-1-- DESCRI PTI ON ELECTRONI C BALLAST, LI GHTI NG DEVI CE HAVI NG THE ELECTRONI C
BALLAST, AND LI GHTI NG SYSTEM W TH THE LI GHTI NG DEVI CE TECHNI CAL FI ELD The
~present invention irs directed to an el ectronic ballast” using an-inverter

to operate one or nore discharge lanps,y a lighting device and a lighting
system wusing the same. BACKGROUND ART Cenerally, an electronic ballast for
a dirscharge lanp includes a chopper for power converting a DC voltage
rectified froma comercial power source, and an inverter which receives

an out put power fromthe chopper hi gh frequency power to the
di scharge |l anp. The ballast is COP%%}?E&M@ regul ate the output power
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- BACKGROUND ART
Generally, an electronic ballast for a discharge lamp includes a chopper

for power converting a DC voltage rectified from a commercial power source, and
an inverter which receives an output power from the chopper to supply a high
frequency power to the discharge lamp. The ballast is configured to regulate the
output power from the chopper in response to varying power requirement on the
side df the discharge lamp, i.e., vary a switching frequency of a switching
element constituting the chopper so as to regulate the output power of the
chopper in match with the discharge lamps of different power requirements.

| However, in a circumstance where power requirement of the discharge
lamp will vary to a greater extent, for instance, where there is seen a
considerable load power difference between conditions of operating a single
discharge lamp and a plurality of discharge lamps, it becomes necessary to
change an inductor constituting the chopper in accordance with the power
requirement. For instance, as shown in FIG. 2, when operating the two
discharge lamps of 45 W rated power, the operating frequency of the switching
element of the chopper sees a maximum difference of about twice that for

operating a single discharge lamp at respective source voltages. Under such




operating a single discharge | anp at respective source voltages. Under such
-2- circunstance, due to a restriction on the chopper in regulating its
output power, it is likely that the operating fréquerncy of driving the
chopper's switching element or an O\period of the switching el ement goes
out of a controllable range given by an integrated control circuit of the
chopper. For exanple, when the discharge lanp requires a |ess power, the
operating frequency of the chopper's switching elenment becones

Vol tage. euEriICe KEBeH PdioR b EFERHEREEL Iy Bl PRSP HORRL L o use
1 cquencye 1657 et 58| onghattie Beaensdlatiotu RESHa Bl o ABREEL P2, o1

scheme will _suffer froma. shortage of the chopper ,oytput power even by
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difficult to provide the power required by the inverter. Consequently, the
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single discharge lanp and the multiplicity of the lanps. This poses a
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DI SCLOSURE OF THE I NVENTION In view of the above problem the present
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single circuit deSign which covers a situation where there is a |arge |oad
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within a low range. However, as the load power increases, such scheme will
suffer from a shortage of the chopper output power even by increasing the
ON-period of the switching element, thereby making is difficult to provide the

| power required by the inverter. Consequently, the single ballast is practically
impossible for selectively operating the single discharge lamp and the multiplicity
of the lamps. This poses a problem that individual designs are necessary to
make individual choppers in accordance with the power requirement on the side
of the discharge lamp or lamps, and further with the use of inductors of different
inductance.
- DISCLOSURE OF THE INVENTION
In view of the above problem, the present invention has been
accomplished to provide an electronic ballast of a single circuit design which
covers a situation where there is a large load power variation from a single-lamp
~operationto a multiple-lamp operation.
The electronic ballast in accordance with the present invention is

configured to operate at least one discharge lamp, and includes a rectifier for

rectifying an AC voliage to give a DC voltage, a chopper including an inductor, a




configured to operate at |east one discharge |anp, and includes a rectifier
for rectifying an AC voltage to give a DC voltage, a chopper including an
“inductor; a -3="Tapacitor and a switching el enent” which is controlled to
repetitively interrupt the DC voltagegfromthe rectifier through said

I nductor to develop a constant DC voltage across the capacitor, an

i nverter including at |east one swtching elenent which is controlled to
turn and off at a suitable switching frequency so as to convert the DC

vol tage fr sonant
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flowng into the resonant circuit and to vary the switching frequency of
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keepi ng an output power applied to at |east one discharge lanp at the

target pgwssnaWdiruitméudingaraagasior ahtien frisecapadtior dpal Heing cohfiguredipo esent
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di scharge [ anp, an I ng the out power in match with the power
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configured to designate a target power in match with a power requirement
determined by the at least one discharge lamp, and an inverter controller
configured to monitor a resonant index indicative of a resonant current flowing
into the resonant circuit and to vary the swiiching frequency of said inverter in a
feedback manner based upon the resonant index for keeping an output power
applied to at least one discharge lamp at the target power.

With this arrangement, the electronic ballast of the present invention
makes the feedback control based upon the resonant current through the
resonant circuit for regulating the output voltage fed to the discharge lamp, and
keeping the output power in match with the power requirement on the side of the
load. Thus, there is no need to regulate the output voltage from the chopper,
which enabling the single lamp operation as well as the multiple-lamp operation
with the electronic ballast of an identical circuit design.

The electronic ballast of the present invention may include a temperature
sensor configured to detect an environmental temperature. In this instance, the

inverter controller is preferably configured to vary the switching frequency also




with the electronic ballast of an identical circuit design. The el ectronic
bal | ast of the present invention may include a tenperature sensor

configured to detect an environmental “tenperature.; Inthis instance; " the "

inverter controller is preferably confijgured to vary the switching
frequency al so -4- based upon the enV|ronnentaI tenperature for keeping the
out put power applied to at |east one discharge |amp at the target power.

In view of that the discharge |anp requires a power which varies with the

envi r onngnt .0
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di scharge | anp across the first capacitor. Wth the use of thus configured
resonant stabledamp dperakompissassvired by regudetion of hespgipehpowendependngt he

out put power in match with the |l oad for assuring nore stable discharge

| anp opengiomothe drivirbhatentdintempevatuter control l er may be configured to vary
the swwtching frequency wthin a predeterm ned range which varies with the
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as deflne above an east one discharge lanp, and also a
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connected in series with at least one discharge lamp across the first capacitor.
With the use of thus configured resonant circuit, it is possible to make a
consistent control of the output power in match with the load for assuring more
stable discharge lamp operation.

Further, the inverter controller may be configured to vary the switching
frequency within a predetermined range which varies with the power requirement.
This arrangement enables a consistent output control depending upon the load |
for stable lamp operation.

The present invention further discloses a lighting device equipped wri_th
the electronic ballast as defined in the above and at least one discharge lamp,
and also a lighting system including a plurality of the lighting devices and a
controller configured to manage the lighting devices.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a circuit diagram illustrating an electronic ballast in accordance with a
first embodiment of the present invention;

FIG. 2 is a graph illustrating a problem associated with prior art technique of

varying a chopper frequency depending upon the number of the discharge lamps;




BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a circuit diagramillustrating

an electronic ballast in accordance with a first enbodi nent of the present

“invention; FI'G™ 2-is a graph illTustrating a problem associated with prior’
art technique of varying a chopper frgquency dependi ng upon the nunber of
the discharge lanps; -5 11 FIG 3 is acircuit diagramillustrating
anot her socket applicable to the above electronic ballast; FIG 4 is a
circuit diagramillustrating a further socket applicable to the above

oper at i nd 1Pt adn it Bregram BySvahaF dabinsh ShORn RV v e T
of dlffer%%é ratﬁd” wers; FIG 6 is a graph iIIustratlng variation of the

i nverter equency of the above electronic ballast with varying
environmental temperature; FIGS. 7 and 8 are perspectiye vi evvs illustrating

a |i ght i AGddvis aciichiiliagrant likgtrating:a dwaher sqdket paplicabinlg heraboygy FiG o

Is a schematic viewillustrating a lighting system using the above |ighting
devi ces; abESoMODbEll#FR CARRYI NG OUT THE | NVENTI ON First enbodi nent
Referring nowto a circuit diagramof FIG 1, an explanation is nade to an
el ect r onikiGb8lik asdraph ilastatidg vadation bf ahéndartes topendiodj frequerdy ofitbepr esent

I nvention. The electronic ballast is designed to operate two series

connect ecihdivedadtethic bames it disoliargedampadbfiditdrirtesited pbiees; 10, a
rectifier circuit 20, a chopper 30,
FIG. 6 is a graph illustrating variation of the inverter operating frequency of the
above electronic ballast with varying environmental temperature,
FIGS. 7 ahd 8 are perspective views illustrating a lighting device incorporating
the above electronic ballast; and
FIG. 9 is a schematic view illustrating a lighting system using the above lighting
devices;
BEST MODE FOR CARRYING OUT THE INVENTION
First embodiment
Referring now to a circuit diagram of FIG. 1, an explanation is made to an
electronic ballast in accordance with the first embodiment of the present invention.
The electronic ballast is designed to operate two series connected discharge
lamps La1 and La2, and includes a filter 10, a rectifier circuit 20, a chopper 30,
an inverter 60, a chopper controller 40, an inverter controller 70, and a resonant
circuit 80 connected to the inverter 60. The electronic ballast has its circuit
ground Gnd connected to a ground earth E/G through a capacitor 12.
AC voltage from a commercial voltage source is converted through a
filter 10 and the rectifier circuit 20 of diodes into a pulsating DC voltage. The

pulsating DC voltage is supplied to a smoothing capacitor C4 through an inductor

T1 and a diode D1 through an on-off operation of a switching element Q1 of the




an inverter 60, a chopper controller 40, an inverter controller 70, and a
resonant circuit 80 connected to the inverter 60. The el ectronic ball ast
~“hasits circuit —ground Gnd connected to a ground earth E/ G through a
capacitor 12. AC voltage froma comerg al voltage source is converted
through a filter 10 and the rectifier circuit 20 of diodes into a

pul sating DC voltage. The pulsating DC voltage is supplied to a snoothing
capacitor C4 through an inductor T1 and a diode 101 through an on-off
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devel op a ner al constant DC voltage acro noot hi n capacitor. C4. The
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swi tching elenents 02 and 03 of inverter 60 into a high frequency power
suppl i ed Gapactepf4nt circuit 80. Resonant circuit 80 is conposed of an

I nductor T2, capacitors C7 and C8 to have its output ends connected to

di schar ge | anpsThe BIC powlet Biom ehappes3@ds|comyertedithrovghlcxpoti opesatinpisiafd wi t h
the high frequency power which is determ ned by a conposite inpedance of

resonant switohing tel@beatsd QG sraiQe dfaimpertenl6tunintol a2highnfteglisncyp pavwer
on-of f operation of switching elenents 02 and 03 Al though a socket is

confi gur efl,pplic@PRErasendMircuR 800" iRkSsorRAN eRtEid 80ds sohficded ¢fars iriucigtown i n
FIG 1, the socket may be configured, as shown in FIGS. 3 and 4,
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frequency power which is determined by a composite impedance of resonant
circuit 80 and discharge lamps Lal and La2, and also by the on-off operation of
switching elements Q2 and Q3

Although a socket is configured to operate the two series-connected
discharge lamps as shown in FIG. 1, the socket may be configured, as shown in
FIGS. 3 and 4, respectively for single-lamp.operation and muttible-lamp
operation.

Inverter controller 70 includes a control integrated circuit 1C2 for
controlling to make a high frequency on-off operation of switching elements Q2
and Q3 of inverter 60. Further, inverter controller 70 is configured to set a target
power determined by the rated power of the discharge lamp and the number of
the lamps used. That is, inverter controller 70 includes a power regulating
circuit 72 for setting a basic operating frequency of switching elements Q2 and
Q3 to develop the target power, and a feedback control circuit 74 for adjusting
the output power in match with the target power. Feedback control circuit 74 is

configured to detect a resonant current flowing through resonant circuit 80 to

make the feedback control of the output from inverter 60 based upon the




and 03 of inverter 60. Further, inverter controller 70 is configured to set
a target power determ ned by the rated power of the discharge |anp and the
nunber of the |anps used. That is, inverter controller 70 includes a power
regulating circuit 72 for setting a hgsic operating frequency of sw tching
el ements 02 and 03 to develop the target power, and a feedback control
circuit 74 for adjusting the output power in match with the target power.
Feedback control circuit 74 is configured to detect a resonant current
flow ng t ant circuit 80 to neke the feedback control of the
out put fﬁgégﬁﬂgééﬁgﬁnﬁo based upon the -7- resonant current.. Now, a brief

explanation is de r : €S, ' r hopper
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20, while inductor T1 is connected in series wth swtching el ement 01
across t H¥0 srosRosadief ipdueter il capacitor Ghwwbiehing elapest @ acd i s connect ed
in series with diode D1 across snoothing capacitor QL so as to accunul ate
the snoarhecthdg cagacitge Cahr GiapacitheCdris ebfinegiedaidross ofitpshiendshiohg el enent

01, and give the snoothed DC voltage as an output from chopper 30. A

current reeliffrtam whiledhdtctor R is sonnectedtiedeties withawitohirigelement Gof
swi tching el enent 01. Chopper controller 40 is provided to give an optinum
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equi valent to a general chopper controlling I'C "MC32262", avail able from
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structure o e contro nown and i s not nentioned in

detail h%rﬁooth@ﬁ%@o!t&gg EHrSLgﬁ 1Rk 33l 8Peration of switching element Q1, and

- give the smoothed DC voltage as an output from chopper 30. A current
detection resistor R1 is connected 1o a source terminal of switching element Q1.

Chopper controller 40 is provided to give an optirhum operation of
switching element Q1, and has the configuration basically equivalent to a general
chopper controlling IC "MG32262", available from Motorola Inc for use as a
power factor improving circuit (PFC). The structure of the controlling IC is
already known and is not mentioned in detail here. Instead, a brief explanation
is made to external components for the controlling integrated circuit IC1.

No. 1 pin (output voltage feedback terminal) of controlling integrated
circuit IC1 is adapied to receive smoothed output voltage Vde divided by a series
circuit of a variable resistor VR1 and a resistor R11 connected in parallel with
smoothing capacitor C4. |

No. 2 pin {error amplifier output/ compensation términal) is connected to
a parallel combination of capacitor C15 and resistor R14.

No. 3 pin {multiplier input terminal) is adapted to receive a pulsating

voltage of chopper input voltage (voltage across capacitor C3) divided by




I's made to external conponents for the controlling integrated circuit |Cl.
No. 1 pin (output voltage feedback termnal) of controlling integrated
circuit IClL is adapted to receive snoot hed out put voltage Vdc divided by a
series circuit of a variable resistor.g/RL and a resistor Rl1 connected in
parallel with snoothing capacitor C4. No. 2 pin (error anplifier output/
conpensation termnal) is connected to a parallel conbination of capacitor
Cl5 and resistor R14. No. 3 pin (multiplier input termnal) is adapted to

capact tor ea O T Hne 1P, 348 17 el PRl B ol ol G4 PR AT T2, 4 1

capaci tor_Cl4 iﬂ @arallel with resistor RIO. No. 4 pin (current detection
I nput terrﬁﬁﬁgﬂr) 1 adapted to receive a voltage across resistor Rl through
resistor R13 for detecting the current flow ng. through sw tching el enent
01, and is cond¥tbBin GUEHERhERIECHQR '@M%@P'&Pﬁé‘? a%oteﬂégirg@%vems. No. 5
pin (zero-current detection input term nal%ai s connected to receive an
out put f rupliageasnery sesigtornRib ghsughrresisiarR1A fartteieeiing e airent Rowindr
detecting a zero-cross of the current flow ng through inductor T1l. No. 6
pi n ( gr othrbughr switching elencemtr@t,t &t isccarinected toga capacitari@ilé plerallél joi n
(output termnal) is connected to a gate termnal of switching elenent 01
t hrough rresistsrdq@e3.R3 and R4 for driving switching el ement 01. No. 8 pin
(power voltage terminal) is connected to receive a voltage Vcc of a power
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an output from secondary winding of inductor T1 through resistor R12 for
detecting a zero-cross of the current flowing through inductor T1.

No. 6 pin (ground terminal) is connected to circuit ground Gnd.

No. 7 pin (output terminal) is connected to a gate terminal of switching
element Q1 through resistors R3 and R4 for driving switching element Q1.

No. 8 pin (power voltage terminal) is connected to receive a voltage Vee
of a power source for the control circuit, which voltage is divided by resistors R20
and R21 and smoothed by capacitor C13 and stabilized by zener diode ZD1.

With this configuration, the controlling integrated circuit IC1 detects the
pulsating voltage input to chopper 30 based upon the input to No. 3 pin, the
smoothed output voltage from chopper 30 based upon the input to No.1 pin, the
current flowing through switching element Q1 based upon the input to No. 4 pin,
and the current flowing through inductor T1 based upon the input to No. 5 pin for
controlling the operation of switching element Q1 to develop a predetermined
output DC voltage.

Inverter 60 receives the DC voltage developed across the output ends of

chopper 30 (smoothed DC voltage Vdc across capacitor C4) to develop the high

frequency AC output. Switching element Q2 has its drain connected to the




Wth this configuration, the controlling integrated circuit 1Cl detects the
pul sating voltage input to chopper 30 based upon the input to No. 3 pin,
the snoothed output voltage from chopper 30 based upon the input to No.1
pin, the current flow ng through sw tehing el enment 01 based upon the input
to No. 4 pin, and the current flow ng through i nductor T1 based upon the
input to No. 5 pin for <controlling the operation of switching el enent 01
to devel op a predeternm ned output DC voltage. Inverter 60 receives the DC
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ground Gid. Gates of switching elenments 02 and 03, and an output end of
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has the structure basically identical to a general controller 1C "L6574"
with an iemcbofpoverterds®pre adnmecied dorpiveftee conlralidratl.e from
STMrcroel ectronics. The structure is known and is not explained here in

detail. | nstedfaverterddritfoliex pb dastthe Birvcture baisioadlp identiexsl orageneiponent s
for the controller integrated circuit IC2. No. 1 pin (preheating tine
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connected to a capacitor Cl7, while no. 2 pin (preheating frequency
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Instead, a brief explanation will be made to external components for the controller
integrated circuit IC2.

No. 1 pin {preheating time setting capacitor terminal) of controller
integrated circuit IC2 is connected to a capacitor C17, while no. 2 pin (preheating
frequency setting resistor terminal} of controllier integrated circuit 1IC2 is
connected to a resistor R17. Capacitor C17 and resistor R17 give a time
constant which determines a preheating frequency.

No. 3 pin (lighting frequency setting capacitor terminal) of controller
integrated circuit 1C2 is connected to capacitor C18, while no. 4 pin (lighting
frequency setting resistor terminal) of controller integrated circuit IC2 is
connected to a variable resistor VR2 and a resistor R22. Capacitor C18,
variable resistor VR2 and resistor R22 give a time constant which determine a
lamp operating frequency. Thus, controller integrated circuit 1C2 is cooperative
with capacitor C18, variable resistor VR2, and resistor R22 to define power
regulating circuit 72 which determines the target power supplied to the discharge

lamp, i.e., basic operating frequency. The target power (basic operating

frequency) can be regulated by varying the resistance of variable resistor VR2.




constant which determ nes a preheating frequency. No. 3 pin (lighting
frequency setting capacitor termnal) of controller integrated circuit |IC2
is connected to capacitor Cl18, while no. 4 pin (lighting frequency setting
resistor termnal) of controller integggted circuit 1C2 is connected to a
vari able resistor VR2 and a resistor R22. Capacitor C18, variable resistor
VR2 and resistor R22 give a tinme constant which determine a |anp operating
frequency. Thus, controller integrated circuit IC2 is cooperative wth

capaci tor C18, def | power
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03 of i N\V@&3 béinvelter 80dand no/ 7 pimis sorcwrhed teerbceiver 2 veltage fronoVeage from Vec
di vided by variable resistor VR3 and resistor RL5 which are connected in
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connected between no. 5 pin (incorporated operational anplifier's output
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diode D4 and resistor R23 is connected between no. 4 pin (lighting frequency
setting resistor terminal) and no. 5 pin (incorporated operational amplifier's output
terminal) so as to determine the lamp operating frequendy based upon the output
level of the operational amplifier. That is, the operational amplifier incorporated
in controller integrated circuit 1C2 is cooperative with resistor R21, diode D4,
capacitor C19, and resistor R19 connected respectively to no.5 pin, no. 6 pin,
and no. 7 pin of controller integrated circuit 1C2 to define the feedback control
circuit 74, which varies the operating frequency of switching elements Q2 and Q3
‘based upon the value of resonant current flowing into the resonant circuit 80
(equivalent to the current flowing through resistor R2) in order to make the
feedback control of keeping the output power being supplied to discharge lamps
La1 and La2 in match with the target power. No. 8 pin and no. 9 pin of
controller integrated circuit IC2 are abnormality detection terminals, of which
application is not deemed necessary.

No. 10 pin (ground terminal) of controller integrated circuit IC2 is

connected to the circuit ground Gnd.




in controller integrated circuit IC2 is cooperative with resistor R21,

di ode D4, capacitor Cl19, and resistor R19 connected respectively to no.5
pin, no. 6 pin, and no. 7 pin of controller integrated circuit I1C2 to
define the feedback control <circuit 74¢.which varies the operating
frequency of switching elenents @ and 03 based upon the val ue of resonant
current flowing into the resonant circuit 80 (equivalent to the current
flow ng through resistor R2) in order to nake the feedback control of
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controller intﬁ rated circuit 1C2 is connected to the circuit ground Gid.
o110 Y SWIEChEGelemaE@3wi t ching el ement driving signal output terminal)
of controller integrated circuit 1C2 is connected through resistors R7 and
R to gate of N tZRim@onies seHicelowekdermipabioh coplsoliar intedrated coweit
termnal) of controller integrated circuit 1C2 is connected to Vcc. No. 14
pi n (uppd€2dsicoahedtgddbalfmmt Niby.itvi pig (Bppeaswitchahg elementdrMrapsighar m nal ) is
connected to a node between a source of switching elenment 2 and a drain
of sw t chrefegente voidgdferniieal) Ecaninectedizea nede thebvegn alsonecd ofiswitching si gnal
output termnal) of <controller integrated circuit 1C2 is connected through

resi st or iépeptth2ind 8 diaheof sHlitchiMd slaiihi@®ement 02. Capacitor C20 is

connected between no. 16 pin (upper switching el enment driving power

termnal) of cqpsr{¥ i (uppeFSWRtiAg iéhEht diiving dffhal Butptttdthinal) of
controller integrated circuit 1IC2 is connected through resistors R5 and R6 to gate
of switching element Q2.

Capacitor C20 is connected between no. 16 pin (upper switching element
driving power terminal) of controller integrated circuit IC2 and no. 14 pin.

With this arrangement, the controller integrated circuit 1IC2, upon being
energized, drives switching elements Q2 and Q3 at preheating frequency for
preheating time respectively set by controller integrated circuit IC2 to turn on the
discharge lamp. After the discharge tamp is turned on, the feedback control
circuit 74 receives a signal representing the current flowing through switching
element Q3 to modify the operating frequency of inverter 60 based upon the
lighting frequency set by the power regulating circuit 72 fo obtain the output
power in match with the target power.

The electronic ballast of the present embodiment includes, in addition to
the resonant circuit 80, a preheating circuit 90 for preheating filaments of the
discharge lamps. The resonant circuit 80 includes a series combination of a

resonant inductor T2 and a resonant capacitor C7 connected across the output

ends (Vs-Gnd) of inverter 60, and a DC blocking capacitor C8 connected in




Wth this arrangenent, the controller integrated circuit | C2, upon being
energi zed, drives switching elenents 02 and 03 at preheating frequency for
preheating time respectively set by controller integrated circuit I1C2 to
turn on the discharge |anp. After theqalischarge lanp is turned on, the

f eedback control circuit 74 receives a signal representing the current
flowing through swwtching elenment 03 to nodify the operating frequency of
i nverter 60 based upon the |I|ighting frequency set by the power regul ating
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el ectronic enbodi es, ftion to the

resonant circui .80 a.preheating circuit.90 r e | i nts of
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of a resonant .jnduyctor T2 apnd a, resonant capacitor C7 connected across the
out put %H?SM@-’GE’HY‘%F%?P Pd*keeﬁ"sﬁ}@rgﬁ amgsggr%%mgi%pwaggiﬁ ‘Pfgr C8
~connected in -12- with discharge |anps Laii and La2 across capacitor C7.

| nduct or inerig®0 veganstitule Faseqosd resopamistiiouilt e Thefqapaeity eioneint circuit .
Capacitor C8 is connected in series with inductor T2 and the di scharge

| anps acoapacitereCoho papacitat LBis setraseCTerC80 to constitute a second
resonant circuit. The capacity ratio of capacitor C7/ to capacitor C8 is
set as C7 < C8Prehedrad cincuit90 noliidé¥a resdnahe induct@st8)antapavitoc C&; T3, a
capacitor C6, and a switching elenent 04 with a primary w ndi ng of

resonant dngdsivREhihg el SrPBREQUSKitRaMPsary Wihaitger rebsi@ftindikiopEgween Vs -
Gnd) through capacitor C6 and switching elenment 04. The di scharge | anps

Lal and )l?%gmnﬁgﬁéﬁgésd?g%é ?WHéﬁiﬁb%ieHehﬁd%r(bétvF&}P%t—%d)etﬁﬂﬁ@hi ifatitbP the two
C6 and switching element Q4. The discharge lamps La1 and La2 have their
unshared filaments connected respectively to the two secondary windings of
resonant inductor T3 trough capacitors C9 and C11. Another secondary
winding of rescnant inductor T3 is connected to shared filaments of discharge
tamps La1 and La2 through capacitor C10.

. The resonant circuit 80 functions differently depending upbn the function
of inverter 60. The resonant circuit 80 gives a resonant curve, as shown in FIG.
5 which is given for two kind of discharge lamps A (FHF32-32W rated power) and
B (FL40ss/36 — 40W rated power).

Until turning on the lamp on after being energized, the inverter controller
70 causes inverter 60 to switch the operating frequency from a preheating mode
(and starting mode) to a lighting mode (frequency being determined by a
minimum frequency fmin and regulated by feedback control circuit), thereby
lighting the discharge lamps. After lighting the lamp, the feedback control circuit
74 varies the operating frequency of inverter 60 based upon the current flowing

through switching element Q3 (equivalent to the current flowing into resonant

circuit 80). Thus, the operating frequency of inverter 60 varies by Af for the




resonant inductor T3 trough capacitors C9 and Cl1. Another secondary

wi ndi ng of resonant inductor T3 is connected to shared filanments of

di scharge lanps Lai and La2 through capacitor Cl10. The resonant circuit 80
functions differently depending upon the_function of inverter 60. The
resonant circuit 80 gives a resonant curve, as shown in FIG 5 which is
given for two kind of discharge | anps A (FHF32-32Wrated power) and B
(FL40ss/ 36 - 40Wrated power). Until turning on the |lanp on after being

ener gi zedy | : a L averdar -6 ] t he
operati ngd'?éﬁekggé%rﬁb%?g%ﬁggpé@tg{qnﬁg&ﬁ%dgggﬁgh@ 'gtht?'t ?h%etrrr%bo‘gyé@g{ba

l'i ghting de . (frequency being. deterni,ned b m ni.oum frequency fnn and
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| anps. After lighting the |anp,, the feedback control circujt 4 varies the
oper at i nPM¥JQ h@?'ﬁﬂhafgﬁ/mn& 'WQ%S%PQJWBH the, eatgd Moxvar ther '-ngX|59hrough
switching el ement 03 (equivalent to the current flow ng into resonant
circuit 8when thausumbpeeobiher dischaygedampe mbpnges, the deedbackocondiol sscwy 741 f or
the -13- discharge lanps A and B of different |oads, as shown in FIG 5,

t her eby \atytogarytthe operating reqeenaoofrinserterdhdépernding\ipon toe devel bb provi de
t he opti mum out put power to the discharge | anps in accordance with the

rated povhe cuReheflowind into thevesohast ¢itoutetheveby ivird) hehautgeat pewpsinchanges,
t he feedback control circuit 74 acts to vary the operating frequency of

i nverter RgicAsRantHe@rg@PbwdieddieMfinediby po\eeregURIhg diRYit2. i nto the

resonant- circuit, thereby giving the output power in- nmatch with the target
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therefore avoid undue increase of switching loss at each of switching elements
Q2 and Q3.

As is explained in the above, the feedback control of inverter 60 is made
to obtain optimum output power depending upon the load power requirement
such that the chopper 30 can be only required to regulate basically for providing
a constant output voltage. With this result, even in a situation where the load
power varies considerably, for example, due to varying number of the lams, itis
only required to regulate the frequency within the operating frequency range
{(operating frequency range of switching element Q1) of the chopper 30 defined
by the controller integrated circuit 1C1 used in chopper controller 40, thereby
eliminating the need of altering the circuit configuration of chopper 30 itself and
realizing that the electronic ballast of the single circuit design can cover the
different load power.

Although the llustrated embodiment utilizes the source resistor of

switching element Q3 for detection of the resonant current flowing into the

resonant circuit 80, any other equivalent scheme may be utilized for the same




t herefore avoid undue increase of swtching | oss at each of sw tching
elements 02 and 03. As is explained in the above, the feedback control of
inverter 60 is nade to obtain optinum output power dependi ng upon the | oad
power requirenment such that the choppef-30 can be only required to

regul ate basically for providing a constant output voltage. Wth this
result, even in a situation where the | oad power varies considerably, for
exanpl e, due to varying nunber of the lans, it i only required to

t is
regul ate eq gl Dltl.ll(ijglc, | ing
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control |l er int ted cirguit, |Cl used | hopper._controll.er, 40, thereby
o 1'm nat APIEF Gasandre Hithsi diSaniRan B R BBRRadtk AT e chopper 30
itself and reali zimgq:éhft the el ectronic ballast of the single circuit
desi gn cAHNTAERMEATIR £ erent | 0ad power. Al though the illustrated
enbodi nent utilizes the source resistor of swtching elenent 03 for
det ection of tHarfesolhenpresart embodimsntisciides atamperatyneerffieiertui t 80,
any ot her equivalent schene may be utilized for the sane -14- purpose. For
exanpl e, rasistorpks i(thermistor mhich ist adddchap adcempenatuesn sendutio ahsariegh
capacitor C7 can be utilized as equivalent to the resonant current in the

ar r angengasistdr riét®ork chmpbdbed of tduistor R4 5randeverizileveadistonVR3degive a
tenperature coefficient resistor TC (therm stor) which is added as a

t enper at yeRereRES 9bltade B HRY feB8bacicebmtd cireait ¥4 df iIvRsRARMtreller £8ift Or R1S5
and variable resistor VR3 to give a reference voltage to the feedback

icont rol Grlgtid chﬂRQﬁsétQ‘fSF edRite\Rlriagbn Hoe tb%haﬂbg%”f ehoirGRmRRRsat e for
npedance vari atioh due to change of environmnent al
temperature for keeping the constant output power.

When the discharge lamp sees impedance variation due to the change of
the environmental temperature, i.e., the environmental temperature becomes low
or high from an optimum temperature (25 °C, for exémple), the feedback control
circuit 74 acts to shift a curve of indicating the output power in relation to the
operating frequency towards a lower frequency by Af, as shown in FIG. 6, thus
cbmpensating for AW and providing the output power in match with the target
power set at the power regulating circuit 72.

Although the present embodiment illustrates the use of separate
controller integrated circuits respectively for chopper controller 40 and inverter
controller 70, it is equally possible to use an one-chip integrated circuit combining
these controller integrated circuit.

FIGS. 7 and 8 show one example of a lighting device incorporating the
above-described electronic ballast for the discharge lamp. The electronic ballast
is realized by the above-mentioned various electronic components mounted on a

printed circuit board 110, and is accommodated within a case 100 to be supplied

with AC power at input terminal 120. The case 100 is provided on its bottom




tenperature for keeping the constant output power. Wen the discharge | anp
sees i npedance variation due to the change of the environnental
tenperature, i.e., the environnental tenperature beconmes low or high from
an optimum tenperature (25 C, for exanpge), the feedback control circuit
74 acts to shift a curve of indicating the output power in relation to the
operating frequency towards a | ower frequency by Af, as shown in FIG 6,
thus conpensating for AWand providing the output power in match with the
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enbodi ment trates the use epar at rol'ler n Circuits
respectively, for ch er,controller 40 and inverter <controller 70, it is
equal l'y ;ﬂf@kﬁ?@ﬁefq@g@ tgﬁ SBH%etéhi p integrated circuit conbining these
controller integrated circuit. FIGS. 7 and 8 show one exanple of a lighting
devi ce i ncor pord Rgeats & Jabiiag ausier wIHo A RIS LBAICHRIGRER: he

di scharge | anp. The electronic ballast is realized by the above-nentioned
vari ous elevicasohiandsbmesagingsdenics Meaawppad with hurean getealion sessets and, and
is acconmmpdated within a case 100 to be supplied wth AC power at input
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managenment with realization of energy-savings. -16- Clains 1. An electronic
bal | ast for operating at | east one discharge | anp, said ball ast

conprising: a rectifier configured to rectify an AC voltage to give a DC
vol tage; a chopper including an inducteg, a capacitor and a sw tching

el ement which is controlled to repetitively interrupt the DC vol tage from
the rectifier through said inductor to devel op a constant DC voltage
across said capacitor; an inverter including at |east one sw tching el enent
which is folled to turn and off at a suitable switching frequency so
as to convert said DC voltage fromsaid chopper into a high frequency AC
vol tage, a resonant circuit including an inductor and a first capacitor and
bei ng configured to resonate said high frequency AC voltage to develop a

resonated | t age obe plied to at | east gne discharge | for
operati ng -t Hi SRt balest BEoeraingaal least oo lscherg B Pa Rk bBtast
configured to designate a target power in match with a power requirenent
determ né@nwl%%ﬁld at | east one discharge |l anp; and an inverter controller
configured to nmonitor a resonant index indicative of a resonant current
flowi ng i nto sa redtifiencenfigured tuiactibnan AC valtggestai give ai DChioltggef r equency of
said inverter in a feedback manner based upon said resonant index for

keepi ng an out puthgppezincipgingemnh indusier,da aipidtias andreswitsihgreimeattp at said
target power. 2. An electronic ballast as set forth in claim1l, further
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through said inductor to develop a constant DC voltage across said capacitor;

an inverter including at least one switching element which is controlled to
turn and off at a suitable switching frequency so as to convert said DC voltage
from said chopper into a high frequency AC voltage,

a resonant circuit including an inductor and a first capacitor and being
configured to resonate said high frequency AC voltage to develop a resonated
AC voltage to be applied to at least one discharge lamp for operating thereof;
wherein said ballast includes:

a power adjustor configured to designate a target power in maich with a power
requirement determined by said at least one discharge lamp; and

an inverter controller configured to monitor a resonant index indicative of a
resonant current flowing into said rescnant circuit and to vary said switching
frequency of said inyerter in a feedback manner based upon said resonant index

for keeping an output power applied to said at least one discharge lamp at said

target power.

2. An electronic ballast as set forth in claim 1, further including:

a temperature sensor configured to detect an environmental temperature,




said inverter controller being configured to vary said switching frequency
al so based upon said environnental tenperature for keeping said output
power applied to said at |east one discharge |anp at said target power. 3.
An el ectronic ballast as set forth in.gfaim1, wherein said resonant
circuit conprises a first resonant circuit conposed of said inductor and
said first capacitor connected in series across an output of said inverter,
and a second resonant circuit conposed of a second capacitor connected in
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conprising a plurality of said lighting devices as defined in claimb5, and
a controller configured to nanage said |ighting devices.

3. An electronic ballast as set forth in claim 1, wherein

said resonant circuit comprises a first resonant circuit composed of said inductor
and said first capacitor connected in series across an output of said inverter, and
a second resonant circuit composed of a second capacitor connected in series

with said at least one discharge lamp across said first capacitor.

4. An electronic ballast as set in a'ny one of claims 1 to 3, wherein
said inverter controller is configured to vary said switching frequency within a

predetermined range which varies with said power requirement.

5. A lighting device comprising said electronic ballast as defined in any one of

claims 1 to 3, and said at least one discharge lamp.

6. A lighting system comprising a plurality of said lighting devices as defined in

claim 5, and a controller configured to manage said lighting devices.




