The lamp starts to ignite and the
output power for the lamp is gradually increased to the
preset level. The output power for the lamp can be set by
tuning the voltage divider. The maximum output voltage of
the first DC supply is set to 5 volts by tuning the
resistance value of the second resistor of the first DC
supply so as to reduce its power dissipation and to provide
soft start and preheating functions. The preheating time
can be adjusted by tuning the sixth resistor and seventh
capacitor. During normal operation, the brightness of the
lamp can be tuned from 0% to 100% by providing 10 volts to
0 volt to the control signal input terminals of the dimming
control circuit.

According to an embodiment of the present
invention, the over-current protection circuit comprises at



said first part of said oscillation control circuit, and then connecting
the other end of said pulse-width [imting circuit to one end of said

pul se-wi dth control circuit and one end of said oscillation circuit, and
fhen connecting a collector electrode of said third senm conductor switching
element to a junction point of said oscillation circuit and to the second
"part of said oscillation control circuit, and. then connecting the other
end of said pulse-width control circuit and the other end of said
oscillation circuit together to the third Bart of .said oscillation centrol
circuit, and further connecting a basiﬁelectrode of said third

seni conduct or RN tHHHECH oGPPRTBALEIFT STFHE Hiki PGt ion2@B%Y r Giiode.
circuit; el everirmentads tbotheosaechdagy omindiry aff ahdi riiokg trahsEoraetcui t
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sai d di nming wiording ofi rthe tchekeptirsingformer is used to supply the
power for the driver circuit and control circuit and to
sense the output current. When the output current
increases to the maximum value and the voltage of the
secondary winding across the 2zener diode reaches its
breakdown voltage, the 2zener diode starts to conduct and
charges up the eleventh capacitor. As soon as the voltage
across the eleventh capacitor reaches a firing voltage of
the silicon controlled rectifier, the silicon controlled
rectifier conducts and provides the large base current to
turn on the fourth semiconductor switching element. As a
result, the third semiconductor switching element is fully
turned on and the oscillation of the oscillation control
circuit stops. The protection circuit is latched until the
ballast is reset. The maximum current value of the ballast
‘can be set by selecting the breakdown voltage of the zener
diode.

The invention is particular advantageous for use in
low-pressure mercury vapour discharge lamps where the
heating filament is usedto ignite the lamp. Lamp life is
dependent upon the preheating control during ignition. An
embodiment of the present invention makes it easy to
control the preheating time by varying the capacitance
value of the seventh capacitor. This offers an éxtension
of the lamp life.

An advantage of one embodiment of the ballast
circuit is that the lamp can dimmed by modulating the
pulse-width of the drive signal for local control and



6 thirteenth resistor-and an opto-transi stor OP1 connected in series, a

ni ntth capacitor across the base el ectrode and emtter electrode of said
opto-transistor, and a fourteen resistor connected in series with an

opt o-di ode of said opto-transistor; twelfth nmeans for connecting one end of
a protection control circuit to a junction point of said first DC supply,
and connecting the other end of said protection control circuit to said
second term nal; said protection control ;ircuit having a fifteenth
resistor, a silicon controlled rectifier Rd a sixteenth resi stor connected

In series, and a tent ito o] s r : Pily" | X th
resi stor and efmooutret hg%lgﬁpgcf)hdugpgr g\%%{eg%lr?gl Sfi e]"raréedn]te'4 (%f%‘plvé %ﬁ éaﬁ b%é%?
el ectrode conmay et t expandineervenpadnetestten gtei fuddnphotestsons iane. said

silicon contrql,{;ﬁpkrsgéﬁ{;@gta@@dp%ﬁe&%ﬁ?r_ At { QRS GRNNEGE edi 1 Pobhe

base el ectrode of sai I rd sem conductor sw fching el enent; thirteenth

nmeans for confRELR; Ik r&fFifieT -current sensing circuit to a contro
el ectrode of said silicon controlled rectifier and

In order that the invention may be more readily
understood, and so that further features thereof may be
appreciated, an embodiment of the present invention will
now be described with reference to the accompanying drawing
which illustrates diagrammatically an embodiment of the
electronic ballast circuit according to the present
invention.

The drawing shows an electronic ballast for
igniting, supplying and dimming a gas discharge lamp. The
ballast circuit includes a supply circuit having two input
terminals 1 and 2 intended to be connected toé an
alternating voltage source of 220-240V, 50Hz. The
terminals are connected via a fuse 3 to a filter circuit 4,
and then to a full wave rectifier 5. The output terminal
of the full wave rectifier 5 is connected to a power factor
collection circuit 6. Output terminals A and B of the
power factor collection circuit supply a DC voltage to the
rest of the electronic ballast circuit.

The output terminals A and B are connected together
by means of a series arrangement of a first semiconductor
switching element 36 and a second semiconductor switching
element 37. The switching elements are power MOS-FET type
transistors.

The switching elements 36 and 37 are connected
together in such manner that the source electrode of the



other end to a junction point of said third diode and said fourth di ode;
said-current sensing circuit conprising a seventeenth resistor, a zener

di ode and an eighteenth resistor connected in series, and an el eventh
capacitor connected in parallel with said seventeenth resistor and a

twel fth capacitor connected between a junction point of said zener diode
and said eighteenth resistor. An oscillation control circuit of the

el ectronic ballast circuit enbodying the ﬁ esent invention controls the
pul se-wi dth of the drive signal through t third sem conductor sw tching

el ement (@B).....Lhe of.f-Li:ne O | | gnal, i | hroug e nLnth
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resistor is plelgattodepafithe sgeand awidichng edgaentor37-s to control the
off-time near the fixed value during the starting stage. The on-tinme of

the drive signal can be . ) . , )
A snubber circuit including a resistor 38 and a

capacitor 39 1is connected in parallel with the first
switching element 36 to suppress any transient voltage
during the switching.

The second switching element 37 is shunted by means
of a series arrangement of a load circuit made up of a
capacitor 40, electrodes 41,42 of a gas discharge lamp 43
(having a capacitor 44 connected across the electrodes
41,42) and a primary winding 45 of a choke transformer.

The ballast circuit has two DC supplies for the
control circuit. The first DC supply includes a resistor
7, a capacitor 8, a diode 15 and a capacitor 32. The
resistor 7 and the capacitor 8 are connected in series
across the terminals A and B. The cathode of the diode 15
is connected to a junction point of the resistor 7 and
capacitor 8, and the anode of the diode 15 is connected to
a capacitor 32 that supplies the DC voltage to the control
.circuit. The output voltage of the first DC supply is set
to a maximum of 5 volts to allow the control circuit to
start the oscillation.

The second DC supply includes a secondary winding
46 of the choke transformer, a diocde 47, a capacitor 48, a
diode 49 and a resistor 33. The diode 47 and the capacitor
48 are connected in series across the secondary winding 46
of the choke transformer. The resistor 33 and the diode 49
are connected in series, one end of this sSeries circuit
being connected to a junction point of the capacitor 48 and



varied by the third sem conductor switching elenment (@) and the sixth

di ode by setting the base current of B through the resistive voltage
divider. The value of the sixth resistor and seventh capacitor in the
yesistive voltage divider determnes the tinme for the preheating during the
starting stage. The eighth resistor and the fifth diode control the

m ni mum pul se-wi dth of the drive signal mhen the third sem conduct or
switching elenment is alnost fully on. i el eventh reésistor across the
third sen1conductor swi tching el ement con Pols the maxi mum pul se- mﬁdth of

the drive sig e osc&ﬁh tQhEld o co&gyc(g?rtﬁ\fnst gér'l% rowé(}{l‘lfsbglk

fully off. { oR"CoftTOl citeult s able to
out put cont r olcopinected abp @i aiunretinn spodntt mﬁmﬁbﬁatqlcmi%f 15handt i Vbe

signal. An enpg d@@%bﬂﬁ3ih§u859%ﬂ¥t'@Vgﬂtwalﬂ3§é0§@§ 99 b?edﬁdﬂﬁ Pyt put
over a W de ran throu%E |nn1ng control circuyit ‘¢conprising the
opt o-transi st &° tfe GWPﬂﬁdsﬁ%n hej gRRtEQY nPAEFYLEs AURig normal

opt o-transi st @perhftdonnput vol tage across said control signal input

The control circuit of the electronic ballast
circuit incudes a 1IR2155 self-oscillating half-bridge
driver 31 having an oscillator timing resistor input RT, an
oscillator timing capacitor input CT, a high side floating
supply VB, a high side gate drive output HO, a high side
floating supply return VS, a low side supply VCC, a low
side gate drive output LO and a low side return GND, an
oscillation control circuit, a dimming control circuit and
an over-current protection circuit.

In the 1IR2155 driver circuit, the high side
floating supply VB pin of the IR2155 is connected to the
low side supply VCC pin of the IR2155 via a diode 29. A
capacitor 30 is connected across the VB pin and VS pin of
the IR2151. The high side floating supply return VS pin of
the IR2151 is then connected to the junction point of the
first switching element 36 and the second switching element
37. The high side gate drive output pin HO is connected to
a gate electrode of the first switching element 36 via a
resistor 35 and the low side gate drive output LO pin is
connected to a gate electrode of the switching element 37
via a resistor 34. Furthermore, the low side return GND
pin of IR 2155 is connected to the terminal B and the low
side supply VCC pin of IR2155 is connected to the output
end of the first and second DC supply circuit.



termnals of the opto-transistor control the base current of the
opto-transi stor which controls the base current of the third sem conductor
swi tching el enent, and then nodul ates the pul se-wi dth of the drive signal.
Usi ng opt o- tranS|stor the dinmmng control circuit can easily be

I npl ement ed by prOV|d|ng the vol tage across the control signal input

"terminals of the opto-transistor for renote control. 8 An enbodi nent of
the present invention is based on the recognition that upon sw tching on
the ballast the third capaC|tor of the fi DC supply circuit is first

charged until the voIt on thf ?&155 self-oscillatin half-brldge driver
is about 5 volts to pr deo?ﬁé 1P SOREFP | Fiifiithe SERPFISEFon?
. control circuitesistAveavicdsalge, divddeal,t agpudise-dddthetldntitdng wiimemit,

- pul'se-width of, tne; JELyesest! 88Atr80dc1PELEN LRA! aB! FskT1h8th B%WcEQ%QHQP
In the resistive voltage divider, a resistor 16 and 18 are
connected in series across the DC supply for the control
circuit, a capacitor 19 is connected in parallel with the
resistor 18. A junction point of the resistors 16 and 18
is then connected to the base electrode of a third
switching element 20 in the pulse-width control circuit:to
set the pulse-width of the drive signal. The time constant
to charge up the capacitor 19 via the resistor 16
determines the preheating time for the lamp. In the pulse-
width limiting circuit, a resistor 22 and a diode 21 are
connected in series, and then in parallel with a resistor
23 to set the minimum pulse-width for the pulse-width
‘control circuit. The pulse-width control circuit comprises
a diode 24, the third switching element 20 and a capacitor
28 being connected in series to control the charging time
for a capacitor 28 by changing the conductivity of the
third switching element 20. A resistor 26 connected in
parallel with the third switching element 20 is used to set
the maximum pulse-width when the third switching element 20
is almost off. A resistor 27 connected in parallel with
capacitor 28 is used to control the off-time of the drive
signal during ignition and normal operation of the gas
discharge lamp.

_ In an oscillation circuit, a resistor 25 is
connected in parallel-with the diode 24 and the third
‘switching element 20 to provide the discharge pass for the
capacitor 28. The one end of the pulse-width limiting
circuit is connected to the RT pin of the IR2155, and the
other end of the pulse-width limiting circuit is connected



the gas discharge lanp filament and heat it up. Wiilst the voltage of the
secondary wi nding of the choke transfornmer is bei.ng built up, the second DC
supply is taken over by the first DC power supply and powers the | R2155
self- oscillating half-bridge driver and the control circuit. The supply
voltage for the I R2155 self-oscillating half- bridge driver and the control
circuit is gradually increased to the operating voltage of 15 volts.
Meanwhi |l e, the pulse-width of the drive signal is gradually increased up to
the preset value. The [anp starts to igniti@¢ and the output power for the

|l anp is gradually increased to the preset |level. The output power for the

| anp can be sdéiwo lay cathicdg pﬁethelﬁagéedﬁﬂldeﬁheTﬁ@ bt Afmthe FiR2154] tisge

of the first Reridyiea Iéosstjhﬁcéwﬁl boibt v tRes {86865t 28Cankaltne Of
the second resistor, of the fifst DC supply so as to reduce its power

di ssi pati on af®RAEIHBvid®e soft start and preheating functions. The
preheating tine can be adjusted by tunlng the sixth resistor and seventh

capacitor. During nor rat._aon, |ghtn ss,.of .the_| 0p gan t uned
fromO0%to 100% by pr§@1d| d“TBJ§bIF§n%5 d1rguit” 15" na up of a :
resistor 12, an opto-transistor 56 (OPl), a capac1tor 55

and a resistor 13. The resistor 12 and output terminals of
the opfo-transistor 56 are connected in series, and then
the base electrode of opto-transistor is connected to the
capacitor 55. The control signal input terminals 57,58
across the resistor 13 and an opto. diode of the opto-
transistor 56 connecting in series is to control the
conductivity of the opto-transistor 56. The capacitor 55
connected across the base electrode and the emitter
electrode of the opto-transistor 56 ‘is used to suppress
noise during ignition and operation of the gas discharge
lamp. The collector electrode of the opto-transistor 56 is
then connected to the base electrode of the third switching
element 20 via the resistor 12 to control the pulse-width
of the drive signal by changing the base current of the
third switching element 20. The base current of the third
switching element 20 can be varied by changing the
conductivity of the opto-transistor 56; that controls the
charging time of the capacitor 28 to provide pulse-width
modulation for the drive signal, thereby controlling the
light output of the lamp. The resistor 12 is used to set
the minimum brightness of the lamp and, together with the
resistor 13, to provide almost linear modulation of the
lamp brightness by the input voltage from the control
signal_input terminals 57,58.

The over-current protection circuit comprises a
latch circuit and a current sensing circuit. The latch



O volt to the control signal input termnals of the dimrng contro
circuit. According to an enbodi nent of the present invention, the
over-current protection circuit conprises at 9 least a silicon
scontrolled rectifier and a zener diode connected to the secondary w ndi ng
of the choke transformer that is shared wth the second DC supply. The
secondary wi nding of the choke transforner is used to supply the power for
the driver circuit and control circuit anﬂ to sense the output current.
Wien the output current increases tot 2 maxi num value and the vol t age

of the second i pdj agr . er, di S d r
vol t age, the g%ﬁgﬁﬁgigggesgq%%%lkgﬁgé%Guc éﬁgﬁ%ﬁgﬁges J%fﬁﬂg e?éggﬁ?%r
capaci tor. Asl@omndis & hoegdistage adr ceenneeted evidnt Iserdgsci aerossackke a

firing vol tagga@icitir .| a9k GRIdeOleeneesliitsh . céersilégopesentior! ed
10 is then connected to the base electrode of a fourth
switching element 17 in order to latch the fourth switching
element 17 in the fully on stage by providing a trigger
signal to the control electrode of the silicon controlled
rectifier. The current sensing circuit comprises a
capacitor 51, a capacitor 53, a resistor 54 and a series
circuit with the secondary winding 46 of the choke
transformer, the diode 47, a resistor 50, a zener diode 52
connected in series. The one end of this series circuit is
~connected to thé terminal B, and the other end of this
series circuit is connected to the control electrode of the
silicon controlled rectifier 10 to provide an over-current
signal to the latch circuit. The resistor 54 is connected
between the control electrode of the silicon controlled
rectifier and the terminal B is used to protect the silicon
controlled rectifier from over-voltage damage. The
capacitor 54 connected across the resistor 54 is used to
suppress the noise during ignition and operation of the gas
discharge lamp. The capacitor 51 connected between the
anode of the zener diode 52 and the terminal B is used to -
provide the delay time for the protection circuit and to
suppress the starting transient for the protection circuit.
The maximum current value is set by selecting the breakdown
voltage.of the zener diode 52. When the voltage of the
secondary winding exceeds the breakdown voltage of the
zener diode 52, the zener diode 52 becomes conducting to
provide an over-current signal to the latch circuit. The
over-current signal then triggers the silicon controlled
rectifier 10 and turns on the fourth switching element 17



rectifier conducts and provides the |large base current to turn on the
fourth sem conductor switching elenent. As a result, the third

sem conductor switching elenent is fully turned on and the oscillation of
‘the oscillation control circuit stops. The protection circuit is |atched
until the ballast is reset. The maxi num current value of the ballast can be
set by selecting the breakdown voltage of the zener diode. The invention is
particul ar advantageous for use in | ow pr Ssure nercury vapour di schar ge
| anps where the heating filanent is usedto ignite the lanp. Lanp life is

dependent upogd N PINEA idh APl UHIAY JGN | Obp AhSTBRTIAL € he

present invention rmakes it easy to control the preheating tine by varying
t he capacitamek the eseillizkliereentrebpatreBit-This offers an extension of
the lanp life. An advantage of one enbodi nent of the ballast circuit is

that the lanp can dinged by jodyating the pulsgywidih of the qyive sional

voltage present across the terminals A and B charges up the
capacitor 8 of the first DC supply circuit via the resistor
7. When the voltage acroés the capacitor 8 reaches about
5 volts, the IR2155 self-oscillating half-bridge driver 31
starts to operate and the resistive voltage divider sets
the minimum base current to the third switching element 20.
As a result, the oscillation control circuit oscillates
with the minimum pulse-width, and the first switching
element 36 and the second switching element 37 are rendered
alternatively conducting and non-conducting to provide high
frequency AC power to the load circuit. Meﬁnwhile the
lower current through the filament electrodes 41,42 of the
lamp 43 preheats the lamp 43, and then through the primary
winding 45 of the choke transformer provides the voltage
across the secondary winding of the choke transformer which
éharges up the capacitor 48 of the second DC supply
circuit. When the output voltage of the second DC supply
exceeds 5 volts, the second DC supply takes over the first
DC supply to supply the power for the control circuit. The
DC voltage for the control circuit then starts to increase
gradually to 15 volts. Meanwhile, .the pulse-width of the
drive signal is gradually increased to a maximum value by
gradually increasing the base current of the third
_ switching element via the resistive voltage divider. As a
result, the current through the filament electrodes 41,42
of the lamp 43 is increased, the lamp is ignited at the
very low current and the brightness of the lamp is
gradually increased from 0% to 100%. The preheating time
is dependent on the time constant of the resistor 16 and



10 renote control. The protection circuit provides an easy way to expand
current protection to full protection, i.e. input over-voltage protection,
by triggering the silicon controlled rectifier. In order that the invention
*may be nore readily understood, and so that further features thereof may be
appreci ated, an enbodi nent of the present invention will now be descrlbed
with reference to the acconpanying drawi ng which illustrates

di agrammatically an enbodi ment of the elegctronic ballast circuit according
to the present invention. The draw ng sho an electronic ballast for

haniting, supghyl gpABekdlt 1Y 1Y 78 18351 0L8¢RAL BPahdlRent 16 A4St LdAY |

|ncludes a sup clrcurt having two input term ded -
to conneégéa for e haldasii png Pyevidge asway cef efntrPUlimp\the

50Hz. The peeReasdlipgatemeopaest-ediyhdtdohlse 3 to a filter circuit 4,

During normal operation, the brightness of the lamp
is controlled by the input voltage from the control signal
input terminals 57,58, the brightness of the lamp
increasing by decreasing the voltage across the control
signal input terminals 57,58. The maximum brightness is
determined by the resistive value of the voltage divider.
If there is no voltage across the control signal input
terminals 57,58, then the circuit becomes an undimming
ballast providing maximum brightneés output. This means
that the undimming ballast and the dimming ballast can be
built on the same circuit board at almost no additional
cost.

Having thus described an embodiment of the
~invention, it will now be appreciated that the objects of
the invention have been fully achieved, and it will be
understood by those skilled in the art that many changes in
construction and widely differing embodiments and
applications of the invention will suggest themselves
without departing from the spirit and the scope of the
invention. - The disclosure and description herein are
purely illustrative and are not intended to be in any sense
limiting. |

The Table below gives exemplary values for the
respective components of the ballast circuit shown in the
Figure:

Table Component value



and then to a full wave rectifier 5. The output termnal of the full wave
rectifier 5is connected to a power factor collection circuit 6. Qutput
termnals A and B of the power factor collection circuit supply a DC
*voltage to the rest of the electronic ballast circuit. The output termnals
A and B are connected together by neans of a series arrangenent of a first
sem conduct or switching el enment 36 and a second sem conduct or sw tching

el enent 37. The switching el enents are pogg MOS- FET type transistors. The
swi t chi ng elenents 36 and 37 are connecte together in such manner t hat the

source el ect rpde
drai n el ectrofe of theNg@ggngt,rﬁd%grﬁbl ng eI enent 3bon,ﬁo,$d;\um§r°,%ﬁgumge,
i ncl udi ng a riesistor S0 and a capacl tor 39 1p connected I n arallel wth
the first swiffching el emef#rPaseri®o suppress ahy transient vﬁf@%ge
Capacitor 14 4.7 uF
Capacitor 19 3.3uF
Capacitor 28 680 pF
Capacitor 30 0.1 uF
Capacitor 32 0.47 uF
Capacitor 39 1000 pF
Capacitor 40 0.22 uF
Capacitor 44 12 nF
Capacitor 48 47 uF
Capacitor 51 10 uF
Capacitor 53 4.7 uF
Capacitor 55 1000 pF
Coil 45 1.3 mH
Coil 46 13.7 uH
Diode 15, 24,21, 49 1N4148
Diode 29 UF4004
Diode 47 1N4002 .
IC chip 31 IR2155
Photo transistor 56 4N26
Resistor 7 120 KOhm
Resistor 9 1 KOhm
Resistor 11 2.2 KOhm
Resistor 12 180 KOhm
Resistor 13 47 KOhm
Resistor 16 48.7 KOhm
Resistor 18 301 KOhm
Resistor 22 1.5 KOhm
Resistor 23 4,7 KOhm
Resistor 25 56 KOhm
Resistor 26 56 KOhm
Resistor 27 45.3 KOhm
Resistor 33 3.3 KOhm
Resistor 34 100 KOhm
Resistor 35 100 KOhm
Resistor 38 10 Ohm
Resistor 50 68 KOhm
.Resistor 54 6.8 KOhm
SRC 10 MCR100-3
Transistor 17 (Q4) _ 2N3904
Transistor 20 (Q3) BC327
Transistor 36, 37 (Q1, Q2) IRF830
Zener diode : 1N9728




during the switching. The second switching elenent 37 is shunted by neans
of & series arrangenent of a load circuit nmade up of a capacitor 40,
el’'ectrodes 41,42 of a gas discharge |anmp 43 (having a capaetter—44

tonnected across the electrodes 41,42) and a primary mnnd tﬁ;45 of a choke

transforner. The ballast circuit has two DC supplles for nRe]mmd
circuit. The first DC supply includes a resistor 7, a capa

15 and a capacitor 32. The resistor 7 and the capacitor

in series across the terninals A and B. TR cathode of the diode 15 |s
connected to 3¥%§@§%%On point of the resistor 7 and .capacitor 8, and the
anode of the *5 is connected to a capacitor 32 that supplies the DC
voltage to the control circuit. The output voltage of the first DC supply

is set to a mexi mum ofy | o ont Ifcu t he
oscill ation. n?%e secondéDé%%éF#ébﬁ%clgéggggesegég di f%rnglié?gﬁnghe
choke transforsplplyingi end dxmmangagagasodlsshaagglbdmp4@haqu gomprisesr

33. The diode £y cyed118@i6APB6htPH1 circuit, an IR2155 self-oscillating
half-bridge driver, a dimming control circuit, a 1load
circuit including at least one gas discharge lamp and an

over-current protection circuit, wherein the oscillation
control circuit controls a current through the lamp - by
pulse width modulation of a drive signal during a pre-
heating stage and the normal operation to control the
dimming of the gas discharge lamp.

2. An electronic ballast circuit according to Claim 1,
wherein said oscillation control circuit comprising a
pulse-width limiting circuit, a pulse-width control circuit
and an oscillation circuit. '

3. *  An electronic ballast circuit according to Claim 1
or 2, wherein said circuit comprises: first and second
input terminals (A and B) for connection to a source of DC
‘voltage; a .controlled semiconductor switching element
having a drain eléctrode, a source electrode and a control
electrode; a IR2155 self-oscillating half-bridge driver
having an oscillator timing resistor input RT, an
oscillator timing capacitor input CT, a high side floating
supply VB, a high side gate drive output HO, a high side
floating supply return VS, a low side supply VCC, é low
side gate drive output LO and a low side return GND; a
choke transformer having a primary winding and a secondary
winding; first means for connecting first and second
semiconductor switching elements in a first series circuit
.across said first and second terminals; second means for

*= c L MW 5 *



48 are connected in series across the secondary w ndi ng 46 of t he choke
transfornmer. The resistor 33 and the diode 49 are connected in series, one
end of this series circuit being connected to a j unghis StedHak Béen ®eplichd

capaci tor 48 and 12 the diode 47 and ot her end of_ rCU|t
bei ng connected to a junction point of the diode 15 or
such that a DC vol tage supply of about 15 volts is pr e control
circuit during normal operation. The control circuit of the electronlc
ball ast circuit incudes a | R2155 self oscf Platlng hal f - brldge driver 31
haV|ng an oscill ator t|n1n re5| escillator tim.nn
capacitor i npfft negc tal’?ﬂ gﬂ | (fé' ét Fn@'%ﬂfﬁlrﬂéﬁ °€h°§?d§n8at dfi ve
out put HO, a lsngbberdeiftuatihg aupphytuepup91ﬁﬁ batiweensedédsfippsy ¥648, a
low side gatedidory oW cbfRadttth? | QY1 BEAEnGC! W@ es @Mand  further
connecting the other end of said load circuit to saiaq
second terminal (B) and the other end of said snubber

L

circuit to said first terminal (A); said load circuit
comprising a first capacitor, the gas discharge lamp and a
choke transformer; said snubber circuit having a first
resistor and a second capacitor connected in series; third
means for connecting the input terminals of a first DC
supply circuit across said first and second terminals;
said first DC supply circuit having a second resistor and
a third capacitor connected in series; fourth means for
connecting said VCC pin of the IR2155 self-oscillating
half-bridge driver to a Jjunction point of said second
resistor and said third capacitor of said first DC supply
via a first diode, and then to said second terminal via a
fohrth capacitor; and further connecting said GND pin of
the IR2155 self-oscillating half-bridge driver to said
second terminal; fifth means for connecting said VB pin of
IR2155 to said vcC pin of the IR2155 self-oscillating half-
bridge driQer via a second diode, and further connecting
said VS pin of the IR2155 self-oscillating half-bridge
driver to a junction point between said first and second
semiconductor switching elements,- and then connecting a
fifth capacitor across said VB pin and said VS pin of the
IR2155 self-oscillating half-bridge driver; sixth means
for connecting said HO pin of IR2155 to a control electrode
of said first semiconductor switching element via a third
resistor, and further connecting said LO pin of the IR2155
self-oscillating half-bridge driver to a control electrode
of said second semiconductor switching element via a fourth
resistor; seventh means for connecting one end of a second

A



oscillation contrel—ei+ett-—a—di-nm ng control circuit and an-over-current
protection circuit. In the | R2155 driver circuit, the high side floating

supply VB pin Bis H eplaced. o fnacted to the | ow side supply VCC pin of
the 1 R2155 via ill : capacitor 30 is connected across the VB pin
and VS pin of t - hi gh side floating supply return VS pin of
the 1R2151 is then connected to the junction point of the first swtching
el enent 36 and the second switching elenment 37. The high side gate drive

output pin HO is connected to a gate eIeéFTode of the first switching
connect ed t o B gERBPLY o 2Pr SRSV P UM PENFRG SFERER Sp7 idr e Rty
34.  Further rd Ef -bhibdgewdsigery, etanch ShEtpen cbhnnReczism i stirennende®ft o
(he Lol Barbdding B Sy al xalE dlchrl oGRS GAR R
: DC supply comprising a secondary winding of said choke
transformer, a third diode, a fourth diode and a fifth
resistor connecting in series, and a sixth capacitor across
between one end of said secondary winding and a cathode of
said third diode; eighth means for connecting a resistive
voltage divider between said vee pin of the IR2155 self-
oscillating half-bridge driver and said second terminal;
said resistive voltage divider having sixth and seventh
resistors connected in series, and a seventh capacitor'in
parallel with said seventh resistor; nineth means for
connecting a first part of an oscillation control circuit
to said RT pin of the IR2155 self-oscillating half-bridge
driver, and then connecting a second part of said
oscillation .control circuit to said CT pin of the IR2155
self-oscillating half-bridge driver, and then connecting a
third part of said oscillation control circuit to said
second terminal, and further connecting a fourth part of
said oscillation control circuit to a junction point of
said resistive voltage divider; said oscillation control
circuit comprising a pulse-width limiting circuit, a pulse-
width control circuit and an oscillation circuit; said
pulse-width limiting circuit havihg an eighth resistor and
a fifth diode connected in series and then connected in
parallel with a ninth resistor; said pulse-width control
circuit having a sixth diode, a third semiconductor
switching element and a tenth resistor connected in series
and then connected to an eleventh resistor in parallel with
an emitter electrode and a collector electrode of said
third switching element; said oscillation circuit having
a twelfth resistor and an eighth capacitor connected in

QLT



13 The oscillation control circuit conprises a resistive voltage divider, a
pul se-wdth limting circuit, a pulse-width control circuit and an
oscillation circuit. In the resistive voltage divider, ﬂud’ShSdtHﬁsBeeﬂ.Ee m 18
are connected in series across the DC supply for the con

capacitor 19 is connected in parallel with the resistor 1 MN“

point of the resistors 16 and 18 is then connected to th se electrode of
a third switching elenent 20 in the pulse-width control circuit to set the
pul se-wi dth of the drive signal. The tine nstant to charge up the
capacitor 19 via the resistor 16 determ nes e pr atj 0, :
lanp. In the pBP5&ESHi dt? YR MEING ??c%??“e%9+%§ $§r£é§93%d§§1% %%iggi
are connect ed wihdshri dimi&idgt hedrionigar &id elsadid h Birskj spart 230fo saidt he
m ni mum pul se- p%gibléeioﬁfﬁbﬁ%Qﬁf &igé@hﬁonéﬁéltﬁéﬁcébﬁneghgneufﬁé SERER

control circuit conprises d,swtching element 20 apd a

capaci tor 28 benfgof ormidtRulserwicithed indting FAFCRAE ERaPBPNENEi AE ?6%ga
capaci tor 28 byy,g8angiden tdshtedulricdity adti bhé end of said oscillation

circuit, and then connecting a collector electrode of said

third semiconductor switching element to a junction point
of said oscillation circuit and to the second part of said
oscillation control circuit, and then connecting the other
end of said pulse-width control circuit and the other end .
of said oscillation circuit together to the third part of
said oscillation control circuit, and further connecting a
base electrode of said third semiconductor element to the
fourth part of said oscillation control circuit; eleventh
means for connecting one end of a dimming control circuit
to a junction point of said resistive voltage divider’, and
then connecting 'the other end of said dimming control
circuit to said second terminal; said dimming control
circuit comprising a thirteenth resistor and an opto-
transistor connected in series, a ninth capacitor across
thé base electrode and emitter electrode of said opto-
transistor, and a fourteen resistor connected in series
with an opto-diode of said opto-transistor; twelve means
for connecting one end of a protection control circuit to
a junction point of said first DC supply, and connecting
the other end of said protection control circuit to said
second terminal; said protection control circuit having a
fifteenth resistor, a silicon controlled rectifier and a
sixteenth resistor connected in series, and a tenth
capacitor connected in parallel with the sixteenth resistor
and a fourth semiconductor switching element with a base
'electrode connected to a junction point of said sixteenth
resistor and said silicon controlled rectifier, and a

A



third swtching el ement 20. A resistor 26 connected in parallel with the
third swtching elenment 20 is used to set the naxinun1pu|se w dt h when the
tRird switching element 20 is alnost off. A resig emgﬁsggﬂﬁg fgg in

‘paral el with capacitor 28 is used to control the e drive
signal during ignition and nor nal operatlon of th lanp. In
an oscillation circuit, a resistor 25 1is connected th the

di ode 24 and the third sw tching el enent 9 to provide the_d!scharge pass
for the capacitor 28. The one end of thé&“pulse-width limting circuit is

dth
i ting o rosPLEseBh Tefectsbad phRaceail e End' Bite [efertiads A wridy
pin of the | Reh8xdi samimansuataro switekingnepenantof thdrtesirtiorm@msand
the capacitorggs. connecting one end of a current sensing circuit to a
- control electrode of said silicon controlled rectifier and
other end to a junction point of said third diode and said
fourth diode; said current sensing circuit comprising a
seventeenth resistor, a zener diode and an eighteenth
resistor connected in series, and an eleventh capacitor
connected parallel with said seventeenth resistor and a
twelfth capacitor connected between a junction point of
said zener diode and said eighteenth resistor.

4. An electronic ballast circuit according to Claim 3,
wherein the oscillation control cireuit'of the electronic
ballast circuit controls the pulse-width of the drive
signal through the third semiconductor switching element.

5. An electronic ballast circuit according to Claim
3 or 4; wherein the off-time of the drive signal is fixed
by the ninth resistor and twelfth resistor and the elghth
capacitor.

6. An electronic ballast circuit according to any one
of Claims 3 to 5, wherein the tenth resistor is placed in
parallel with the eighth capacitor to control the off-time
to near the fixed value during the starting stage.

7. An electronic ballast circuit according to any one
of Claims 3 to 6, wherein the on-time of the drive signal
can be varied by the third semiconductor switching element
and the sixth diode. by setting the base current of the
third semiconductor switching element through the resistive
voltage divider.

AR



The dimmng control «circuit 1is made up of a resistor
opte-transistor 56 (OPl), a capacitor 55 and a resistor 13. The reS|stor

and output termnals of the opto-transistor 56 are com;@a&eeﬂaslﬂee and
t hen the base el ectrode of opto-transistor is connecte tor,
55. The control signal input termnals 57,58 across and
an opto di ode of the opto- transistor 56 connecting in es |s to control

t he conductivity of the opto-transistor 56 The capaC|tor 55 connect ed
across the base el ectrode and the enmitter2#l ectrode of the opto- tranS|stor

56 is used to_suppress noise durin I tjon, and operat| n of the
di scharge | anf: The c8R @&?ﬁ?r‘é‘i‘b‘&&’%gga%? EHECHEE 02 ?%@%%&05@ §’ﬁ1en

connected to blfie lasmsel g orle wHerdin tthe dvslnd cHf Nghel sheth Pés Mdtort he
resistor 12 tg qontr e pul se-w dt h_of th er gnal chan t he
base current of th%e?%n%’ é%' |tr? ?’é ﬁﬁ %asvé%lg‘u% en‘fl‘g'#%

third switchi dgteraipes znecanebeamngeumy dhanggnghehstenndugt svagg. of

the opto-transistor 56, that controls the charging tine of the capacitor 28

to provide pulse-width
9. An electronic ballast circuit according to any one

of Claims 3 to 8, wherein the eighth resistor and the fifth
diode control the minimum pulse-width of the drive signal
when the third semiconductor switching element is almost

fully on.

10. An electronic ballast circuit according to any one
of Claims 3 to 9, wherein the eleventh resistor across the
third semiconductor switching element controls the maximum
pulse-width of the drive signal when the third
semiconductor switching element is almost fully off.

11. aAn electronic ballast circuit according to any one
of Claims 3 to 10, wherein the dimming control circuit can
control a wide range of the 1light output, the dimming
control circuit comprising an opto-transistor and the
control signal input terminals of said opto-transistor.

12. An electronic ballaét circuit according to Claim
11, wherein the input voltage across said control signal
input terminals of the opto-transistor control the base
current of the opto-transistor which controls the base
current of the third semiconductor switching element, and
then modulates the pulse-width of the drive signal.

13. An electronic ballast circuit according to Claim 11
or 12, wherein the dimming control «circuit can be
implemented by providing the voltage across the control

/
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nmodul ation for the_drive signal  thereby controlling the |ight output of
thezl anp. The resistor 12 |s used to set the m ni num brightness of the |anp
and, together mntﬁhkﬁéwr %d to provide al nost |inear nodul ation of
»the | anp bri ght ness oltage fromthe control signal input
termnals 57, 58. Th protectlon circuit conprises a latch
circuit and a current senS|ng circuit. The | atch 15 circuit have a

resistor 9, a silicon controlled- rectlfler 10 and a resistor 11 connected
in series across the capacitor 8. The anod€ of the silicon controlled

rectifier 10 Iél%’ghreft ggpg@ctt%q‘m the %asghgl ﬁoné) CLI aq;SIt%tf%urélpt E%?EPI ng

el ement 17 in oOf atch the ourth swtch el'enen
on stage by prasntfaly a trigger signal to the control electrode of the-
silicon controlled rectifier. The current sensing circuit conprises
a ' _

14. An electronic ballast circuit according to any one

of Claims 3 to 13, wherein the over-current protection
circuit comprises at least a silicon controlled rectifier
and a zener diode is connected to the secondary winding of
the choke transformer that is shared with the second DC

supply.

15. An electronic ballast circuit according to Claim
14, wherein the secondary winding of the choke transformer
is used to supply the power for the driver circuit and
control circuit and to sense the output current.

16. An electronic ballast circuit according to Claim
15, wherein when the output current increases to a maximum
value and the voltage of the secondary winding across the
zener diode reaches its breakdown voltage, the zener diode
starts to ‘conduct and charges up the eleventh capacitor and

_ when the voltage across the eleventh capacitor reaches 'a
firing voltage of the silicon controlled rectifier, the
silicon controlled rectifier conducts and provides a large
base current to turn on the fourth semiconductor switching
element thus fully turning on the third semiconductor
switching element and stopping the oscillation of the
oscillation control circuit.

17. An electronic ballast circuit according to Claim
16, wherein the protection circuit is latched until the
ballast is reset.

’ * c L M S *



capacitor 51, a capacitof 53, a resistor 54 and a seres—eireuit—with the
secondary wi nding 46 of the choke transforner, the diqde 47, a resistor 50,

a zener diode 52 connected in series. The one end of '# et Besn Replaced )i t” j s
eonnected to the termnal B, and the other end of thij H J I t is
connected to the control electrode of the silicon con il er 10

to provide an over-current signal to the latch circuit. The resistor 54 is
connected between the control electrode of the silicon controlled rectifier
and the termnal B is used to protect the28ilicon controlled rectifier

from over-voltage danage. Tk citor, 54 .connected across.the
resistor 54 ié%USed tg“%%§§F5§8“P§eg$§§§§§(ﬁhﬁﬁﬂfﬁ &ﬁFFF@h“an5°o§éFéPi6ﬁ of
the gas di scharyd7l,awpereifihthe apacinum Brreptnvelive bEt eenbahdaahodanof
the zener diog 52e8ndyl Neo 1&EEiMA! thel Hriskidvh Noiddlfe Be dHEYLhEE ToOr
the protection circuit "and to suppress the starting transient tor the
protection ciﬁ&ﬁqg'jThe maxi mum current value is set by selecting the

br eakdown vol tage of the zener diode 52. Wen the voltage of the secondary

wi ndi ng exceeq%.t he brA%akgg\é@t}/.gLiigg%aoflésf{e circuit according to any

preceding claim in combination with a low-pressure mercury
vapour discharge lamp.

A



zener di ode 52, the zener diode 52 becones conducting to provide an
over-current signal to the latch cixrcuit:” The over-current signal then
triggers the silicon controlled rectifier 10 and turns on the fourth
switching el ement 17 16 and the third switching element 20 to stop the
oscillation of the oscillation control circuit. During ignition of the gas
di scharge | anp, the high voltage present across the termnals A and B
charges up the-capacitor 8 of the first Jsupply circuit via the resistor
7. \Wen the voltage across the capacitor reaches about 5 volts, the

| R2155 sel f-oscillating half-bridge driver 31 starts to operate and the
resistive voltage divider sets the m ninum base current to the third

swi tching el e ABSTRAET:ASs a result, the oscillation control circuit
oscillates with the mninmum pul se-width, and the first switching el enent 36

nd th nd sw tching el Loarer P
and the seco q!ASn etlcectrgoneicer{)ea tlaSS‘l: %1%:cueiq:de oerd igniting,

supplying and dimming a gas discharge lamp"-

An electronic ballast circuit for igniting,
supplying and dimming a gas discharge lamp which comprises
an oscillation control circuit, an IR2155 self-oscillating
half-bridge driver, a dimming control circuit, a load
circuit including at least one gas discharge lamp and an
over-current protection circuit, wherein the oscillation
control circuit controls a current through the lamp by
pulse width modulation of a drive signal during a pre-
heating stage and the normal operation to control the
dimming of the gas discharge lamp.

[The Figure]



éltﬁrnatively conducti ng and non-conducting to provide high frequency AC

podver. to the load circuit.

Meanwhi | e the | ower current through the

fhﬁanent el ectrodes 41,42 of the lanp 43 preheats the |anp 43, and then

tehr ough the primary wi nding 45 of the
vottage across the secondary w ndi ng

up the capacitor 48 of the second
vol tage of the second DC supplgy
over the first DC supply to §pp-
DC voltage for the control cif
Meanwhi | e,
i ncreased to a maxi mum val ue
the third switching el
the current through t

the | anmpH
of the Ianp is gradu
dependent on the tije

vol ts.

i ncreased,

hoke transforner provides the
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When t he out put
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‘174he capacitor 19. This ci rcm1§ShadiH facqdr ovi des a soft starqéi{éﬁéﬂé'é

bdl | a REPLACEMENT SBERETSWAYSG! C preheatlng time beforeqPoe
i gnily Da@cri@éﬁl;@g TR pgggf.g-gl ess of the | anp I's cont roI | ed
b Meldﬂﬂd) UK.t QaRdd2BC¢ | nput""t'e. m-res—64-58 .t he

bri ghDraes iﬁﬁb &ﬁg5|ng by decrea5|ng t hEP ﬁ*ﬁbéﬂﬁﬁﬂsss thyeg -
C nq] naI 5&{4 b7,58. The i h.tﬁgggds | s det er m_ne
by the reS|st|3 arae’ or=tneg” oltage di vi de dh re | ----------
agr on roI nput t er m nall® 57, DrE\b L C f°¥f’§6‘érrg§
a ' ok ) : axi mum bri gh E@ ﬁ % tP hrs“ﬁﬁﬁﬁ% £ha)
t he undi nmi rmikmis_ast and t he di mm ng ball as an bui’ Ipfg"(‘}n t-h@mme ..........

circuit board at alnobst no additional cost. Having thus. oescr

enbodi nent

of the P
1. An electronic ballast circuit for igniting,

supplying and dimming a gas discharge lamp which comprises
an oscillation control circuit, an IR2155 self-oscillating
half-bridge driver, a dimming control circuit, a 1load
circuit including at least one gas discharge lamp and an
over-current protection circuit, wherein the oscillation
control circuit controls a current through the lamp by
pulse width modulation of a drive signal during a pre-
heating stage and the normal operation to control the
dhmhgcﬁfﬂegﬁﬁ<ﬁsdnqpiump,sﬁdtﬁxaﬂtcwmmi&£:thtamisaxnd
input terminals (A and B) for connection to a source of DC
voltage; a controlled semiconductor switching element
having a drain electrode, a source electrode and a control

electrode; a IR2155 self-oscillating half-bridge driver’

having an oscillator timing resistor input RT, an
oscillator timing capacitor input CT, a high side floating
supply VB, a high side gate drive output HO, a high side
floating supply return VS, a low side supply VCC, a low
side gate drive output LO and a low side return GND; a
choke transformer having a primary winding and a secondary
winding; first means for connecting first and second
semiconductor switching elements in a first series circuit
across said fifst and second terminals; second means for
connecting one end of a load circuit and one end of a
snubber circuit to a junction point between said first and
second semiconductor switching elements and further

connecting the other end of said load circuit to saiad-

second terminal (B) and the other end of said snubber
circuit to said first terminal (A); said locad circuit
comprising a first capacitor, the gas discharge lamp and a
choke transformer; said snubber circuit having a first
resistor and a second capacitor connected in series; - third
means for connecting the input terminals of a first DC

(O e e romecemern sheet
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i'nvention, it will now be appreciated that the objects of the invention
have been fully achieved, and it will be understood by those skilTed in tThe
art that many changes in construction and widely [ﬂ.k’sﬁeemaggeenm 1aced .
enbodi nment s and applications of the invention wll

wi t hout departing fromthe spirit and the scope of the mm [ﬂ The
di scl osure and description herein are pu@ly illustrati

intended to be in any sense linmting. The Tabl e bel ow gi ves exenpl ary

val ues for the respective conponents of the ballast circuit shown in the
Fi gure: %leﬁ%l?n’@qqgﬂﬁtvaal%e 0SS éﬁlh‘a”?ngétc%%onsaéénd terminals;

Conponent v Capaci
47 uF Capggnﬂnfnpst DC supply 01rcu1t having a segond gresistor and

a third capacitor connected in series; fourth means for

connecting said VCC pin of the IR2155 self-oscillating
half-bridge driver to a junction point of said second
resistor and said-third capacitor of said first DC supply
via a first diode, and then to said second terminal via a
fourth capacitor; and further connecting said GND pin of
the IR2155 self-oscillating half-bridge driver to said
second terminal; fifth means for connecting said VB pin of
IR2155 to said VCC pin of the IR2155 self-—oscil}ai:ing half-
bridge driver via a second diode, and further connec¢ting
said VS pin of the IR2155 self-oscillating half-bridge
driver to a junction point between said first and second
semiconductor switching elements, and then connecting a
fifth capacitor across said VB pin and said VS pin of the
IR2155 self-oscillating half-bridge driver; sixth means
for connecting said HO pin of IR2155 to a control electrode
of said first semiconductor switching element via a third
resistor, and further connecting said LO pin of the IR215§
self-oscillating half-bridge driver to a control electrode
of said second semiconductor switching element via a fourth
resistor; seventh means for connecting one end of a second
DC supply to said VCC pin of the IR2155 self-oscillating
~half-bridge driver, and further connection other end of
~said second DC supply to said second terminal; said second
DC supply comprising a secondary winding of said choke
transformer, a third diode, a fourth diode and a fifth
resistor connecting in series, and a sixth capacitor across
between one end of said secondary winding and a cathode of
said third diode; eighth means for connecting a resistive
voltage divider between said VCC pin of the TR2155 self-
oscillating half-bridge driver and said second terminal;
said resistive voltage divider having sixth and seventh

T L e
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Capacitor 19

g S— 3.3 uF Capacitor 28
680 pF CapaC|tor . 0.1 uF Capacitor 32
0.47 uF Ca pshamasBeenRe laced " ' 1000 pF Capacitor 40
0. 22 uF CapaC|t \ ' y 12 nF Capacitor 48
47 uF Capaci tojj“ 21 10 uF Capacitor 53
4.7 uF Capaci ; 1000 pF Coil 45
1.3 nH C0|I 46 ' 13.7 uH Diode 15, 24 ,21,
49 1 N4148 Di ode 29

UF4004 DiOderéélstors cqﬂyected in series, and $N§%Q%Eﬁ§6Q%%Bc§%or

| R2155 Photo transisto stor
120 KOhm Resparell®el with said seventh resistor; 1 Wgngth means for

connecting a first part of an oscillation control circuit
to said RT pin of the IR2155 self-oscillating half-bridge
driver, and then connecting a second part of said
oscillation control circuit to said CT pin of the IR2155
self-oscillating half-bridge driver, and then connecting a
third part of said oscillation control circuit to said
second terminal, and further connecting a fourth part of
said oscillation control circuit to a junction point of
said resistive voltage divider; said - -oscillation control
circuit comprising a pulse-width limiting circuit, a pulse-
width control circuit and an oscillation circuit; said
pulse-width limiting circuit having an eighth resistor and
a fifth diode connected in series and then connected in
parallel with a ninth resistor; .said pulse-width control
circuit having a sixth diode, a third semiconductor
switching element and a tenth resistor connected in series
and then connected to an eleventh resistor in parallel with
an emitter electrode and a collector electrode of said
third switching element; said oscillation circuit having
a twelfth resistor and an eighth capacitor connected in
series; tenth means for connectihg one end of said pulse-
width 1limiting circuit to said first part of said
oscillation control cifcuit and then connecting the other
end of said pulse-width 11m1t1ng circuit to one end of said
pulse-width control circuit and one end of said oscillation
circuit, and then connecting a collector electrode of said
third semiconﬁuctor switching element to a junction point
of said oscillation circuit and to the second part of said
oscillation control circuit, and then connecting the other
end of said pulse-width control circuit and the other end
of said oscillation circuit together to the third part-.of
said oscillation control circuit, and further connecting a

-
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"Resistor 11 ' 2.2 KOhm Resi st orThisgheet Has Been Replaced
180 KOhm Resi stor 13 47 KOhm
48. 7 KOhm Resi st or 18 301 KOnh

1.5 KOhm Resi st or 22 4.7 KOhm Resi stor
56 KChm Resi st or

t 27
45 3 KChn1ﬁ@§?%t%f %ﬁgode of said third semlconducéﬂ% gﬁ%%%n]RESIS or 34

100 KOhm Reiwattir f3Ft of said oscillation control aqixewddnm mrAgeventh 38

10 Chm Resi st Ofs 58or connecting one end of a dimmitfy Kédnurdasicitenies

6.8 KChm SRC 10 MORLO 1si stor, 17 (Cﬂ)

2N3904 Tr an%qsq&urmyle@;)o:mt of said resistive vO %’sz‘;' el s Efio .

37 (Ql, @)then connecting the othRE83hd of said dimming control
circuit to said second terminal; said dimming control
circuit comprising a thirteenth resistor and an opto-
transistor connected in series, a ninth capacitor across
the base electrode and emitter electrode of said opto-
transistor, and a fourteen resistor connected in series
with an opto-diode of said opto-transistor; twelve .means
for connecting one end of a protection control circuit to
a junction point of said first DC supply,’and connecting
the other end of said protectlon control circuit to said
second terminal; said protection control circuit having a
fifteenth resistor, a silicon controlled rectifier and a
sixteenth resistor connected in series, and a tenth
capacitor connected in parallel with the sixteenth resistor
and a fourth semiconductor switchiﬁg element with a base
electrode connected to a junction point of said sixteenth
resistor and said silicon controlled rectifier, and a

collector electrode connected to the base electrode of said
third semiconductor switching element; thirteenth means
for connecting one end of a current sensing circuit to a
control electrode of said silicon controlled rectifier and
other ‘end to a junction point of said third diode and said
fourth diode; said current sensing circuit comprising a
seventeenth resistor, a zener diode and an eighteenth
resistor connected in series, and an eleventh capacitor
connected'parailel with said seventeenth resistor 'and a
twelfth capacitor connected between a junction point of
said zener diode and said eighteenth resistor.

2. An electronic ballast circuit according to Claim 1,
wherein said oscillation control circuit comprising a
pulse-width limiting circuit, a pulse-width control circuit
and an oscillation circuit.

THis is the replacement sheef
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Zener di ode 1 N9728 19 CLAIMS: 1. An
el ectronic ballast circuit for igniting, supplying and dLnnLng—a—g&s———————

di scharge lanp, the circuit conprising: an oscillation control CIrCUIt g
self-oscillating half-bridge driver, a dimmng control CI “”
circuit including at | east one gas dlscﬁérge | anp and an m
protection circuit, wherein the oscillation control C|rcu

current through t he | anp by pul se width nodul ation of a drive signal durlng'
a preheating stage and normal operation to control the dimmng of the gas
di scharge | anp; wherein said circuit conprises: first and second i nput
termnals (A and B) for connection to a source of DC voltage; a controlled

seni conduct or §VMtCh|nﬂneEQEE€£oH§¥'Bﬂlﬁaéiaéfkéﬂ€€ﬁiﬁﬂﬁd1ﬂ SQBrgﬁg
el ectrode and 7a, control, electrode; | R2155 sel f-osci | Iatlngghal rldgé

driver having th&ﬁﬁqIeh%w°§?%ﬁ}ﬁf¥%%l%?%Fr?ﬁpﬁ%rﬁﬁltaﬁfOE | BARGErPhATNg
capaci tor inpubaClast hephcaite domatoly Bhepl pu¥YBe-aibicsh 6f dargat grgyikve

output HO a hEQGngld%hE % "¥e third semiconductor switching element.

4. - An electronic ballast circuit according to Glaims
1 to 3, wherein the off-time of the drive signal is fixed
by the ninth resistor and twelfth resistor and the eighth
capacitor. '

3, An electronic ballast circuit according to any one
of Claims 1. to 4, wherein the tenth resistor is placed in
parallel with the eighth capacitor to control the off-time
to near the fixed value during the starting stage.

6. An electronic ballast ciécuit according to any one
of Claims .1to 5, wherein the on-time of the drive signal
can be varied by the third semiconductor switching element
and the sixth diode by setting the base current of the
third semiconductor switching element through the resistive
voltage divider.

7. An electronic ballast circuit according to any one
of Claims 1 to 6, wherein the value of the sixth resistor
and seventh capacitor in the resistive voltage divider
determines the preheating time during the starting stage.

8. An electronic ballast circuit according to any one
of Claims 1 to 7, wherein the eighth resistor and the fifth
diode control the minimum pulse4width of the drive signal
when the third semiconductor switching element is almost
fully on.

This is the replacement shest
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supply return VS, a |low side supply VCC, a |ow side gate drive output LO
and a |low side return GND; a choke transformer having a prinary W ndi ng and

a secondary winding; first neans for connecting firstraRfecsB5%th Replaced
sem conductor switching elenents in a first series ci r m'l ﬂmm’h

first and second term nals; second mean€% or connectin e | oad
circuit and one end of a snubber circuit to a junction sai d
first and second sem conductor switching el enents and further connecting.
the other end of said |load circuit to said second termnal (B) and the

ot her end of said snubber circuit to said first termnal (A); said | oad
circuit conprising a first capacitor, the gas discharge | anp and a choke

t ransf or ner; snubgstrb 31 U|t h Vl?ﬂ 20 resi;stor and a
second capaC|to -connedYeglertigpigsha ??B ﬁ%ﬁﬂglFoPCESHﬁéﬁglﬁ@ 2R¥ PRPut
term nal s of aoffi cCdaibE€ suppl §,cwhenelnathesslevedthi kesiaRdrs&evdds the

Lo oo ks LeRECBHRRLEOR! LOVLLY I B0eReRPCRBALEETESLAL 800 iR,

third capacitor cONnec In seri connect
pin of the | R2PS3sseiwidddei | P4t | n'ghehal friviedges tighedr twhen| utdie onthbrat

of said second sre%ﬁlcsrﬁu@aa% it dniingd cd@Rankt 95 Fhmd fulingt of¢.Supply

via a first di ode, and

10.. An electronic ballast-circuit according to any one
of Claims 1 to 9, wherein the dimming control circuit can
control a wide range of the 1light output, the dimming
control circuit comprising an opto-transistor and the
control signal input terminals of said opto-transistor.
11. An electronic ballast circuit according to Claim
10., wherein the input voltage across said control signal
input terminals of the opto-transistor control the base
current of the opto-transistor which controls the base
current of the third semiconductor switching element, and
then modulates the pulse-width of the drive signal.

12. An electronic ballast circuit according to Claim 10
or 11, wherein the dimming control circuit can be
implemented by providing the voltage across the control

-signal input terminals of the opto-transistor by remote
control.

13, An electronic ballast circuit according to any one
of Claims 1 to 12, wherein the over-current protection
circuit comprises at least a silicon controlled rectifier
and a zener diode is connected to the secondary winding of
the choke transformer that is shared with the second DC
supply.

This is ths replacemant sheet
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' then to said second terminal via a fourth capacitor; and further connecting |
‘said GN\D pin of the I R2155 self-oscillating half-bridge driver to said

second termnal; fifth neans for connecting said r}@aﬁgemagheénlﬁzg;&%dt o-said

VCC pin of the IR2155 self-oscillating half-bridg second
di ode, and further connecting said VS pin of the | }EHMELEH | lating
hal f-bridge driver to a junction point,getween sai cond

sem conductor switching el emrents and t%en connecting a fifth capacitor
across said VB pin and said VS pin of the IR2155 self-oscillating

hal f-bridge driver; sixth nmeans for connecting said HO pin of IR2155 to a
control el adtrode ah sAiettiriordic Sei tastducti peudbi tadktiongl iglenent ctadma third

resi stor, further gconn | i d. | n_pf e 5 el f.-oscillating
hal f - bri dgeei%gr‘f'f\vll/éelrre%% éh%o%%%'{’]&aeﬁsgcv?lr'téd}e&%fogaﬁigsgéﬁé g'é%’f‘g%ﬁﬁﬂgf or

swi t chi ng dbemsed via suppdyt thespover; foavebhé ddverf wironifecandg one
end of a s spral sghds¥hEePtReObutbat! BRlente!l f- oscillating
hal f-bri dggsﬁggsgrc,c gn§l¥ur5tﬂﬁer cgnnegti ns tHeBot her end of said second DC
supply to said second term nal; said second DC supply conprising a

secondary i ndi ng @ah SAldkbtaheke tsRTE S NMeircaithigcddididry eof euptif di ode
and a fi ftﬂsresi stor_connecting in seri citor .between

ies, and.a sixth capa
one end ofl4 s BHSEEHR RSN (FIG ARG UEEeRbABNGFERSFE ER PAPAXABED of ght h
nmeans for vaﬂmecainldg_tmer e&ls:talg\ee qfolt;r@ges@qnwy beimé;’angsabdob’@Ctpie_n of
the IR2155,56LE-g §§%{e£ééeﬂgs hat § -Bridogodhi vE81¢2gd, sehd $8GRRd 44 8ET nal ;

sai d resis%lve VO
starts to conduct and charges up the eleventh capacitor and

when the voltage across the eleventh capacitor reaches a
firing voltage of the silicon controlled rectifier, the
silicon controlled rectifier conducts and provides a large
base current to turn on the fourth semiconductor switching
element  thus fully turning on the third semiconductor
switching element and stopping the oscillation of the
oscillation control circuit.

16. " An electronic ballast circuit according to Claim
15, wherein the protection circuit is latched until the
ballast is reset.

17. " An electronic ballast circuit according to Claim 15 .

. or 16, wherein the maximum current value of the ballast can
be set by selecting the breakdown voltage of the zener
diode.

18. An electronic ballast circuit according to any
preceding claim in combination with a low-pressure mercury
vapour discharge lamp.

“!I‘“cl “ll“ I“'!‘ “ILI “ |!|| This is the replacerment &
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di vi der-shavi ng sixth and seventh resistors connected in series, %dloagg']—'é
seventh capacitor in parallel with said seventh resistor; ninth mezicé or
ntrol circuit to .said

i n
rdge—doiver.and then

connecting a first part of the oscillation co
of the I R2155 self- 21 oscillating half-br
connecting a second part of said oscillation
of the IR2155 self-oscillating half- bridge df
third part of said oscillation control 1@irecui
further connecting a fourth part of said osci
junction point of said resistive voltage divi
circuit conprising a pulse-width limting cir
circuit and an oscillation circuit; said pu

| R tDrawi
(el Abs

havi ng an eighth resistor and a fifth di ode

t ont REBPLACEMENT SHEEI&B d @E p| 5
i B} Descriptibnt paged
[ JEClaini(s) se:qﬁ tl@rtmﬁ@éd DEIC

S
cui t, apuls d'thc

Shbutit, 210 %epe,

ooooo

connected in parallel with a ninth resistor;

discharge lamp, the circuit comprising:

Triresore

said pul se w dt h control
circuit havi nQLAIMStth diode, a third sem conductor sw tching elenment and a
tenth resistor connected in series and then connected to an el eventh
resistor in parallel with an emtter electrode and a collector electrode of

said third swtching elenent; said oscillatign circuit, having a twelfth
resistor and hn  An electronic ballast circuit for igniting, supplying and dimming a gas

an oscillation control circuit, a self-oscillating half-bridge driver, a

dimming control circuit, a load circuit including at least one gas discharge lamp

and an over-current protection circuit, wherein the oscillation control circuit

controls a current through the lamp by pulse width modulation of a drive signal

during a preheating stage and normal operation to control the dimming of the

- gas discharge lamp;

wherein said circuit comprises: first and second input terminals (A and

B) for connection to a source of DC voltage;

a controlled semiconductor

switching element having a drain electrode, a source electrode and a control

electrode; a IR2155 self-oscillating half-bridge driver having an oscillator

timing resistor input RT, an oscillator timing capacitor input CT, a high side

floating supply VB, a high side gate drive output HO, a high side floating

supply return VS, a low side supply VCC, a low side gate drive output LO and

a low side return GND; a choke transformer having a primary winding and a

secondary winding; first means for connecting first and second semiconductor

switching elements in a first series circuit across said first and second

terminals; second means for connecting one end of the load circuit and one end

of a snubber circuit to a junction point between said first and second

.semiconductor switching elements and further connecting the other end of said

load circuit to said second terminal (B) and the other end of said snubber circuit

to said first terminal (A); said load circuit comprising a first capacitor, the gas

discharge lamp and a choke transformer;

* c L L] L] *

said snubber circuit having a first
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ei ghth eapacitor connected in series; tenth nmeans for connecting one end of
said pulse width limting circuit to said first part of said oscillation
control circuit; and then connecting the other end of said pul se-width
limting circuit to one end of said pulse-width control circuit and one end
of said oscillation circuit, and then connecting a collector el ectrode of
said third sem conductor switching elenggt to a junction point of said
oscillation circuit and to the second part of said oscillation control
circuit, and then connecting the other end of said pulse-wi dth control
circuit and tresistirierd ®setonil capacitersconneateddn series;uithird myeink dor tonndutinighi r d
part of said oscillation control _circuit, and further connecting a base

el ectrode of theiiapuhiterminalsi efoadiinst HC suppbn circuitt arsogso saidnfipss randosecondd

i i ng. cont rGPaAls o i%eid it PUCEEPR GEAHE havings GoroRd SErigr A Acbind
dimi ng_ cont rEfE 3t it
o sal ' secorfLRaies RApIcldfiy' Arick; KSeifRbals (9L hrisplIik BELd" OIC Bl 6t

thirteenth r eRHSY sélfdséiflafifp didlRbHUEE Ariveptocs ljgfictich g»giﬂteéf said" séddnd

capacitor across the base eleCtrode and emtter électro of sai

opt ot r ansi st aresistordamd saidr thérdn¢apacito2 8f said first DC supply via a first diode, and
then to said second terminal via a fourth capacitor; and further connecting said
GND pin of the IR2155 self-oscillating half-bridge driver to said second
terminal; fifth means for connecting said VB pin of IR2155 to said VCC pin of
the IR2155 self-oscillating half-bridge driver via a second diode, and further
connecting said VS pin of the IR2155 self-oscillating half-bridge driver to a
junction point between said first and second semiconductor switching elements
and then connecting a fifth capacitor across said VB pin and said VS pin of the
IR2155 self-oscillating half-bridge driver; sixth means for connecting said HO
pin of IR2155 to a control electrode of said first semiconductor switching
element via a third resistor, and further connecting said LO pin of the IR2155
self-oscillating half-bridge driver to a control electrode of said second
semiconductor switching element via a fourth resistor; seventh means for
connecting one end of a second DC supply to said VCC pin of the IR2155 self-
oscillating half-bridge driver, and further connecting the other end of said
second DC supply to said second terminal; said second DC supply comprising
a secondary winding of said choke transformer, a third diode, a fourth diode
and a fifth resistor connecting in series, and a sixth capacitor between one end
of said secondary winding.and a cathode of said third diode; eighth méans for
connecting a resistive voltage divider between said VCC pin of the IR2155 self-
oscillating half-bridge driver and said second terminal; said resistive voltage
divider having sixth and seventh resistors connected in series, and a seventh
capacitor in parallel with said seventh resistor; ninth means for connecting a

first part of the oscillation control circuit to said RT pin of the IR2155 self-
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resi stor connected’in series with an opto-di ode of said optotransistor;

twel fth neans for connecting one end of the protection circuit to a
junction point of said first DC supply, and connecting the other end of
said protection circuit to said second termnal; said protection circuit
having a fifteenth resistor, a silicon controlled rectifier and a sixteenth
resi stor connected in series, and tentfy capacitor connected in parallel
with the sixteenth resistor, and a fourth sem conductor sw tching el ement

wi th a base el ectrode connected to a junction point of said sixteenth

resi stor andoscillgtisg | halpbridget drivérgcande he i mneatlnlgaa csgicbnd t parteof csaidbde

connected to the base el ectrode of said third d hi

el enent ; t hi oscilation reeatrol fcncuiftonsaidi G mlnéogsﬂgemgﬁgik §Pﬁ£‘?ﬁ° ﬁaét HCEQI Rg‘f'
circuit to a,cqontrol el ectrode of said 0 [ . fi

ot hgr end tob Eﬁsﬁﬂgﬂ’% ﬁ?cﬁﬁn%%"@*lm% #&3&%6&1 g xf%' nf rey
sai d current _sen In t f(ﬁfrﬁl

di ode and ant%Fﬂatsggﬂ‘%m St %‘rgﬂncomecf&g&%ﬁﬁgea?l es, gﬁglogtr?g{e g\e;celﬂt

capaci tor COE&?&&F% a{tatd%d Widions PorhtSeF GaidqBsibtive siokage , dividerg tsudd f t h
capaci tor connecte betmeen JUﬂCtIOﬂ poi nt of said zener diode and said

ei ght eent h r es¢itlation cdntrol circuit eompoising aapulsetwidih dunmngccwcmt,ng pasel ai m
1, wherein the oscillation control circuit, of, the el ctro c..ball ast it
circuit cont mitlth condrqligircuitand:an. %Cl]tlﬁh;oluﬁlf%t»sﬁg‘ﬁé? $9TVg é’n‘ ugang sregt

sem conduct o svm t chi enent )
accordin gt 0 gppgc%ﬁb rre?léﬁollh axm,] @r ! e(iloﬁctt rgorﬂn%cgﬁl %ﬁfi Ssten%'sr&ﬁﬁ tthen

connected in parallel with a ninth resistor; said pulse width-control circuit

-~

having a sixth diode, a third semiconductor switching element and a tenth
resistor connected in series and then connected to an eleventh resistor in
parallel with an emitter electrode and a collector electrode of said third
switching element; said oscillation circuit having a twelfth resistor and an -
eighth capacitor connected in series; tenth means for connecting one end of
said pulse width limiting circuit to said first part of said oscillation control
circuit; and then connecting the other end of said pulse-width limiting circuit
to one end of said pulse-width control circuit and one end of said oscillation
circuit, and then connecting a collector electrode of said third semiconductor
switching element to a junction point of said oscillation circuit and to the
second part of said oscillation control circuit, and then connecting the other end
of said pulse-width control circuit and the other end of said oscillation circuit
together to the third part of said oscillation control circuit, and further
connecting a base electrode of said third semiconductor element to the fourth
part of said oscillation control circuit; eleventh means for connecting one end
of the dimming control circuit to a junction point of said resistive voltage
divider, and then connecting the other end of said dimming control circuit to
said second terminal; said dimming control circuit comprising a thirteenth
resistor and an optotransistor connected in series, a ninth capacitor across the

base electrode and emitter electrode of said optotransistor, and a fourteenth
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the-off-tinme of the' drive signal is fixed by the ninth resistor and twelfth
resistor and the eighth capacitor. 4. An el ectronic ballast circuit
according to any preceding claim wherein the tenth resistor is placed in
parallel with the eighth capacitor to control the off-time to near a fixed
val ue during a starting stage. 23 5. An el ectronic ballast circuit
accordi.ng to any preceding claim whereipn the on-tinme of the drive signal
can be varied by the third sem conductor switching elenent and the sixth

di ode by setting the base current of the third sem.conductor sw tching
el ement t hr ourgisistorecomnected e semés ag’dl ah \aptierdiods: of saidnoplotransistars twelfitnst
circuit according to any precedi ngi z%tg] wherei n the, val ue of .the sixth
resi stor and BeB%for capnecting one, cnd o §|E‘PF%°9&1¥°A’©UQ1?\JPBE‘FO‘HGH%TFWﬁes

ci roui t accor e, Dbn S, ST it B ocber snd AEsBGibleoh, IR,

the fifth diogdg ﬁsgabxa' teliifnall nﬁgdgpm&afoﬂwc%&toh%ﬁggl?rﬁﬁeexﬁ]%%eis%%

the third semco SW t chi ~etenment 1s alnos I'y on. _
el ectroni c basilissh controlled révtifivt dnda sivteenth wsBt@Gomeclediimseribs)rd@idtenth

capacitor connected in parallel with the sixteenth resistor, and a fourth
semiconductor switching element with a base electrode connected to a junction
point of said sixteenth resistor and said silicon controlled rectifier, and a
collector electrode connected to the base electrode of said third semiconductor
switching elemént; thirteenth means for connecting one end of a current
sensing circuit to a control electrode of said silicon controlled rectifier and
other end to a junction point of said third diode and said fourth diode; said
current sensing circuit comprising a seventeenth resistor, a zener diode and an
cighteenth resistor connected in series, and an’eleventh capacitor connected
parallel with said seventeenth resistor, and a twelfth capacitor connected

between a junction point of said zener diode and said eighteenth resistor.

2. An electronic ballast circuit according to claim 1, wherein the oscillation
control circuit of the electronic ballast circuit controls the pulse-width of the

drive signal through the third semiconductor switching element.

3. An electronic ballast circuit according to any preceding claim, wherein
the off-time of the drive signal is fixed by the ninth resistor and twelfth resistor
and the eighth capacitor.

4, An electronic ballast circuit according to any preceding claim, wherein
the tenth resistor is placed in parallel with the eighth capacitor to control the

off-time to near a fixed value during a starting stage.
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t he. el eventh resistbr across the third sem conductor sw tching el enent
controls the maxi num pul se-wi dth of the drive signal when the third

sem conductor switching elenent is alnost fully off. 9. An el ectronic
ball ast circuit according to any preceding claim wherein the di nm ng
control circuit can control a wi de range of |ight output the dinmmng
control circuit conprising an opto-trangistor and the control signal input
termnals of said opto-transistor. 10. An electronic ballast circuit
according to claim9, wherein the input voltage across said control signal
i nput terni naﬁs of Amheledpomctb@hst strouut @omndmg tm@nlaap:ecctdmg shaing fwhéerein
opt o-transi st whi ¢h. cont r ol he b rent i.rd semi conduct or

swi tching el € nPn"tﬁﬁﬁ ol &he rGenduciar | |

he di mmi ng cORLFBRBTpRER 3d 4 e'oéf @%‘eﬁ e%%é@? b?%”h@ﬂ?ﬁt&ﬁm%%?'”

acr0ss the coglsRnaheBRwithitis ek @hf‘fh!réu e 1RsRAVE vbItaEe iRidér, by remot e

control . 12. ectronlc ast circurt according to any precedlng
claim wherein

6. An electronic ballast circuit according to any preceding claim, wherein
the value of the sixth resistor and seventh capacitor in the resistive voltage

divider determines the preheating time during a starting stage.

7. An electronic ballast circuit according to any preceding claim, wherein
the eighth resistor and the fifth diode control the minimum pulse-width of the

drive signal when the third semiconductor switching element is almost fully on.

8. An electronic ballast circuit according to any preceding claim, wherein
the eleventh resistor across the third semiconductor switchjng element controls
the maximum pulse-width of the drive signal when the third semiconductor

switching element is almost fully off.

9, An electronic ballast circuit according to any preceding claim, wherein
the dimming control circuit can control a wide range of light output, the
dimming control circuit comprising an opto-transistor and the control signal

input terminals of said opto-transistor.

10. An electronic ballast circuit according to claim 9, wherein the input
voltage across said control signal input terminals of the opto-transistor control
the base current of the opto-transistor which controls the base current of the
third semiconductor switching element, and then modulates the pulse-width of

the drive signal.
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the over-current protection circuit conprises at least a silicon controlled
rectifier and a zener diode is connected to the secondary w nding of the
choke transforner that is shared with the second DC supply. 13. An

el ectronic ballast circuit according to claim 12, wherein the secondary

wi ndi ng of the choke transfornmer is used to supply the power for the

hal f-bridge driver and control circuit 2and to sense the output current. 14.
An el ectronic ballast circuit according to claim 13, wherein when the

out put current increases to a maxi numval ue and the voltage of fthe,
secondary wi Adi ngAdt elestronite ballastrcipruil acoardmge o cfaim, Seg &Mﬁ/ﬁﬁ%‘h@éﬂ t he

zener diode starts to canduct. and charges he el.qy h Ltor d
when the vol %@’%F%@gﬁﬂﬁm@ ARt HR 3%&%',' %Dq)f)y PE%‘@&%%%%@?@&% aét?asg; ifseé of
the silicon . : |f | ddt6Wars kil er conduct s
and provi desggﬁﬁéﬁgléﬁ%alégﬁ%%%atg ?gﬂtﬁu&rﬂ%son t'@#%%ﬁﬂot&gﬁh@muct or
swtching elenent thus fully turning on the third sem conductor swtching
el ement and stopping the oscillation of the oscillation control circuit.

15. An el ed2r oniAn blectranic baltasticircuitascdiding to anygimeceding ohior, ewhereine
protection circuit is latched until,the ballast is reset. 16. An

el ectroni ¢ b#he versurtent (protestion; AICRIS amprses, ap least awﬁi“’@ﬂn copolledi mum

current val ue_ gfe the PaLLAS! 5580 SomElonl 1o Bl BobRlaly Wil S SERHE ctiBké 2e

transformer that is shared with the second DC supply.

13. An electronic ballast circuit according to claim 12, wherein the
secondary winding of the choke transformer is used to supply the power for the
half-bridge driver and control circuit and to sense the output current.

14. . An electronic ballast circuit acéording ‘to claim 13, wherein when the )
output current inéreases toa maximuni value and the voltage of the secondary
winding across the zener diode reaches its breakdown voltage, the zener diode
starts to conduct and charges up the eleventh capacitor and when the voltage
across the eleventh capacitor reaches a firing voltage of the silicon controlled
rectifier the silicon controlled rectifier conducts and provides a large base
current to turn on the fourth semiconductor switching element thus fully turning
on the third semiconductor switching element and stopping the oscillation of

the oscillation control circuit.

15. An electronic ballast circuit according to claim 14, wherein the

protection circuit is latched until the ballast is reset.

16.  An electronic ballast circuit according to claim 14 or 15, wherein the
maximum current value of the ballast can be set by selecting the breakdown

voltage of the zener diode.

.
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25 47 « An electrohic ballast circuit according to any preceding claim in
conbination with a | ow pressure nercury vapour discharge |anp.

25

17. An electronic ballast circuit according to any preceding claim in

combination with a low-pressure mercury vapour discharge lamp.
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