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RELATED APPLICATIONS

This application is related to and is a continuation-in-part of copending
application Serial No. 09/887,848, filed June 22, 2001, entitled Electronic Ballast
and is related to copending application Serial No. 10/006,036, filed December 5,
2001, entitled Single Switch Electronic Dimming Ballast, the entire disclosure of

which is incorporated by reference herein.

FIELD OF THE INVENTION _
The present invention relates to electronic ballasts for gas discharge

lamps, such as fluorescent lamps.

BACKGROUND OF THE INVENTION _ ,

Electronic ballasts for fluorescent lamps typically can be analyzed as
comprising a “front end” and a “back end”. The front end typically includes a
rectifier for changing alternating curreh_t (AC) line voltage to a direct current
(DC) bus voltage and a filter circuit for filtering the DC bus voltage. The filter
circuit typically comprises an energy storage capacitor. Electronic ballasts also
often use a boost circuif for boosting thé magnitude of the DC bus voltage.
Additionally, an electronic ballast is known that uses passive power factor
correction means to reduce ballast input current total harmonic distortion. These
means include line frequency filter circuits'having a high impedance at line
frequency and about the first 30 harmonics of the line frequency. The high
impedance of line frequency filter circuits have a significant reducing effect on
ballast input current total harmonic distortion. These filters are in contrast to
EMI filters which have low impedancé at line frequency and the related
harmonics and therefore have no significant effect on ballast input current total

harmonic distortion.



Addi ti onal | y, an electronic ballast is known that uses passive poyer jARGboBr
correction neans to reduce ballast input current total harnonic distortion.
These negiposionssside |ine frequency filter circuits havi pgraishi/ghsi npedance
at line frequency and about the first 30 harnonics of the |line frequency.
The high inpedance of line frequency filter circuits have a significant
reduci ng effect on ballast input curfent total harnonic distortion. These
filters are in contrast to EM filters which have | ow i npedance at |ine
frequency and the related harnonics and therefore have no significant
effect on ballast input current total harnonic distortion. 11 JAN 2006 WO
03/ 001855 PCT/ US02/ 20281 2 The ballast back end typically includes a ~¥
switching inverter fThebablassbadkiend typitedlyaliades a\smwﬁvgemvertarﬂqr emnvertidguency

AC vol t age, ona t tan cui t Vi a npedance
for coupling t&g g P agfetﬂggxgﬁ?é%epg évtoggqch %31%}%4’% echg&g] The **
?ﬁl I iast back ertfhv&lgdsaetaﬁmlszalghympadanuldm cauﬁlﬁgdlnﬁmgh-ftequmcymc Vaitageroni t or s
e lanp current and genera ontro n cantr tching of
the inverter sdodde llaHIPr‘FéqcFl'Pé‘?sn Tg g ‘aa&lgeaﬁﬁﬁe ‘é’ﬁ‘l’ F?E‘Efggvgkn or dgr
to maintain st a&tcﬁxt'tﬁd?ﬂxo%ﬁ@(s%é Bfhp. ch%@ﬁtcaﬂh gBhdrites wntroﬁsxgﬁli {dtofitrolltid | ast s
filter the DC-bus :voltage to mnimze the anpunt of bus voltage ripple.

Th: s is Ius ua: | ysveitshingpsif thstigvertsy sQpavipinintging desizedlapwenrrent MAERIMEE- a
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capacity. By: provi ) e anmount of
decay from:the. lﬁa‘tlasts ﬁltedhe n@aﬂﬁxswolta@ge mifiimizétheiamednt of s eoleaghaipplecycl e to
t he next half. cycle. A nim z.'i@géghe appunt  of bus al so

| th
tends to ninini TS jspsual Y Proy it mab@a@yaﬁﬁ gw@g$%. A& ent . The
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peak | anp current” to-the. nagnit e, oot-nean-square val ue of
t he. Ianp curr enprov:{dlqg@ relatlve ylarge bus capacxtor, the amount of decay from € rectlﬁed

o -peak voltage is mlmmlzed from one half-cycle to the next half-cycle _
.'ml‘memxzmg the amount of rlpple on the DC bus also tends to minimize the
' 'current crest factor (CCF) of the lamp current. The CCF. of the lamp current is
o ::-a:deﬁned asthe ratxo of the magnitude of the peak lamp current to the magnxtude

o _'_}ci;:.,ot:_the,;r_oo_t;mean,- quare (RMS) value of the. _lamp_current. S
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) An lmportant mdlcator of lamp current quallty for a gas discharge lamp
o such asa ﬂuorescent lamp is the current crest factor (CCF) of the lamp current.
';-,'i;'A low CCF is preferred because a high CCF can cause the deterioration of the
L lamp ﬁlaments which would subsequently reduce the life of the lamp. A CCF of
o 2.1or less is recommended by Japanese Industrial Standard (JIS) JISC8117 -
o 1992 and a CCF of 1.7 or less i is recommended by the International
o Electrotechmcal Commlsswn (IEC) Standard 921 - 1988-07.
| ’ However, usinga relatlvely large bus capacitor to minimize ripple on the .
DC bus voltage comes with its disadvantages. The larger the bus capacitor, the
more expensive it is, and the more area it consumes on a printed circuit board, or

the like, and the more volume it uses within the ballast. Also, the bus capacitor is



CCF IRVMB An inportant indicator of lanp current quality for a gas 9 ge
| anp such as a fluorescent lanp is the current crest factor 3 oj 2({9
l-anp cur ngghsmorssd | ow. CCF is preferred because a high Ci;’a},mm&gyse t he
deterioration of the lanp filaments which woul d subsequently reduce the
life of the lanp. A CCF of 2.1 or less is recomended by Japanese
I ndustrial Standard (JIS) JIS C 81173- 1992, and a CCF of 1.7 or less is
reconmended by the International Electrotechnical Conm ssion (IEC
Standard 921 - 1988-07. However, using a relatively large bus capacitor to
mnimze ripple on the DC bus voltage cones with its di sadvantages. The

».larger the bus capacitor, the nore expensive it is, and the nore area it
consunes on a Mdischrgidgovheneviet thebas woltage levehie aboviedhe instantaheousiahseluteo| une it

uses within the pal last, t he S C citor is 1.4 2006 WO
031 001855 PeT/ GeePoBRAC fné skt and Hnel ARncRiney i Soibedes fud (BFBREe 1'ovel
i s above the i nghipRlypdReitinaRiBhehch hﬁédialf&y@lb irbendAte bbsobutealieqgak and
hence the bus capacitor recharges only during.a rel atlvely shart tine
pléngs

wi thin each |i yeltsgsiofepCdine y d Thwe pisabprigrart bajlasts drawia relgfiyglyge of the
AC line voltag | y large
anount of currg?]ﬁé-%ﬁ%r{w @gﬁ@?dtgq?? %{eo}tttﬁﬁ% {htaﬁtthé bl & gag)ilﬁt%? |Yr§gl char gi ng,
as shown in Fi@s slj_own‘l'imFsg rleél'tlnll&!ssuliﬁ ima distorted bwsbmpﬁ@yﬁehwar rent
waveform giving.rise t [ | C els of total
har moni ¢ di st ¢ ?%ﬂse(t?&ﬂ% n an OB\ (\Pmlér} Sl@d? l'é{?éi etro\%b%ﬂé)g%or current
wave shapes nayidisttioekfHByrsed as a fundarrent aI and a series of harnonics.

These har noni cs hav S mul ti ple frequency of the fpundanental f
of the line vol tage?'b REepower system, the vo(ﬂtage oxycurrent wave sﬁapes may% requency

- expressed as a fundamental and a series of harmonics. These harmonics have

. ...some multiple frequency of the fundamental frequeney of the line voltage or
. curtent. Specifically, the distortion in the AC wave shape has components which -
.are integer multiples of the fundamental frequency. Of particular concern are the
" harmonics that are multiples of the 3* harmonic. These harmonics add
numerically in the neutral conductor of a three phase .pdwer system, Typically,
~.-+-total harmonic distortion is calculated using the ﬁr,st 30 harmonics of the? e
fundamental frequency. Total harmonic distortioh (THb)' of the ballast input
current is preferred to be below 33. 3% to prevent overheatmg of the neutral wire
"E""';‘?‘_Exn a three phase powcr system.’ Further many users of hghtxng systems requlre
. ballasts to have a ballast input current total harmonic distortion of less than 20%.
One approach to lowering the ballast input. current total harmonic
- distortion and i improving the ballast power factor has been to employ well known
active power factor correction (APFC) circuits. This approach has certain
"+ tradeoffs including added ballast complexity, more components, greater cost,
potentxally lower reliability and, possnbly, increased power consumption.
o ‘ _VMoreover, the ballast with APF C typically uses a relatwely large bus capacltor
- with its attendant disadvantages as noted above.
g v Another approach‘ to lowering ballast input current total harmonic
distortion has been to employ a valley fill circuit between a rectifier and an

inverter. One disadvantage of typical prior art valley fill circuits is that they can



current. Specifically, the distortion in the AC wave shape has CogpRo gggtzﬁ%
which are integer nmultiples of the fundanental frequency. O part

concern are the harnonics that are multiples of the Yd harnonic. These
harmoni cs add nunerically in the neutral conductor of a three phase power
system Typically, total harnonic di stort4 on is calculated using the first
30 harnonics of the fundanental frequency. Total harnonic distortion (THD)
of the ballast Ha@@'g{feate?%% fpple] whieh ?ésﬁfti BkveR htg%elbﬁh@vau%%n@c{egt@ad%event
overheating of the neutral wWire in a three phase power system Further,
many users of Iw@hhpmglraym@nﬁem@qmln% baI | asts to have a ball ast |nput

current total harm) c distortion of |le roach

| owering the ball ast rl“ﬁﬁﬁttapé’fﬂafg £ PRV m% @%ﬁ?ﬂlﬁbalﬁ%ﬁﬁyg‘%dwpﬁ%ﬁ i mpr ovi ng
the ball ast povgyyd a5did andAHH BRI ikRs QAR TY-FWahd, YKIDOWR, Caet ichanpawey. factor
correction (AP ) circuits. This approach has cértain tradeoffs includi ng
added bal | ast cRniphesRipple-Fros, SingerStnge Metrogicdialests sabhiDithepdioester al |y | ower

bal | ast wi |- APRRIyarBatpyefiSRe It LRAAR PSRRI RS Sy AMhENERine T 1 1

attendant di Sad;ﬁﬁ AOPF 1897, NOLE Y RROVGEChAY) Ahd&f -HR b 08K lwnlit? #oweﬁpm&
bal | ast input current total’ harnmoni¢c distortion has been

valley fill ci rElﬂctrorbeBahﬁmfca Huearescentdrangmioavang Improeadt Ealley @ik antl &’aﬂeoant age

of typical pr| o] val | ey ts is t 2006 -4-
have greater ogst bﬁf’%e“e\’i\hlnféhﬁ g@@? gqcﬂrde;}@ﬁ% tr\§§y|aaﬁg3 @‘f"?’é‘ﬁ'\b‘crest
factor, whi Ch 081, lafld GUHN GHOFHIRA BoAP FhitheCorrsctioh (Bfchit/BiRg AALReS tO
provi di ng el ectroni'c ballasts having i nproved power factor "and THD are
di scussed in T.CkargtARpmyinglfor Dby (st Eleci@hinGabiasts"ZIEEFR)-7803-448RB(98) pp.Fr ee,
Si ngl e- St age E:E,%) :ﬁcj)ﬂ § Bal | asts with Dither-Booster Power Factor
Corrector™ g ?‘y Applications Society Annual Meeting, pp.2372-77,
1997; Y.-S. Youn G. pS&iags pAdfls fépreﬁent%of'a«?»eluatsttupP&werdE@&thbauﬁét@ct ronic
Bal | ast for Fluorescent Larrp having Inproved Valley Fill and Valley

having improved power factor and total harmonic distortion include U.S. Patent

5,387,847, “Passive Power Factor Ballast Circuit for the Gas Discharge Lamps”,
issued Feb. 7, 1995 to Wood; U.S. Patent 5,399,944, “Ballast Circuit for Driving
Gas Discharge”, issued Mar. 21, 1995 to Konopka et al.; U.S. Patent 5,517,086,
“Modified Valley Fill High Power Factor Correction Ballast”, issued May 14,
1996 to El-Hamamsy et al.; and U.S. Patent 5,994,847, “Electronic Ballast with
Lamp Current Valley-fill Power Factor Correction”, issued Nov. 30, 1999.

Another reference is “Fluorescent Ballast Design Using Passive P.F.C.
and Crest Factor Control” by Peter M. Wood, 1998. This reference shows a
ballast of the type employing a line frequency filter having a substantial
impedance at the line frequency and about the first 30 harmonics of the line
frequency.
SUMMARY OF THE INVENTION

Specific expressions of the invention can be found in Claims 1, 8, 14, 20,
31, 32, 40, 44, 45, 46 and 47.

In accordance with a first feature of the invention, a novel electronic
ballast for driving a gas discharge lamp includes a rectifying circuit to convert an
AC line input voltage to a rectified voltage, a valley fill circuit including an

energy storage device which is charged through a switched impedance, the



Boost Converter", |EEE PESC97 Record, pp. 53-59, 1997; and G Chae, Y.-S
Youn, and G -H Cho, "H gh Power Factor Correction Crcuit using NJéIJPé‘ymG
Char ge- PugpiogBdorsey Low Cost El ectronic Ballasts", |EEE OpdBsnAdi?- 8/ 98,
pp. 2003-8, 1998. Prior art patents representative of attenpts to provide
el ectronic ballasts having inproved power factor and total harnonic
distortion include U S. Patent 5, 3875847, "Passive Power Factor Ball ast
Circuit for the Gas Discharge Lanps", issued Feb. 7, 1995 to Wod; U. S.
Patent 5,399,944, "Ballast GCrcuit for Driving Gas D scharge", issued Mar.
21, 1995 to Konopka et al.; U S. Patent 5,517,086, "Mdified Valley Fill

~.H gh Power Factor Correction Ballast", issued May 14, 1996 to El - Hamansy

et al.; and U. Snefggtiethis Sevibeligiised fol filbthe oalieys Betweas sucokdsive réctifiid Cur r ent

Val | ey-fill Power Factor Correctiop",_issued Nov, 30, 1999. Anot her
~reference is " ﬁ%“e&@gﬁt‘) Iﬁaqm“'&?t"aﬁﬁ’sﬁ% VBE?%a%%nsi“V%ﬂqﬁ.chf"ﬁ?AﬁaV&‘rgd Cr est

Factor Control "sellys &ah&dtedbon6REbly dctdBctivEIdedictHoROREEE DRI flllegbal | ast of
the type enploying a |ine frequency filter having a substantial i npedance

at the line frewliagetp adiigh fpguency AE voltaget The energyrstorags device ban beiane
frequency. SU Y. : I L fic r | f tnvention
can be found :vnl\é“21 -cét?rfrﬁ)g%jﬁngw% ag%l?égg%,erggf t 0%25,%, c%ixﬁ%oggrgo?ﬁ%rhgﬁﬁ%ﬁo%' I'n
accordance w t hofaofiposdntd. dClanging the ehérgy storage devite referi viatreadiggthe oni
bal l ast for driving a gas discharge |anp.includes rectjfying circuit to
Convert an AC ST Sorfin 6 Frelgestvae e, A foirolany Saulilve Shvie R 1|
circuit includi fgicdRvhos&EdridMctidnQan 86 cARMOIIEEbYah EXternal gl OERkst hr ough a
swi tched i npedance, the 1 7 JAN 2006: WD 03/001855 PCT/ US02/ 20281 5 W

energy in this eairpieblpeendyctiveadevices inplude deyices sueheasanataliopidersemirccessi ve
rectified conductor field effect transistors (MOSFETS), insulated gate bi-polar transistors
(IGBTs), bi-polar junction transistbrs (BJTs), Triacs, SCRs, relays, switches,

- vacuum tubes and other switching devices. The high frequency AC voltage is
applied to a resonant tank circuit for driving a current through a gas discharge
lamp, and a control circuit is provided for 'controlliﬁg the conduction of the
controllably conductive devices in a novel way to deliver a desired lamp current
to the gas discharge lamp and a reduced total harmonic distortion of the ballast
input current. The electronic ballast of the invention described can drive more

'than one gas discharge lamp.

In a preferred embodiment of the ballast, the energy storage device of the
vélley- fill circuit includes a capacitor, commonly referred to as the valley fill
capacitor, that stores energy during a first charging portion of each half- cycle of
the AC line voltage, and delivers energy to the inverter circuit which in turn
drives lamp current through a gas discharge lafnp during a second discharge
portion of each half-cycle of the AC line voltage. The switched impedance of the
valley fill circuit includes a resistor in series with a controliably conductive
device, through which the valley fill capacitor is charged. |

In an alternative embodiment, the energy storage device of the valley fill
circuit includes a valley fill capacitor, and the switched impedance includes an
inductor in series with a controllably conductive device, connected together in a
buck converter circuit configuration. The valley fill capacitor stores energy

during a first charging portion of each half-cycle of the AC line voltage, and



vol tage peaks to produce a valley filled voltage, and an inverter 01 ?c‘gh} 2006
havi ng series connected controllably conductive devices to convert

val | ey f'W(ﬁﬂonﬁktage to a high frequency AC voltage. Tha19fQkMa%ksst Or age
devi ce can capacitor or an inductor or any other energy storage

conponent or conbination of conmponents. Charging the energy storage device
refers to increasing the energy storéd in the energy storage device. A
controllably conductive device is a device whose conduction can be
controlled by an external signal. These controllably conductive devices

I ncl ude devices such as nmetal oxide sem - conductor field effect

transi stors (MOSFETs), insulated gate bi-polar transistors (I1GBTs), ut
bi - pol ar juncti délivbfséﬁhsigs'ttotl& ifBHEBircuitrdusiag a s&faaa dxsbhdrgg/pomsmbf &kRS,

vacuum t ubes an th h| ng devi he hj requency AC voltage is
applied to a regﬂﬂ' e?’i‘:‘\fnﬁ °§ita$%&gabv% ‘H’@f“%i Wéﬁtl"rqsl’?g?fﬁéllp a gas w
di scharge | anprespdifde & E&iahét% of 'tlfe%hﬁ'ol'la%l)pédhﬁh&% detice GRMg tﬂlz Ehzﬁgmkhe
conduction of the controllably conductive devices in a. novel

deliver a desirpefiadafshevaller il capasitor, andjaanséirs theastayed ¢nergy taitee ealéze&uced
total harmonic QA abi ({ttlﬁ 9&8&{&&@%0:1%8%%& n.of %%on&%{ﬁ&mdl&%e%e@% roni c

bal  ast- of the rnven escri Jri%e gas di scharge
| anp. In a pref durlmgihenhmgmgpamdxffthdnmlteytlﬁllampacm‘ohe energy storage devi ce

of the wvalley fill i.ncl c ci.tar e to as
the valley fill capg{bﬁ vl maf‘ﬁ%\’f‘u‘%‘@rl @E@‘i}&“&ﬁ‘?“ﬁ%ff@/ Pfet“dE‘iE.éYﬂt Png
portion of eac hta'i}%bﬁnect‘éd% theMus vbiRe Mrolig£ cotintiBfi6n dRAE tFistbiider s energy to
the inverter circuit which in turn  drives lanp current through a gas

di scharge |anp dﬁkrmc@rgemmscaargenm@rﬁmYal Mfﬁlfcan@mwr hal f-cycl e of the
AC I ne vol tage. Theyspichelid JNPANGRLRLed Hine ALLEN, L hbbel Ll

includes a resistor I'h series vm a con y con tlc Ive
t hr ough which tbdlaseﬁok dgivihg lalgas:élpnzhargedamp nobidas gmtnfymg enmwtltbeomrtlane _
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in series with ﬂle%ﬂéisQJeW&h)éu&%bW&%tmd%Vch eaE@thﬁ@du%Q abvalgifilyd i n a
buck converter circuit configuration. The val fill acitor stores
" ener gy voltage, an inverter circuit havmg senes-connected swntchmg evices
- (controllably conductive devices) to convert the valley filled voltagetoa - -
. high-frequency AC .voltage, a resonant tank for coupling the high-frequency AC -.
- voltage to a gés discharge lamp, a control c_ircixit for eontrOIIing the Qohductibn of
the controllably conductive devices to deliver a desired curﬁent to the gas
SRR discharge lamp, and means for dfawing input current near the zero Cressing'of the -
AC line input voltage so that the ballaSt input current total harmonic distortion is
reduced. | o _
: In a preferred embodiment of the ballast, the means for drawing current
near the zero crossing is a cat ear circuit. Preferably the cat ear circuit is a cat ear
. power supply that may also suppiy the power necessary to operate the control N
circuit or other housekeeping and auxiliary circuits. The cat ear circuit draws -
current _frorh the AC line around the zero crossing of the AC line voltage at eifhér
the leading edge of each half-cycle, or the trailing edge of each half-cycle, or
both. The cat ear circuit derives its name from the characteristic shape of its -
input current waveform. This current “fills in” or supplements the current
waveform drawn by the ballast from the AC line around the zero voltage

crossings. The cat ear circuit may be provided with circuitry that "cuts in" and



during a first charging portion of each half-cycle of the AC |inetl VolANa@86
and 1 7 JAN 2006 WO 03/001855 PCT/ US02/ 20281 6 delivers energy to the
i-nverter gigdwbisssluring a second discharge portion of eagpryRgddegiyc! e of
the AC line voltage. The buck circuit inductor stores energy in response
to conduction of the controllably conductive device during the charging

period of the valley fill capacitor,-3@nd transfers the stored energy to the
valley fill capacitor in response to non-conduction of the controllably
conductive device during the charging period of the valley fill capacitor.

In an alternative enbodi nent, the buck circuit inductor is provided with a
,Jap connected to the bus voltage through a commutati on di ode to provide

di fferent chargeusmt'the citzagarcuitneesparse tohfixeddhpue woktagellewdspaci t or. I'n
accordance with second feature,of, the invention, a novel el ct oni c

abal Past o dr | OFGEGHa eciob i Sirgt iy e PRowidt S0 £ ey te gRESLB cu t ¢ o

convert an. AGureiediaWi by tNobaiasiDaélOerdl dndichusedlveeeat 8atdidelie b ewlimee; a
valley fill circuit to fill the valleys between successive rectified

vol tage peaks t@wsnbenlzavhan thebaelyend is natdraviggsiggificagteurisdlr t er circuit

havi ng seri es-connected switching devices (controllably conductive
devices) to convert the vaI ley fil I ed voI tage to a high-frequency AC
vol t age, a resoBRHH RO IDRAWINGS - f requency AC . voltage to a
gas di scharge | anp, nt r ol con e conduction of

the control Iabl y conﬁﬁcfwewafsmniaignf’aWﬁéﬁgf% § Ereph SRR RO $2 " P gas
di scharge | anp, elagtebnicesuliastivith sy APFO or vlleytillcdiicuRe1vith eérhe ideglizar o crossi ng
of the AC Iine input voltage so-that the ballast input current total

har moni ¢ di st or Wavs{orms sh P%G&é@ ed ines. pref erred enbodi ment of the ball ast,
the means for drawi ngoCEs e 1.@&861&1415@%%%93%&&&@ ofe car cl rcuit.
Preferably the cat ea? Cl rch I's a cat 'ear power supply at may al so
supply t he poweelectomicssadlast of thegpesntibe. t he control circuit or other

housekeepi ng and , auxf*‘ilg! $ida s%'n{)ﬁﬁ'edt s%hemannc c(fl% it ﬁﬁrgra%') (r>f’ 3 hltst grkg&ﬁment ofa

valley fill circuit using a buck converter circuit which can be used in the

: electromc ballast of the invention.

Fig. 4 is a simplified representation of the valley filled voltage in the buck
converter circuit of Fig. 3 illustrating the method of operation.

Fig. 5> is a simplified schematic circuit of the buck converter circuit of
Fig. 3 illustrating é first mode of operation. - | |

Fig. 6 is a simplified schernatic circuit diagram of the buck converter
circuit of Fig. 3 illustrating a second mode of operation.

Fig. 7 is a simplified representation of various voltage and current
waveforms in an electromc ballast mcludmg the buck convetter circuit of Fig. 3
at full light output.

Fig. 8 is a simplified representation of various voltage and current

waveforms in an electronic ballast including the buck converter circuit of Fig. 3

at ten percent light output. |
Fig. 9 is a simplified schematic circuit diagram of a second embodiment of
T a valley fill circuit having a buck converter circuit integrated with an inverter circuit

in accordance with the present invention.



current fromthe AC line around the zero crossing of the AC line yql ya9e08t
either the |eading edge of each half-cycle, or the trailing edge of each
hal f-cycl gyo o018t h- The cat ear circuit derives-its nangefHe)
characterlstlc shape of its input current waveform This current "fills
in" or supplenents the current waveformdrawn by the ballast fromthe AC
line around the zero voltage crossing®: The cat ear circuit may be
provided with circuitry that "cuts in" and 1 7 JAN 2006 WD 03/001855

PCT/ US02/ 20281 -7 "cuts out” the cat ear circuit in response to fixed input
voltage levels. Alternatively, the cat ear circuit may be provided with
circuitry to nonitor the current drawn by the ballast back end and cause .«
the cat ear circuit tRig.d0dsa simplified schematit cicoulitydiagran of h ¢hitrtberibaslirdent ©f not

d f t.., BRI EF DE Fi 1
r eg\rMeg gnts atg |monI %fa%l@' ll Qrﬁgrg‘&ﬁhavé‘tﬁ ?'eme%@%@ ﬁgnveﬁe%c%uftav\/\llbﬁpp ectr Io?n g*'

bal  ast wi th no jikfcforh tnéadubeyoﬁvlehbr ifchft §H dRordahde witiBiclisieatibged wavef or ms
shown as dashed |ines. Fi g. is a si rrpl i fied bl ock diagram of one of

- enbodi nent of the elFeatlrldﬁaémwélﬁpést epiti¢ piscuitiegramef angthey altgrmative
sinplified SChe'E%ltloﬁuﬁ &Pl%ai afgf @lf@uftfhaﬂn%a\'ﬁb %%Qfogigaifoi’ggcﬁamv I'ley

fill circuit. usin conv cireul can use Ne
el ectroni c ball aha valfeytmbcapamtent ion. Fig. 4 is asinplified representation

of the vaIIey_fiIIed a converter ci.r of, F.g. .3
11 uscrating the ot i 19198 plbued schefpge S hagtmash ipudn ddilen
circuit of. the Qlffali'aﬂ@ﬁﬁﬂrclr@tirt ifﬁlabﬁotliincefwrthﬁhtgpre?ent ilvestionat i ng a first node
.of operation. Fig. 6.is a sinplified schematic circuit di agram of the buck

converter circuit. ofFls'-llé153““!H‘@§@§§FM§°5“%&WM@ it eaphodimemet i g.
7 is asi rrpl i eﬂveﬂl@?l“ﬁ%@r@bﬁlﬂ oAbk iHPHE pl’eQerlt"il%nﬁ&g current

_.Fig. 14 1s a s1mpllfied schematlc circuit dtagram of a sixth embodiment of

'_':l

s j{-_a valley fill cnrcutt mtegrated thh an inverter circuit in accordance w1th the

o present mventton‘ ,_ . P
th 15 lS a smphﬁed schemattc circuit dragram of a seventh embodtment
S J;of a valley fill circuit in accordance with the present invention.
- Fi rg 16 1s a stmpltﬁed schematlc c1rcu1t diagram of an eighth embodiment
o ,' of a valley ﬁll Cll'CUlt in accordance with the present mventton

ths 17 and 18 are s1mpltﬁed schematlc circuit dragrams of a ballast

‘ f:iz‘constructed m accordance w1th the mventton
| Fig. 19 is a set of d1agrams on a common ttme base showing 1nverter
. circuit; swrtch conductton times of Fi ig. 17 changing over a half-cycle of the line
’ voltage, and the resultant line current drawn by the ballast
ths 20 and 21 are smphﬁed schematic crrcutt diagrams of a second
L embodlment of an electromc ballast constructed in accordance with the -
| invention.
" Fi ig. 221 1s a srmpltﬁed partral schemattc cn'cutt diagram of the ballast of
Flgs 20 and 21 whtch includes detatls of the control wave shaping, and feedback
circuits. : .
Fig23isa s1mplrﬁed schematic circuit diagram of an automatic gain

control circuit for the wave shaping circuit of Fig. 22.



wavefornms in an el ectronic ballast including the buck converter CiL?Ui/{N%ﬁ
Fig. 3 at full light output. Fig.” 8 is a sinplified representatio o‘f

vari ous wybtoagesend current waveforns in an el ectroni ¢ betiyesizeisgicl udi ng

t he buck converter circuit of Fig. 3 at ten percent light output. Fig. 9
Is a sinplified schematic circuit di agram of a second enbodi nent of a
valley fill circuit having a buck converter circuit integrated with an
inverter circuit in accordance with the present invention. 1 7 JAN 2006 WO
03/001855 PCT/ US02/ 20281 8 Fig. 10 is a sinplified schematic circuit
diagram of a third enbodinent of a valley fill circuit having an

.. ntegrated buck converter circuit with a tapped 1inductor in the buck
converter circuit inFigc2bsdaimplifiedtbhockidiagrany efia segond émbpdiméntiof the si npl i fi ed

schemati c circuj i aqr . t her alternative enbodinent of a valley
“~fill circuit hate%(ri\%cggﬂ‘r%%?ﬁg{@ansf ormer for recharging the valley fill

capacitor. Fig. 12 iBiga2Sisapimplifed biahelimgiin ofa thitdiembddimgsnacf e a fourth
enbodi ment  of ? %balgeé. gJill circuit in accordance with the present

i nvention. Fig. 840ack cliewt offiigs40eq schematic circuit diagramof a fifth
enbodi ment of  a valFigyad islalsiplitfediffowcharf ARRHAIRBGRe Yhcrdlichld? (1Y Rtk |
invention. Fig. 14, is a sinplified schematic circuit diagramof a sixth
enbodi ment of  eireuds pEFigsiddandi2fcuit integrated with an inverter circuit in

accordance with. theg. ' ' ~Fig.. 15 | siqplified schematic
circuit diagram of ?152%'@%?1 %E%%rﬁég{g%n hcc?irg%t‘t %%gr Iag’yoaf iqq%pgli'trc %tuelaf I n
accordance w t hpdvwer sppdgent invention. Fig.- 16 :.is .a :sinplified

T e o Bl R R P et o a1
- ear power supply of Figs. 20 and 22. ' o
. Fig. 29 is a simplified schematic circuit diagram of a first embodiment of . .
a cat ear circuit having fixed cut-in and cut-out points in accordance with the - -
| im}é,iﬁ@, , e : e deu. et S &
~Fig. 30 is a simplified schematic circuit diagram of a second embodiment
of a cat ear circuit including active monitoring of back end cuﬁent.
Fig. 31 shows a simplified waveform of the line current drawn by the

electronic ballast of Figs. 20 and 21.

- DETAILED DESCRIPTION OF EMBODIMENTS OF THEINVENTION - -
The foregoing summary, as well as the following detailed description of
the preferred embodiments, is better understood when read in conjunction with
the appended drawings. For the purposes of illustrating thé invention, there is
_'shown in the drawings én embodiment that'is presehtly preférrcd, in which like
- numerals represént similar parts throughout the several views of the drawings, it
being understood, however, that the invéntion is not limitéd to the specific

me’t'hqu and instrumentalities disclosed.
Ballast Overview

Referring first to Fig. 2, there is shown a simplified block diagram of an

electronic ballast 810 constructed in accordance with the invention. The ballast



Fi gs.. 17 and 18 are sinplified schematic circuit diagrans of a bajlgaj&
constructed in' accordance with the invention.-: Fig. 19 i.s a, set'of N 2006

di agrans @i ¢3/06@830N tine base showi ng inverter circuit pgwuseineesnduct i on
times of Fig. 17 changing over a half-cycle of the line voltage, and the
resultant line current drawn by the ballast. Figs. 20 and 21 are sinplified
schematic circuit diagranms of a secont - embodi nent of an el ectronic ball ast
constructed in accordance with the invention. Fig. 22 is a sinplified
partial schematic circuit diagramof the ballast of Figs. 20 and 21 which
I ncl udes details of the control, wave shaping, and feedback <circuits.
Fig.23 is a sinplified schematic circuit diagramof an automatic gain -
control circuit8ibhinchides awectfyitgaiicniy 820 eapable ofbeing gonneeted fo an ARROMBO6 WO

03/ 001855 PCT/ US024 20281 9 4. Fi.g. 24 is a sinplifi ' mof a
second enbodi e M{PPOY W%ﬁé g“fe&l‘HBggﬂ“egﬂf'c@(qwazlfy?@fz &.“Jeggl.np hgé&“ %@a -
sinplified bl oclahcasatpmy issO0tHY ércbOetith ddowsirt, thd invagionfiendtiadtedeor cui t  of

Fig. 20. Fig. 26 is a sinplified flowhart jlJustrating the operatjqn of
the feedback cthesgparticyar 'Jﬁqgsnm% eyap a geyvige ‘Sﬁ‘aqttg bg canmesie fq%lafe&

schemati c ci r cuibyfitfaaemireldtitt, bPEorRbitaBidto fdther ROMEY, itThEARS that fhey. 28
shows a sinplified waveformof the line current drawn by the cat. ear

power supply of devigemagbe dinettlyzonmgicted by g wise er alternately, icarnested dirpughe circuit

diagramof a fi ragc'gtheer (\)/%ie rsTEc'?xtas?lf)ut'not limited to) a resistor, diode, controllable
conductive device, and this connection may be in a series or parallel
arrangement. The rectifying circuit 820 converts the AC input voltage to a full
wave rectified voltage. In one embodiment of the invention rectifying circuit 820
is connected to a novel valley fill circuit 830, to be described, through a diode
840. A high frequency bypass filter capacitor 850 is connected across the input
terminais of the valley fill circuit 830. The valley fill circuit 830 seléctively
charges and discharges an energy storage device to be described, so as to create a
valley filled voltage. The output terminals of the valley fill circuit 830 are in turn
connected to the input terminals of an inverter circuit 860. The inverter circuit
860 converts the rectiﬁed DC voltage to a high-frequency AC voltage. The
output terminals of the inverter circuit 860 are coﬁnected to an output circuit 870,
which typically includes a resonant tank, and may also include a coupling
transformer. The output circuit 870 filters the inverter circuit 860 output to

_supply essentially a sinusoidal high frequency voltage, as well as provides

voltage gain and increased output impedance. The output circuit 870 is capable
of being connected to drive a load 880 such as a gas discharge lamp; for example,
a fluorescent lamp. An output current sénse circuit 890 coupled to the load 880
provides load current feedback to a control circuit 882. The control circuit 882
generates control signals to control the operation of the valley fill circuit 830 and
the inverter circuit 860 so as to provide a desired load current to the load 880. A
cat ear circuit 884 is connected across the output terminals of the rectifying
circuit 820 and provides the necessary power for proper operation of the control
circuit 882.
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the invent
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second emyedziaBiRks of a cat ear circuit including activepdposdReisag of back

end current.
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el ectronic ballast of Figs. 20 and 21. DETAI LED DESCRI PTI ON

OF EMBODI MENTS OF THE- | NVENTI ON , Thél foregoing summary, as well as the
foll owi ng detail ed description of the preferred enbodi nents, is better
under stood when read in conjunction with the appended draw ngs. For the

pur poses of
-.enbodi nent

il
t hat

ustrating the invention, there is shown in the drawi ngs an
Is presently preferred, in which |ike 'nunerals represent

simlar parts tRhoMgheuFilltGircugeveral views of the drawings, it being
however, that the invention is not limted to the specific
~met hods and instrunentalities disclosed. Ballast Overview Referring first

under st ood,

to Fig. 2,

t her

e i's Thawg owsioRig.i3 thett 1bhlmm wléchgmam ¢ifcudiagineefid oni c

bal | ast 810 construcg% i n accardance
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820 capabl e of P&iv@ﬁeﬁ&&ﬁﬁctﬁgnéc&d%&oég rﬁ%rseco?x'dﬁﬁﬁd teMniddlsD191aH€914 | ne

frequency. Typically, the given |ine freguenc

50 Hz or 60
frequencies.
I n current

Hz.
rela

ty the AC power suppl y is
isramvenergy-starage demice M 6,0n thedomwof 4 ¢apacitad, in geriastvather fiest t i cul ar

G140 Bis By b0 Bk L B SROIPSTAG s Gk 0 coupl ed

or "conn 0 -anot her device, 1 neans that the

devi ce may be dbdsmtzﬂlb&ctmmgcmdmtmthewipaﬁtooslal This bagaeitor,916 dulact ed

t hr ough another

controll abl

e

.a resistor, diode,

evj ce such. a but not |mt to
Eattied 1 e TasckBe A Sinaclin Conheniitlo MliuRetlphpl Herpatadiol | o5 of

parallel arr angmthe ThBodetstithd Hist@lodd 918Uk hn HrdlctePIAVRISh {sle8nd¥etddnput
voltage to a full

in series with a second (optional) diode 922 and a controllably conductive device,
switch 924, to a circuit common. Controllably conductive device 924 is shown
as a metal-oxide semiconductor field-effect transistor (MOSFET), but may be a
bipolar junction transistor (BJT), insulated gate bipolar transistor (IGBT), or
other controllably conductive device. The buck converter circuit 910 also

includes a third commutating diode 926, which may also be a suitably controlled

synchronous rectifier or MOSFET, connected between the junction of the buck

inductor 920 and the second diode 922, and one terminal of the capacitor 916
connected to the input 912. A first output terminal 928 is connected to input
terminal 912, capacitor 916, and the cathode of commutating diode 926. A
second output terminal 930 is connected to the second input terminal 914, circuit
common, the anode of diode 918, and the switch 924.

The operation of the buck converter circuit 910 will be described in
connection with Figs. 3, 4, 5, and 6. The buck converter circuit 910 opérates
under two different conditions. In condition I (interval I in Fig. 4), the
instantaneous rectified line voltage 1010 applied to the input terminals 912, 914
of the buck converter circuit 910 is equal to or less than the voltage 1012 across
the capacitor 916, and the capacitor 916 is therefore discharging some of its
stored energy into the inverter circuit. In this condition, the diode 840 (Fig. 2) is
reverse biased, and the diode 918 is forward biased into conduction. This

establishes a discharge path for the capacitor 916 from circuit common terminal



wave rectified voltage. In one enbodi nent of the invention recti”y'qﬂ
circuit 820 1is connected to a novel valley fill circuit 830, to Bé N 2006
descri bedwotoBpesgh a di ode 840. A high frequency bypassptrivseroempacit or
850 is connected across the input termnals of the. valley fill circuit
830. The valley fill circuit 830 selectively charges and di scharges an
energy storage device to be describe#-so as to create a valley filled
voltage. The output termnals of the valley fill circuit 830 are in turn
connected to the input termnals of an inverter circuit 860. The inverter
circuit 860 converts the rectified DC voltage to a high-frequency AC

vol tage. The output termnals of the inverter circuit 860 are connected teo
an out put ci r c@B, terpogh theidiade 91§ prd e cgpaciien Udets the beckneamerter WUt and may

al so include a,coupl i Q T ' ' ' rs the

I nverter ci rcuit?rg@g% bg%t %‘&{ta{]%zfd' aitg‘g’%‘i‘%y %’gggéﬁq@%ﬁ% hgfg#iu5§%1cmlifgh -
frequency vol t apeut 30&Hur Igraater,prldsh daabstantiblipgreagaihan dredréquencyadditt out put

i npedance. The outpyt. circuit_ 870 is ca e of being cgonnected to drive a
| oad 880 such 5%“@6@2@? &?I%Hay@lsnlthoﬁﬁﬁf“cggpj‘ Beonfyding, ‘gs'g\‘{](?f’%r%ent | anp. An
out put current :sRAARgGH tHeWubk HRAACtEOMDI B e #r@ﬁoﬁélﬂdrg&@cyc&ri@w des | oad
current feedback to a control circuit 882. The control circuit 882

generates cont discharpeshtiranghshecdioda PR and dhesppaich 020 tp Grcuiticompmant ey fi | |
circuit 830 andl‘hextegﬁg881\é%i§o%% g{i Sk AR eggasédq;o@ﬁﬂ\‘lb%'rt rdGsddied | oad

current to the Toa ear circuit I's connected across the
out put ter m nalflowafthiohgh the buck indagor 920r cuit 820 and provi des the necessary

power for proper operation I he nt r.ol ircuit 882. -.. .7 JAN 2006
W0 03/ 001855 PCT/ USIBFoRsiion 1 glgtem@ﬁ\}ghge@,@?q nStantangous rep f‘ﬁ‘?lh‘@e now to Fig.
3, there is S_hQ»Wﬂa'gfbi§2ﬁ@t§ﬂﬂaﬁﬂfd\FdPt'd'géao@és@@iédﬁ?ﬁkfito@9l$,iahathe&ﬁbaddomm '910 of
the valley fill circurt 830 of Fig. 2 in the formof a bugk cqQnverter
circuit. Conneds breasing s steredenerghPwringgntgrvah Butheoperatipmpktho bucky g 914 :

converter depends on the conduction state of the switch 924. _
" Whenthe switch 924 is conc‘lucvting, the buck converter circuit 910
reduces to the simplified form shown in Fig. 5 and the vdltage across the buck |
inductor 920 is equal to the instantaneous rectified line volté.ge minus the voltage
“across the capacitor 916. Thus, the capacitor 916 is charged by a current flowing -
from the input 912, through the capacitor 916, the buck inductor 920, and the
switch 924, to circuit common. In addition, the energy is stofed ih buck inductor :
© 920 by the voltage applied to the buck inductor 920 when switch 924 is
conducting. When the switch 924 is not conducting (as depicted in Fig. 6), then
the current 1210 flowing through the buck inductor 920 commutates through the
diode 926 and flows into the capacitor 916, thus transferring some or all of the .
energy stored in buck inductor 920 to the capacitor 916. Noté that in condition II,
the capacitor 916 is charging both when switch 924 is conducting, and when
switch 924 is not conducting.

The result of the operation of the buck converter circuit 910 is that the
capacitor 916 charges over a period of time 1310, as sﬁown in Fig. 7 wherein the
ballast is operating at full light output. The charging of the valley fill capacitor
916 preferably takes piace over more than 90 degrees of each line half cycle.




i's an ener gy- storage device 916, in the formof a capacitor, in sgri es q\ﬁ%th
a first diode 918. The function of the buck converter circuit 916 JAN ¢

provi de awo@abissd | ed charging current for the capacitorp8i/gse2otsi
capacitor 916 is also referred to as the valley fill capacitor. Connected

to the junction of the capacitor 916 and the cathode of the first diode

918 is an inductor 920 which is connkkted in series with a second

(optional) diode 922 and a controllably conductive device, switch 924, to

a circuit common. Controllably conductive device 924 is shown as a

nmet al - oxi de sem conductor field-effect transistor (MOSFET), but may be a
~.bipolar junction transistor (BJT), insulated gate bipolar transistor

(1 GBT), or other cHWfhendidchbigingafibirialiey dlicapdciter talereplangdir groatortharer

circuit 910 al i ncl ude t i . ng,ﬁ i |od 10 W may al so be
**a suitably con?ﬁgﬁrgﬁolflg?/‘%’c@roo %Itrfghﬁgc ?"é’rﬂagfréyﬁ%sﬁ'ﬁ?r,g&é%ﬁgrygcpséd bet ween
the junction ofnpuheurketiotal hashwsicodistdRidnanshbdehdodao bd retiuoete 922, and one
term nal of the capacitor 916

connected to the in .912. A first output
ternminal 928 is conﬁé@‘@é‘&dﬁ’éﬂt%ﬁﬁft e?@ﬁﬁpﬁ%ﬁ“g@ﬁ““@ﬁbé&&lﬁwe %Bs,h_ and t he
cathode of comutakid@e dhRdRor3A6 at fhe bESHAME oPLch Eharz8 ti218 &l lin%gl tyS
connected to the second mgut termnal 914, circuit = common, the anode of
di ode 918, andthetbiugk ingueton922 ThisTar alspbe sgendmFig 7 ithhabile peakdingeurrent ci r cui t

910 will b e d eslg[i g%geallg recﬁlgéwgcbungﬂre\ﬁ'ité tﬁeg)!e ﬁne?’curr%nt f’jc}Aao?g'r?%al im&‘ buck
converter circui operates under two different conditlons. tn
condition | (i attdaNasts Having nleiagtivedpawer fietoricosreaion {ABRBCY or edley filled | i ne

vol tage 1010 appli.ed 0 the input.termnals 912,..914 of . buck converter
circuit 910 is cgﬁﬂﬁﬂ' {:B”?ﬂt W@E"?‘H‘é‘ﬁ 1} FEn e %lé@_ﬁfﬁé?t ﬁlétr‘%ggl_lastng"capaci t or
916, and the capathiwhedPower i§ Nk ?ﬁﬁ{e&t@'ﬂl §/pIAl &btive pSRBEfabtor édrfectedt Or ed

n

energy into the inverter circuit. 1 this condition, the diode 840 (Fig. 2)
is reverse bi helast, tharncraystatagsrapariter isshargeduantdl the eapaeitar yokiageaisgiet i on.

o ot o AR B\ AR St i o v
current is essentially limited only by wire resistance and the impedance of the :
AC power source supplying the ballast. The buck converter circuit 910 of the
ballast of the invention is inherently current limited, thereby overcoming another
significant drawback to APFC type ballasts.

Another advantage of the buck converter circuit 910 is that it provides
over-voltage protection for the capacitor 916. That is, in an unloaded condition,
such as when no lamp is connected, the capacitor 916 will charge to no more than
the peak rectified line voltage. This is in contrast to traditional boost and buck-
boost converters wherein extra circuitry must be added to prevent charging of the
energy storage capacitor to potentially catastrophically high voltages in an
unloaded condition. '

As shown in Fig, 8, as the lamp is dimmed down to about 10 percent light
output, the charging time of the capacitor 916 decreases. Simultaneously, the bus
ripple voltage is also reduced, leading to a lower:current crest factdr of the lamp
current.

" Turning now to Fig. 9, there is shown a second embodiment of the buck
converter circuit 1410 with inverter circuit 860. The inverter circuit 860, which
is described later in more detail, has a high side switch 2112 and a low side
switch 924. The high side switch 2112 and the low side switch 924 are both



930, through the diode 918 and the capacitor 916, to the buck coMVieyaRr2o06
output termnal 928. Switch 924 alternately opens and cl oses at a
f-requencywbypomssd y about 30 kHz or greater, which is sebswsediozsl y
greater than the frequency of the rectified |ine voltage. Wien the switch
924 is conducting, residual energy remaining in the buck inductor 920 from
the previous charging cycle is dlscﬁérged t hrough the di ode 922 and the
switch 924 to circuit common. Thereafter, the diodes 922 and 926 are
reverse biased so that no further current flows through the buck inductor

920. In condition Il (interval Il in Fig. 4), the instantaneous rectified
line voltage is greater than the voltage across the capacitor 916, and the
capacitor 916 comrdllablycandunive deviessotucll aeMEYSRETs oo IGREs.| tthisval 11, the

operation of thﬁxb?@gegwﬁfﬂ%l%gﬁgﬁveﬂ%‘&ggéglfbn%rt@ggnga&tke&nu%@ger@f the

switch 924. Whé& 'S con converter circuit
910 reduces t chetdoatrollatby bdndachvfeo:femce bpAwrTherseBorgl entbaalivderitlo€buakd t age acr oss

t he buck inductor 920 is tq the instan eo rectified,|l vol t age
m nus the vol t SH&vertgrFiEad lgﬂ O@ﬁﬂé{?ﬁ ?R?Fat%?fése“%* l{ﬁﬁéa‘ﬁ%lﬁ%?st%? h§§16 i's :

charged by a C@h‘h@&‘i}nehlMtﬁﬁcoﬁsfeﬁ@&f&ﬁlt@'ﬂ@m 912, through the capaci tor
916, -the buck inductor 920, -and the switch 924, to circuit conmon.

addition, the ener gifuiningeay EdFlgnlﬂeﬂt@RelﬁﬁhRm athlrdgmbddyn@meft}v@lbudge appl i ed
to the b UCk | ngB'EJegt re9 gcQu VYg%‘ eéﬁ r}hg%l k'ﬁ%jc?&{@%li% fep ed’\bﬁﬁ'a&:{pﬁi wi tch

924 is not conducti e curren
fl owi ng thr. ough‘nduhmrbm Thuﬂmd@oftﬁaeommaubmdmdc 926 ughpled e aminteder 926 and

flows into.the ¢ i tor nsferri 0 all .of the, energy
stored in. buckcf’ﬁﬂﬁﬁ‘%‘?pp@;t}‘dﬂ"&mf PR 6?&99‘82‘ {Qrgﬂ‘gmf‘ﬂ%?f &‘ﬁt?Bﬁ%ll tion

I, the capaciifd¥cto? 1620 ﬁldqhaaduagzioorﬁe ineforsip pladented ptovidegaguct i ng, and
when ‘swi-t'ch 9247i.s not conducting.. The result of the operation of_ the buck

conver t er.. ci. r.c@hpabdity to vary e discharge élm%ttf itheoinducter 1538y dhe conpimpoys Beds od of
o0 g oo o BRSPS GRS |
t akes pl ace ov d{owesree thlh@(ﬁ@ﬂbxdﬁgty@ememmthakmtraidenﬁ' offi &kta vx)ltage stress on
- - the switch 924. T.h“?‘a. when the tapped inductor 1520 is transferring energy to
.the eapaciter 916, the tapped inductor 1520 acts so that the voltage applied across .
g ‘;__Ethe sw1tch 924 is equal to the voltage across the: capac1tor 916 multlphed by the -
':'tums ratlo of the tapped mductor 1520. A snubber Cll’Clllt mcludmg a snubber

:,'dlode 1552 m serles wnth the parallel comblnatlon ofa snubber resxstor 1554 and

-nubber capacltor 1556 18 coupled between the Junctlon of the tapped buck -
E m“ductor 1520 and the diode 922, and circuit common, to dissipate uncoupled
. resxdual energy m the tapped buck mductor
In one embodlment of the tapped buck inductor circuit of Flg 10,
o capamtor 916isa parallel combination of two 47 microfarad, 250 volt capacitors,
S dlodes 918 and 926 are MUR160 diodes, diodes 922 and 1552 are 1000 volt, 1
o ampere dxodes re51stor 1554 is a series combination of two 91 kilohm, 1 watt
resnstors capamtor 1556 isa 0047 mlcrofarad 630 volt capac1tor and switch
“ ‘ 924 is a 250 volt IRF1634G MOSFET The tapped buck inductor 1520 has a
total number of about 180 turns from the cathode of diode 918 to the anode of .
diede 922, and has an inductance of about 1.427 milliHenries, with the number of

turns from the cathode of diode 918 to the tap being about 75, with an inductance
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The charging current also increases as the voltage differential between the

rectified line voltage and the voltage across the capacitor 916 increases. This "

 results in the instantaneous chafging current in the tapped buck inductor being = -

" highest in the middle of the line half cycle, and lower towards the tails of the line.

half cycle, which in turn results in reduced total harmonic distortion of the balllast

- input current.-

“ Turning now to Fig. 11, there is shown ”;i’xibth'er ‘eﬁ_ib’odifrie’ht 1570 of a S

valley fill circuit. In this embodiment, the valley fill circuit 1570 includes, in

- addition to the capacitor 916, the diode 922, and the switch 924, a diode 1572

connected between the capacitor 916 and the terminal 912, a diodé» 1574 and a

- “flyback” transformer 1576. The “primary” winding of the transformer 1576 is

. connected between the anode of the diode 922 and the terminal 928 of the valley .

fill circuit 1570. The “secondary winding of the transformer 1576 is connected

between circuit common and to the anode of the dlode 1574, the cathode of
which is in turn connected to the junction of the capacltor 916 and the anode of
the diode 1572.

When a rectified line voltage applied to terminals 912, 914 in Fig. 11
exceeds the voltage across the capacitor 916, then the voltage developed across

the “secondary” winding of the flyback transformer 1576 recharges the capacitor



current. Turning nowto Fig. 9, there is shown a second enbodi nent O$.}
buck converter circuit 1410 with inverter circuit 860. The |nverte AN 2006
gircuit 8?8, W@ is described later in nore detail, hggp@udibabhssi de
switch 21 a low side switch 924. The high side switch 2112 and the

| ow side switch 924 are both 1 7 JAN 2006 WD 03/001855 PCT/ US02/ 20281 -14
control |l ably conductive devices, suclH6as MOSFETs or | &BTs. In this

enbodi nent, the buck converter circuit 1410 and the inverter circuit 860
share the controllably conductive device 924. The second enbodi nent of

buck converter circuit 1410 otherw se operates essentially in the sane way
as the first enbodi nent of buck converter circuit 910. Turning now to Fig.-
10, there is sfmmhraugmdhédioaebsm.nwmnm‘ere&ﬁiebumk vonage\fatstmtovethecui t 1510

in which the buck inductor 920.is lge Eaced W t q 3 EEPE n]icliuct or .1520.
The anode of t HOlREAMAsatheRaPRigRLhgIRe FapacitRyAladise ??tbmug PYPUL coi | of -
the tapped ind‘%@ﬁxﬂﬁal#ﬁ@aﬂ%bhe tap, rather than the junction of the tapped
i nductor. 1520 and the diode 922. The inductor tap placenent %)lovi des the.

capability.to. vary ’RtmngingwhfaFgell,lth@e isrshowa ajfprerthcerapodimens 161hef @ ont i nuous
node Nbperatl he b Vi h: d

al t oget her. %plCIrfIHF&§1§§§‘$§ oﬁ %"[W?y c%’e ﬂ&ﬁ%ﬂ Iﬁq{"ﬁg b%ﬁ%&?f of
extra vol tage &héearey(im citcot 1610 hm@htd@s'ZdlﬁrsTbn&gy sboape bd}ﬁcﬂtﬁrﬂﬁﬁﬁ i nduct or
1520 is transferri n ener t he jtor 91 ed I nduct.or 1520
acts so that tHEOME ‘Tda‘ﬁéerg%ﬁf‘ﬁl?dﬁ’éﬁgﬁg 034 geppss g’*&atﬁe SQﬁQ mPgt ERULRIS 1 o ¢ he
vol tage across ¢1neopBakd &ihitd600. ”H'sEéd%'eﬁ Xtohih% cafaééﬁthSlGl%tst of the .
t apped i nduct or 1520. A snubber circuit including a snubber diode 1552, in

series with theopaecied iglserigsrmithmsdcond @pdgl@éumg@athpé@o%wwh isgEdtaf a
snubber capaci tlﬂ{)ut 91155 & thitd dfeQ¥ Hlﬁ?@m%ﬁﬁ&%&'& bte%ehlfﬂbc_]hhafbncgf c&ﬂlﬁlt&appe‘j buck

1632 and diode 1634, and the junction of capacitor 1616 and diode 1636. The
other terminal of energy storage capacitor 1616 is connected to the second input
terminal 914 by means of a fourth diode 1618 in parallel with a resistor 1620. .

~ When a rectified line voltage applied to terminals 912, 914 exceeds the -
sum of the voltages across the capacitors 1632 and 1616 by the forward voltage
drop across the diode 1638, then the diodes 1634, 1636, and 1618 are reverse
biased, the diode 1638 is forward biased, and the energy storage capacitors 1632,
1616 charge through the series path of capacitor 1632, diode 1638, capacitor
1616,‘ and resistor 1620. Resistor 1620 limits the charging current into the -
energy storage capacitors 1632, 1616 to reduce current spikes in the current
drawn by the ballast from the line, thereby reducing the ballast input current total
harmonic distortion. The capacitors 1632, 1616 typically each have the same
value and charge to approximately one-half the peak input voltage.

When a rectified line voltage applied to terminals 912, 914 falls below the
sum of the voltage across capacitors 1632, 1616, then diode 1638 is reverse
biased. Once the voltage across the input terminals 912, 914 falls below the
voltage across the capacitor 1632 by more than the turn-on voltage of the diode
1634, then capacitor 1632 discharges through diode 1634 and output terminals
928 and 930. Once the voltage across the input terminals 912, 914 falls below
the voltage across the capacitor 1616 by more than the turn-on voltage of the
diode 1636, then capacitor 1616 discharges through the diode 1636, the resistor



I'nduct or 1520 and the di ode 922, and circuit comon, to dissipate Qnﬁgyemﬁd
.residual energy in the tapped buck inductor. In one enbodi nent of ¢

t-apped b | or circuit of Fig. 10, capacitor 916 | | el
éonbinatﬁgéog?a$%% 47 m crofarad, 250 volt capacitors, %?gﬁg@ﬁ8%§ and 926
are MJR160 di odes, diodes 922 and 1552 are 1000 volt, 1 anpere diodes,
resistor 1554 is a series conbinati oh’/of two 91 kilohm 1 watt resistors,
capacitor 1556 is a .0047 mcrofarad, 630 volt capacitor, and switch 924
is a 250 volt I RF1634G MOSFET. The tapped buck inductor .1520 has a total
nunber of about 180 turns fromthe cathode of diode 918 to the anode of

.. diode 922, and has an inductance of about 1.427 mlliHenries, with the

nunber of tur 1620, andnticlatpuatehnihals®R8,430d aVieh&hd woltahe dtopracings thg about 75,

T e K A vt

di ode 922 bei ngisgipds thidagh Wolids F36, 168 ah@ieduPht RARAIMAISSIB, gs0cr oHenries. In
each of the previously described enbodi nents of the valley fill circuit

830 (Fig. 2), chargimimmanycthe caaciterpéd, dpl6ochgrgerie serisscandyischargeifyer

conduction ti f . | S the la
I's being di mrggla {l%l, ?%&%Pﬁgﬁe{rsg%ﬁidrﬁﬁgqg% féﬁ'cér%}ft g&gﬂ:&%ﬁ%s &g%gs | onger ™
time, and the dschargelaatp. diheamouhtnfgipplern dewedws voltagedd thereby radlased;, whi ch

vol tage at | owaHie s etk S RRERLBe e Sttt éieg T gn

level s and a higlagsibaiag. vol tage allows the . lanp to be driven through a
hi gher i npedance. Hi gher out{)u_t | npedance i rr,gfr oves, | anp stabjli t?/, as is
di scussed in U.S. Pbenplleydill grayil 63 af Figskl ditfers significapidy fromghe yallegy| | i van
et al., and asgiaie bPWddiiRl.Flaicht £97667OMost hibly, WHBE, i B 9idtg_cur rent
al so increases as the voltage |1P erent) a4l between the rectified l'ine

vol t age and t hdisyatenbgbowsa tasistar lireserigp with agliode tonnecteddatessn tWti s results

‘ 'n the | n_st aht %QpGa%x Srs’ }I]r? (r:&lltrra]lgt, &xlérvgﬁe@'tﬁli &réuri]teofﬁé? HS%robvli'&elé tliae”r%&{%? i62%ei ng S

in parallel with the diode 1618, the pair connected between the capacitor 1616
‘and circuit common. This novel arrangement provides the desired improvement
in ballast input current total harmonic distortion, but does so in a manner that
more readily lends itself to additional improvements.
4 “To further improve the ballast input current total harmonic distortion, the
valley fill circuit 1610 of Fig. 12 may be modified by placing a controllably
conductive device 924 in series with the resistor 1620 as shown in Fig. 13. This
creates a switched resistor circuit. The controllably conductive device 924 will
typically be operated at a high frequency, that is, mariy times greater than the
fundamental frequency of the AC line voltage. The ballast input current total
harmonic distortion may be improved by controlling the conduction of switch
924 so that the conduction time of the switch 924 is increased near the center or
peak of each line half cycle. This results in a ballast input current waveform that
more nearly matches the AC line voltage waveform.

The valley fill circuit 1710 of Fig. 13 may be integrated with the ballast
inverter circuit as shoWn in Fig. 14 wherein the controllably conductive device
924 is shared by the valley-fill circuit 1810 and the inverter circuit 2110.
Alternately, the switch 924 of the valley fill circuit 1710 of Fig. 13 may be an



hi ghest in the mddle of the line half cycle,-and | ower towards thﬁz ﬁ)* S006
of the line half cycle, which in turn results in reduced total r%o %

di storti ogoQhebfass bal last input current. Turning now topFimsezkbasit here. is
shown anot h)er enbodi nent 1570 of a wvalley fill circuit. In this
enbodi ment, the valley fill circuit 1570 includes, in addltlon to the

capacitor 916, the diode 922, and th&swi tch 924, a diode 1572 connected
bet ween the capacitor 916 and the term nal 912, a diode 1574 and a
"flyback” transformer 1576. The "primary” w nding of the transforner 1576

I s connected between the anode of the diode 922 and the term nal 928 of the
valley . fill circuit 1570. The "secondary" w nding of the transforner
1576 i s connectisidpediehtheeontroliédetntrotiahlyroondactivet devich separmel fowfeatthef di ode

1574, the cathode of which is in fur, onnected to the junction of the
capacitor 916 éliﬁfwlﬁéesa‘ﬁéléf‘e‘“hﬁfmrﬁﬁ‘é"& de 1572. Wen a rectified line -

vol tage applied to k‘é&l@&mbs%es%%he Qalléy'ﬁ'ﬂ olFﬂcaa 1'1110 ofPi£ a8GRayt taetiteli age

across the capacitor 916, th he vol tage devel oped across, the
"secondary" wi R8s rothﬁlhéSﬂDW@Id@q{ng jeaistof b62fevith ayimdpctent2fdaseries capaci t or

1 7 JAN 2006 Q. 1574.
Wien the recti g‘cf'/ “?Pﬁ?égolﬁg Héhagtf‘l%g%g&?gv%@% ﬁ%eﬁc&.lilﬁﬂgg Og(t:hr%(%xgds&t

capaci tor, then92men¢uhea@ltcth)9249ﬁ@hhrsp]laeafdggsa slilgleuglbctouﬂhnnevert theni naI s 928
and 930. Turni now to Fig. rt.h.enbqgdi nent 1610 of
a valley fill Q@Shrgfﬂl{enw"gﬁh%éﬁ"%?ffﬁwd‘ﬁ’ﬁ?g? P?%‘Sé‘ﬁéﬁﬁ‘?"%%@gagg In this
embodi ment.,  t RgepahdiRY ildubtbr BI2084'bé uskd10 i ncludes a first energy storage
capaci tor 1632 connected in series with a first diode 1634 across first

and second i nput  t esanaltemagveto sitgh 924, piseconsry yinding 2024 fom@cond ener gy

The oot hodo.of "Wt ARHRat G RPRECREF: eafblsh3s Mo AREARTS 058 1o

connect ed. bet V\Hﬁgh-tﬂequemyl ahispormets are papically present in ballasts. By the addition of

w?

~ the proper number of turns of a secondary wmdmg (preferably to an already
existing transformer), a voltage of alternating polanty may be 1ntroduced in
‘series with inductor 1920, alternately opposing and aiding the flow of ‘current
through the inductor 1920. The wmdmg 2024 thereby effectrvely functions as a

switch.

“The Inverter Circuit

As can be seen in Figs. 17 and 18, connected to the output of the capacitor
916 and the buck converter 1510is a high-frequency inverter circuit 2110 for
providing a high-frequency voltage to a resonant tank circuit 2220 of Figure 18,
for driving a lamp current through a gas discharge lamp. The inverter circuit
2110 includes series-connected first and second controllably conductive devices
2112, 924. The bus voltage is the greater of either the.rectiﬁ'ed line voltage, or
the voltage across the capaeitor 916. When the rectified line voltage is greater
than the voltage on the capacitor 916, then the inverter circuit 2110 draws current
directly from the AC line. When the rectified line voltage is less than the
voltage on capacitor 916, then the inverter circuit 2110 draws current from the

capacitor 916.



1632 and di ode 1634, and the junction of capacitor 1616 and di odﬁ]i%\(k 20-6-616
other term nal of energy storage capacitor 1616 is connected to the second
i-nput  t ewidigdRbi1sskl4 by nmeans of a fourth diode 1618 in paepusBhohth a
resistor 1620. When a rectified line voltage applied to termnals 912, 914
exceeds the sum of the voltages acrgés the capacitors 1632 and 1616 by the
forward voltage drop across the diode: 1638, then the diodes 1634, 1636,
and 1618 are reverse biased, the diode 1638 is forward biased, and the
energy storage capacitors 1632, 1616 charge through the series path of
capacitor 1632, diode 1638, capacitor 1616, and resistor 1620. Resistor

-.1620 limts the charging current into the energy storage capacitors 1632,
1616 to reduce currE‘alenélpﬁIRE@'teifﬁlr@lhfedf@‘M?fPWtdlmcélwffobythﬂli?@lllmlﬂoast fromthe

line, thereby r | b L @dgety: i ' i
~di stortion. Thé&ggégg@?t%’r§fé%gtéé?&f%‘fg{éﬁ{;%l?gg?‘?gﬁé%g‘lﬁaﬂlﬁ%%%wg%m val ue
and charge to apgkraitherACding, theesshitihg THRroffibaballastinput\cotremdes basdh dound
rectified line vgl tgsgﬁ %oi/ed to termnals 912, 914 falls below the sum
of the volt age'aRs’s %agg i°tors 1632, 1616, then diode 1638 is reverse

bi ased. Once the volh@gger@tnQTshe iAerten Bidduit 21 OWIRhEwW s descPibdd inal | s bel ow
the voltage across the capacitor 1632 hy myre than the turn-on voltage of

the di ode 163&onnepiion wilhEig { & rThednyertey citon 24 bl uses a Srethfraqusaey. X84 and

out put term nal; ) : St ' term nal s
912, 914 falls %)e?ozl\?vﬁe‘?%a@?ﬁ%ya eﬁgsg;rltg@ggt Og@ggo acalrt{?’g'rntilg?'ghlgb?ﬂ%ore t han

t he turn-on volohgged ofilytane, of dhexydtchimrgalevicese 12 H24ds candudtbigt dil siafear ges

t hrough the digdg.1636, .the resistor.1 AN 200 3/0Q18
PCT/ US02/ 20281 10 i ‘f‘%‘é‘éﬁ‘%ﬁ%ﬂ i Syl Bﬁ?‘%‘isi? Hheienduction g“’§£ et ¢ he
vol t age drop agwiés2i1?eand the behplemdfidl) RKCSRIS(1ierefor to-thdicondlétdge of the
di ode 1618, then capacitor, 1616 di scharges through di odes 1636, 1618 and
the output ter m%féh@%?ﬂd@%@h Pﬁ“-%ﬂ‘}% tf‘hté?‘-’@ thei d_Le&°§S 214329241816 char ge
in series, and gi&EhAE HGIithnesPhb dhh Sk thedBhduéRbh fthet RLitedsth a8 BAnRRLr 0y to an
i nverter circuit -whirch drives the gas - :

D) of each respective device is the period of the switching frequency. In

practical electronic circuits there is usually a time when neither device 2112, 924
is conducting, commonly referred to as dead time. This dead time is normally
very short with respect to the conduction times of device 2112, 924. The purpose
of this dead time is to ensure that both devices 2112, 924 do not conduct
simultaneously. However, this dead time may be increased and used as an
additional control parameter of the inverter circuit. When switch 2112 (referred
to as SW 1 in Fig. 19) is conducting, then the output of the inverter circuit 2110
is connected to the buck converter circuit output terminal 928 which is the valley
filled voltage. When the switching device 924 (referred to as SW2 in Fig. 19) is
conducting, then the output of the inverter circuit 2110 is connected to the buck
converter circuit output terminal 930, which is circuit common. For a given
instantaneous valley filled voltage, the maximum lamp current that could be
delivered to the gés discharge lamp for that instantaneous valley filled voltage is
achieved when the conduction times of the two. switching devices 2112, 924 are
equal. In this electronic ballast th¢ lamp current depends on both the
instantaneous valley filled voltage and the conduction times of the switching
devices 2112, 924. The conduction times of the switching devices 2112, 924 are

controlled by a control circuit 882 shown in Fig. 17 in response to the current



di scharge lanp. The anount of ripple in the bus voltage is thereby e %l
which in turn leads to inproved current crest factor of the |lanp curren

del i vered ball ast. The valley fill circuit 1610 differs
significant ymldr%gsmthe valley fill circuit of Wod in UQ’ETE’SE”%,\"%@‘
5,387,847. Most notably, Wod, in Fig. 2 of his patent, shows a resistor
Iin series with a di ode connected bet¥een two capacitors. In contrast, the
valley fill circuit of Fig. 12 provides the resistor 1620 in parallel with
the di ode 1618, the pair connected between the capacitor 1616 and circuit.
comon. This novel arrangement provides the desired inprovenment in ballast
I nput current total harnonic distortion, but does so in a manner that nore
readi ly | ends iftosahg thranghdiki gatsdlsalllargerlampvéirﬂhﬂgm FrownuintFigd8i Figr ove t he

bal I ast input curr rnDnlc disto valley fill circuit
1610 of Fig. 12’95"&50%8%%8?9tl° Gt lﬁpﬁsfllhﬁilg dé%gahltbreg(lvl ‘ably conducti ve -
device 924-in-seri esr:dmtdnohhe:oﬁ@@largomhrﬂﬁzs@da& cofRQulling Blebirghic BallastThi s
creates a switched resistor circuit. The contraqllably conductive device 924

will typical | ynysateesgupigaliycadiust the HP@CHWF%H% ﬁégbe coptEpliably candustivei nes
greater than thgyic Fs’dodi?s't@maﬁltaxgl stor Cdﬁn@htzlt'ﬂ%oﬁsq‘arlt'vﬂﬁev@hﬁ@ﬂﬁonalhe bal | ast

i nput current tota har noni ¢ ion nmay be inproved by controlling the
conduction of wantrelioo[Baue sowiimeespanisescantdkeen tha condustion timpeofthe t ch 924 i s
i ncreased near th

e eak of ach Th| s results in
a bal | ast i nput® Blﬁ?lfaﬁ?lc ll%l‘v(?%ﬁl"f??éle alhsye aﬁgérqr%er%’%gsﬁé)sa % AC line
vol tage wavef orfréqudtty hatficyely. Thislalgotittanliviheh applicf toElvglle)ilﬁll B¢ balast,nt egr at ed
with the ballast. .  inverter circuit as shown |nthe

control | ably cdl‘m%tqslﬂé%@‘Bﬁé““@?&reﬁ%fa%tﬁ%r?féhnB‘?‘H‘l%rel}b‘m"@ circuit

1810 and t-he i ny&hiifis q;f&petu e fld voidbt er natel y; the switch 924 of the
valley fill ci rcﬁ‘lt Py o thecva °’2 V%‘?% be an 1 7 JAN 2006 WD 03/ 001855

PCT/ US02/ 20281 - 18 'Ehcctcpmi@cnmt yf tho presuitlyauefoned embodilryt adinstsibe i ve devi ce

separate from ec%%guc%on tlmes of the controllably conductrve dev1ces The conductron tlme of

| swrtch 2112 1s reduced so as to produce relatrvely narrow pulses and the )
conduction time of switch 924 is increased so as to produce relatively wrde
. pulses This reduces the peak of the envelope of the high frequency lamp current
E ,near the peak of the line frequency half cycle Thrs is subsequently referred to as
a “hump down” of the lamp current (Fig. 19).
RS ‘ Reducmg the lamp current near the peak of the line frequency half cycle

:";.reduces the current drawn by the mverter crrcult -This effect on its own, would
lthereby lower the ballast input current and raise the ballast input current total -
harmomc dlstortlon However, in the ballast of thts mventlon the decrease in
o lamp current 1s assoclated with the i 1ncrease in conductxon time of switch 924.
4 ;Thls iricrease in conductton trme causes an mcrease in the charging current of the
e valley fill capacntor This increase in valley fill current increases the total current
* drawn by the ballast near the peak of the line frequency half cycle. The increase
" “in'ballast current near the peak of the line frequency half cycle has the
| Hadvantageous effect of reducmg the ballast input current total harmonic
 distortion. This 1mprovement counters the effect of increased THD caused by
lowering the peak lamp current. The increase in ballast input current near the

peak of the line frequency half cycle due to the increase in current drawn by the



the switches in the inverter circuit 860. Resistive |osses in the val Y2006
fill circuit 1710 of Fig. 13 nmay be reduced as shown in Fig. 15 by
r-epl acin ' r 1620 with an inductor 1920 in series pM it ch 924,
In an al ?X?ﬁi@ﬁ%/% arrangenent, the conbi nation of the inﬂ@%ﬁmf 20 and
the switch 924 may be replaced by a single inductor. However, the
hi gh-frequency switching action of sddtch 924 permts a relatively small,
and inexpensive, inductor 1920 to be used. As an alternative to switch
924, a secondary w nding 2024 froma high-frequency transfornmer my be
substituted as shown in Fig. 16. High-frequency transformers are typically
..present in ballasts. By the addition of the proper nunber of turns of a
secondary wi ndivlgey(fill eif@itabbybséquendy @fer@ady as ‘Dabdpluptdf tieaBAR inpRt ) , a
voltage of alternating polarity may be introduced in series with inductor
..1920, al t er nat &MFeidpPerskiggl%nd ai ding the flow of current through the
i nductor 1920. The w4l f J f } .« SW tch.
The Inverter G rcui #lﬁgﬁégg%g%é%g%gﬁs&?%ﬁélﬁﬁéﬁ&%? gégﬁmfgl?@%fosﬁﬁ%%? Zl' tso t he
out put of the cejveer soms to producardlatinely bamdw pulsessantdhe dcmdOctian time of

hi gh-frequency _i hvwegder.circuit 2110 f.or .0vi di. hi gh-{requency
voltage to a régg%é#}tg é%lr(eag?drs&ﬁs'gm g‘?ﬂb“o’FBf!Y"g& Wég%%"ﬁsesf%}esgﬂniegi‘% “a | anp
current throughrt@ogldevdrethacadudtionimes € switshe2 1@rand iswitch 924 witHO i ncl udes

seri es-connected first and second controll ﬁb|¥ conductive devices 2112,
924. The bus v8PRTQBdate sirquiregirangeraent of the; viaHey Il GlEcyibia asitp apigverthe vol t age,

or the vol t 208arAEHAA up Bﬁbmmﬂg&ﬁ%na&@ndmmwﬁof €larhp Bfrdnt.ne Vol tage

is greater than the voltage on e capacitor 916, then the Inverter :
circuit 2110 draws current directly fromthe AC line. Wen the rectified

cirout 2110 ciBiReRirreR s e “capaci tor 916, 1 7 JAN 2006 VO
03/ 001855 PCT/ US02/ 20281 - L e SR
Referring again to Figs, 17, 18, the output of the inverter circuit 21104s ..
connected to a resonant tank circuit 2220 comprising an inductor 2222 anda -
capacitor 2224 (Fig. 18). The resonant tank circuit 2220 filters the inverter
~ circuit 2110 output voltage to supply essentially sinusoidal current to the gas -
" discharge lamps 2210, 2212. In addition, the resonant tank circuit 2220 pravidés' o
'voliage g_aih and ihcreased output impedance. The”output of the resonan‘t;tvénl'c't
‘circuit 2220 is coupled to the electrodes of the gas discharge lamps 2210, 2212 - .
* “*by means of 4 transformer 2230." A DC blocking éapacitor 2232 prevents DC1 *

- current fromﬂowi_ng through the primary windings of the transformer 2230. -



-19 When the inverter circuit draws current directly fromthe AC | |7n &%06
greater than 90 of each 180 line frequency half cycle around the t 1 Tl A

t-he pealg?,gim{,d}g\ssAC line, the resulting THD of the ball apéyiy§iwbsgur r ent
has been found to be |ess than 33.3% The operation of the Inverter
circuit 2110 will now be described in connection with Fig. 19. The
inverter circuit 2110 uses a fixed fR2guency, D(1 -D) conplenentary duty
cycle switching node of operation. This nmeans that one, and only one, of
the switching devices 2112, 924 is conducting at all tines. In this

di scussion, the duty cycle Drefers to the conduction tine of the first
swtch 2112, and the conplenentary duty cycle (1-D) refers to the
conduction ti MRe ChrrtMeSeascOinehitswi t ch 924. Consi dering that one of the
devices 2112, 924 is conducting at all times, the sumof the conduction
times referred to as D and (1- D) of each respective device is the period -

of the switching f rR@féﬁ'ﬁ@’m Fi ISP&QQEII&%ls@lrﬁRMEQQb&r&ﬁ E&idd bifouit2u@ 1S
usual ly a tinme when neither dévice 211 I's conducting, commonly

- referred to ascompusing first aﬂdﬁesoxdisaddetsﬂw alsd efdpend WSISWEZ%A%med\Am h

Goad time is ¢ sounafubeuesgare Taier thCuthbenso Gty RA0BRISG ' 17
si mul t aneous| y halfiev®v esctified vsltage ackobd reEstong246ethatric pmporidnaltd lamd as an
(referred to SUTespand [qprasps  mepsire oL, EMRPY AE e Ao TR B ¢
(referred to t t he

i nverter circuitheBdiEGvavk &cﬁﬁ@d‘@@ﬁa%@ 1§ éﬁpf)l'i\ﬁi é%%linlﬁﬁ Ry @& lcBhtrélicirGuit 8820ut put
termnal 928 which is the valley vol tage. When the-sw tching device

924 (referred ©6Figs1Bvin amﬁluerr@uvqgmbmbme@tom@@trmtgensamay bepesfarmed of the

nverter o r cui o GkAGabgn SIS A SnPURITBOR P RGRARIEHIE OUl PUt

termnal 930 I'S CI rcul ot Iven ous valley
filled vol tage,warvbeoﬁmxnemdmdbarﬁbremmdﬁﬂmmg"lmnam;mhd dbemirgdiallasts whereo t he

gas discharge |a r I nst.ant anepys valley filled voltage,.i
achi eved when toﬁg’p‘BB‘?Fd &’S’Ha‘ﬁ‘ier’rﬁ?q&fre ﬂ?"c%“%‘%ﬂ‘fec%’l’cﬁﬁ mpx e ggtt"ﬁlz 924

are equal. In this electronic ballast the | anp current depends on both t he

The Control Circuit

- The control circuit of 882 of Figure 17 will be described in more detail
with reference to Figs. 20, 21, and 22. A first embodiment of the control circuit
882 generates signals to control the conduction of the switching devices 2112 and
924 (Figs. 20 and 22). The control circuit 882 receives as an input the half-wave
rectified voltage from the current sense circuit 2240 and generates a DC voltage
that represents actual light output from the lamps. This DC voltage,
representative of light output, is compared to a reference voltage, indicative of a
desired light level, to adjust the duty cycles of the switching devices 2112, 924 so
as to minimize the difference between the voltage that represents the light output
voltage and the reference voltage. In a dimming electronic ballast, the reference
voltage may be provided by an external input such as a 0-to-10 Volt control
signal. Alternatively, the reference voltage may be generated by detecting a
phase angle control signal applied to the ballast by means of the AC line voltage
when the ballast is supplied through a 2 wire dimming control. In the preferred

embodiment of the ballast, the reference voltage is generated from a phase angle



instantaneous valley filled voltage and the conduction tines of the JAN 2006
swtching devices 2112, 924. The conduction tines of the sw tching devices
2112, 924wengnoessntrol l ed by a control circuit 882 showedmu$orzgosi7 in
response to the current 1 7 JAN 2006 WD 03/001855 PCT/ US02/ 20281 - 20

flowi ng through the gas discharge | anps 2210, 2212 shown in Fig. 18. The
operation of the control circuit is‘ggswi bed in detail bel ow. Conventi onal
control algorithns used for controlling electronic ballast inverters
typically adjust the conduction time of the controllably conductive
devices so as to maintain rns |lanp current at a constant val ue.
+.Conventional <control |oops are slowin response so as to keep the

conducti on ti meentedl signal applied ol theballastodnahuadditionabiapitde therhallpstysuelbass t ant

over the cours . j u halt . cy »:Thi.s al gorithm when
““applied to a vg ?J&l/ ?4 'Inlri;%SypZ’e@aﬁ]ggth b\%ﬁ% h?)ésla; t in a high current
crest factor of the Thakpntmlcireuit includestafetdback cieahit 2440 (FigaZ0) chmneviat key

filled voltage. The .contpol circuit of the, ent | referred enbodi nent
adj usts the cOFREIEIPRIS {"P e W@h@“ﬁ‘bﬂf"?‘ﬁE?E@H}f%éﬂ‘g‘ﬂgwwemﬁﬁ i ces. The
conduction ting4gh switch 2112 is reduced so as to produce relatively

narrow pul ses and the conduction time of switch 924 is increased so as to
produce r el at i vafl yupgligecondustinasigmlsite thecgnizeldenmisalpefihe gontrallablynyvel ope of
the high frequ . : r d L1 queacy half
cycle. This i s%gg%uféggg%ﬁl%gaﬁg?%'e tcghtg(g c&%ﬁﬁ%&gé%@h&@%@% anp current
(Fig. 19). Redushapigg tihmit 2480 tcprovidatn additiotahmppetakhofecdiiaek kiradt 2440guency

hal f cycle reduces,. the current, dr by the inverter circuit. :This effect,'
onits own, \/\oL?Isd"‘lli’ﬁgFSé?H € WP’I&%@%aI | ast input current and raise the

bal I ast i nput curr emts dafbakeeniAFIEDD2 Ghélfetditick cREuit 1AN0ENEIdes aliffdientiagl | ast
of this invention, the decrease in Ja current is_associated with_ the

i ncrease in corfdfiplifien#t42 cepnesteddqrqcgiye gbits inverting terminal 2444 the input signal
~ representative of lamp light output from the current sense circuit 2240, and:to

‘receive at its non-inverting terminal 2446 the desired light level reference signal.
‘The differential amplifier 2442 produces an error signal representative of the
difference between the actual light output the desired light output. The error
- signal is in turn provided to a pulse-width modulation (PWM) circuit 2448 that
generates the drive signals that are applied to the gates of the inverter circuit
; switches 2112, 924. The PWM circuit 2448 is well-known in the art and hence
~will not be described in detail here. - . ’
The wave shaping circuit 2480 provides an AC reference voltage signal
that is summed with the essentially DC reference voltage signal from the control
input circuit 2460. Whilé the shape of the AC reference voltage signal can be
" made to take on a variety of waveshapes, a particularly effective, yet simple,
circuit can be designed that takes advantage of the waveforms already present in
the ballast.
The wave shaping circuit 2480, shown in detail in Fig. 22, includes a voltage
divider including a resistor 2482 connected in series with an automatic gain
control (AGC) circuit 2690 that provides a scaled version of the valley filled
voltage from the buck converter circuit 1510. Details of the AGC 2690 are shown
in Fig. 23 and discussed below. If it is not necessary to adjust the gain of the

wave shaping circuit 2480, such




This increase in conduction tinme causes an increase in the chargi ng‘ ?UJA'NeﬂES
of the wvalley fill capacitor. This increase in valley fill current

i-ncr easeswigwobesal current  drawn by the ball ast near tpeTmsedeoas: t he |ine
frequency half cycle. The increase in'ballast current near the peak of the
i ne frequency half cycle has the adz\aant ageous effect of reducing the

bal l ast input current total harnonic ““distortion. This inprovement counters
the effect of increased THD caused by |owering the peak |lanp current. The
i ncrease in ballast input current near the peak of the line frequency half
cycle due to the increase in current drawn by the 1 7 JAN 7006 WD 03/ 001855
PCT/ US02/ 20281 -21 valley_ fill circuit (s s equently referred to as "hunp
up" of the bal |3dp npprdimming baplasts, thegdhe @&.Zﬁéqumomwayfd}weheﬂemged één w
descri bed that \}gf{gﬁvg gﬁgecggcﬁggareggmﬁw tch 2112 is reduced so as to
produce relatively narrow pul ses and the conduction time of switch 924, is
i ncreased so as to pFledwsled veltageisigohhfrom the dividesds clipned by mdaneef 4 diodhe art

could reverse t onduct i tines, of | o with
ppr opr { at e of refioay B angis sopetse o B il 8 e GRS Pt O | 0
?chi eve the sTamh nBRaéﬂJtoLuDOfrefb?hbaﬁdlta'ngREFc'thaijipedisignédlimhemlpmmdnf t he
anp current. e Resqna Tank Crcuit. Referring, again Figs. 17, 18,
the output of t¥HEUSRRDG Bf"%@ﬂ&%ﬂaﬁ‘“ﬁ&f 8tqkes gpeﬂ&@ﬂ‘etts)eéefj?‘gg‘i?nant t ank
circuit 2220 copfifale omh BE chitfdl ipdf cikdd2460d a capacitor 2224 (Fig. 18).
The resonant tank Circuit 2220 filters the inverter circuit 2110 out put

vol tage to supply esBemeonipl sircyitalsednciudes a low end clamp2R80 gemnected schar ge

| anps 2210, 221 It . _ . ' e des

vol tage gain an twg%@ggg@ngﬁpﬁk’ ﬁllt ?ﬁ?e ang{erfﬂt'%ﬁ'hé’ %h{%ﬁaﬁgé?%ﬁé‘@e:dgg%lﬁam_
tank, circuit &gy, and owgiitadnimon, Tae bineeridralates 2680 priventsthe chferelzr ge | anps
2210, 2212. by ans of a transforner 2230, ADC bl ockin aci t.or, 2232
prevents DC cu¥ rlg‘ﬂf’ ?‘Pmﬂﬁl‘f‘g ﬁ%PWg‘ﬁTtﬁ nt fhgoug |ﬂFFalP§‘P\R/P‘?Rﬂ% ﬁg§“sfﬁmefdhe_
transformer 2230. = The addition of the AC reference signal has the effect of reducing the

" combined reference voltage when the valley filled voltage is lower, such as near

. the zero crossings of the input line voltage, and incréasing the combined
réfefenc_e voltage as fhe vélléy ﬁlléd véltagev is ‘increasing, bsuch as when the _inpﬁt. S
line voltage is approaching an instantaneous peak value. The lamp current -
supplied to the larrip by the inverter circﬁit 21 10 will likewise be less when the
yailey filled voltage is lower, and increasing when the valley filled voltage is
; increasing. Thus, the addition of thc:AC reference sigﬁal, which tracks or folqus_;;
th,e. valleyvﬁlled voltage, has the effect of shaping the curfeﬁt drawn by the lém‘pl
to be similar in shape to that of the valley filled voltage. Consequent_ly: the
| ballast input current has a shape which is lower near the valleys and higher near
the peaks of the AC line vbltage, thereby imp;dving the bzvll'lastv input current total
harmonic distortion. However, this i_mproveme_nt in balla_st input current totgl_ o
" harmonic distortion comes at the expense of greater crest factor of the lamp
~ current. ' ‘
| B .An additional feature of the wave shaping circuit 2480 is the diode 2486
for clipping the peaks of the AC reference signal. During the time when the AC .
reference voltage signal is clipped, the combined reference voltage remains
constant while the valley filled voltage is peaking. The overall response of the

control circuit is designed to be "fast", so the control circuit responds quickly



~omtted. The Contr

1 7 JAN 2006 WO 03/001855 PCT/US02120281 -22 The Current Sense G jquijAN 2006
Referring to Fig. 18, the ballast also includes a current sense circuit
2240 conpoiosbdigsst i rst and second di odes 2242 and 2244, wgudoesesi or 2246,
coupled in series with the lanps 2210, 2212. The current sense circuit
2240 generates a half-wave rectifieg_voltage across resistor 2246 that is
proportional to lanp current and régﬁésents a neasure of actual |ight

out put of the gas discharge lanp. The half-wave rectified voltage is
supplied as an input to the control circuit 882 of Fig. 17. In an
alternative enbodi nent, the current sensing may be performed in a

-.wel | -known manner, by using a current transfornmer, or alternatively, full-

wave connect ed dyring e peplesin therhug vakiags §o phito radycs thegandugtionitime of sMitalst s wher e
only nodest perf 0 Seall ' o b LfC Lt y be

2192 B8 forehe el fdion e TUKER D€ EORE Ul imdBY 2€ |
be descri bed i reonstand hipght fedquenoyivoltaged6 dreansomantdant, gad thif) a @stamtitamP?2. A

first enbodi ne nt i I ener at sjgnals to control
the conduct i on%frg{th{é’qg%& ?h{rﬁégncggéf?ééégstoi%‘fée cPea%Z‘gﬁl(“Hag?.cugﬁmand 22) .
The control ci repwloped 8@d thas tiduescuagntodiest faetdr of e 1iap turvéit € This eCdhovhned

voltage fromthe_current sense circuit 2240 and generates a DC vol t age
that represent éngt&_& Iqsalhiuﬁﬁtdow_toﬁﬁhel?’i‘%ﬁw{r%' A s same ime, the ineseasa e
represent ati ve fghaligh il Bich 2% ifGERBE fid chftefhe cBRENERRM YPIHkATS:

I ndicative of a desired light level, to adj-usF ghe uty cycles of the
swi t chi ng devi cepaciton®16, avshowm in Hig. 1% Hhis carisesethe ballagt input awest thet ween t he
voltage that r l. | t 0 e and the reference

Vol tage. In a Aereg S bt ougHEeout AL PR A nb R T VR ny be
provi ded by an cartmrofahpaciimilésandithesshuinpOu the balladbinputcwidefit0This effactal .

Alternatively, the reference voltage be gener at ed detecting a phase
angl e cont roIy §F‘gﬁﬁ*’f &aﬁﬁﬁqsé’&pﬁf"frﬁ tB%W “%ﬁmﬂ’é' Eg\étlr cg’é‘fp’i“ e vol tage

when the bal | assalists EBRACarKLE Ve Shafink it bSTRSBAbAINAVE Blhicved t he
preferre ST : :

stable operation with ballast input current total harmonic distortion below 20%
and current crest factor of the lamp current below 1.7. ,

The AGC circuit 2690, shown in Fig. 22, changes the output of wave
shaping circuit 2480 when the ballast is required to reduce the lamp current and
thereby dim the lamp. The AGC circuit 2690 in Figure 23 includes first and
second transistors 2691 and 2692, }resistors 2693, 2694, andv.2695, and diode
2696. The conduction of the first transistor 2691 is controlled by the output of the
control input 2460 (Fig. 22). When the input voltage goes low, indicating a
dimming condition, conduction of the first transistor 2691 increases, lowering the
voltage at the base of the second transistor 2692, thereby causihg the second
transistor 2692 to become less condﬁﬁtive, effe‘ctively increas:i_ng the impedance
of the AGC circuit 2690 presented to the wave shaping circuit 2480. The
increase of impedance of the AGC circuit 2690 increases the voltage at the
junction of the AGC circuit 2690 and resistor 2482 resulting in more of the signal
being clipped by diode 2486. As this voltage rises and gets increasingly clipped,
the AC portion of this voltage is reduced, thereby reducing the effect of the wave
shaping circuit. _

A second embodiment of the feedback circuit 2440 of Fig. 20 is shown in

Fig. 24 and includes a microprocessor 26102 coupled to receive inputs



wel | -known i n 't Q&Sﬁ{e}eﬂggemvﬁlﬁge Ncﬁﬁar}m

enbodi nrent of the ballast, the reference voltage is generated from a phase
angle 1 7 JAN 2006 WD 03/ 001855 PCT/ US02/ 20281 -23 control signal HjplANa006
to the balWsloMse an additional input to the ballast, swehnae20281 depicted
in Figs. 17, 20, 22 by the "Dimred Hot" input. The control circuit includes
a feedback circuit 2440 (Fig. 20) connected to receive inputs fromthe
current sense circuit 2240 and a cont4%i I nput circuit 2460, and supplies
conduction signals to the control termnals of the controllably conductive
devices 2112, 924. The control circuit may optionally include a wave
shaping circuit 2480 to provide an additional input to the feedback circuit
2440, as will be described in detail below. As can be seen in Fig. 22, the
f eedback ci r cui represergativesif theedesiseddiight lavelandhe lampuprenteanduraduce SHlEL ed t o
receive at its |, ' ) : ' Si i ve of

| anp |ight out p%JlEX aﬁsﬁ %&Bﬁﬁ%gg@r%gh?ﬁgéﬁggpgﬂhg %ﬁ“@%ﬁ@{a‘%gﬁ%&%ﬂé“ﬁéﬁgﬁfve at -
I ts non-inver ti thg ifiverter cisduit2 Oh6 stidhemitespirocessok i spivablé forehis nedier ence si gnal .

{he ‘i 11 er encomsatmsur B MGIErIECSpbaion SHeE i oo HOBheraRCRRIER. Oyt pu

~ The error signghy displidityl bialogfotipitkd dnd BigRalPiglanstopicitiitsfedessayifon ( PWY

circuit 2448 that generates the drive si gnal s that are applied to the
gates of the i nintgrfasingdhe migreproesssar 2602 with the agsiog cippuitrp iballast areq48 s

nin Sin B eRGhb BRthd: Snele Rk, here. The
wave shaping circul des an ‘AC reference voltage signal that is
sumred wi't h t-he esseAithiad embédimentf of tieefeedback tispit 2440 0fiFigk 20 imshbendont r ol

' t ci it 2460, Wijle the,sh of .the, AC ref | t ' I
be' mde to takBERs B upley inaddinpda hrgicroprocssior PliP. e dHFet Pve, yet

sinple, circul tinisne104 daeidasioes 4 Hagle palk aBvesiyadl fRaetheimicprosassef or s
al ready present in the -ballast. R o s
| ... ,26102 and produces signals capable of controlling the operation of the inverter
| ]f_*;‘f_’c':ir.cuit sw1tchcs0nesuch gateldriv'e‘féircuit suitable for this use is manufactured
" by Inteational Rectifier under the part number IR2111, Of course, other
* suitable micréﬁroéessors (such as a PIC 16C54A_frorh Microchip- Teéhnblogy
| 1+ Ine, bf 'Chandier,ﬁAZ) and gate drivérs may Bve substituted for the s_peciﬁc _
;;embddi.rﬁgnfts; mentioned here, In addition, an application specific integrated
- circuit (ASIC) (not shown) or a digital signal proceséor (DSP) (not shown) may

- - be substit‘qte_d_”to provide the same functionality as the microprocessor disclosed

P : ;hereiil:i ’ e

, A,_hi_gh—lgfel ;ﬂ0wchart jllusﬁaﬁng the opei'étion of thebfe-'cdb‘a.ck control
circuit embodiment of Figs. 24 and 25, shown in Fig. 26, includes the steps of
' méaéuring the lanip current IL (step 261 10), and measuring the dimming signal
: VDIM répréééﬁtative of the desired light level (step 26120). The measured lamp
- current IL is compared to the measured dimming signal VDIM (step 26130) and,
) if IL is less than VDIM, then the conduction times of the.controllabl'y conductive
~ devices of the inverter circuit are driven to be more equal (step 26140). IfIL is
” greater fhaﬁ VDIM as detérrnined- in stép 26150; then the conduction times of the
controllably conductive devices of the inverter circuit are driven to be more
unequal (step 26160). If IL is equal to VDIM, then the conduction times of the
controllably condﬁctive devices of the inverter circuit remain unchanged and the

process repeats.



The wave shaping circuit 2480, shown in detail in Fig. 22, i ncl udes @ jan 2006
voltage divider including a resistor 2482 connected in series with an

aut omat i owgasmorsgontrol (AGC) circuit 2690 that provi desper/gs@legsiver si on
of the valley filled voltage fromthe buck converter circuit 1510. Details
of the AGC 2690 are shown in Fig. 23 and discussed below. If it is not
necessary to adjust the gain of t he ~Mave shaping circuit 2480, such 1 7
JAN 2006 WO 03/001855 PCT/ US02/ 20281 -24 as in non-dimmng ballasts, then
the AGC 2690 may optionally be replaced by a passive inpedance such as a
resistor. The scal ed voltage signal fromthe divider is clipped by neans of
-.a diode 2486 having its anode connected to the output of the divider and
its cathode connected to a DC reference voltage VREF. The clipped signal

is then passed bl ocki ng capacitor 2488 to be sumed with the
DC reference Tliﬁethgég%gﬁlgcr%gtche control input circuit 2460. The control
circuit also includes a |ow end clanp 2680 connected between the comon

tie point for the co troI ve shapi n and f C circuitry, and
circuit conmon. The %Wﬁ%ﬂﬁ’“g?% 2%?8‘5"%?‘5\7@%‘%%0 P‘Wé‘q%é‘f’@’% E&‘mt(?gl tage from
goi ng so | ow t hgfculthh WeLwRe) tridc YaSitdimbdees for tHeandRREal 1aBfs abid faainistors. The
addition of the AC reference si gnal has the effect of reducing the.

conbi ned r ef er ehdwpicad priawat oaterr citguit isshpwy if Fig 24 Stendasdelecteoniower, such as
near the zero grossi g&?igﬁﬁnéal%?c%s a?@%lﬂ 1(%% IXrﬁ éé%qvo b hle Q&' eﬁf"]z g the

combined reference v he va e I's I ncreasing,
such as when- t hsapplymidcuit hremtso\mma@wm dn amhrapplithitings,m dimsteaistlacatesis peak

value. The la rre U to, the byt 4 cuit 2110'
Wil Iikewise DRV Hﬁ/ﬁ‘éﬁ“’?‘:%é‘d?'%ﬁalf’?% B a\?df‘?"gé‘é‘“? & yRfiact ey’ _‘

i ncreasi ng’ whenght A Hid Adprovilling ds xxoblmm ‘ittuncatédT foae bfithe s{ﬁhstﬁdalﬁmt |
addition of the AC reference Sldg; ch tracks or foIIows vaIIey

filled voI tage vajtage imwhigh thedga g@lﬁﬁﬁfﬁﬁlﬁm’év@éﬂ@é‘ﬁt"e@%\% Bikefl%é‘ Tanp

- the non-conductmg triac, and only the trallmg portlon of the mput voltageﬁ R
waveform is passed on to the load by the trlac when the triac is conducting. The
~ triac is turned on at a predetermined time and conducts until the next zero
. crossing of the input voltage waveform. By varying the time untll conductlon of -
. the’ trlac,' with respect to the zero crossing of the AC line voltage, the amount of : s
' power delivered to the load may be controlled. | _
The prior art cat ear circuit of 2 2 wire dimmer draws power from the AC
e '5'lme during a portion of the input voltage waveform when the triac is not '
conducting. In other words, the prior art cat ear circuit draws current from the
line, through the load, -during the time that no significant load current would
normally flow. However, until now, cat ear c;ircuits have only been used to derive
an auxiliary power supply to operate control circuits within an electronic device.

- They have not been used for the purpose of deliberately shaping the input current
drawn from the line by an electronic device. Specifically, cat ear circuits, until
how,‘ha‘ve not been used in electronic ballasts to assist in the shaping of input
current nor have they been used as an auxiliary power supply in an electronic
ballast. In the ballast of the invention the input current shaping benefits of the
cat ear circuit contribute to the reduction of ballast input current total harmonic

distortion.



t"-o be simlar in shape to that of the valley filled voltage. ConSﬁe?u%tgoge
the ballast input current has a shape which is |lower near the vallé o]

hi gher nego osiddmsspeaks of the AC |ine voltage, thereby i merasongshe
bal l ast input current total harnonic distortion. However, this inprovenent

in ballast input current total har rm%c di stortion cones at the expense of
greater crest factor of the lanp curf®ent. An additional feature of the
wave shaping circuit 2480 is the diode 2486 for clipping the peaks of the
AC reference signal. During the tinme when the AC reference vol tage signal
I's clipped, the conbined reference voltage remains constant while the
valley filled voltage is 1peaki ng. The overall response of the control
circuit i s designed The balastiofthe invention frsludena eeieaceircyifi834 (BgpdNds qui ckly 1
7 JAN 2006 WO O W i : us

vol tage so as tg&%gég@%@%ﬁ%%%? ?@% r‘#‘%g%;ﬂ% 8tt2('€:} ﬁnpeg%ﬁargnaalibﬁlg?ease
the conduction bé geeedllysdefinedasircus ¢that i desigole to\deaw enment romctbedinant  hi gh
frequency voltage.to the resonant,tank nd.thus, a constant |la .current,
Lo the | amp. . Thasis slatfeappriags o e Ak ket e ke et iR s b o o
envel ope, and t BWsvdl AHY GRigEe MMt feisBSding e bellasoinplif irleatavefisriredotas This is
showmn in Fig. 19, as a hunp down of the lanp current. At the sane tine,

the increase into ignienechallas inquigurgsnt mlthélﬁn@‘iﬁfliﬁ'i‘?étf@aé@:@eefjﬁ © e&PGi ng
current drawn b¥ir$ﬁ?mafﬁ@@s%ﬁtf8‘rshgﬂiﬁ tHdn Qﬂi‘?evdg_'ava%ﬁrmlaga varity of AUSes the
bal | ast input current To Increase Bver T hat i ch woul'd have occurred

wi t hout the i nceleeisenic devitesy sicmgs switnhrraode poiwer sypptics ard ACdine4m®C hus hunp
up the ballast input currg.n his effect uces .t ast i nput

oL .
current total h|§? HetS 4 ?%qucg}g.m%ft@gﬁ'gﬁétﬁ W'ﬁgﬁt@%’*'asts const ruct ed

with the wave shapi nqTheichtedt tircast 38 SEigi 20) drdvavcurealfeen etk restifids| 820amdy at i on
with ballast input current total harmonic di l§F";]or1; I on &%I_ow %O% ?nd current
crest factor of 2 the "falgpoithe MeRt lingaysls, thatis, the,eegpengof the dgput IiBgexsle shown in

Fig. 22, changegelfic GHE PitagOherdR¥disings, as shown in Fig. 28. The cat ear circuit 884
| " draws current near line voltége zero cross and thereby "fills in" the tails of the
' input line current drawn from the AC line when the back end of the ballast is not
drawing current from the AC line (Fig. 19). By filling in the tails, the line
current drawn by the ballast is made more continuous, thereby reducing ballast
inpui current total harmonic distortion, as will be described in connection with
Fig. 31. | | |
- The cat ear circuit draws ballast input current f.or‘ a relatively short time at
the tails of each 180 degree line frequency half cycle as shown in Fig. 31. In one
embodiment, the cat ear circuit draws ballast input current for about 45 degrees
of each 180 degree line frequency half cycle foll'owing a zero crossing (interval I
in Fig. 31). Then, the inverter circuit draws ballast input current for about 90
degrees of each 180 degree line frequency half cycle (interval II in Fig. 31).
Finally, the cat ear circuit draws ballast input current for about 45 degrees of
each 180 degree line frequency half cycle before a subsequent zero crossing
(interval I1I in Fig. 31).
This embodiment shows the cat ear circuit drawing ballast input current
for about 45 degrees after the zero crossing and about 45 degrees before the
subsequent zero crossing. However, one skilled in the art can see that the time

may be varied where the cat ear circuit draws ballast input current. For example:



shapl ng circuit 2480 when the ballast is required to reduce the |ﬂ|7erAN 2006
current and thereby dimthe lanp. The AGC circuit 2690 in Figure 2

i-ncl udes Wwiorsiomssl second transistors 2691 and 2692, repc*s)tusomoi:ﬁ%, 2694,
and 2695, and di ode 2696. The conduction of the first transistor 2691 is
controll ed by the output of the cont2r90I I nput 2460 (Fig. 22). Wen the

i nput vol tage goes low, indicating a<“’dinmng condition, conduction of the
first transistor 2691 increases, lowering the voltage at the base of the
second transistor 2692, thereby causing the second transistor 2692 to
becone | ess conducti ve, effectivel y increasing the | npedance of the AGC

.circuit 2690 pr sented to,t e sha g@m rc 2480. Th | ncy ease of
£ ofgpen T

i mpedance of th eﬁ\‘é@%?‘F"&‘tﬁ agt tf‘Hé‘ 9‘5I3§a€§§‘e§1

ncti on of

_the AGC circui tde%?b%%ﬁ%g @iﬁy%ﬁﬂﬁﬁcﬁéﬁﬁloﬁﬂ%ﬁ& L& chdisi ngtﬁelp{hctlﬁvért& gnal
"being clipped by "di ode 2 a

i's voltage. rises ets I ncreasingly
clipped, the Adropisdrdverbalipstinmugcyreing ﬁpgébtblé 90ddmwfqahlei&(b4cgr@dm@| ng the

effect of the e of the back
circuit 2440 o:‘/\ﬁ 4 nes}g‘%%@gs h%r\[kﬁfmla?]ly ﬂ% c;a?gaggﬂ'cfgg gmgutrﬁu&e%tgt‘ragcessor
26102 coupl ed t shouesPdepeedsopedch MDdS@'é@Hde%équeﬁ’@ }ﬂalf?cy&kl‘tbefdwﬁle

PCT/ US02/ 20281 %@ resent ative, of e desired |i vel a he .| anp
current, and pr C’Hlfffﬂﬁmssgiggw %ut]ebq.ee@pg\t}}erf% ki nal s of

the controll abl WitBGUR deiSeriiYEfr6ta YtheER8pdér spirl Of tHRVRVenfibn. CAISGUdn{e skilfédgn such
m croprocessor suitable for this use is nmanufactured by Mbt or ol a

Cor por ati on unde agtigan sesdbat spmadead tinms wheremo baltast l@Phﬂﬂe@F isydrawn by v
anal og-to-digitg he?lgxg fgfz&'r Eﬁ#}un{cﬁr etﬁé;li?]: gr%ir&.ﬁf‘ﬂnﬁf o%?ﬁﬁt@ﬁﬁtye%&%rdmétﬂé erfacing

the nicroprocessor circurtry o are
consi dered to bdesired marintune THDdandawithonkddphrting ftone tharstoperat spirit ofthe  shown
here. A third enbodi nent of the feedback circuit 2440 of Fig. 20 i s shown
in Fig. 25 andWfitl%des, in addition to the nicroprocessor 26102, a gate

driver In a first embodiment 2810 of the cat ear circuit 884, shown in Fig;29,
o the cat ear circuit 2810 is des1gned with fixed voltage cut-in and cut-out points.
That is, the first embodiment 2810 of the cat ear circuit will only draw current
~ from the AC line when the rectified line voltage is below a fixed value. This
condition will occur for a perivod of time near the line voltage zero crossing. The
cut-out and bu‘t-in voltage points can be adjusted so that the cat ear circuit 2810
“draws currént durihg a first interval froma ti_rhe just after the line voltage zero
-+ crossing to a time when the inverter circuit 2110 of Figure 22 is drawing current
from the AC line, and during a second interval from a tirhe when the ihvertcr
circuit 2110 stops drawing current from the AC line until the next line voltage
Zero crossing.

- When the rectified line voltage is lower than a selected voltage, a
charging transistor 2812 (Fig 29)conducts to allow charging of an energy storage
capacitor 2814, which chérges toward a voltage VCC. The rate of charge of the
capacitor 2814 is determined by a resistor 2816 in series with the drain of the
MOSFET transistor 2812. This current drawn by the cat ear circuit when
combined with the current drawn by the back end circuit of the ballast combines
to form substantially p1ece-w1se continuous ballast input current. Although the
transistor 2812 is shown as a MOSFET, it may be any suitable controllably

conductive device, such as, without limitation, a BJT or an IGBT.



Circuit 26104 that receives a single gate drive signal fromthe 47 jaN 2006
m cr oprocessor 26102 and produces signals capable of controlling the
oper at i onw@foslobss nverter circuit switches. One such gateeTdrsoyzmsici rcuit
suitable for this use is manufactured by International Rectifier under the
part nunber 1R2111.Of course, other 3%uitable m croprocessors (such as a

PI C 16C54A from M crochi p Technol ogy ““I'nc. of Chandler, AZ) and gate
drivers may be substituted for the specific .enbodinents. nentioned here.
In addition, an application specific integrated circuit (ASIC) (not shown)
or a digital signal processor (DSP) (not shown) may be substituted to
provide the same functionality as the m croprocessor disclosed . herein.: A
hi gh-1 evel fl owchar t Vhentheregtified ling olgage isgquakioor sreater fhagdfack cont r ol
circuit enbodi - F 4 ) W, £ 1O j s the steps
of neasuring m&ﬁt%E%%tg%%’ ﬂ?eé%zl gtagp;ﬁ g%iﬁf)?@@%mﬁéggﬁc ?ﬁ%qﬁlﬁe di mm ngp"‘
signal VDI M r eqllestenofthe vet-amift temsistors818 pulld thglsathpde/efla Zanerediods2329) .

The. measured |- ent. lL.sS.C are o0 { he neasur.e L ng si gnal

VDI M (st ep 2613‘5?’%? ’M‘“c_ ek e%t“’leg’;@“isﬁgfnthw F‘“gﬁéﬁs‘?tﬂrgzéégmfgt ion tines
of the control | plolisterfctisiitity 8nd AR oLCRStagds ardi@eterifgd Y the kesistive veltage dr i ven
to be nore equal  (step 26140). ITL-is Ztgreater th n-VIg/Ias etermned in

| f
step 26150, theﬁlivtdﬁ’én%ﬁﬁﬁé?l%@r’mf?smsg?z and 282440 whichothe base O thect i ve
devi ces of the_&ﬂ-‘b‘ﬁf&f‘r[sis%r{%%}fk/}isc%hﬂee@é j ven to be nore unequal (step
to t

26160). If 1L is equa nen ‘the conduction tinmes of the
control | abl y conductlkt skouddbé neted thiat thh eati eaweirquisrof gherisvéntion elsaiprovides Banged

and the process repeats. 7 JAN, 2006 /001 / 1 -27 Thev
Cat ear circuitPTHE SB%Rly é?r;lﬂ&%F?@J})lh%l{/cé’ltbomco%ggg' ﬁgrg ;5%9%&? éélga%@i de power
for control ' ci &awi dufrehtduritg-avprédeterinined pohivned eathutfi cycleaf thentd@ilides cent

| anps. and fan motors.. A typical priqr art ar cj it in Fig.
27@St andar d el &his pgxtiog can ¥n9:lude per@o&sobefore and ﬁer?ine vol_tz_\rg%lélevro' clrgsslsnrglgvt\g ‘| ‘n Fig

- only one such period, or any other useful period during the li_ng cycle.

in a sécond émbodirﬁeht 2910 of the cat ear circuit 884, shown in Fig, 30,
the caf ear circuit 2910 includes a circuit that actively monitors current drawn
from the back end of the ballast and causes the 6at ebar ci,,réuit to only draw
current from the lixie when the back end is not drawing current abovea -
predetermined value. The cufrent monitor circuit includes transistof 2930, -
capéci_tor 2932, resistors 2'934, 2936,> and diodes 2938, 2940. The ballast back _
end ,cu}r‘rent flows through diodes 2938,2940 and resistor 2936 as it returns to the os
ir-lpﬁtb_rectifying ciréuit 820. When.the ballast back end is dfé.wing current é.l‘)ov‘e .
the predetermined value, the voltage at the emitter of transistor 2930 goes -
negative by a voltage equivalent to the combined forward voftage drops of
diodes 2938, 2940. Through resistor 2934, the‘frémsistor 2930 base-emitter
junction becomes forward biased, thereby turning transistor 2930 on. Turning - -
transistor 2930 on pul(s the gate of ﬁansistof 2812 low, thereby tﬁming off .
" transistor 2812, When back end current falls below the predetermined value set
by the voltage divider of resistors 2036,2934 the, transistor 2030 tumns off
allowing transistor 2812 to turn on and provides a charging path for capaéitor
2814. This second embodiment yields a slight improvement in ballast input

current total harmonic distortion over the first embodiment.



dimrers for lighting |oads are well known and circuits using the cat;zRat06
power supply circuit are also well known. In such applications, the dinmer
i's | ocat e@vod%fbhi’ﬂ%?n the AC line and the | oad, receivVving agrakolapit

si nusoi dal voltage from the AC line and providing as an output a
"truncated" formof the sinusoidal input voltage in which the |eading edge
of the input voltage waveformis bl ocked by. the non-conducting triac, and
only the trailing portion of the input voltage waveformis passed on to
the load by the triac, when the triac is conducting. The triac is turned
on at a predetermned tinme and conducts until the next zero crossing of

- the input voltage waveform By varying the tinme until conduction of the
triac, with respect The paticulasembedimenisiog thsfcat ¢es ciacyil thatchaye beeagiescribed he

‘ f | 1 0. | '
aar i rouit o oSk HR e e B, FR Yo BERCRSkrolBgE T 21

portion of the teotifyinguitchingOf veursd, dtrwoulhbapdskibletto baitd a eateat circadticitict i ng. I n
ot her words, the prior.art cat ear cjrcuit draws  curren rom.t.he |ine,
b ough e’ | ongpringsts fiehiyiS e shiee ALACRgWel Tier B Hroy e BEERAE vous d

normal Iy flow ke ®or exbiipld, tReOyrticiddr eRMbdifieh\f tie daee4e cREUibthRERRe Used to
derive an auxiliary power supply to operate control circuits wi thin an

el ectroni ¢ devi been despribpd popj altgshately decludeasepapte rerdifisyfop senncefionfatheher at el y
shaping the i np%r&%fl‘[&fli’ow&r awn fromthe line by an el ectronic device.
Specifically, cat ear cuits, until now, have not been used in

el ectroni c bal | asts Inmaddg®nse piowididgea mbansiforgsheping thetinput cumrend dtawmdyy have

t hey been used gs uxi | iar 0 upply i n,electraonic. ballast. In
the bal last of DRESASHES Bampreae Prllast ikl charnpt QRLBAm0l Sertiot B H e ca
ear circuit congdrichiiepiovidedithe feltbwihg additidnabftatuest TheRut ca€ vikdudtdlsd ot al
harnonic distortion. 1 7 JAN 2006 WO 03/ 001855 PCT/ US02/ 20281 -28 The

bal | ast of the PdHABRESIIYIRTRYidRsertagiersiari-uppt thp baliast angganqtiaftigeted by the
connect ed acr 0sgpdrffngQHbdd It theBalibdtn 1R Ghink Wal) Shat typfddl prictaRt tridkig-chithe ©a"

circuit may

and bootstrap systems are affected. Effectively the cat ear circuit and the:
inverter circuit are decoupled from each other allowing the fine tuning of each
* without affecting the other.

The result of combining the improved valley fill circuit, control circuits,
and cat ear circuit of the present invention may t;e seen in Fig. 31. The cat ear
circuit comprises means for drawing input current near the zero crossing of the
input AC line voltage waveform so that the ballast -inpht- current total harmonic
distortion is substantially reduced. In other words, the cat ear circuit fills in the
current waveform near the zero crossings. |

The improved valley fill »cir_cuit of the invention comprise means for
charging an energy storage device over a substantial portion of each half-cycle of
the AC input voltage so that the ballast input current total harmonic distortion is
reduced . This is depicted in the idealized waveform in Fig. 31 wherein it may be
seen that in the middle portion of each_ iine half-cycle, the ideal waveform
conforms substantially to a sinusoidal current waveform.

The combination of the cat ear circuit and the improved valley fill circuit
comprises means for selectively drawing current from the AC power source

The operation of the ballast is further enhanced by the control circuit

disclosed herein which comprises means for selectively varying the conduction



be generally defined as a circuit that is designed to draw curren 7frﬂ§rnéﬁﬂge
line during selected portions of the line cycle. The cat ear cir uit‘ y
thus be usggodmhigss novel and uni que manner for shaping thgePaddaasdssi nput
current waveformso as to inprove ballast input current total harnonic
distortion. Indeed, the cat ear «circuit may be used for shaping the input
current waveformof a variety of el edZronic devices, such as switch-node
power supplies and AC line-to-DC converters and for reducing input current
total harnmonic distortion. The cat ear circuit 884 (Fig. 20) draws current
fromthe rectifier 820 only at the "tails" of the input |line cycle, that
is, the regions of the input line cycle near the |line voltage zero
crossi ngs, as -sltioves of thefinvertep ircuittswitches in zgspense tuthe bBgyoltape509s OLAEHENE near

i ne voltage zerg cross, and thereb il LN [ f ' t line
current drawn f I?Br‘ﬂ‘?rﬁé StREgF idﬁ‘élcs\ﬁ)e%a‘f’ rﬁ’%"? §%¢éﬁgﬁ§9§}1 E ?hdeg Qo%rlsét&s} ¢ ?Hgﬂl?l&jot -
draw ng current the @i ohthe peakt ofvack hehalfl@icle ddithd ACHImeyoltagd, bed drawlless t he

line current drawn_ by the ballast s re.contjpuous, thereby

reduci ng bal | astCUrTFRigigar the valisy of wﬁﬁtqﬁﬁﬁﬁgﬂﬁg%@g%ﬁqxeo\zpifaggaw Il be
described in conpgae@th Mgt fy. Fig. 31. -The cat ear circuit draws ball ast
input current for.a-relatrvely.short time at the tails of each 180 degree
line frequency hal f - dhelpeovasionsofamrindeperdegt pouer sppply,that isone thatderives ithe cat
ear circuit draws ball ast d-npyt current for- 1t Ldag. fueach 180
degree line fr e&?@’r‘?w“: i‘P’f.“’S‘g@;’l?é“‘-F 8{ﬁ8&9ﬁ§éng%?g¥éoba@?%£ ﬁgﬂ’?‘."}%@ ettr‘eSaI I in
Fi g. 31).. Then,-Hallgst'’s Bwarécifiet stags) of thebughsts oainldedicated pactifier) rathertthanor about
90 degrees of_ each 180 degree line frequency half cycle (interval Il in
Fig. 31). Finallrgm thefgcqndpryofa t&nﬁfemr%aﬁoswiedb‘&ﬂr %?ﬁai%ﬁ%cké&f‘f’ém for
about 45 degr eesagiic, gty shirdlifite Wetanlilin} of G MOMAINBhS ugunGiRt s tiate a
subsequent zero: erosstng..(ihterval |11 1n Fig. 31). This enbodi ment shows
the cat .ear ci.rolewn, anddyring abaenmad or fapls genditionselarthe prssend 5esg: the Bredfetidees

cr ossi ng. - toneve i 36 AuH tndigBitentpbots BB s W Bickely gpHBREGIER 2P
vari ed where theirait comfigueéd mu gowdr applyb ATHuasthe indopendentrosver supphy Ofég‘arrpl e:

preférréd egan_difngnt aIIOWS for:the decoupling of the power s_upply from the

.. "‘back end, thereby simplifying control of the ballast, while simultaneously =~
/4 providing a means to more precisely control the manner in which current is

" drawh fromi the line so as to reduce ballast input current total harmonic

e .d_'ist_qrtvion. - _ o R _

G ;,:if-ilvé's:Althéiigh‘thé present invention has been described in relation to * .

- ‘part'icul»a'rl _embodimenté fhereof mén_y other 'variationsvand‘ modifications and
:bthe._tfvuses will bccdmﬁ apparent to those skilled in the art. It is preferred,

~ therefore, that the present invention be limited not by the specific disclosure

' ‘";‘here‘i_ﬁ', but only by the appended claims. .



1 7 JAN 2006 WO 03/001855 PCT/ US02/20281 -29 the cat ear circuit drawaN 2006
bal l ast input current for about 35 degrees of each 180 degree line

fr equencywioedsfoosgs| e fol |l owi ng the zero crossing, then therusyotar

circuit draws ballast input current for about 90 degrees of each 180 degree
line frequency half cycle, and final)]y the cat ear circuit draws ball ast

i nput current for about 55 degrees of each 180 degree line frequency half
cycle before the subsequent zero crossing, w thout exceeding the desired
maxi rum THD and w thout departing fromthe scope or spirit of the
invention. Also, one skilled in the art can see that sone dead tinme where
".no ballast input _current is drawn by either the cat ear circuit or the

i nverter circui c 18iM t hout exceeding the desired nmaxi num THD and
wi t hout departing fromthe scope or spirit of the invention. In. a first
“enbodi ment 2810 of the cat ear circuit 884, shown in Fig.; 29, the cat ear
circuit 2810 is desi Igned Au elhctfanjcchillass| fordriving at-least enecas disclwage lpmpnt s.

currens 1rom tianARORRRor BELne St B bl FpflanfRlly Gfepiifiatlobmblie, ! e

val ue. This cogigled imefreguehcypcsihiprisigy: a peri od of time near the l'ine
vol tage zero crossing:. The ut, and, cut-in v Ita e _points can be

adj usted so that thé ’i?&'t‘g’%c"ﬁw g%‘f‘f‘g ipputderaiRald G outpyt teppinalsy  r st

interval from asahdmlhp&ﬁtteraﬁﬁa@srcohh&w% tueéalﬁ&eof%@@ Bowér! QMg a time
when the inverter circuit 2110 of Figure 22 i's draw ng current fromthe AC

line, and duri ngr@zltmdvmgwrfp@rfmdloumubmlwg: phits saiRCrontput teprainalsiwhegi r cui t
2110 stops dra"‘%ﬂ@A@:‘{ mtlﬁa? %Qﬁer’qgfeéb aléjg&l'rée(f E&%‘%al i ne voltage

~ Zero crossing age 1s n a selected
vol tage, .a. chargi na Vamyf illdirnit RBdRg (dﬁugarﬂga)xqmntbnmimlst saidiripottenhianlgi ng of
an energy stor

rate of -char geagffesaldrf@ ¥ Igbggfﬂ%g%‘;l“?g‘fﬂé F"ssaHQISé ﬁ‘%HtE@V“\%{?d]é%f \épg%l %q% 1%%%6 me
Ser ' es Wi t h t hecﬂfuﬁ‘ §h1d)f/alte§“ﬁll cxrcunt mcludmg an energy storage device dn'ectly '
chargeable from said DC output termmals through an 1mpedance and a ﬁrst
controllably conductive device, said impedance carrying only charging current
for said energy storage device; ,
. an inverter circuit having input terminals connected to said output
terminals of said valley fill circuit and producing a high frequency drive voltage

for dnvmg a lamp current through said at least one gas dlscharge lamp when saxd

- AC mput termmals are energlzed by sald source of AC power; - - e
said inverter circuit being adapted to draw current from. substantnally only
said source of AC power and through said rectifying circuit for a time which is
greater than 90° of ee_ich 180° line frequency half éycle, whereby the current
drawn from said source of AC power has a total harmonic distortion below

33.3%, and whereby said lamp current has a lamp current crest factor below 2.1.

2.  The electroni_i_: baliast of claim 1, wherein the lamp currént crest

factor is less than about 1.7.



MOSFET transistor 2812. This current drawn by the cat ear circuit en
conbined with the current drawn by the back end circuit of the bal Il adAN 2006
conbi nes wignsfoaisds subst anti al |y piece-w se conti nuous balpcagaisod/pied
current. Although the transistor 2812 is shown as a MOSFET, it may be any
suitable controllably conductive devjce, such as, without limtation, a
BJT or an I1GBT. 1 7 JAN 2006 WD 03/ 001855 PCT/ US02/20281 -30 Wen the
~rectified line voltage is equal to or greater than the predeterm ned

vol tage, then cut-out transistor 2818 begi ns conducting. The collector of
the cut-out transistor 2818 pulls the cathode of a Zener diode 2820 toward
VCC, which effectively turns off the charging transistor 2812. The :
predeterm ned cut-in and cut-out voltages are determi ned by the resistive
vol tage divider netyork 4 i i . : i t he
base of the cut-outg\’?r ang%%lgﬁoggé{fg%t?@%ﬁ‘}lg’gtg@aeﬂﬁ}égﬁ%ﬁﬁdﬁéﬁhg?ed t hat’
the cat ear cir cinéuit cohnédved tosvidisburonofA€popen saidest er cipauitheing adapted f or t he
control circuit _of the ballast..This enables.th allast. to draw current
Gor ng. a pr edet BroRig cparitiatA Gt iolRORaneT AR ol Bying A Gritger hEMnE T <
. portion can inchiged RS voldge Mef for & seofld eflitivelyl shog tined privg €o e mextGeassi ngs,

or only one such period, or any other useful.peri og during the line cycle.
In a second emb&wssiagef satthinesvoliagethergby wedlg,ertgqﬁqtal AUMONAE HS{rtjaR qflr‘]lﬁf 30,

the cat ear i r gulln 3O ARIHESSuP: 6F A€ otrel Biliw Bk WERh Ay STROLR o Cur F ent

drawn fromthe ast causes the cat ear circuit to
only draw curr ¢hetabkenoerof $ead ¢dteer citveit. t he back end is not drawi ng current
above a predeterm ned value. The current nonitor circuit includes

transi stor 2930, capacitor 2932, resistors 2934, 2936, and di odes 2938,

2940. The ball ast bagk eTHe €ldétrcdid ballastws clalih G| igherdindHe surréhBaraR@4tbnand
resistor. 2936 as it reéﬁurns to the inpput r,ectif%ii ng circuit ?0. When t he
bal | ast back end?iflSOWFeQf Al POWEF hasa taighhasmoniq distortign Pelow;akeyt 202t-ue, the
voltage at the emtter of transistor 2930 goes .

5. The'elecironic ballast of claim 3, wherein said cat ear circuit
draws current from said source of AC power when the instantaneous value of

said line voltage is less than a predetermined absolute value.

6.  The electronic ballast of claim 3, wherein said cat ear circuit
draws current from said source of AC power only when said current drawn by

" said inverter circuit is substantially zero.

7. The electronic ballast of claim 3, wherein said cat ear circuit
draws current from said source of AC power at least when said current drawn by

said inverter circuit is substantially zero.



nhegative by a voltage equivalent to the conbined forward vol tage drgps 0,

di odes 2938, 2940. Through resistor 2934, the transistor 2930 basel- &rAN: 25
function becones forward biased, thereby turning transistor 2930 on.
Turning transistor 2930 on pulls the gate of transistor 2812 | ow, thereby
turning off transistor 2812. Wen back end current falls below the
predeterm ned val ue set by the voltage divider of resistors 2936, 2934 the,
transi stor 2930 turns off allowing transistor 2812 to turn on and provi des
a charging path for capacitor 2814. This second enbodi ment yields a slight

i nprovenent in ballast input current taotal harnmopnic distqrtion over the
first enbodinent. 1 & JANAnGhstrowicballasigsikivingmat igastoneas dischargeriamp

parti cul ar enbogj nmen f ot | F.CcUl - g . L bed
show t he cat ea&blg:aar%oﬁlrct% 0cf 66‘ ﬁg(g‘t%erﬁ éh{i srea %Hgﬁtfa%tgﬁ fsgﬁléglggﬁlg& {Iﬁt}?‘%%ﬁ%‘ t he
rectifying circgivén 1if¥ fréQiense compriwiapl d be possible to build a cat ear
circuit that connects directly to the source of AC power rather than

t hrough the rectifyi dtpctifingeircuit pgngda ipus termpalsandR e epippt Wrmbalsient s of
the cat ear cirgui - hay: ihe I el v . ude a
Separate recti f?cag(; SAI{’Iol:ﬂ 81(E:tc;[ ﬁﬁ%lg%]is gﬁﬁ{%ﬂ? %255 Iﬂgeo%}l gcg%ct)‘% (%@‘géc)r\[’/]\g'{?lg r%éﬁllf}g%%i tion
to providing a #eaSproédicisd@fictifed hetputipltageatiifsenid DIC awpubiermina wigdn ast so
as to inprove ballast input current total harponic distortion, the cat ear
circuit provi desid AE inppy tevingls aerrmereised byrsaigh soprce of MC BaWerear circuit al so

advant ageousl rovi L er t.- t '
af f ect eg by t%ep ope?gélllé}gélﬁ%@ho@bﬁ%em%gIaﬁgsoﬁt%:ﬁtnt%ﬁ%iéﬁgasﬁag@\jﬁvlgl)lllﬁteﬁg{na%sypi cal
prior art trickbfsatdadles filbsictul@ohsdctedno s3id DEITButpntemhinals of taid Ediidghg vel y
the cat ear circuit and the inverter circuit are decoupled from each ot her
al l owi ng the fie&wituni ng of each without affecting the other. The result
of conbi ning the inprove l.ley . fi.ll.cl I C i.rcui and cat
ear circui tgof theng?%éngg?gri%ﬁl&g%th f‘%llr}é h‘g’?E %’glln ¥sﬂéllesnc(%lmrll&lg—%dgt. S@%%“ﬁuet cat ear
terminals of said valley fill circuit and producing a high frequency drive voltage

for driving a lamp current through said at least one gas discharge lamp when said
AC input terminals are energized by said source of AC power;

said inverter circuit being adapted to draw current substantially only from
said source of AC power and through said rectifying circuit for a time which is
greater than 90° of each 180° line frequency half cycle;

and a cat ear circuit connected to said source of AC power, said cat ear
circuit being adapted to conduct current for a first relatively short time following
a first zero crossing of said line voltage and for a second relatively short time
prior to the next zero crossing of said line voltage, thereby to reduce the total
harmonic distortion of the current drawn from said source of AC power below

33.3%.



Circuit conprises nmeans for drawi ng input current near the zero crossing of
the input AC |ine voltage waveformso that the ballast input curt@niAN 206!
harnonic distortion is substantially reduced. In other words, the cat ear
circuit fills in the current waveform near the zero crossings. The
inproved valley fill circuit of the i nvengi on conprise neans for charging
an energy storage device over a substantr P'porti on of each half-cycle of
the AC i nput voltage so that the ballast input current total.harnonic
distortion is reduced. This is depicted in the idealized waveformin Fig.
31 wherein it may be seen that in the mddle portion of each |ine

hal f-cycl e, the idea?. wavEhoelastranonbadlastsofsldietamhierin thettotabhaginonsoi dal

t f n, Th i nat i f.th t i it d the j d
cur T ent AVl O i, SRR B oA S BRI

the AC power source The operation of the ballast is further enhanced by
the control circuit disclosed herein which conprises neans for selectively

varyi ng the conducti dh 1TTheletdde hllagQyRliB5H WhERiUSIE ca@28dircu2 ti mes of

the inverter circuit switches in res&onse to the bus voltage so as to cause
an energy st or afERLGS & SaLET BOWEE SYBP'Y- current from the AC power source
around the tine of the peak of each |ine half-cycle of the ACIine

voltage, and draw |l ess current near the valleys of each line half-cycle of
the AC line vol tage &b de¥be elbebninbdtlagt of kaimTdevherenvsaad oat eaf cisquit

i ndependent power supply,.that. is, on hat derives its. power directly
{rom the |i ne. airREIRPY fiom id SPUTEREl AGRORSE onl o so iR g aa 165
bal l'ast’s. own fgghigkiRlerdiRdebsdhtetifi@uUgh its own dedi cated rectifier,
rather than fromthe secondary .of a transforner associated with the

bal | ast back end or APFC, greatly. sinplifes the handling of transient
condi L1 ons upon Star g up Rl ey BBl L SrRRRO LR b e LR

conditions. In the p
draws current from said source of AC power only when said current drawn by

said inverter circuit from said source of AC power is substantially zero.

13. The electronic ballast of claim 8, wherein said cat ear circuit
draws current from said source of AC power at least when said current drawn by

said inverter circuit is substantially zero.

14.  An electronic ballast for driving at least one gas discharge lamp
from a source of AC power which has a substantially sinusoidal line voltage at a
given line frequency, comprising:

a rectifying circuit having AC input terminals and DC output terminals;
said AC input terminals connectable to the source of AC power; said rectifying
circuit producing a rectified output voltage at its said DC output terminals when
said AC input terminals are energized by said source of AC power;

a valley fill circuit having input and output terminals; said input terminals
of said valley fill circuit connected to said DC output terminals of said rectifying
circuit; said valley fill circuit including an energy storage device directly
chargeable from said DC output terminals through an impedance and a first
controllably conductive device, said impedance carrying only charging current for

said energy storage device;



form of such an. independent power supply is the previously described
cat ear circuit configured as a power supply. Thus, the independétJAd
supply of the preferred enbodinent allows for the decoupling of the power
supply fromthe .back end, thereby sinplifying control of the ballast,
whi | e simul taneously providing a neans g§7ane precisely, control the.
manner in which current is drawn fromthé'line so as to reduce ball ast

i nput current total harnmonic distortion. Al though the present invention has
been described in relation to particular enbodi ments thereof many ot her
variations and nodifications and other uses will becone apparent to those
skilled in the art. #invertescauit hayng inpybtcanimals conngpted; thsaidrasgit i nventi on

be limted not th pegi f | isclo el Ny Q by the appended
Olai e 37 o ANCIBBR D S b S B B Bt Frigh HeplPiel e Y Reg P o
An el ectroni ¢ bgrldsisingflz0am@icutmahugh 648 bt RAE oBlé§asischBAted@mp HHRn shidom a
source of AC power which has a substantially sinusoidal |ine voltage at a

gi ven line freqgd€noput temripls sterpyergized dyspidysontge of ACLPQWeIavi ng AC i nput

Cermnel = 200 out gut e S Al SR BRI

t he source of AC po rec d

out put vol t age gheritils tSeHableldeidiefiytstdr@gddevdedo umﬁchaﬁgqhg ci¥eerit fiidMd said
termnals are enertgylﬁzed by said source of AC ?ower; avalley fill circuit

havi ng i nput antcBbinacirauEfpy Hlme grestar dhanlof eashi8A%line frequeney kplfal | ey
fill circuit connected ai.d t t.erm nal id rectifying
circuit; said val eéy f‘itb?’ ﬂ?ﬁ c%ugbeﬁ:dr?lﬁr%%o&? %hgf S&H{Egr?if’*gﬁ"’s Gr élfgggoc}%lvi ce

di rectly char gerpdthnid disoinbeldw 93189t term nal s t hrough an i npedance and

a first
15. The electronic ballast of claim 14, wherein said valley fill control

circuit includes an inductor.

16.  The electronic ballast of claim 14, wherein said valley fill control

circuit includes a tapped inductor.

17. The electronic ballast of Claim 14, wherein said first controllably
conductive device is a MOSFET.

18. The electronic ballast of claim 14, wherein said inverter circuit
includes said first controllably conductive device; whereby said first controllably

conductive device serves a dual purpose.

19. The electronic ballast of claim 14, wherein said inverter circuit
includes series connected second and third controllably conductive devices
connected across said input terminals of said inverter circuit, whereby each of the

three controllably conductive devices are independent devices.

20.  An electronic ballast for driving at least one gas discharge lamp
which draws ballast input current from a source of AC power which has a

substantially sinusoidal line voltage at a given line frequency, comprising:



controll ably conductive device, said inpedance carrying only charpyqﬁm 2006
current for said energy storage device; an inverter circuit having 1nput
ferm nals connected to said output termnals of said valley fill circuit
and producing a high frequency drive voltage for driving a |anp current
through said at | east one gas discharge ngp when said AC input termnals
are energi zed by said source of A-C power; " "said inverter circuit being
adapted to draw current from substantially only said source of AC power
and through said rectifying circuit for a time which is greater than 90
of each 180 I|ine frequency half cycle, whereby the current drawn from
sai d source of AC po9wsctifidng eirquithavingsAGariug tegingtads andddC etpoiversabyy and

ther ey 52 0 |y S GLheR shATRARIR B u AR Dbl 2 T

el ectronic ballas er el

l ess than about cideult préducinMNredBE6d oMEUONQL R5E sEETD TSP uLRABInalsS3theh The

el ectronic ballast of claim1, which further includes a cat ear circuit
connected to safaid déuinput tefmings grsmnergizadi by seisk sovgpe ofiAepewerbei ng adapt ed
to conduct current for g fﬁ'lLs.t X | at i \Ael‘}/t shor{ ngre f@[logm' ngf first zero
crossing of said Ii A& hgeuithieving ot aad SR Srminalsraid WREt il by i or
to the next zergfsad Gaﬂfe{y']ﬂl @fcuft @bfndctddo ¥AH TRYBuibhieleARinals O sAH WeRiyiRg t ot al
harmoni ¢ distortion of the current drawn fromsaid source of AC power

bel ow t hat whi céiremdtsl d occur in the absence of said cat ear circuit. 4.

The el ectronic ballast.of .claim3 in the,current drawa f.ro sai d
source of AC pover nabr et dwiRfBRet 8 PURM R ARD e S8 S e
el ectroni c bal | gatirehit Gh@sdid 2 le¥dpBhEEY disthergs dmPadd SbTndigiseriel Be@td I ent
fromsaid source of AC power when the instantaneous value of said.line

vol tage is | essfitshand secpp@erntellgblysandustiye dedcesasaid invertermigsus pseducngi e
bal last of cla H}gﬁ’fre\a/{]lglmrc?/i dhivd E\i/ioﬂag%attor Sr?\glngh'ié:nlff) Eurrent through said at least one
gas discharge lamp;
an inverter control circuit coupled to and independently controlling the
conduction times of said series connected first and second controllably
conductive devices;
said inverter control circuit being operable to reduce the conduction time
of said first controllably conductive device to produce a relatively narrow pulse
and, simultaneously, increase the conduction time of said second controllably
conductive device to produce a relatively wide pulse during the period around the
instantaneous peak absolute voltage of each line frequency half cycle, whereby
the magnitude of the envelope of said lamp current humps down below the
magnitude that would occur in the absence of said changes in said conduction
times, causing a reduction in the current crest factor of said lamp current, and
whereby said increase in the conduction time of said second controllably
conductive device causes said ballast input current to hump up above the

magnitude that would occur in the absence of said increase in conduction time,

causing a reduction in the total harmonic distortion of said ballast input current.

21.  The electronic ballast of claim 20, wherein the lamp current has a

current crest factor below 2.1.




draws current from said source of AC power only when said current drawn by
said inverter circuit is substantially zero. 7. The el ectronic bal I@é& @E
claim3, wherein said cat ear circuit draws current fromsaid s Jr 3 AC
power at |east when said current drawn by said inverter circuit is
substantially zero. 1 7 JAN 2006 -35 8. Ag el ectronic ballast for driving
at | east one gas discharge lanp froma s 3Fce of AC power which has a
substantially sinusoidal |ine voltage at a given line frequency,
conprising: a rectifying circuit having AC input term nals and DC out put
termnals; said ACinput term nals connectable to the source of AC power;
said rectifying cirddit Phoedeeranic ballagiaficlaiadOowhpigtn the lanapeursant hassa sai d
DC output term na.stvvhe;k tsal@)q ACbi nn termnals are energi zed by said
source of AC poftsFent §egiipetaloeloyiabitlalii ¢ havi ng i nput and out put
termnals; said input termnals of said valley fill circuit connected to
said DC output termnals of said rectifying circuit; an inverter circuit
havi ng i nput term nal% cofheeeerniobalasipielpip 0, wherein heyrsenppnlyflaysval | ey

| anp current ¢ nieon o5 % Pntali SHENERER s iieTheiiha GREn Ak Bhogen"3c”
i nput term nal Sg3d SO tatZRRbRYcoRdIdivE AuvieCaf vibév@gyer ; said inverter

circuit being adapted to draw current substantially only from said source
of AC power and through said rectifying circuit for a tinme which is

greater than 90 of each 1 line fr en hal §, cycl e: and cat ear
circuit connected toilg'ai d%g%ﬁltegtéo%? E%\%S %Wv%q;m ioai“ée@g{ aggﬁnt ﬁ8‘|’VFcui t being
adapted to condmgdmablyiedhel 8fid 8rdt bhidbecbBd adritroBhdlyTbadictive dBvit&l | owing a
first zero crossing of said line voltage and for a second relatively short
time prior to the next zero crossing of said line voltage, thereby to
gfdxgepgugrtggﬁgw hap groni ¢ dLRLRSE Bl of dMfmSY, Wihidenf's A of EQY" Sai d source

conduction times of said series connected first and second controllably

conductive devices is the period of said high frequency drive voltage.

26.  The electronic ballast of claim 20, wherein said valley fill circuit

comprises a buck converter circuit.

27.  The electronic ballast of claim 20, wherein said valley fill circuit

comprises a switched resistor circuit.

28. The electronic ballast of claim 20, wherein said inverter control

circuit includes a micro-controller.

20. The electronic ballast of claim 20, wherein said inverter control

circuit includes a digital signal processing circuit.

30. The electronic ballast of claim 20, wherein said inverter control

circuit includes an ASIC.

31.  An electronic ballast for driving at least one lamp comprising:

a rectifying circuit operatively connectable to an AC line;



53.3% 1 7 JAN 2006 -36 9. The electronic ballast of claimS8, V\,herc,?i n %hmﬁ.
total harnpbnic distortion of the current drawn fromthe source of ,&CJ '25

s bel ow about 20% 10. The electronic ballast of claim8, wherein said cat

ear circuit conprises a cat ear power supply. 11. The el ectronic ball ast
of claim8, wherein said cat ear circuit grams current fromsaid source of
AC power only when said line voltage is réls than a predet erm ned absol ute
value. 12. The electronic ballast of claim8, wherein said cat ear circuit
draws current from said source of AC power only when said current drawn by
said inverter circuit fromsaid source of AC power is substantially zero.
13. The el ectronic batursent defving eirenitgonnensedgonoss anid recitfyisacireit;andt  dr aws
current fromsaid source of AC power aa qu&t en saiq ﬁ%rr%@t dqamm by
sai d inverter circuit% PCETSICHREPHICrY S P00 TR YInG CIEUE PP SHPRIS 4 P 5Bt § or
driving at |eastyRpetiORN &tilsahaidBmpanp froma source of AC power which
has a substantially sinusoidal line voltage at a given |line frequency,

conprising: a recti fwyheginciaitairtenhdraiving diCuitidpaws ¢uarent framssamndiChi@eout put
termnals; said AC.input termnals conn ble to the source_ of AC power;
Sai 0 roct fyi ngiEh HedR e SRR Tl ee OF BUY A B R 6o S0 g oh s oat o
DC out put t er m pahdnthfortRal of RGnpMRirehEdrBWABY Saidbalswer gi zed by said
source of AC power; a valley fill circuit having input and out put

termnal s; said i npuwhemimianbé¢usrenbdrawangicixcaitliey cétieat cigduitcand connected to

id DC out put t inals.of .said tifyi i it i | 1. fill
crrcurt inchuding anvBrekoy s Pl L ERe mdriiPyhe R ELR P sai 0 o
out put t er i nal sobité:d i uifen! HRGAEidARFkrRr Ciréii ancsHy AW ArkGARAUCt i ve

device, said inpedance carrying only charging current Tor said energy
st orage devi ce; said inverter circuit is not drawing current above a predetermined value.

32.  Ancelectronic ballast for driving at least one lamp comprising:

a rectifying circuit operatively connectable to an AC line;

a valley fill circuit including an energy storage device;

said valley fill circuit operable to selectively charge said energy storage
device;

an inverter for providing a lamp current to said at least one lamp, said
inverter including a first electronic switch series connected with a second
electronic switch; and

a control circuit for controlling the conduction time of said first and said
second electronic switches;

wherein said first electronic switch is controlled to conduct for a
relatively shorter time and said second electronic switch is controlled to conduct
for a relatively longer time during the time around the time of the absolute peak
voltage of said AC line whereby the total harmonic distortion of a ballast input

current and the current crest factor of said lamp current is decreased.

33. The electronic ballast of claim 32, wherein said valley fill circuit

comprises a buck converter circuit.



1 7 JAN 2006 -37 an inverter circuit having input term nals conneg&sﬁaﬁams
said output termnals of said valley fill circuit and produci ng

frequency drive voltage for driving a lanp current through said at |east
one gas discharge | anmp when said AC input termnals are energized by said
source of AC power; and a valley fill control circuit coupled to said
energy storage device and operable to eﬁé [e said energy storage device to
draw charging current fromsaid rectifying circuit for a tine greater than
90 of each 180 line frequency half cycle, whereby the current drawn from
the source of AC power has a total harnonic distortion_ bel ow 33.3% 15.
The el ectronic bal | a34 of The eleetronic ballagtraficipimadZg whereinespid yalley ddlaircyit
circuit includes an.inductto]%.dlat The el ectronic ballast of claim 14,

wherei n sai d vafT"&RFFF FEVEBH ST OC ché’lgtit i ncl udes a tapped inductor. 17.
The el ectronic ballast of Cl aim 14, wherein said first controllably
conductive device is a MOSFET. 18. The el ectronic ballast of claim 14,
wherein said inverte?d5.cir&he electrani¢ balast af plaamsi2; whereghtaidbeandiol girathduct i ve
devi ce; whereby. said first controllably conductive device serves a dua

pur pose. 19. Thgwgﬁg%%P%ﬁPE“ﬁﬁﬁPést of claim 14, wherein said inverter
circuit includes series connected second and third controll ably conductive
devi ces connected across said input termnals of said inverter circuit,
wher eby each of the 3@hr e€heelgetrati¢ balagt eflnct waewaysaideondiod citeiliependent
devi ces. 20. An.eh@ptrgnic bal l ast for driving at |east one gas discharge

| anp whi ch dr a5t # ]sgftallﬁ%llﬁlpgﬁﬁsgﬁt froma source of AC power which has
a substantially sinusoidal line voltage at a given line frequency,
conprising: 1 7 JAN 2006 -38
37. The electronic ballast of claim 32, wherein said control circuit
includes an ASIC
38. The electronic ballast of claim 33, wherein said buck converter

circuit includes a tapped inductor.

39, The electronic ballast of claim 32, which further includes a
flyback transformer and wherein said energy storage device is charged through

said flyback transformer.

40. An electronic ballast for driving at least one lamp comprising:

a rectifying circuit operatively connectable to an AC line;

a valley fill circuit including an energy storage device;

said valley fill circuit operable to selectively charge said energy storage
device;

a back end which includes an inverter circuit that supplies a lamp current
to a lamp;

a control circuit for controlling the operation of said inverter circuit; and

a cat ear circuit that supplies power to said control circuit and wherein
said inverter circuit draws a first current from said AC line during a
predetermined portion of each half cycle which is greater than 90° of each half
cycle of said AC line,



a rectifying circuit having AC input term nals and DC output term nals;
said AC input term nals connectable to the source of AC power; sdli 4l JAN 2006
rectifying circuit producing a rectified output voltage at its said DC
output termnals when said AC input termnals are energi zed by said source
of AC power; a valley fill circuit having jnput and output termnals; said
input termnals of said valley fill ciréé?f connected to said DC out put
termnals of said rectifying circuit; an inverter circuit coupled between
said output termnals of said valley fill circuit and said at | east one gas
di scharge |l anp and including series connected first and second )

control I abl y conduct Whereiespidisgerteypirguit drasystsaid firstauigient girngucfissgpartioni gh

frequency drive _yol1age.f rivi.ng. @ np..current through said at |.east
one " gas di schaplaeh 3f pefevf oAb il AT REFUL 0 s BN o e

i ndependent |y cA® i duritg at BEondCRBEbRAlIYhohioveSappinggtrto® 6 ¢RR si@magct ed
first and second control l'ably conductive devices; said inverter control

circuit being op¥labl e to reduce the conduction time of said first
controll ably conductive device to produce a relatively narrow pul se and,
si mul t aneously, increase the conduction time of said second controllably

conductive device to4produaecicticiabilles] of dMithed () wheirklsid b4 chih@rdagr i od
around the instantaneous peak absol ute voltage of each |ine frequency half

cycl e, whereby steriedissdig saidieccond eeens plapregetergiinediiged euin paintiareecthunps
down bel ow t he hg§9yﬁéude that woul d occur in the absence of said changes
in said conduction i'mes, causing a reduction in the current crest factor
of said lanp current, and whereby said increase in the conduction tinme of
sai d second controllably conductive device causes said ballast input
current to hunp up aBdve Theecleptseme ballhst efipdaim i) whhersie said £at eaheiraiiisence of
said increase in conduction tine causi n reduction in the.tota

Par moni o di st or FPEROG AN 5Pt A Phef e S%eh b gtdointh St
bal | ast of cl ai ga@@yclvherein the lanp current has a current crest factor
bel ow 2. 1.

43, The electronic ballast of claim 40, wherein said cat ear circuit

includes an active back end current monitoring circuit to monitor the current

drawn by said back end.

44. A method for reducing the ballast input current total harmonic
distortion below 33.3% and reducing the current crest factor below 2.1 of the
lamp current provided by an electronic ballast for driving at least one gas
discharge lamp from a source of AC power which has a substantially sinusoidal
line voltage at a given line frequency, comprising the steps of:

a) receiving the substantially sinusoidal line voltage from
said source of AC power;

b) rectifying the substantially sinusoidal line voltage from
said source of AC power to provide a full wave rectified voltage;

c) charging an energy storage device from said full wave
rectified voltage through an impedance and a controllably conductive device to

provide a DC voltage;



1 7 JAN 2006 -39 22. The electronic ballast of claim 20, wherein the IanF
current has a current crest factor bel ow about 1.7. 23. The el ecfirfodA 2006
bal I ast of claim 20, wherein a current only flows through said first
control |l ably conductive device when no current flows through said second
control | ably conductive device and vice Y%ésa- 24. The el ectronic ball ast

of claim 20, wherein current flows alternately through said first and
second control |l ably conductive devices. 25. The el ectronic ballast of claim
20, wherein a sumof said conduction times of said series connected first
and second controllably conductive devices is the period of said high
frequency drive voltage. 9b. Theddyiasethohillovaysireeidied ypltageiyupplyingsardi n

said valley fil i heui COIMALI.S u converter, circuit. 27. The
el ectroni c ball gs?tc Voéﬁg%}’%ﬁw%e ”&e pv?/ﬁeésrogfitﬁe glgll ‘@aV\FarF?tgie/edf"iotltf‘gecﬁorpcfﬂYlfie acorrpri ses
a swtched resi gl fllicdGulthee: 28. The el ectronic ballast of claim 20,

Dy ge;

wherein said inverter control circuit includes a mcro-controller. 29. The
el ectronic ball ast of clafhm 20apriiaedhavadlay 8lledveltageto awnveder o Eroide t

i ncludes a digital ,signal C ing circuit. 30. The el ectronic ballast of
claim 20, wher elaﬁl%halr “?%Vgégggﬁi%?mrol circuit includes an ASIC. 31. An

el ectronic ballast for drifpvi ngushg h;ﬁagtghqp@lubmgamﬁ ietb Abive adarheCt i fyi ng
circuit operatively connectable to an ACline; 1 7 JAN 2006 -40 a current

drawi ng ci rcui t ceenydupegh wed Pdeass ancigaselschergp lgnsiapéui t ;. and an inverter

circuit connected to said.yect|fyina, o houtd 1§ fdly QURRL £ Bid BlRe oFU" ' ENt
to said at | east one | anp;

AC power for a time greater than 90° of each 180° line frequency half cycle.

45. A method of reducing the ballast input current total harmonic
distortion below 33.3 % in an electronic ballast for driving at least one gas
discharge lamp, connectable to a source of AC power which has substantially
sinusoidal line voltage at a given line frequency, comprising the steps of:

a) rectifying the sinusoidal line voltage from said source of
AC power to provide full wave rectified voltage;

b) modifying the full wave rectified voltage by supplying a
DC voltage between the peaks of the full wave rectified voltage to provide a
valley filled voltage;

c) applying the valley filled voltage to an inverter to provide
a high frequency AC voltage;

d) using said high frequency AC voltage to drive a lamp
current through said at least one gas discharge lamp;

e) causing said inverter to draw current from said source of
AC power through an impedance and a controllably conductive device for a time
greater than 90° of each 180° line frequency half cycle; and

) drawing additional current thru a cat ear circuit from said
source of AC power during a first time interval following a line voltage zero
crossing and a second time interval just prior to the next line voltage zero

crossing.



wherein said current drawing circuit draws current fromsaid AC |ine when
t he i nstantaneous voltage of said ACline nears zero to reduce the{tloyAl 2006
harmoni ¢ distortion of the input current drawn by said ballast; wherein

said current drawing circuit is a cat ear circuit; and wherein said cat ear

circuit includes a nonitoring circuit that4 actively nonitors the current
drawn by said inverter circuit and only dréws current when said inverter

circuit is not drawing current above a predeterm ned value. 32. An

el ectronic ballast for driving at | east one lanp conprising: a rectifying
circuit operatively connectable to an ACline;, a valley fill circuit

i ncl udi ng an energy $6.or agemetdod s reduging the baléast mppt cugientiotal hapeonidl e t o
sel ectively char i I st ar evi ce.. an inverter for providing a
| amp current todggﬂ a?elg‘gg&s?%’% % ?)flne %gﬁgr,o(%écal?agﬁmita VEIYRE At IRast QBT 835 a fir st

el ectroni c swit gliclsgid Rptiinacbede of AT J@m@m ha@la%ﬁbgta_{tiaﬂﬁmub&hal and a
control circuit for controlling the conduction tinme of said first and said

second el ect r onlige ¥qliage ks givgh dine fraquencyl compsising|thestepsmifc switch is

controlled to conduct for rel ati.ve horter, tine. . said second

el ectronic switch is contfoll e&ecﬁbl%%ﬁﬁ?s an;ngpy3“1}"%‘1@3??’\1}8IV9H?5930 tine

during the tinmesfdesite bNACtoRRr &f protide alT6I0 wat€rdefifikd voelgtage of said AC

| i ne whereby the total harnonic distortion of a ball ast |n[)_ut current and
11

the current crest factor b} saPwvidinpawenanitonage dedectageetlifizbe futhwave
electroni c ball ?e%[lﬁgcﬁ Vf?lita.aée%%appl%ga%@ Vgﬁég% b\é%!fée‘ﬂhg Il)ela s 6F {h%Lﬁ'lltl wayQTPr 1 S€s

a buck converter Circu
rectified voltage to provide a valley filled voltage;

C) applying the valley filled voltage to an inverter to provide
a high frequency AC voltage;

d) using said high frequency AC voltage to drive a lamp
current through said at least one gas discharge lamp; and

e) causing said energy storage device to draw current from
said source of AC power through an impedance and a controllably conductive

device for a time greater than 90° of each 180° line frequency half cycle.

47, A method for reducing the ballast input current total harmonic
distortion and for reducing the current crest factor in an electronic ballast which
drives at least one gas discharge lamp from a source of AC power which has a
substantially sinusoidal line voltage at a given line frequency, comprising the
steps of:

a) rectifying the substantially sinusoidal line voltage from
said source of AC power to provide a full wave rectified voltage;

b) modifying the full wave rectified voltage by supplying a
DC voltage between the peaks of the full wave rectified voltage to provide a
valley filled voltage;

c) applying the valley filled voltage to an inverter having at
least first and second controllably conductive devices to provide a high frequency

AC voltage;
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d) using said high frequency AC voltage to drive a lamp
current through said at least one gas discharge lamp; and

e) controlling the conduction time of said first and second
controllably conductive devices to hump up said ballast input current and hump
down said lamp current during the time around the time of the absolute peak

voltage of said source of AC power.



