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 is directed to an, el ectronic ballast using an
inverter to operate one or nore discha}bé | anps, a lighting device and a
i ghting systemusing the sane. BACKGROUND ART General ly, an

el ectronic ballast for a discharge | anp includes a chopper for power
converting a DC voltage rectified froma comrercial power source, and an
i nverter which receives an out put HoReRIPFEMNt he chopper to supply a high
frequency power to the discharge |anp. The ballast is configured to

regul at e EDECIRGNIC BAMATT, ditHTdNEWDENGCE HAVESGoNdE BEIEVGAROMIE power
requi renent on the side of the discharge lanp, i.e., vary a switching

f requencyBRELASTWANIN L NGHFINGESYSTENSWITHE THE LIS TUNGPPEVIOE as to regul ate
t he out put power of the chopper in match with the di scharge | anps of

di f f er entTpORIICASOHIE gyENT S. However, in a circunstance where
power req&?réﬁﬁﬁr_ﬁf_rhé discharge lanp will vary to a greater extent, for
| nstance, wher opddpr&.dit iREHoR i ORSLARBN PoleRfBnRWRIacHLL Bl ARG REF veen
conditions of operating a single discharge |lanp and a plural Fty of

di scharge | anps, it becones necessary to _cf e an.induct or. nstituting
the_ chopaerHaTatE.Bop AL BB ER e TRERRSY = BT Cearies 5 < liabfar shbteh
shown in FIG 2, when operating the two discharge | anps of 45 Wrated

power, tHHSIRBEIREAME: frequency of the switching el enent of the chopper sees
a maxi nrum di fference of about twi ce that for operating a single discharge

lamp at rRBAPKEROGENYAMEE vol tages. Under such

Generally, an electronic ballast for a discharge lamp includes a chopper

for péwer 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 requiremenf on the
side of 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




- 2 - circunstance, due to a restriction on the chopper in regulating its
out put power, it is likely that the operating frequency of driving the
chopper's switching el enent or an C]\l-peréod of the switching el ement goes
out of a controllable range given by an" Thtegrated control circuit of the
chopper. For exanple, when the di scharge | anp requires a | ess power, the
operating frequency of the chopper's switching el ement becomes considerably
high, resulting in an excessively high chopper output voltage. In order to
avoi d t hi sCipisBstante; dusig apestipberyph tae cheppeidntreguiadingils eutautpevent
great inductance for the chopper to keep the operating frequency within a
| ow r ange. isHikebiat thesopérating dequewey of ddviegdbe cheppér's siviakingidlément ber
froma shortage of the chopper output power even by increasing the

ON-peri od gh OMpesioticfthe gwittkingrdlemehtgedy oubit agohtoktitiié irangé givenmnovi de
the power required by the inverter. Consequently, the single ballast is

practical | yn Eﬁ'f@ﬁ?a‘ié@'c@nfrérclﬁﬁﬂlt%tthé %hﬁpﬁ@ter ?dr@(ah’ﬁlﬂes\lvﬁgh ehélureharge | anp
and the nultiplTcity of the lanps. This poses a probl em that individual

Cooe ™ o B ERARES (s Fikfor 4 dictifiha FRANBREP of heACHABHAS ikl | 1e
Y“NtvENtTP%N“S'%m"efm'qréﬁgﬁfe%&?soafsﬁ%b'aﬁu@%tfs%ﬂ MR S TR

been accon&llshed to provi ge an el &ctronl ba | ast of a s[|a le circuit

desi gn whi @¥PEbYRIFAgE, s'PtQE £ Gravaid this Prhlem, é“HaYQPg‘BOP% P Q&SRat i on
froma si n%l e-lanp operation to a multiple-lanp operation. The
el ect r oni cthgdnfdgtor phoegat dndusiarcenior the geopperderitesprifiempesating freaweneir ed

to operate at | east one discharge | anmp, and includes a rectifier for
rectifyi ngwininAClovotangge tHoweves, as e losidt payeer incrsasppesudmatheieagvithn

i nductor, a - 3 - capacitor and a switching el enment which is controlled to
repetitiveduffarftam mghortdye dGheahbpger duipot pbwer evéen biyéncrichsimgothesai d

i nductor to develop a constant DC vol tage across the capacitor, an inverter

i ncl udi ng @N-p&FSd oPthRe SMtAHIRG BEned RN BRIre hidkingisClifficUuR b @do\h@e ks N and
off at a suitable switching frequency so as to convert the DC voltage from

the chopbegol s iy HearbiarRey Aonkehlanty, tRoirfié BAMRIS pPAdHEAI

i ncluding an | n ctor rirst capacitor ‘and bel ng config
ot MG G VR PR F Rt 1o
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.
- DISCLLOSURE 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
operation to a multiple-lamp operation.
The electronic baltast in accordance with the present invention is
configured to operate at least one discharge lamp, and includes a rectifier for

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




The feature of the electronic ballast resides to include a power adjustor
configured to designate-a target power in match wth a power requirenent
determ ned by the at |east one discharge |anp, and an inverter controller
configured to nonitor a resonant index ihdi cative of a resonant current
flowng into the resonant circuit and to vary the sw tching frequency of
said inverter in a feedback manner based upon the resonant index for

keepi ng an output power applied to at |east one discharge |anp at the

t ar get povgapacitor and agwitching sleinentweinh s conrelled tecrepedtivelpdntersipt Bfe t he
present invention nakes the feedback control based upon the resonant
current thDGugiitagedroratbe aedtifier trrough fsaid inelgotoxtto migvelop acopstenyDIG age f ed
to the discharge | anp, and keeping the output power in match with the power

requi r enenjoligel dtoss dee ehpddier| AtmvelBrmhclidieg et igashenBesdichfhg Sewiatite the
out put voltage fromthe chopper, which enabling the single |anp operation

‘as wel | asyhiah i8Wbhiralicd (c2n APEGH AA stdtle SMCRIrRrHEQAcy R haws of an

identical circuit design. The el ectronic pr esent

i nvention inel C j n

envi ronnmenta éﬁ;@%@%@%@%ﬁ@%&%ﬁbﬁ@g@ﬁ @@ﬂf&%\%rﬁc&ﬁ@é@ﬁ%% %'Pd s
preferably configured .to vary the swtching frequency also - 4 _- based
Cbon the. dRsPRBHArRLE: inSuiBialar el el & e sBHE S AT Beipaas Ty & o
at | east one discharge |Lanp at the target power. In view of that the

di schar ge "EaApaiethgitigh freayeiey A\%Y‘HWQ%JPKE%’SWR% resenatadiAbNatagato be
tenperature, nore stable |anp operation is assured by regulation of the

out put povailigdderrlilerst @perdisehargaJamp feraperating thericaf.ur e.

Preferably, the resonant circuit includes a first resonant circuit conposed

of the inductor Emlfaaierd ofrthe eleqinriic ballasimesides do inclsde ageovwas raafigstan
out put of said inverter, and a second resonant circuit conposed of a second

capaci t or gopfigeeddtd desigeaices targéipawer ipanbtchneitit avwesrgequiremener oss t he
first capacitor. Wth the use of thus configured resonant circuit, it is

possi bl e tqxiaRied HOhS RSt FRIVIESarak 1AM, AR R INDOMEF cdritrdiBFCh Wi th the
| oad for assuring nore stable discharge |anp operation. Furt her,

the invericgerid & tehitdPy Bets fiﬁcﬂé%iﬁﬂicraﬂv%%{fﬁg&%@néﬂi‘é&mrﬂﬁoﬁfi uency

within a pr term ned range varies wt wer requirenent. This

21 angerte il SRR ESn At ARt V2HY BHE SRRBNHG rlRRRRY P dakiRUeRBE £20 T or

stable | a

feedback manner based upon the resonant index for keeping an output power
applied to at [east 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




The present invention further discloses a lighting device equipped with the
el ectronic ball ast--as defined in the-abeve-and at least one discharge- | anp; -
and also a lighting systemincluding a plurality of the Iighting devices
and a controller configured to manage the™ 1 ghting devices. BRI EF
DESCRI PTION OF THE DRAWNGS FIG 1 is a circuit diagramillustrating an
el ectronic ballast in accordance with a first enbodi ment of the present
invention; FIG 2 is a graph illustrating a problem associated with prior
art techni aa%e%ﬂpoaﬂlw ﬁ@wépmﬂ@m@éterﬂp%r@y@'ﬁcfyr Hepringithg oyl Raveramied of
the discharge lanps; - 5 - FIG 3 is acircuit diagramillustrating
anot her sotﬂ@tleapmme:dbbbam lamy alibedarged pomeni cirbdemast thaFth@ discharge
circuit diagramillustrating a further socket applicable to the above
el ect r oni cldpap requires a power which varies with the environmental temperature, more
stable lamp operation is assured by regulation of the output power depending
upon the environmental temperature.
Preferably, the resonant circuit includes a first resonant circuit composed
of the inductor and the 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 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 [amp operation.
The present invention further discloses a lighting device equipped with
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;




FIG 5 is a graph illustrating variation of an inverter operating frequency
-of the above electronic ballast--wi-th discharge |anps of differing rated
powers; FIG 6 is a graph illustrating variation of the inverter operating
frequency of the above electronic ballast with varying environnental
tenperature; FIGS. 7 and 8 are perspective views illustrating a |ighting
devi ce incorporating the above electronic ballast; and FIG 9 is a
schematic view illustrating a |lighting system using the above |ighting
devi ces; BEKT 345 cireyit ciaramit SN anathEsAqkekiaPpligable o in abave
Referring nowto a circuit diagramof FIG 1, an explanation is nmade to an
el ect r oni celeatrbnictballasticcor dance with the first enbodi ment of the present

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

connect ed HIGchw geirbaitpingtah itusdrdting, a further sobketespplichbld ®©rthéGbove
rectifier circuit 20, a chopper 30, an inverter 60, a chopper controller
40, an inveekfbnieWHiket:l er 70, and a resonant circuit 80 connected to the

i nverter 60. The electronic ballast has its circuit ground Gnd connected to

a ground egjd s [ LgtdpiPia5t AP Pacto ok inverter operating frequency of the

above electronic ballast with discharge lamps of differing rated powers;
FIG. 6 is a graph illustrating vaﬁation of the inverter operating frequency of the
above electronic ballast with varying environmental temperature;
FIGS. 7 and 8 are perspective views illustrating a lighting device incorporating
the above electronic ballast; and
FIG. 9 is a schematic view ilfustrating 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 reciifier circuit 20, a chopper 30,
an inverter 60, a chopper controller 40, an inverter controller 70, and a resonant
circuit 80 connected to the inverier 0. 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 puisating 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




AC voltage froma comercial voltage source is converted through a filter
"+10 and the rectifier circuit 20 of diodes into a pulsating DC voltage. The
pul sating DC voltage is supplied to a snpothing capacitor C4 through an

i nductor Ti and a diode D1 through an on-off operation of a sw tching

el ement 01 of the - 6 - chopper 30. The on-off timng of swi tching el enent
01 is controlled by chopper controller 40 to devel op a generally constant
DC vol tage _across t hi ng acitor CA. The DC power from chopper
30 1 convehobe aouthe R ARGHpEewiingrelament fng cardining GYCEhamer0s
of inverter 60 into a high frequency power supplied to resonant circuit 80.
Resonant cFPakiphergd0ii® denploped aenenally nennatant DG volisgei aoressCImanthiag t o
have its out put ends connected to discharge | anps Lal and La2. Discharge

| anps Lal esapacit? C.e supplied with the high frequency power which is
determ ned by a conposite inpedance of resonant circuit 80 and di scharge

| anps Lal and LaZhedr@ paiao fiyn cheppear 88 is eperaiddihreligts ohisthbpsraBbRgRAL S

@ and B Al t hough a socket 1s configured to operate the two
seri es- conggptiafgdeRAEHIIQR ARG @3 SN gt
configured, as s%own in FIGS. 3 aﬁd 4, %sdpégctg?\?glté ?ﬂ@?’ﬁ%@’]ﬂ‘)%r

operation i = Lgmeé ti . t ler. 70
i ncl udes aé%m{gr&olltd Ifélr?ts géﬁgpg m?’cwﬁ? Sﬁwtf%rrcuboryn(f!So&?mﬁggé%%hﬁlﬁénguﬂ%h
frequency - I on itchin | enents 02 and, 03 of inverter 60.
Furt her, i'ﬁg’e‘?%é&?'&@g%t o‘gﬁ'%g%@)mf?%v%gﬁ%@{ﬁe%ﬂ Socduecied 1o discharglamps
determ nedLb¥_ t hg rai ed _power of the discharge |lanp and the nunber of the
| anps usedtaThald k32, (Pisgharge damRs ILal #9di haRuaie sunpdedr withgtheatiighy
circuit 72 for setting a basic operating frequency of sw tching el enments 02
and 03 to WRIRNY PAWET syl ipsiaiermiand by Peeampokite dmpeslance refurasonant or
adj usting the output power in match with the target power. Feedback control
circuit 74cirauitcihangischarge dampstlad ard da2ntandualsemly theowi-off dperatighof
resonant circuit 80 to nake the feedback control of the output from
i nverter 68wibddrg clgnoentsi@2 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 multiple-lamp

operation.

Inverter controller 70 includes a control integrated circuit IC2 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

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

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




- 7 - resonant current. . - Now, a brief explanation is nmade to
structures and functions of chopper 30 and chopper controller 40 which is a
control circuit of chopper 30. Chopper 307is conposed of inductor Ti,
capacitor C3, switching elenment 01, and snoot hing capacitor C4. Capacitor
C3 is connected across output ends of rectifier 20, while inductor Ti is
connected in series with switching el enent 01 across the output ends of
rectifier 20qqn g capacitor C4 is connected in series with diode D1
acr oss smﬁtcﬁlng capacitor QL so as to accunul ate the snoot hed DC vol t age

t hrough the on-off, _operat.i Wt Chi | | ot hed
DC voltage as an 'g(ﬂ‘fvpgtba"lllef %RP%%SB%&S %&SCSE@Q‘?{F g#&@@?‘?@éﬂf@ﬁ@?@@m S
connected to a source termn nal of s,vvth_chi ng . el epent 8&,&\ _%\%gé)er :
control | er hand chpeReerntQiegidPaviinn i & GAIROO FEFUE PEANRPY WG CHMPRA enent
01, and has the configuration basically equivalent to a general chopper
control | i ng30 & campesspof induatar 4, eapadiangs.civaicning eleraentydd, ard a powver
factor inproving circuit (PFC). The. structure of the controlling ICis

al ready knasmoetiihg sapaditomSd. | dbaphditor @2 isi dorinected horessadipu ddsedf
explanation is made to external conponents for the controlling integrated

circuit | Clegtifier 20, wii induBlioh THOY IdeRhevRidt inGRribe autrpskittiangiohghinof1

controlling integrated circuit I1Cl is adapted to receive snoot hed out put

vol tage Vdcal&bgé ﬂ%@og%,u%aaé io?fcfcg‘ﬁ%i:'y_bt Sméot r% a%nafepg%&gmw&{eanﬁ ®

resi stor R11 connect I'n para w th snoot hi apaci tor

parall el comtearir Bl B fubss SRARHS SR I T a0 Axlg sBoRRIRRARE 12 T
(o SRS Vet o BB b b F R A L BBy 4 P56
give the smoothed DC voltage as an output from chopper 30. A current
detection resistor R1 is connected to a source terminal of switching element Q1.
.Chopper controller 40 is provided to give an optirhum operation of
switching element @1, and has the configuration basically equivalent to a general
chopper controlling IC "MC32262", available frc.:)m Motorola Inc for use as a
power factor improving circuit (PFC). The strucfure of the controlling IC is
already known and is not mentioned in detail here. Instead, a brief explanation
is made to externél components for the controlling integrated circuit IC1.

No. 1 pin (output voltage feedback terminal) of controlling integrated
circuit Ié1 is adapted to receive smoothed output voltage Vde divided by a sefies
circuit of a variable resistor VR1 and a resistor R11 connected in parallel with
smogcthing capacitor C4.

No. 2 pin (error amplifier.output/ compensation terminal) is connected 1o

- a parallel combination of capacitor G15 and resistor R14.

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

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




- 8 - resistors RO and R10, and is al so connected to capacitor Cl4 in
parallel with resistor R10. No. 4 pin (current detection input
termnal) is adapted to receive a voltagg across resistor RL through
resistor R13 for detecting the current fFOow ng through sw tching el emrent
01, and is connected to a capacitor Cl6 parallel to resistor R13. _
No. 5 pin (zero-current detection input termnal) is connected to receive
an output fraom secondary wi nding of inductor Ti through resistor R12 for
det ecti ng fesieioss B8 éﬂot ard igalse monneelrdrig aapestighCil ddupacalletivithNo. 6

‘pin (ground termnal) is connected to circuit ground Gnd. No. 7 pin
(out put teresistar R1i0s connected to a gate ternminal of switching el ement 01
through resistors R3 and R4 for driving switching el emrent 01. No. 8

pi n (power vol t afye. derim(aatent detectivreibpetidramindy R Atapted 8 Fagsva/gc of a
power source for the control circuit, which voltage i's divided by resistors

R20 and Rzﬂfolﬁqjehéﬁ?%é'ﬂéﬁsw Fﬁaﬂﬁtéb% Fedididr S fﬁ[’ ﬂ.@féétiﬁﬁqhgﬁufn’gg?ﬂomn de

ZD1. is configuration, the controlling | Ategra circait I1CL

detects th Al ' t; C the,i ut to
No. 3 pi n, TUPAOR ShieHink bR b EhdiS PHARAGH 173 AREERGLETR dlBIeTRe ot
to No.1 pi . hFR grrent flowi ng through switching elenent 01 based upon
t he i nput 05'5%\58. j pin, and the current flow ng through inductor Ti based

upon the input t .5, pin for controlling the operation of swtching
el enent 01 to de@@?gﬁ'%(%@?fé’{'@'w{%@ft@ﬂt%&ﬂ teemipgy)iig gennected to receive

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 Vce
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 ZDA1.

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




Inverter 60 receives the DC vol tage devel oped across the out put ends of
chopper 30 (snpothed DC vol tage Vdc across capacitor C4) to devel op the

hi gh frequency AC output. Switching elengnt 02 has its drain connected to
the - 9 - output end of the chopper 30, and has its source connected to a
drain of switching el enment 03. Source of switching elenent 03 is connected
to a detection resistor R2 for the feedback control circuit. Resistor R2 is

connected to, circyi round Gates of switching elenments 02 and 03, and
o out put RHEULERH T4 BHORRETI, afHies B aoNise GRERERd KomErainicE:  70.
Inverter controller 70 has the structure basically identical to a general
cont r ol | er SWiEching siemen) @R. a$oures phowhthiog elrmant @34s canpedietde aavai | abl e
from STM rcroel ectronics. The structure is known and is not expl ai ned here

i n det ai | . detestiendesiston R2:for éxe faaditackcontrol cibeuitradRedistoe R26E mahneot@donent s
for the controller integrated circuit 1C2. No. 1 pin (preheating

time settitogirajtaground Gred.m Gatds of swiesHir® blethents @B BAH @B, Wrid-ah bulded | S
connected to a capacitor Cl17, while no. 2 pin (preheating frequency setting

resistor teidbnpivbrief 60 ¢ cohh8ktedth e &L irolli ¥01C2 is connected to a
resistor R17. Capacitor Cl7 and resistor RL7 give a tinme constant which

determ nes a pr elPl@éﬁéP@Oﬁtrcﬁ%‘ﬂ‘?Was the ﬁtructu@%aﬁcﬁggdéﬁficgamc% Q%@?@uency

setting capacitor termnal) of controller rntegra ciTcui
connect ed h L Whi , in (liahting. freque etting
resi stor t%@%@gfﬁo?é‘r(’:%\ﬁ‘r"(tﬁ{\?éHﬁ?ﬂggbﬁgﬁgge@[@@ prr%&éeg %"%%ﬁr‘f’% to a
vari abl e rgsi,stor VR2 and arre%st or RZrﬁ_.e Capaci.tor C18, vari able resistor
VR2 and r 3] YIGFOqi83rqics aThe REUCIHFR iSHiowim BB i91B0EeXRRined hesayin dgtailat i ng
frequency., Thus, ﬁqo,nt rol]er integrated circuit 1C2 is cooperative with
capaci t or 1Bggady ghrighexpiagstion il branadeép psieraallonmanands frfthe sopbater
regulating circuit 72 which determ nes the target power supplied to the
di schar ge Integpated aircuitd@di ¢ operating frequency. The target power (basic
operating frequency) can be regul ated by varying the resistance of variable
resi stor VR2. 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 controller integrated circuit IC2 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 controlier

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 IC2 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.




- 10 - Wth regard to no. 5 pin (incorporated operational anplifiers
output termnal), no. 6 pin (incorporated operational anplifier's input
termnal), and no. 7 pin (incorporated g eratlonal anplifier's (+)
‘termnal) of controller integrated ci r et I C2, no. 6 pinis connected to
source resistor R2 of the switching elenment 03 of inverter 60, and no. 7
pin is connected to receive a voltage from Vcc divided by variabl e resistor
VR3 and resistor R15 which are connected in parallel with Vcc. A parallel
circuit of capacWibrregaed tmdor % pirsfincorromtpd operafiniad anpdifigée Ul 5 pin

(i ncorporated operational anplifier's output termnal) and no. 6 pin

(i ncor por ategshirels hat i6qsial(inedrpdratert Oseratipudl draplifiors|inpuiterthinal), sedines 7
circuit of diode 04 and resistor R23 is connected between no. 4 pin

(I'ighting Enhe(ﬂ%'ﬂﬁdra% bhBhtiopal §ﬁ1®hﬂéﬁ§ () @@r‘rbum&[)d)f%@ntr@lié}' :ﬂte(grﬁfé@r por at ed
operational anplifier's output termnal) so as to determne the |anp

operating éﬁcﬁﬁ‘t{’lﬁf%obﬁgﬁﬂ :é‘B&’?né&Sg ?HBB‘:Jche'r‘é&%'tou‘ﬁztofﬂm Bgft@ﬁhgréﬂ%rpgp Vo

anplifier. operationa i er |ncorpora

integrated II‘CUIt rat.i vvlth r.esi st.or

capagi tor sfPf igrterc. SR eoP U el BHe 40 JBRe Ve @ P iage B AT

pi n, and nq. pin of controller mtegrated mrcg}c&'tICZto def nethﬁ
f eedback C®Ht4e8| by-yariahle resistafyR$,apd regstor i LpBichk argFonnesirchinypaspliel

switching el ements 02 and 03 based upon the value of resonant current
f1owi ng i nvihMss. r ésparaiie! oreuteficapaciterGit 9 ansiresistor RES ineeriacted owi ng

- through resistor R2) in order to nmake the feedback control of keeping the
out put poveetwesinn. Supipl irebrporaded oparajienbbapglifierts euigut E2mimalrand mowbt h
the target power. No. 8 pin and no. 9 pin of controller integrated circuit

| C2 are alqmnr(lmidrpo'ra@@d epéuamntaeammmém inplit teimdrialp piilecabenes tiscuibdf deened
necessary. O pin (ground termnal) of controller integrated

circuit | kg [ﬁpﬁﬁé%ﬁgtdrﬂéﬂ‘% &rireetdd BEEsh 1814 pin (Ill hting frAGueddy pi N
(lower switching elenent driving signal output term na ? of " control’l er

i nt egr at edg g ] ng%g&;aﬂé;%:‘n?inﬁf?%%f% %W(ﬁ%“;\)@%@é@%@é@tl@ﬁaﬁﬁﬁ ﬁﬁer‘sootﬁ?hfs‘ of

swi t chi ng e r sou I ower er m nal
Cui t chi bgr%ﬁf@ﬁ{%ﬁi&?g&? H&‘f‘%ﬂ’fgﬂé%‘ o e b el ndiy ‘ﬁr‘é’fhf%of‘n*niéﬁ‘f e
el ement - 038V of e agaratiaay Sniiflshc, T BT foilri 6P ib-hoiled " "

output terminal) of controller integrated circuit |C2 is connected through
resi stors Recont@liepintegrgtedeCitpuitdGR ¢ seoRpralivenwith repistor R23, diode D4,

capacitor C19, and resistor R19 connected respectively to no. 4 pin, no. 5 pin,
“and no. 6 pin of controller integrated circuit IC2 to define the feedback control
circuit 74, which varies the operating frequency of switching elements Q2 and 03
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.




Capacitor C20 is connected between no. 16 pin (upper sw tching el ement
driving power termnal) of controller integrated circuit 1C2 and no. 14

pi n. Wth this arrangenent, the _Cﬂntrol |l er integrated circuit |C2,
upon being energi zed, drives sw tching el'’ements 02 and 03 at preheating
frequency for preheating tinme respectively set by controller integrated
circuit IC2 to turn on the discharge |anp. After the discharge lanp is
turned on, the feedback control circuit 74 receives a signal representing
the current flowNRg!{ Rin{gwesspitehingLlamentativing signaleutryl temaingp&fat i ng
frequency of inverter 60 based upon the lighting frequency set by the power
r egul at i ngcentrellgrintegrated eicuit HC2 ireconngnlied fuwbgh iresistors R7And R8He gadeget
power . The el ectronic ballast of the present enbodi nment includes, in
addi ti on tof swikchimg efeanénto@8cuit 80, a preheating circuit 90 for preheating
filaments of the discharge |anps. The resonant circuit 80 includes a series

conbi nati on of aNbewm\%detﬂisﬁméeRvéﬂdrrﬂirfaﬂsﬁﬂﬁhftroﬂépm%drﬁfeo@ircﬁﬁpn?Ct ed
across the output ends -Gnd) of inverter 60, and a DC bl ocki ng capacitor

8 connect g {dornetfed tooPhd ESNY ibpﬁtﬁ’ﬁ%y Qﬁlitbﬁfﬁp%léﬁlenfaﬁwba%@? lant

capacitor C/. Inductor T2 and capac constitute a tiIrs nant

OO AR of gl T RARAF AL B hea 16 Bl BerwBEHE S T2 Mt
oot oAl S b R e ot T Lok st '
i nductor T3, a (r:ﬂaaci tor C6, and a sw tchi ngFie_I enment 04 with a prinmary

wi ndi ng of resonfift 15 RALUPRET $WiteRingeiemenharveg signal owitei termaimaliof g

(between Vs - Gnd) through capacitor C6 and switching el enent 04. The

di schar ge ¢<§ﬁ[§§[etmte@r@@£§@w1‘al£é2 tsheannegirschdredglt resistors BScanthB6tte gate
respectively to the two secondary w ndi ngs of resonant inductor T3 trough
capaci t or sofG@vitofihgdiemenid@2er secondary wi ndi ng of resonant inductor T3 is
connected to shared filanments of discharge |anps Lal and La2 through

capacitor Cl0. Capacitof G20 iessonmettal betwidendth. 1esihi (appetéwit@iegelament
dependi ng upon the function of inverter 60. The resonant circuit 80 gives a

St (SIS g A S ISR S S 1 Sonr oS

With this arrangement, the controller integrated circuit IC2, upon being
energized, drives switching elements Q2 and Q3 at preheating frequency for
preheating time respectively set by controller integrated circuit 1C2 to turn on the
discharge lamp. After the discharge lamp 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 to 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




Until turning on the |anp on after being energized, the inverter controller
70 causes inverter 60 to switch the operating frequency froma preheating
node (and starting node) to a lighting mpde (frequency bei ng determ ned by
a mnimumfrequency fmn and regul ated by feedback control circuit),
thereby lighting the discharge |anps. After lighting the |anp, the feedback
control circuit 74 varies the operating frequency of inverter 60 based upon

the current £l owi.ng.throu swi.tchin | ement 03 (equiyalent to the current
low ng 1 neg e Lubfsiachafod hriibs a4t o Bibss arhblin Ch: chiicly B8 and
inverter 60 varies by AS for the - 13 - discharge |anps A and B of

di fferent $RRMA0rES g(?fb‘ikﬁJhBrﬁ fisErespnan sireii \@amm@rﬁglwmt%wa
correspondi ngly _b%.AWi n order to provide the optinmm out put power to the
di schar ge $etigswith indusierdd2 eadvihe idisdhargeataroppammsstthe oaitgut eNdsafwhen t he
nunber of the discharge | anps changes, the feedback control circuit 74 acts

to vary t heverer 80 iimgohstigtecacecond iresorane cir€lit. d eTian dapacitypariotdie | evel of
the current flowing into the resonant circuit, thereby giving the output

power in nedpdtitor O7 tohsapariteeCanswet ageieLmgied by power regulating circuit
72 The operating frequency varies within a limted range

deternined by t herdazaRh drRURB0ACRBeL A RLGNSNSKAGSSH 18, XREEAbhATCE! the

operating frequency and™therefore avol ue increase o g | oss at

each of sw [ 03,..: . is explained | he above,
t he feedb\é%i&gc?mcglﬁ‘%gﬁevngﬁgwgﬁ Pgmﬁ%‘é""}d&ﬁﬁ éﬁsr?n%ﬂf\”r@mo&ﬁi ut power
dependi ng upon the | oad power requir uch at .t he chopper 30 can be
only requi @gefﬂgWQP@'%m%%gWrgﬁyb}%WPaﬂ &-aGeahmf%gﬁ sapggitor

vol t age. ﬁ h this result, even in_a sjituation where the |oad power varies
consi der atf¥§ angawiiching,elementdd.o The gistharamisaipsokal gad laghaye their onl y
required to regulate the frequency within the operating frequency range
(oper at i ng'nshae fileynenia genoected respeetiyedl nibettwoigecondahewitdipgseof 30
defined by the controller integrated circuit IClL used in chopper controller

40, ther ebgsenamt inductoy T8 Ughechpxcitard €8iargl Che. cAnothier secofidamyr at i on of
chopper 30 itself and realizing that the electronic ballast of the single

circuit desingingefiresonarit intectdr TBas eohnbotad toehared filaments &f HizeHaryd he
illustrated enbodi nent utilizes the source resistor of switching el ement B

for det ectu’lmpsqiaﬁgq@dngqnﬂmgrp@gg@%r thowi ng into the resonant circuit 80,
any ot her equival ent schene nay be utilized for the sane
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 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 deter.mined 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



- 14 - purpose. For exanple, a conposite current of the lanp current and
that through capacitor C7 can be utilized as equivalent to the resonant
current in the arrangenent of FIG 1. _4g. Further, the present enmbodi ment
i ncludes a tenperature coefficient resi s% or TC (therm stor) which is added
as a tenperature sensor to a series resistor network conposed of resistor
R15 and variable resistor VR3 to give a reference voltage to the feedback
control ci\rsjcuiht 74 of i ver(iﬁr c trollq)%;:l 70, jn order to conpensate for

i npedance HIAHIDIRTRR AL R SETIENLlofdsorrshewn it EiGepatheredy varvingpi ng
t he constant output power. ~ Wen the discharge | anp sees inpedance
vari ation HiRoHpuUt ReWSH&AgEesBENdinglydwAYOiImendeato pevide tteiopiimumeoytpthe
envi ronnment al tenperature becones |ow or high froman optinumtenperature
(25 C, for pexanio #)g dishbarfgeddbyrskincmedrdancel withutie ted posrer therkbf.t Alseurve
of indicating the output power in relation to the operating frequency

towards a whesrthememuiescyf thy diécharge ﬁiﬁwchm%:ésﬁth@feédbé%k%ﬁ%%i?&dimf or

AW and provi ding the output power in match with the target power set at the
power r egukals tBa/afy HalbperiRing f ket 6 SRAY '

Il lustrates the uagye of Esn(:';papgtlt geqcuc?#t c?FI'er | ﬁt egreg{e P@%?ﬁs’é Ir%%k%t:t ively
for choppe ¢l s i I t A LE o ual | vy

possi bl e tf)h%@é%%rﬁ f!?ﬁ"é"-‘gﬁ?tgqﬁ%tr%%%’g& 'rgﬁﬁcthlgtébyog%ﬁglthé Otuir%@t O%EF{%/'POI | er

i nt egr ated_gGi ek - Fl GS. and show one ex | e of l'i ghting
devi ce i ncgﬁéétfgjt'tbgﬂettﬂr@eg%vgr ggg%m'%%cgbglpé’ﬁef 6%9@5‘&&&35%“ f gr t he

di scharge | anp. .][Ee el ect rO{I]i c ballast is_ realized by the above-nentioned
various el ect r oni € CHRFURINh AR ¥aliesvithip 3 Hinided sangaudetesdinegl by the and
is accommpdated within a case 100 to be supplied with AC power at input
terninal 1P09etMRVLERAS K0 aVaidmspsElve Vnaiior obihe eperatinggrequency and

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 voftage. With this result, even in a situation where the load
power varies considerably, for example, due to varying number of the lams, it is
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 controlier integrated circuit IC1 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 illustrated 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



with |lanp sockets 102 for supplying the output power to the discharge | anps
Lal and La2 inserted to the sockets. FIG 9 shows a |ighting system
using a plurality of the above lighting gdevices L and a managi ng device M

equi pped with human detection sensors and a programrabl e system The

managi ng device Mis configured to turn on the |anps upon detection of the
human by t he hurran detection sensor, and turn off the | anps upon detection

amps. accoPAtEet o 2 ErAE) %r?ecm%gﬁ?%ﬁ&%ﬁ?gﬁﬁﬁéﬂ%%%{ﬁ” R frobes

realization of ente&Tqy savi nﬁ . -16- Cainms 1. An electronic ballast for
oper at i ng SePRAIECHRAN gedd gpg@s ayivalentitg tbﬁl@%@l”@@h’ﬁ'ﬁ%lrﬁ@e a rectifier
configured to rectify an AC voltage to give a DC voltage; a chopper

i ncl udi ng awangemenbef FiG.dapacitor and a switching el ement which is

controlled to repetitively interrupt the DC voltage fromthe rectifier

through sai d i ndHattber, ttoe peassin erebatimetainicUdesvatdnmperatmeassefiiaént

capactior. resistor TC {thermistor) which is added as a temperature sensor to a series
resistor network composed of resistor R15 and variable resistor VR3 to give a
reference voltage to the feedback control circuit 74 of inverter controller 70, in’
order to compensate for impedance variation due to change of environmental
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
compensating for AW and providing the output power in match with the target
power set at the power reguiating circuit 72.

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

FIGS. 7 and 8 show one example of a lighting device incorporating the
ahove-described electronic baltast 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



an inverter including at | east one switching el enent which is controlled to
turn and off at a suitable switching frequency so as to convert said DC

vol tage from said chopper into a high fr@uency AC vol t age, 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 | east one di scharge | amp for
operating thereof er el aid ballast in des ustor

cont 1 gur o0 "5 B8 syitets 162 36rtundihe ROfeud DRvir fa e HlorBRoianschih
determ ned by said at | east one discharge |anp; and an inverter controller
confi guredaﬂg Laghinesrted to Bapaaeetsndex i ndi cative of a resonant current
flowing into said resonant circuit and to vary said swtching frequency of
sai d inverter inFiGf8ehbwsia lighiing syséeredisinga plariatity afthe aboverigating or

keepi ng an out put power applied to said at |east one discharge |anp at said
target powdevicds LAanehenanaying dexideddtequipsert withHumarm detewtioh benbofd Aved

i ncluding: a tenperature sensor configured to detect an environnental

t enper at ur @,prograhimable system. The managing device M is configured to turn on the
Jamps upon detection of the human by the human detection sensor, and turn off
the lamps upon detection of non-presence of the human, or even configured to
turn on some of the lamps according to a time zone for efficient lighting

management with realization of energy-savings.



said inverter controller being configured to vary said swtching frequency
al so based upon said environmental tenperature for keeping said output
power applied to said at |east one discharge lanp at said target power. 3.
An electronic ballast as set forth in claim1l, 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 secopd .resonant circuit conposed of a second capacitor connected in
series wit W'¥d% at | east one dischar ge lanp across said first capacitor.
4. An electronic ballast as set in any one of claims 1 to 3, wherein said
inverter controller is configured to vary said switching frequency within a
predeterm ned range which varies with said power requirement. 5. A
lighting dévi é@ elespiehici bajlashifer eperatingratdedst! dres diszhadys iamap, saidamgliaste of
claims 1 to 3, and said at |least one discharge lanp. 6. A lighting system
conpri si ngcamptigingt i ty of said |ighting devices as defined in claim5, and
a controller configured to nanage said |ighting devices.
a rectifier configured to rectify an AC voltage to give a DC voltage;
a chopper including an inductor, a capacitor and a switching efement
which is controlled to repetitively interrupt the DG voltage from the rectifier
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 1o at least one discharge lamp for operating thereof;
wherein said ballast includes:
a power adjustor configured to designate a target power in match 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 resonant circuit and to vary said switching
frequency of said inverter 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,
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said inverter controller being configured to vary said switching frequency also
based upon said environmental temperature for keeping said output power

applied to said at least one discharge lamp at said target power.

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.



