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This application is related to and is a
continuation-in-part of copending application Serial

No. 09/887,848, filed June 22, 2001, entitled
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application Serial No. 10/006,036, filed Dece
2001, entitled Single Switch Electronic D mm ng
Bal | ast, the entire disclosure of which is

i ncorporated by reference herein. FIELD OF THE
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| anps. BACKGROUND OF THE | NVENTI ON El ectroni c

for fluorescent |anps ty&%&%ﬁnal yzed as
conprising a "front end" I . The front

end typically includes a rectifier for changing
alternating current (AC) line voltage to a direct
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bal | ast whiBiPidtindeHotdd bylrfe@hce i3fefPni € di stortion. These
means include |ine fréquency filter. circuits having a

hi gh i npedance at line frequency and about the first
30 har nmtg@pmgmsllhﬁm&rﬁrequency. The hi gh

I npedance of _Tine frequency filter circuits have a
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t ot al hﬁﬁi?ggﬁ&aghﬁgrggcgﬁtqgnpghese filters are in
contrast to EM filters which have | ow i npedance at

line frequency and the related harnonics and
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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 current (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 circuit for boosting the 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 impedance at line frequency and the related
harmonics and therefore have no significant effect on ballast input current total

harmonic distortion.




-2 The ballast back end typically includes a sw tching
inverter for converting the DC bus voltage to a

hi gh-frequency AC voltage, and a resonant tank circuit
having a rel atively high i npedance for coupling the

hi gh-frequency AC voltage to the |lanp electrodes. The
bal | ast back end al so typicakly includes a feedback
circuit that nonitors the |lanp current and generates
control signals to control the swtching of the
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An important indicator of lamp current quality for a gas discharge lamp
such as a fluorescent lamp is the current crest factor (CCF) of the lamp current.
A low CCF is preferred because a high CCF can cause the deterioration of the
lamp filaments which would subsequently reduce the life of the lamp. A CCF of
2.1 or less is recommended by Japanese Industrial Standard (JIS) JIS C 8117 -
1992, and a CCF of 1.7 or less is recommended by the International
Electrotechnical Commission (IEC) Standard 921 - 1988-07.

However, using a relatively 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




DC bus voltage cones with its disadvantages. The

| arger the bus capacitor, the nore expensive it is,

and the nore area it consumes on a printed circuit

board, or the like, and the nore volune it uses

within the ballast. Al so, the bus capacitor is 3

di schar gi ng whenever the bus3voltage |evel is above

t he i nstantaneous absolute value of the AC line
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actwe power factor correction (APFC) circuits. This approach has certain

tradeoffs including added ballast complexity, more components, greater cost,
potentially lower reliability and, possibly, increased power consumption.
Moreover, the ballast with APFC typically uses a relatively large bus capacitor
with its attendant disadvantages as noted above.

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



Moreover, the ballast with APFC typically uses a
relatively large bus capacitor wth its attendant
di sadvant ages as noted above. Another approach to
| owering ballast input current total harnonic
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between a rectifier and an -4nverter. One di sadvant age
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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

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



i npedance at the line frequency and about the first 30
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gas discharge lanp includes a rectifying circuit to
convert an AC line input vebtage to a rectified
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a novel way to deliver a desired lanmp current to the
gas di s‘E?H’é?lbaé’ Y SOR{PetFfideyicesindaarel ey i defiyergissiced lamp current
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el ectronic ballast of the invention describ can
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portio ncaggmtgra (t:hr;t lee; énexgg%%l\.lgngog 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 lamp 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 controllably 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



the AC line voltage, and delivers energy to the
inverter circuit which in turn drives |anp current

t hrough a gas di scharge | anp during a second di scharge
portion of each half-cycle of the AC Iine voltage. The
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near the zero crossing is a cat ear circuit. Preferably the cat ear circuit is a cat ear
power supply that may also supply the power necessary to operate the control
circuit or other housekeeping and auxiliary circuits. The cat ear circuit draws -
current from the AC line around the zero crossing of the AC line voltage at either
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



di scharge | anp, and neans for draw ng input current
near the zero crossing of the AC Iline input voltage
so that the ballast input cur-rent total harnonic
distortion is reduced. In a preferred enbodi nent of
the ballast, the neans for drawi ng current near the
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circuit of Fig. 3 illustrating a second mode of operation.

Fig, 7 is a simplified representation of various voltage and current
waveforms in an electronic ballast including the buck converter 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
a valley fill circuit having a buck converter circuit integrated with an inverter circuit

in accordance with the present invention.



Fig. 5is a sinplified schematic circuit of the buck
converter circuit of Fig. 3 illustrating a first node
of operation. Fig. 6 is a sinplified schematic circuit
di agram of the buck converter «circuit of Fig. 3
illustrating a second node of operation. Fig. 7 is a
sinmplified representation of-8arious voltage and
current waveforns in an el ectronic ballast including
t he buck converter circuit of Fig. 3 at full Iight
output. Fig. 8 is a sinplified representation of
various voltage and current waveforns in an

el ectronic b&® Wyis asimplifigd srfematic drguikdisgsam of ¢ third embodiment of

circuit aqh1 fgl cu'tiutt ﬁivuﬁgezﬂl 1ﬂﬁ§tﬁﬁﬂbudk'cgmert@x"@1ﬁuft w1tE'agapp9d

is as:—,gﬁ{u lema\tlc circuit diagramof a second

enbodi cg¥ in ﬂae ‘?Pes cenyeptsrcireyt in aggordapga wighthe inyentien.

converter ci FiglltisiaRinflified &Heticltirgiit dlﬁﬁfﬁﬁhﬁinot}lef Qlté'rrtatlve
e with the resent invention.

in accord I'g.
a sinpl mgle‘ﬁmg%twé Aaeley filh gireyit tavmségf}yaaﬁkdfanefomr far rechargmg

enbodi nextvaféy filcapadibogy fill circuit having an
integrated buck converter circuit with a ta
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a val l ey filFigciyisasmplificd schematicicirpnitdiagram aSs Bfthembadiment of

r echar giaRgileytfilEcineit inftcdriidrce ﬁ'ﬁﬂﬁﬁ'ptégént nt:vbﬂtonlz is a
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constructed in accordance with the invention.

ng. 19 is a set of diagrams on a common time base showing inverter
circuit switch conduction 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 simplified schematic circuit diagrams of a second
embodiment of an electronic ballast constructed'in accordance with the
invention.

Fig. 22 is a simplified partial schematic circuit diagram of the ballast of
Figs. 20 and 21 which includes details of the control, wave shaping, and feedback
circuits.

Fig.23 is a simplified schematic circuit diagram of an automatic gain

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



Fig. 16 is a sinmplified schematic circuit diagram of
an eighth enbodinent of a valley fill circuit in
accordance with the present invention. Figs. 17 and 18
are sinplified schematic circuit diagrans of a ball ast
constructed in accordance with the invention. Fig. 19
is a set of diagrans on a cefitron tine base show ng
inverter circuit switch conduction tines of Fig. 17
changi ng 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 second erfigdiehiimplifiedpleck diegrammia sepend embodiment of the

const r ugk@dct BrAfGPEGance With the invention. Fig. 22
ed '

is a sinplifl partial schematic circuit diagram of

the bal | ast g 2503 gimpbfiedblesk dingtap ofia thirdamhedimentefshs s

of the goMabPlircuff@YPigSiAPi Ny, and feedback circuits.
Fig.23 1s a sinplified schematic circuit diagram of an

aut omat i ¢ gdiig 26dvmsimplified; flopighart flustratipg:tho.epesation aptha deedback

Circuit oipfitEbfFigP4 ati d51 9. 24 is a sinplified block
di agram of a second enbodi nent of the feedback

circuit of Hig.2739a simplifiedzchematiicirquitdiagramenf afjrigeact cat ear
di agr amp@ferdugply.r d enbodi nent of the feedback circuit
' 26 is a sinplified flowhart

of Fig. 20. Fid. a s _
i |lustrati ngF‘E-%@ shoyey atimplified wayeferm efdbglineicurrent deawntby the cat

of Fi gSearpfwéeridppypor Fikg208ndd2s a sinplified schematic
circuit diagramot a prior art cat ear power supgla(.
Fig. 28 showdg-294s agimplifiedschomatio ejrawit diagrameof]ajfisgt embodiment of

current, ggtgmn@m; hdVhgdRed R3S a UWebut gg'i?@liﬁ’a&grdgﬁctg vith 4

and 22. Fig. 29 1s asinplified sc Ic circul
di agr aninyéntign{ j r st enbodi nent of a cat ear circuit

havi ng fi xedsg ot NsiRpRidditnetidlic BRURURglah 260 BGFodiment
with the invention. = ]
of a cat ear circuit including active monitoring of back end current,
Fig. 31 shows a simplified waveform of the line current drawn by the

electronic ballast of Figs. 20 and 21.

DETAILED DESCRIPTI F EMBODIMENTS OF THE INVENTION
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 the invention, there is
shown in the drawings an embodiment that is presently preferred, in which like
numerals represent similar parts throughout the several views of the drawings, it
being understood, however, that the invention is not limited to the specific

methods 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



Fig. 30 is a sinplified schematic circuit diagramof a
second enbodi nent of a cat ear circuit including
active nonitoring of back end current. Fig. 31 shows a
sinmplified waveformof the |ine current drawn by the
el ectronic ballast of Figs. 20 and 21. DETAI LED
DESCRI PTI ON OF EMBODI MENTS O®-THE | NVENTI ON  The
foregoi ng summary, as well as the follow ng detail ed
description of the preferred enbodi nents, is better
under st ood when read in conjunction with the appended
drawi ngs. For the purposes of illustrating
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specific pethods and.instrunentalities disclosed.
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or 60 Hgavelieoti¢d Woltdghlni oAy %ﬂbdcﬂﬁeﬂt Sf tﬁ@ invl:ﬂtﬁhtr&@if}tuig circuit 820
t hese partlcular frequenc devi c

St DISEEARI 16 VB LGcAN: B4y ciepariopds rayan a diode
rel ati og40. A high reQiehdbypask GiltertapdiRir 336 déﬁnectea abR @ Re input

that the deVIf& nﬁ% %f di.rectl conne? a wre

or al t eferaingls gf the ¥ailew &ifl H°1t"r§38ué'he vallpy, Hevcwpé@evéwem

as (but cHagdes hddiécBatgéshh eﬁer@?é‘tbxﬁé@demcg td Xt escribed, so as to create a
controllab conductive device, this connectl

may be Yq%l%ﬁgedr Yoltagso rThs qrigpY temmaésrquwgfémﬁll cirgyit 830 are in turn

rectifyididedidd 6 %ﬁetmxﬁzg.nﬁﬂﬂl‘d 6f dnSinveRter cifeuit BEUI LThE GhvleAG R ircuit
to a full wave rectjfi I tag eb¥$ggone enbodi nent

of the BOAORYSTSAPeTEqtiied P&V@ﬂﬁsert% grenexAEyRiget dbe

to a noy@put Vel df tHelinvertbrGitkiit £63Qre Joﬁnéaedd@ﬁmu ducuu 870,
t hrough di ode,, 840. A m

capaci t BRCBE@IRLY mohides arese %‘é{agggug F‘ﬁ%g‘f ‘e?‘i‘l‘Plﬂl‘%ﬂ s

of the tadsfoeerd iThe oﬁtpﬁt(éh‘bﬁlt 870 ilterk I itvadkteEdirchit B60 output to

circuit 830 selective
_supply essent?a‘ily a smug/mdal 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 sense 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.



charges and di scharges an energy storage device to be
described, so as to create a valley filled vol tage.
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 velltage to a hi gh-frequency
AC voltage. The output termnals of the inverter
circuit 860 are connected to an output circuit 870,

whi ch typically includes a resonant tank, and may al so

i nclude _a couplin transformer. The output circuit

870 f||ﬂb?¥amﬁﬁ§ﬂlgvgﬂter circuit 860 output to supply
essentially a sinusoidal high frequency voltage, as
wel | as provides voltage gain and increased output
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val | ey % metgl-pxida qenwedwor fiplg-effoct trnnsnmr (MQISFET), but may be a
buck ¢ | n

e o d ?iri;gﬁ{ }utﬁéet;ogan tfnaﬁfiét&r (BED ﬂgﬁ&t&%awm& tlahdistdr (RISD), or
ener gy- 8therogolipbly @ed@m deyvige.{The brakroanvsitercivsuip 81 alor |
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buck converter circuit to provi contr

char gi néynebropesrectifier or AORERTa eqm@ﬂte@f@veerrrhesur@aga@f thegyuck
916 is ?Adﬁ&or 9207aRd e YedoRd &ﬁdet ﬁ? a\ﬁa |ohcet>émfuh$llof %?%%h%ﬁ@m

Connected to the junction of capaci t
t he cat Remectest toghecinpyt 9332. @ﬁ@@@msmwabﬁﬂ&mmmcmd topput

Whi ch i &rARRNAS! &dacitol 1%65&&& eamb&h @céﬁﬁmﬂng &okd $3ah)
di ode 922 and a control |l ably conductive device,

swi t ch &2and quipuh tesmingl 30 “i:%’ﬁmﬁﬁd tagbnacend iapit jerminal 914, circuit
conduct yfméie eCRodtdst dicde STHWYH 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 operates
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



as a netal -oxi de sem conductor field-effect transistor
(MOSFET), but may be a bipolar junction transistor
(BJT), insulated gate bipolar transistor (IGBT), or

ot her controllably conductive device. The buck
converter circuit 910 also includes a third
commut ati ng di ode 926, which2ray al so be a suitably
controlled synchronous rectifier or MOSFET, connected
bet ween the junction of the buck inductor 920 and the
second di ode 922, and one terninal of the capacitor
916 caonnected to the inp A first output

t er mi n@P0:gbrgughsthe Sﬁﬁ"e%]tséﬂd fbé Cﬁlﬁﬁ’ﬁﬁr 916,49 therhurk appyerter output
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the inverter circuit. In this condition, the diode

(Fig. 29mpreasingdissiosed epprgydpnng ipjeryal &L, &eee@ramﬂﬂse bu°k

f or war Gomiep8edtpéndk On e Behiat i RateldTkie switsh 69y, 1 shes a
di scharge path for the capacitor 916 fromcircuit

comon t er mAhsn the syitgn@P4 is ¢onducting thecbugk eenverter girenitcP1fhe
capaci tr&fuc%]té thetsﬁnﬁliﬁ@d RIALGAU RS § 'éncPtlHE Réitage E&BW

928 24 alternately opens and cl oses at
freq uenacyac'toy%%lapwl toa%mtamewecaﬁecgh@a@éage mmuscthe yaitage

subst anklogd thy ca‘iﬁ&ﬁt‘ 916, 'had) tﬂng%cht&%@ Mar%gd by B current flowing

rectified |ine voltage. Wien the swit

conductffoythe ingus Q}Gatpr%&léﬁhg apagitop il 6y Fh?é’“?lwnﬂwrk?@% land the

I nduct @ewit&P624f fo%ﬁxh&nﬂﬁcﬁﬁV mPatRlitiol %Qéd'éﬁquy &hRd irSbuck inductor
di scharg&d throu h the diode 922 and the switch 924 to

circui B}‘rﬂ‘ﬁl’f"“ag‘?“ ARRlisd fo the b““l‘l‘f@“%f%??@é"*’@&iwwzé%
are re\éeﬁcﬁlemty PR t§@sv¢1tb§92ﬂ@n$t%ﬁd%€ﬁ dgccdi de%ﬂ:fted ih FgY\6), then

t hrough t he buck inductor . In condition

(inter 7 Jh cuprpnti g ‘#ﬂ@”‘"&)hmush 8’6 iPHE BPHCLS 8%%@@@6?‘#% thesygh the

l'ine  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. Note 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 shown in Fig. 7 wherein the
ballast is operating at full light output. The charging of the valley fill capacitor
916 preferably takes place over more than 90 degrees of each line half cycle.



voltage is greater than the voltage across the
capacitor 916, and the capacitor 916 1is increasing
its stored energy. During interval |11, the operation
of the buck converter depends on the conduction state
of the switch 924. Wen the switch 924 is conducti ng,
the buck converter circuit -930 reduces to the
sinmplified formshown in Fig. 5 and the voltage across
the buck inductor 920 is equal to the instantaneous
rectified line voltage mnus the voltage across the
capacitor 916. Thus, the capacitor 916 is charged by a
current fl oWhegthefchasging eéthe wgley fitl xapacitorrtakies hlagshfor greater than
capaci 9figegtdd.or bR 184 ﬁé%réé'lgﬁé %%en%z&lf c?ag tﬁ@x%sulﬁf(ﬁsﬁaﬁgkt
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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 factor 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



circuitry. Current inrush limting is even nore
significant at initial ballast turn- on. Thus, when
power is first applied to a typical active power
factor corrected ballast, the energy storage
capacitor is charged until the capacitor voltage rises
to the peak value of the Atine voltage. During this
charging period the input current is essentially
limted only by wire resistance and the inpedance of
the AC power source supplying the bal | ast. The buck
converter circuit, 910 of th st_of the invention
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shown a second, enbo t of the buck converter
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has a hjgh side switch 2112 and a | ow sid switch
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residual energy in the tapped buck inductor. _

In one embodiment of the tapped buck inductor circuit of Fig. 10,
cdpacitor 916 is a parallel combination of two 47 microfarad, 250 volt capacitors,
diodes 918 and 926 are MUR160 diodes, diodes 922 and 1552 are 1000 volt, 1
ampere diodes, resistor 1554 is a series combinatiori of two 91 kilohm, 1 watt
resistors, capacitor 1556 is a .0047 microfarad, 630 volt capacitor, 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
diode 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



Turning now to Fig. 10, there is shown a third

enbodi nent of the buck converter circuit 15 10 in

whi ch the buck inductor 920 is replaced with a tapped
i nductor 1520. The anode of the comutation di ode 926
Is coupled to an interior coil of the tapped inductor
1520 at the tap, rather thahSthe junction of the
tapped inductor 1520 and the di ode 922. The i nductor
tap placenent provides the capability to vary the

di scharge tinme of the inductor 1520. The conti nuous

node operation of the buck converter may be reduced,
or el i Ai#vauiciH4amicrgaurissrand thaspmberof turng feorashertap to the anode of
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enbodi nrent of the tap i nductor circuit of Fig
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olt
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capacitor 1556 is a .0047 mcrofarad,
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nunber of about 180 turns fromthe cat
918 t ohelfieyciamwhich i tumpesiits inypducediigip! haymonig dismtamcﬁ ﬂ@é»allast
of aboylydeufédt. M I 1iHenries, with the nunber of turns

fromthe cathode of diode 918 to the tap being about
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descri pafhestbdBtwemIheScapicith! B 6\4Ad the Yerhinkl 9121 4 &iWild 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 diode 1574, the cathode of
which is in turn connected to the junction of the capacitor 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



830 (Fig. 2), charging current of capacitor 916

i ncreases with | onger conduction tines of the
controll ably conductive switch 924. \Wen the lanp is
being dinmed to low light |levels, the switch 924
conducts for a longer tinme, and the accunul ation of
charge on capacitor 916 incteases, which tends to

rai se the bus voltage. It is advantageous to have

hi gher bus voltage at low light levels since the |anp
vol tage increases at low light |levels and a higher bus
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- 16 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



916 through the diode 1574. When the rectified |line
voltage falls below the voltage across the capacitor,
then the capacitor 916 di scharges through out put

term nals 928 and 930. Turning now to Fig. 12, there
Is shown a fourth enbodi mrent_ 16 10 of a vaIIey fil
circuit which uses only capbkitive energy storage. In
this enbodinent, the valley fill circuit 1610

i ncludes a first energy storage capacitor 1632
connected in series with a first diode 1634 across
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term n%anno%ilbzdlstgrgig'n Ing)lr Les imkf)?clvg%y 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



the vol tage across the capacitor 161.6 by nore than
the tumon voltage of the diode 1636, then capacitor
1616 di scharges through the di ode 1636, the resistor
-17 1620, and the output term nals 928, 930. Wen the
vol tage drop across the resistor 1620 exceeds the
turn-on voltage of the diodé84618, then capacitor 1616
di scharges through di odes 1636, 1618 and the out put
termnals 928, 930. In summary, the capacitors 1632,
1616 charge in series, and discharge in parallel,
delivering thejr stored enﬁggy to an inverter circuit
Y
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be opergitgd at a high frequency, that is, many tines
greater than the fundanental frequency of the AC |line
vol tage. The ballast input current total harnonic

di stortion may be inproved by controlling the
conduction of swtch 924 so that the conduction tine
of the TdgfnveRerdliwuits i ncreased near the center or

peak of each Iine half cycle. This results in a

bal | ast |nput current, waveformthat nore nearly
mat ches t heARean hefeenip Figgdd afm i rengeted to the output o the capacitor

916 and the buck converter 1510 is 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 rectified line voltage, or
the voltage across the capacitor 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,



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 1718 of Fig. 13 may be an 18

i ndependently controlled controllably conductive

devi ce separate fromeach of the switches in the
inverter circuit 860. Resistive losses in the valley

fill circuig 1710.0f Fi g .13 may be reduced _ as hov¥n
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vol t ag@dditienaleontralparamsies pt (e inyersr citgyity When Syilch 7142 ggterred
l'i ne vaed 43R 1iis Figl BHlisdonducting, 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 gas 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 the 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



than the voltage on the capacitor 916, then the
inverter circuit 2110 draws current directly fromthe
AC line. Wien the rectified |ine voltage is |ess than
the voltage on capacitor 916, then the inverter
circuit 2110 draws current fromthe capacitor 916.

-19 When the inverter circu®-draws current directly
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current, has o und s t han 33. 3% . The
oper at |ﬂ(9ﬁ’"k¥ftE ﬁﬁ%grdc‘%f’aré‘? 113’@8? 21922242 ghqvn lﬁg\‘ﬂ b& The

descr i logetafich ofcmaﬁﬁctllcﬁmxt/\rs Hébciibed in ddail Y. nver ter
circuit legguses a fixed fr

uenc D(lI . -D) :
conpl ement aF§EaEQPatspafrel algorithos; Eﬁi\/ﬁ%‘d’é‘“ﬁ]ﬁm% plestepnichgllast
Thi s magesers h,q:ﬁcanp Bdjust mdombuonqm&, oftiie dofiol1fblylcofidueEve
devi ces, 2112 4 S ondéctl n times, In this

di scusSFYRES PR ﬁ dml?}a’t‘%f 5] "P'g?'l% Ftsaa‘i°85t?'H alug Genventional

time ofcodtitt 1dops S sloSMh te3ponde sblad to lefl tHeREndeHdH RARIE BleY

duty cycle refers to the conduction tinme of
t he seémléé&ytcegfm@t?’f CHETS I GORiant RURT therfourse pf a linge

devic es'freaaehay b2 cieS Thiz QIpekithi, WHerfdppRdd totalval?eij ﬁlt tly% l§a‘l'15'§t
of the cogl('I |on§{g}lmes referred to as D a

each r &y dn g aign ewrrgng creg{ £actoz of the lagp ‘t“ﬁéﬂtéw f°dh¢ n g

frequewmahshom@@ambgaﬁncda,loﬁ ronic circuits there is
usually a tJrEna when  nej ttj;t evice 2112, 924 s
conduct i ng, TRLSAREAL GrepiLeidhe prgseptly prefegrediembqdipaent adipsts the

dead t lcfﬁiﬂubﬁoxﬂﬁﬂéﬁﬂf the cot@IINbIH Bedhctive dbvitedS PBESonlietibi Bme of
conduct i or}{h}ge 8 glew ce 2112, 924. The purpose of

this d&yde iy redycegd sa s tp profyes relasiyely nagwee'geszﬂﬁw

924 do cBﬁHucﬁ@ﬂdh@éf swittinpa4tiameeased Yo asho pRMYEde relhtijefy Wiaad

time ma}‘/l be ased and used as an_ _addj ti onal

cont r o/PUlses i ucgythe prak phtbe prvslope pf theihigh frognencydeme eyirent
2112 ( medrand gk of tBe Bife f4hdncy RalftyBle. Ts 1é ﬁxb&gﬁgﬁl??étﬁged to as
IS

then the outggut of the inverter circuit
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For LA c istortion. However, in'the ballast of this invention, the decrease in
lamp current is associated with the increase in conduction time of switch 924.
This increase in conduction time causes an increase in the charging current of the
valley fill capacitor. 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
advantageous effect of reducing the ballast input current total harmonic
distortion. This improvement 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




i nstant aneous valley filled voltage, the maxi mum | anp
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lanp for that instantaneous valley filled voltage is
achi eved when the conduction tinmes of the two

swi tching devices 2112, 924 are equal. In this

el ectronic ballast the | anp2durrent depends on both
the instantaneous valley filled voltage and the
conduction tines of the switching devices 2112, 924.
The conduction tinmes of the sw tching devices 2112,
924 are controlled by a control circuit 832 shown in
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lanp current is associated with the increase in
conduction time of switch 924. This increase in
conduction time causes an increase in the charging
current of the wvalley fill capacitor. This increase

in valley fill current increases the total current

drawn by the ballast near tdi#-peak of the line

frequency half cycle. The increase in ballast current
near the peak of the line frequency half cycle has the
advant ageous effect of reducing the ballast input
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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



The Current Sense Circuit Referring to Fig. 18, the
bal |l ast al so includes a current sense circuit 2240
conprising first and second di odes 2242 and 2244, and
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as input circuit 2460, While 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 volthge
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



is depicted in Figs. 17, 20, 22 by the "D nmed Hot"

i nput. The control circuit includes a feedback circuit
2440 (Fig. 20) connected to receive inputs fromthe
current sense circuit 2240 and a control input circuit
2460, and supplies conduction signals to the contro
termnals of the controllabl¥- conductive devices
2112, 924. The control circuit nmay optionally include
a wave shaping circuit 2480 to provide an additiona
input to the feedback circuit 2440, as wll be
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ballast input current has a shape which is lower near the valleys and higher near
the peaks of the AC line voltage, thereby improving the ballast input current total
harmonic distortion. However, this improvement in ballast input current total
harmonic distortion comes at the expense of greater crest factor of the lamp
current,

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



wave shaping circuit 2480, such -24 as in non-di nm ng
bal | asts, then the AGC 2690 may optionally be repl aced
by a passive inpedance such as a resistor. The scal ed
vol tage signal fromthe divider is clipped by neans of
a diode 2486 having its anode connected to the output
of the divider and its cathoffe connected to a DC
reference voltage VREF. The clipped signal is then
passed through a DC bl ocki ng capacitor 2488 to be
summed with the DC reference voltage fromthe contro
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t he di oobatr@4fyfut 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 causing the second
transistor 2692 to become less conductive, effectively increasing 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
Jjunction 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



for clipping the peaks of the AC reference signal.
During the tinme when the AC reference voltage signa
is clipped, the conbined reference voltage remains
constant while the valley filled voltage is peaking.
The overall response of the control circuit is
designed to be "fast", so tf#-control circuit responds
qui ckly -25 during the peaks in the bus voltage so as
to reduce the conduction time of swtch 2112 and

i ncrease the conduction tinme of swtch 924, so as to
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VDIM representative 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 controllably conductive
devices of the inverter circuit are driven to be more equal (step 26140), IfIL is
greater than VDIM as determined in step 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.




i ncrease of inpedance of the AGC circuit 2690

i ncreases the voltage at the junction of the AGC
circuit 2690 and resistor 2482 resulting in nore of
the signal being clipped by diode 2486. As this
voltage rises and gets increasingly clipped, the AC
portion of this voltage is 1®duced, thereby reducing
the effect of the wave shaping circuit. A second
enbodi nent of the feedback circuit 2440 of Fig. 20 is
shown in Fig. 24 and includes a m croprocessor 26102
coupled to receive inputs -26 representative of the
desired light level and the lanp current, and produce
out put Trd Qft@hiscidcei driving the control term nals of
the controll ably conductive devices of the inverter
circuit. One such m croprocessor suitable for this use
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normally flow. However, until now, cat ear circuits 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
now, have 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.



measuring the lanp current IL (step 26110), and
measuring the dinmmng signal VDI Mrepresentative of
the desired light level (step 26120). The neasured
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VDIM then the conduction trﬁ%s of the controllably
conductive devices of the inverter circuit are driven
to be nore equal (step 26140). If IL is greater than
VDI M as determ ned in step 26150, then the conduction

times of the c'i?ﬂtro ably conductive devjces of the
inverter cirCifte ¢ InyEHiop gne esrﬁ)‘iaéearﬁﬁ‘é%fﬁl“(’flgt@b

26160) . cdrinedted acose eHedltph o¥iBk Mctlfyﬁkfgrblkﬁ’i%ﬂpmm bé? rElrcult may
tines oLthe 3# aﬁlablﬂ%cond ctiv (ﬁ_\élceso

i nver t eP® BYASRAlY detingfias Horyit hahisdesisnsd WCBF%@%‘ the line
repeats dunrik7sefEbted partioBf theiling tycle. TBd cabedr clréuitGhhy! thud RMRed in
been used f ears to $r L%’gr@gem& for control

circuitd ?YF ? Mngue ganperfor s lAshanpyt qugrent waveform so as
i ncandescigfprovedalist iap cﬁxﬁm 9641 ﬂirﬁmmc'ﬁlzst?mép ah%eea léﬁH cat ear
art cat ear circuit,is,sho ) t andar

el ect r ofir gt Ay Rrdied éf”bﬁhal"f’éﬁ‘f’ TRyt ‘f“g%'(’&@"aé(?f@”%f 3 varienad

and ci r emétichickiviogs, Suth as @itchanode Queér suspliePind AT lifdHolDC
are al so ppl i cations, .t he di mer

well kn . Jn such a

is | ocaf%ert%%??étmﬂrefhﬁ@g,&@qt FHEenLioR! hatmopip digtortion.
Ir ecei vi gg asTisencat ¢up bircuiti 834/ $ii. D0) draws La@at tfdn@ﬂ‘iefré&’iﬂexA@O only

i ne an out ut a "truncat or.m of
the sind§ Fotﬁ'JIls °ﬁ@ﬁfﬂ1’“€‘ ccgﬂ that isyfhe E°r$“l“F18fe B ipgptige cycle
edge of nedpehd linewbltage kzéragﬁ,sswglsefs@gmd i Fil. 08. kg cmear ctnlas:ft 884
non-conducting tri a on the trai portion o
Toe ¥ o e shent aee T, B Ges fercertstsad hetety TIIRG e Ggof the
by the fiiputne cofrent dtaba ﬁd’rrl 46 AlCirle OfAekd @Rel YAl enﬁ"lﬁ thetbrallﬁgls not
is turned on at aifg)re rmned tinme and cond

unti |t (EMRBGUISY f“ﬁéF‘&fw? ‘hY filipgin tb%tatlaa@ line
wav ef or mmdiy d:‘dﬁrh}jy 0@ bhit is nf¥8e Mﬁielcbntﬁﬂﬂﬁythﬁﬂegﬁre@ﬁcmé $Bast

triac, res to the zero cro f

l'i ne vol"{pé{ %’“CP \tind %ft mﬁ’&ﬁé?”’g ‘P"g"é&’é@“‘t“@n?%@n with

| oad mayigogl.control l ed. The prior art cat ear circuit

of a2 wre di r dra 0 fromthe AC |i

during a por‘?lil g‘igF Bf C‘ﬁﬁl\éﬁdfﬁ'ﬁ\tl\?eﬁz\?b'f"?‘ﬁﬁié‘T%@éP6‘?1?‘H‘iﬁ)r¥éh°“ time at
the tri #@e tails ofieich le@dﬁimﬂinegeqdeﬁcy(ﬁaffeyclw sHéwn irflﬂg 31. Inone
prior ‘rjlrertnbc():da men%atixe cat ga{:r%}rgultdd}a&l\sﬁbaﬁgsrt {nle)gttcuinrenot rH)r about 45 degrees

of each 180 degree line frequency half cycle following a zero crossing (interval I

in Fig. 31). Then, the inverter circuit draws ballast inpuf 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 III 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:



line, through the load, during the tine that no
significant load current would normally flow
However, until now, cat ear circuits have only been
used to derive an auxiliary power supply to operate
control circuits wthin an el ectronic device. They
have not been used for the P3rpose of deliberately
shaping the input current drawn fromthe line by an
el ectronic device. Specifically, cat ear circuits,
until now, have not been used in electronic ballasts
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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 charges 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
MOSEFET 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 piece-wise 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.



The cat ear circuit draws ballast input current for a
relatively short tine at the tails of each 180 degree
line frequency half cycle as shown in Fig. 31. In one
enbodi nment, the cat ear circuit draws ballast i nput
current for about 45 degrees of each 180 degree |ine
frequency half cycle followi3fg a zero crossing
(interval I in Fig. 31). Then, the inverter circuit
draws bal l ast input current for about 90 degrees of
each 180 degree line frequency half cycle (interval |
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negative by a voltage equivalent to the combined forward voltage drops of
diodes 2938, 2940, Through resistor 2934, the transistor 2930 base-emitter
junction becomes forward biased, thereby turning transistor 2930 on. Turning
transistor 2930 on pulls the gate of transistor 2812 low, thereby turning off
transistor 2812. When back end current falls below the predetermined value set
by the voltage divider of resistors 2936,2934 the, transistor 2930 turns off
allowing transistor 2812 to turn on and provides a charging path for capacitor
2814. This second embodiment yields a slight improvement in ballast input

current total harmonic distortion over the first embodiment.



condition will occur for a period of time near the
line voltage zero crossing. The «cut-out and cut-in
vol tage points can be adjusted so that the cat ear
circuit 2810 draws current during a first interval
froma tinme just after the line voltage zero crossing
to a time when the inverter-¥ircuit 2110 of Figure 22
is drawing current fromthe AC line, and during a
second interval froma tinme when the inverter circuit
2110 stops dravvi ng current fromthe AC line until the
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The improved valley fill circuit 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 line 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



In a second enbodi nent 2910 of the cat ear circuit

884, shown in Fig. 30, the cat ear circuit 2910

includes a circuit that actively nonitors current

drawn fromthe back end of the ballast and causes the
cat ear circuit to only draw current fromthe |ine

when the back end is not dreadfi-ng current above a
predet erm ned val ue. The current nonitor circuit

i ncl udes transistor 2930, capacitor 2932, resistors
2934, 2936, and di odes 2938, 2940. The bal | ast back
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advant ageously provides a faster start-up of the
bal l ast and is not affected by the operating node of
the ballast in the sane way that typical prior art
trickle-charge and bootstrap systens are affected.
Effectively the cat ear circuit and the inverter
circuit are decoupl ed frome¥ch other allow ng the
fine tuning of each wthout affecting the other. The
result of conbining the inproved valley fill circuit,
control circuits, and cat ear circuit of the present

i nvent i may, be seen in Fig. 3 1. The cat ear
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33.3%, and whereby said lamp current has a lamp current crest factor below 2.1.

2. The electronic ballast of claim 1, wherein the lamp current crest

factor is less than about 1.7.



ball ast's own rectifier stage, or through its own
dedicated rectifier, rather than fromthe secondary
of a transforner associated with the ballast back end
or APFC, greatly sinplifies the handling of transient
condi tions upon start up, shut down, and during
abnormal or fault conditiond4-1n the present case, the
preferred form of such an i ndependent power supply is
the previously described cat ear «circuit configured
as a power supply. Thus, the independent power supply
of the preferred enbodinent allows for the decoupling
of the power supply fromthe back end, thereby
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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.



control | ably conducti ve device, said inpedance

carrying only charging current for said energy

storage device; an inverter circuit having input

term nals connected to said output termnals of said
valley fill circuit and producing a high frequency
drive voltage for driving -@5l-anp current through said .
at | east one gas discharge | anp when said AC input
term nals are energi zed by said source of AC power;
said inverter circuit being adapted to draMIcurrent

from substanti al | n urce of AC power

t hrough sai & rec F’&F lq:?q?leﬁlfqr driging gt leashone gas gﬁchagc lamp
gr eat erfrérh aRo€: ofHC peved whitl had d uBstirdtamy SingsidaBtire voltage at a
cycl e, whereby the current drawn from said source of

AC powefiVerdiereaysnay, ComPrsitg ¢ di stortion bel ow 3 3. 3

% and wher be’ctﬁ'ﬁhglcxl‘o&lfmaﬁhlg’ A€nipubRmidalk a@DC uﬁtbm&rmmals,
bel ow 2. The el ect ron| bal | ast of

crest fag % é é

cl ai m 15814 AE inpnttepmigals %ﬂwew}eﬁe the sepresef A pewes; sajdgectifying

| IeSS t T@fdzuﬁbﬂidtlclﬂg ? ﬁcﬂf&@ o%ltputg\kwa@ &&% §20DC ot t@ﬁxzmél’sf when
claim ur i ncl ude at ear i rcui

connect séﬂjvﬁé “g’éfI tamé’B o] °B?’g‘¢€és°r¥8€\é rs°“r§°a‘?fcf‘(§ BYVEar

circuit bei ngiméagtciduit hdvingdmpueiehingls toraedted t05aid olitpitst

rel ativel hot fi following a first . 0 Crossl ng

of sai d® T’gﬂé m%%lﬂ%lmfct‘}}t adisHg ahig ﬁﬁ%}cy deFo‘f“lltage
time prioparivifg 4 l%ﬁlpﬁ:ﬁ?fént agbigh s&id aﬂsasﬂ&wcg‘as 8isdhdrgle 1144 when said
vol t age éher eb o reduce, t(ﬂ}y total harnonic

di stor t4 ipals gre epergized iy said spyreh ol AL BOWGSUr ce of

AC power belagiva bdtabr oidiii€ Fonv€uddo O6€ sburdedf ATRWBRSADER ear
of said . cat ear?a: awt 4. The Ie tronic ballast of

cl ai m CITCREEPiRg QGRS EUTEPL R Rstislatiely shogtgimecallowing

of AC POt zehPeoRing@F adid e viRieGnd fdib@édoh@fbld%%l?‘éhort time
about 20% 5, The el ectr.oni.c

B Por Zotibn e RO aSip SERAitd ofaid Hpe,piegt mpighy torbi s

sour ce kdrméyic pietoRlonW thé clifént tiatvh #FARALScd 6 AC p&iber below
han redeterm ned

said lipe valta is |less
absol uttgatv“él}‘%w °°PH¥eméli‘eeai’fq“6%‘? ’ﬂ&?tleé"s‘ilch‘F claim 3,

wherein said cat ear circuit draws current from said

source of AG po en s rrent dr by,
sai d inverter c}l\ﬁ.[!%ﬁs‘ifc OQICQQ%&CEHEI}T&&\@’P%? ﬁi“‘ja‘cat carcircuit

further comprises a cat ear power supply.

10. The electronic ballast of claim 8, wherein said cat ear circuit
draws current from said source of AC power only when the instantaneous value

of said line voltage is less than a predetermined absolute value.

11.  The electronic ballast of claim 8, wherein said cat ear circuit
draws current from said source of AC power only when the current drawn by
said inverter circuit from said source of AC power is substantially zero.

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

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



7. The electronic ballast of claim3, wherein said cat
ear circuit draws current fromsaid source of AC
power at | east when said current drawn by said
inverter circuit is substantially zero. -35 8. An

el ectronic ballast for drivi g at | east one gas

di scharge lanp froma souf 88 of AC power which has a
substantially sinusoidal Iine voltage at a given |ine
frequency, conprising: a rectifying circuit having AC
input termnals and DC output termnals; said AC

i nput term nals connectable to the source of AC power;
said rectifying circuit producing a rectified output
vol t age at il8.s sHiekldo@onicibailast of clpimi N ahsreinhsaiid electdnic Ballast
I nput ten ' . .
pover ; 5010eh B f e GG bR bt Bl Bl ey e
connectpedet mpplyiimpubietnpingl; satdsatidan cireit obupdea td andedriviifgysaidg
circuit and_nt ncy drive voltage
for dr|a\‘/”“ngryclr?Slﬁ%ml%g “igﬂt'%ﬁ%ﬁg "said at |east one
gas di scharge | anp V\,hen sal d ACinput termnals are

ener gi zed b sal

circuit con ct egn?Ig sal slaosﬁrgéemféi}f\éé&dong i ggzﬁ%@elaa{np
ear  cifranua souloesi of &Comayet whlxclu lmscacmmwtlalbumuemdalﬂm vaitage at a
first rel at]fn\e/%%u ﬁ&’hcom ;[lggfol lowng a first zero

tn

CfOSSI fsal e and for a second
relatively ahatifying ireuit havingrAG€ mpttitermirsist and EXGoutpud tesminglls;
~of said li vol.tage,t her e ot

har moni & dd{tg {ng}x&l 1 qnals.cnn 1ebg¥1etto th ?cqxgcce of Alafl?,o%;' %le dect:fymg
source ainfcmAﬁ-opwa zbﬂifmd/oulpﬁta/bltwdmatzlts sad D ouipmuﬂmmals when
t he abse C aid [ .CikC tronic

b aI | a St E% rng}x cxgun%aé? g%ﬁlzegrb %'au!i %OU?CB O}-R% f

ear CIr CUI

farther conpvaBeydilkicait hzwmg 1mmtva!td auympteymindl§;. saifiliput terminals
electro cC..b A5t i of. cl aj

circuit® S%‘P g%geyc i\ rcr!réul cqnne ocf‘ﬁdg%fal SEO:§ILl gl#'lﬂ%ag‘sa &t s‘aa’ﬁ rectlfymg

onl y whdmuit;he i nstant aneous value of said |ine

I I h det
17 The ol edt e huf Bl S P AR iy

cat ¢ artem:mnzrluoﬂsaxdd'abaysﬁlqucnxeand prodoping ahxgh sequeney driveAGitage
power when the cu A ' r .
circui tfgf grbvrlﬁl gsaalla%’% nﬁ {h? h ga(lf?wcg%gtrone %%?%ﬁﬁ“?ﬂ‘fh&“ said
zer o. AC input terminals are energxzed by sald source of AC power;

—

QJ..

said inverter circuit being adapted to draw current substantially only from
said source of AC power and through said rectifj}ing 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 zérd 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%.




12. The electronic ballast of claim8, wherein said
cat ear circuit draws current fromsaid source of AC
power at | east when the current drawn by said
inverter circuit fromsaid source of AC power is
substantially zero. -36 13. The el ectronic ballast of
claim9, wherein said el ectPénic ballast includes an
auxiliary circuit coupled thereto which has an
auxiliary circuit power supply input termnal; said
cat ear circuit coupled to and driving said auxiliary
circuit pomer su pI i nput ter el e gronip

bal | ast for ldriv l?fge?&fr°$‘%8§{a5t&rﬁrléla’§h§4 &%E@mp@@tq? onic

from a gaeHiefofthe AfreRQMRIN fbth @2 shate of ATPSHarRd bebdvt dbout 20%.
sinusoidal line voltage at a given |ine frequency,
conprising: a rectifying circuit having AC input

term nal s ang DCriyslgtetbnit 841EktoRkEIm 14 athereNGaidvatidar circuit
term nal s connectable to tFe source of AC power; said
rectif yGORBrISeE R Ca At PYFYEHEPEIYng a rectified out put

voltage at its said DC output term nals when said AC

et o vallTey THeqCEPRE I Bl RRG 4 AR LR G o
t er m nadrdws &Jﬁ*eﬁit fronpskid éoﬁfc%ﬂﬁb%owﬁfon@&blﬁén\sﬁh liay véliake is less

circuit connected . tqQ sajd output termnals of said
recti fy‘ihﬁbaprE‘?elt%fnﬁga“?mL\‘l‘F‘i%ﬁ?ert er circuit having

i nput termnals connected to said output termnals of

said valley fill_circuit pr.oduci
frequency driPve VbR qleganic 36‘?‘3 ot el b‘P gvherg;pps%@lﬁaP & pircuit

t hr oughygad Girdht AR Re SRRCHoHETHATOPhenIFA cUhad dfath By
AC input termnals, are energized by said source of AC

power ; ish igveriauaropis frogy saléawrcw%p%&%hstwa 245
current substantially only from said source of AC
power and through said rectlf ng C|r831t for,a tine ,
which is gri@at efhg Heqtronis algﬂs of shafm 1 mherein,sgid qabedn Girquit

hal T cygh®s cudfesh fonk aid @afce 6F ACpoivercd A Gihesl sdidciitn€ldrawn by
source of AC power, said cat ear circuit being

adapt edsatq}"}i‘éﬁﬂﬂ&““&ﬁ“]’%ﬂ’l“a Y™ first relatively
short tine followwng a first z ero crossing of said
line voltage and for a second relatively short tine
prior to the next zero crossing of said |line voltage,
thereby to reduce the tota



harnmoni ¢ distortion of the current drawn from sai d
source of AC power below 33.3% -37 15. The

el ectronic ballast of claim 14, wherein the total
harnmonic distortion of the current drawn fromthe
source of AC power is bel ow about 20% 16. The

el ectronic ballast of clai m384, wherein said cat ear
circuit conprises a cat ear power supply. 17. The
el ectronic ballast of claim 14, wherein said cat ear
circuit draws current from said source of AC power

only when said line voltage is |ess
predet er ni né8: ab&BelseEonichallast for griving ét léﬂsé%lt%@ﬁij’é"har ge lamp

bal | astfréth a 6buRéd B IE pdthee Which hesH s@bﬁﬁﬁlaﬁ)a&mfsbfdﬁlmn"e voltage ata
draws current fromsaid sour ce of AC power only wh

said CLﬁlY%tméﬁ‘ﬁ%’?%Wm%‘&i“@ inverter circuit from sal d

source of AGreaifahg tifcu YRSAPAC iripul il Pandlide 01]_ & terminals;
el ectronjc ball ast of claim 14, wherein said ear

ci rcui tSaidAG inputiGrRiBal conpestabledp the sonpeef Aff pmrpsgwerpcnéxmg

| east WhRpit pRdECifEd fe@tiﬁed@ﬁ@mohﬂgf a‘éﬁé $hid ID@ %ﬁt‘p@tr terminals when
circuit |s substantlally Zer.o An el ectronic

bal | astSafdhC HPHtterginals arf eneegized by S§Q§°‘H‘F‘-‘s‘l§" s BRWean
froma sour g&andy fﬂfclﬁﬁiﬁ’ﬁivxﬂg‘ihﬁﬁ aﬁ@&ut?ut bR YalBihh¥ terminals

si nusoi dal_ Iine voltag gi.ven 1ine freﬂuenc
conpr i sttiigd valleydil qiteys P@n?ﬂt‘?dé& P%ld R&utpyt taxminglp of said rectifying

term n%léuﬁﬁgldaﬁlﬁlﬂlp&kuﬁ Richiighs eneréaétd}' QCh@@B'ﬁfcctly
term nal s connect ab e to the source of power; said

recti f yshaggeatls frem sgi quﬂm’élf fepnigals thequeh pr HnRidﬂSB and a first
vol t agecoptrollably coadudtitdeie Rui ithddahdddhdyild 6ikly c}%gl%; &frent

input term npals are energi zed by sai d source of
power ; 8 f@id ensiByStorage deYiessi t havi ng i nput and out put

termnals; saifhehéRitbuil ﬁ&fﬁﬁ@ﬁ;uﬁtem%a@@dnqeefaﬁ th @-Md Bﬁtb&t
circuit connected to said output termnals of said

recti f yPmynalgeisaidivalleysd] %rcvﬁﬁrrdelyowcms ahighdigapency drive voltage

i ncl udi RPN INENRID CuRén® tAEZh SRY h&@asﬂéﬂe%ﬁé Jhychﬁxg@ [aﬂﬁ:ﬂmeﬁ said
from sald DC output term nals through an i npedance and

a firstACHmH ﬁemun%lbﬁry epeSgiERiYistid seracs AfAC RUYSE
i rpedance cahd ¥ viliky 9Nl ciintfdd Bir@hitRBurléd tb S41 energy storage device and

operable to enable said energy storage device to draw charging current from said
rectifying circuit for a time greater than 90° of each 180° line frequency half
cycle, whereby the current drawn from the source of AC power has a total

harmonic distortion below 33.3%.

21.  The electronic ballast of claim 20, wherein said valley fill control

circuit includes an inductor.

22,  The electronic ballast of claim 20, wherein said valley fill control

circuit includes a tapped inductor.

23.  The electronic ballast of Claim 20, wherein said first controllably
conductive device is a MOSFET.



for said energy storage device; an inverter circuit
havi ng i nput term nals connected to said out put
termnals of said valley fill circuit and producing a
hi gh frequency drive voltage for driving a |anp
current through said at |east one gas discharge |anp
when said AC input term nal3@-are energi zed by said
source of AC power; and a valley fill control circuit
coupled to said energy storage device and operable to
enabl 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, wher Qby tmélwubﬁevoal%taamaﬁﬁ mﬂﬁh@ﬁxmwlﬁm@ﬁ ciftfit
power has a tatal rmoni ¢ distortion bel ow 33

21. Them%!P%#éﬁ?léﬁFS&C%’&Pll%béx cogfluctivedevicopvh Whyrselﬂﬁ'lrgapram"ably
val | ey dohlilctiv@ddvicelservés o dubll gurgoss:!| udes an i nductor. 22.

The el ectronic ballast of claim?20, wherein said

valley fill control «circuit includes a tapped

i nductor. 23s, Th?h@él&&hﬁl@ﬂhlﬁsmaaﬁﬁﬁo Whefetrdalll idfbrter circuit
wher ei n, sal d first controll abﬁlilﬁxgdcon uctive device Is

a MOosFETeludes gerigg conprgtedsjegond ap sentrolahly egndustiviededess

wher ei Ncosidctbdiabresy sadlingsut fefrbiinkls ofslaﬁi ibVEREr SRR, aﬁﬂe&& each of the
control | abl émogaﬁuct ive, device; wherehy sal dfirs

cont r ol PEBF Yiendperive dexices are dndepeodent deyiess- pur pose.
25. The el ectronic ballast of claim?20, wherein said
i nverter cirguit cl udes _series connected second and

[
third contrdPi abfpe @Wﬂ&t{aﬂ% foy drjyipgat leastimg gag diseharge lamp

acr oss &ﬁbﬂjdrh\ﬂpbﬂllaﬁt%ﬂﬁt Adefit fBm §ﬁu§&c'o?)&@rﬁo€v@r Whitk tsta:
wher eby each ﬁ% the three controllably conductive

devi cessusfft@“? Hipspidaliine yeltase ate givey linpfreqieaeyy pemprising:

bal I ast for agdtiyimbcirtbit hm&tA@nﬁuQaﬁms’dlsSﬁmf@&ub@@mmals
whi ch draws bal | ast, i nput current froma source of

power WAL [Rut terminglyconngetable)te the souseecsiAfaporerirfaid rcctlfymg

vol t agecibit rodhciia Jebtﬁﬁdbmgﬁmn@e at ROARDHE bigat t@“mmals when
rectifying circuit havin C input termnals and DC

out put PiAF ingptderminals aye mral%?sﬂw s3id oyrae i ACROMSECt abl e
to the sour gealdy M ciRAIBIvingSAME akdfutpuf %hiflals; said input terminals

of said valley fill circuit connected to said DC output terminals of said rectifying

circuit;

an inverter circuit coupled between said output terminals of said valley
fill circuit and said at least one gas discharge lamp and including series
connected first and second controllably conductive devices; said inverter circuit
producing a high frequency drive voltage for driving a lamp current through said
at least one gas discharge lamp;

an inverter contro! 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



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 input and output term nals; said
input termnals of said valley fill circuit connected
to said DC output terminal s4f said rectifying

circuit; an inverter circuit coupled between said

output termnals of said valley fill circuit and said

at | east one gas discharge |anp and including series
connected first and second control] ably conductive

devi cesSORSUity® ANje P BrodkseAcelptvelywidanlss gpriag Hiegwriod around

f r equenay imdtahtdReos®héak @Bsolud voltage/dfREckAline FERuenby hffdycle,

t hr ough Eaid at Ieaat qge 9 S disqg rge lanp; an

| nver { oPRSE POmeEIPRE a1 NPT S AP GurTaR R vy below
cont r ol the Aggiitde tROWGIIE bicOnintthd WSenod ofSsaidthfpes MSsaid conduction
connectegd first and secqond controll conducti ve

bl
devi cesIMEafaysing 3 zeduction ip fhe chrent prest 3?‘:[“}; SEFaY g cpEenteand

to reduwBertdysaitidndtessé inGhe dond®tio®fimé of fhid debdiid controllably
control | aBI . cqnductive ddgw ce.to Jor oduce a rel atively

nar r ow {RIfUGkive device cansss saidballast ipyt currspt te hurap ypabove the
conduct in@ghitadémBatdfousdécduss R ABseh I BfTsail hrtbdaye in4Bnduction time,
conducti ve devidce. [ o) {I}lr odlfgle a relatively wide pul se

duri ng FAHENGRFOUEHOR A fptal parmopiedistartio e said ballaskinput current,
absol ute vol tage of each |ine frequency half cycle,

wher eby t he gni;tude of. the envel o of said la

current hunps" dO\lKhe %&?@W"R’fﬁ@ #égﬁ‘ﬂ*?gd@ef%ihem rrent has a
occur i furiehtecréspfeebeleol 23ai d changes in said

conduction tines, causing a reduction in the current
crest factor of said lanp current, and whereby said

i ncrease inJghe qaAElUGiohRBalldst'd cRifim 28, whefdht @B %hmp current has a
control | abl t?fﬁres? nducti ve device causes sai d bal | ast

i nput cEHeR cionpglovipbbbie the rmagnitude t hat

woul d occur in the absence of said increase in
conduction tj.me, _ causin reducti in the total

har moni ¢ di fort FB?]QW%‘%I’SH*}%? Icgé‘f‘ %g'ﬁ’ﬂlﬂe"b%l?‘fr@ﬁio.m&ﬂ‘?ws
The el emicughbdid Bt doagbllably hdictivefevicehatehdcurest flodBhrough
current has a urrent crest factor below 2.1. 28. The

el ect r offf cﬁ%dlcg’étfoua y epndutvs devigg And Xics VEISR | anp

current has a

30.  The electronic ballast of claim 26, wherein current flows

alternately through said first and second controllably conductive devices.

31.  The electronic ballast of claim 26, wherein a sum of said
conduction times of said series connected first and second controllably

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

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

comprises a buck converter circuit.



current crest factor bel ow about 1.7. 29. The

el ectronic ballast of claim26, wherein a current only
flows through said first controllably conductive

devi ce when no current flows through said second
control | ably conducti ve device and vice versa. 30. The
el ectronic ballast of claim#6, wherein current flows
alternately through said first and second controll ably
conductive devices. 31. The el ectronic ballast of

claim 26, wherein a sumof said conduction tinmes of

sai d seriesd%pnn tep first . and ?econd controllabl¥ o
conductive devi ces® Fgctqug:snﬂgz}sf ofFlaim 265y herein aid valley Till circuit
f r equencoymmtises/eswdtehédagsistordcuilne el ectroni c bal | ast of
claim 26, wherein said valley fill circuit conprises

a buck converter circuit. -41 33. The electronic

bal | ast of d4ai mTBEelestivatctiallassot cthin@b) vierdin bdid MvérfeH Edntrol
conpri sgs ed resistor circuit. 34. The

. S\M h
el ect r ofil é‘ﬁﬁ%mdtggimbcfmg‘?“éﬁo 26, wherein said inverter

contr ol circuit includes a mcro-controller. 35. The

el ectronic [l a f claim 26 nerein said. inverter
control ci reui tSI‘Iil?l(%Fﬁ{?gg bﬁ‘%ﬁ??ﬁ%@? Zg»i@mqm HidiRzatsy epytrol
ci r cui t circ38 inchides 2digie] signdl prooeskingsircuaf cl ai m 26,

wherein said inverter control circuit includes an

ASIC. 37. An electronic ballast for driving at |east

one | anp corg6r i sThegelectnic®dalldst ofichim 26, Hetein AREHAeY &n¥ol
connectg!blug.l}cf)u an C%hl ne; a current drawing circuit
connecté & o§§ a tectifying circuit; and an
inverter circuit connected to said rectifying circuit
that suppli a lLa current .tq.said at |east one

| anp; wher eie'ﬁ' sal‘o‘ag}éﬁ??né%?aﬁﬁﬁ‘ 5%%%‘“% P least ?“eﬁ?%@mp"smg’
current fromrsaifyingrcuit operativetofiritCtable & MU @NBYUS '
vol tage of saj zero to reduce the total

d Q\gli.ne.ne?rs T
har moni ¢ di &YPETEFYAI8 Qg pqmnerfed agrosssnd rertiiving piyeuitzang
bal | ast. 38.anThertelcaeiit cnheeteddd darBrectiT{ing bisduiP il supplies a lamp

wher ei n saiq cu rqnt dr awi ng
current to said at least one lamp;

wherein said current drawing circuit draws current from said AC line
when the instantaneous voltage of said AC line nears zero to reduce the total

harmonic distortion of the input current drawn by said ballast,

38.  The electronic ballast of claim 37, wherein said current drawing
circuit is a cat ear circuit.

39.  The electronic ballast of claim 38, wherein said cat ear circuit
draws current from said AC line between predetermined cut-in and cut-out

points,

40.  The electronic ballast of claim 38, wherein said cat ear circuit

includes a monitoring circuit that actively monitors the current drawn by said



circuit is a cat ear circuit. 39. The electronic
bal | ast of claim 38, wherein said cat ear circuit
draws current fromsaid AC |ine between predeterm ned
cut-in and cut-out points. 40. The el ectronic ball ast
of claim 38, wherein said cat ear circuit includes a
nonitoring circuit that act#¥ely nonitors the current
drawn by said -42 inverter circuit and only draws
current when said inverter circuit is not draw ng
current above a predeterm ned val ue.- 41. An electronic
bal | ast, for driving at |east one |anp conprising:

rect i f yipyegergircsitprd enbedraws custent vehsn suid inysrter cirguibis nsat@rawmg

l'ine; Q‘:uﬁ'@x{taﬁ%e al grddefelrhinét $anlenC!l udi ng a capaci tor;
said valley fill ‘circuit operable to selectively

charge said capacitor from said rectifying circuit

t hrough an yipedaperctanet Rudst fo?Hnﬁh?&tlEa@Nrﬁ lz?ﬁﬁs ddrhprisilg
devi ce,; and an inverter circuit includin | 'east one

el ectroni ¢ §wFctibringrircuib opesatively conngetabie i %@g‘@ bivg

current to gahibyain Jn%@iﬂncﬂﬂﬁgh%cltwer ein said
capacitor is charged during | east, 90 of each

hal f-cycl e &#id vallgy fill gireyit Wérabkzo sefgstively ehargessaidcapacitor from
bal | astsyifrectithgitthit tibrPheh imfedbribe \iﬁd 4 ikt éxedrﬂoni@lstvﬁeﬁlﬁg

i ncl udes a buck converter circuit. he el ectronic
bal | astde¥ice;@di m 41, wherein said vaIIey fill circuit

i ncl udes  an aj RREE:Rlreuitifleludiiiat BaGhb @l@étfbnbﬁslvdlt@ﬁhg &dvice for

claim4l, wherein said first electronic swtching
devi ce SBPIMng/BOPERITentdo sajdt leastone JaBw; ¢ bal | ast of

clai m 41, V%Ex%irﬁaﬁlg:'agac}fﬁj it Erglell kihrirfy o féHétbO" gfe\';\%kﬁjﬂja‘?is%ycle of

at | east one of sal ast one sw tching Ice o
sai d i rsarA@hingircuit. 46. The el ectronic ballast of
claim4l, which further includes a flyback

transfornmer coupled to said capacitor, to control the
del i very of 4@ner Ghe alestronic ballast of claim 41, wherein said valley fill circuit

includes a buck converter circuit,

43,  The electronic ballast of claim 41, wherein said valley fill circuit

includes an inductor.

44,  The electronic ballast of claim 41, wherein said first electronic
switching device is a MOSFET.

45.  The electronic ballast of claim 41, wherein said valley fill circuit

includes at least one of said at least one switching device of said inverter circuit.

46.  The electronic ballast of claim 41, which further includes a
flyback transformer coupled to said capacitor, to control the delivery of energy to

said capacitor,



said capacitor. - 43 47. The electronic ballast of
cl aim 46, wherein said flyback transforner is
connected to said capacitor by a controllably
conductive device. 48. An electronic ballast for
driving at | east one lanp conprising: a rectifying
circuit operatively connectédbte to an AC line; a
valley fill circuit including an energy storage
device; said valley fill circuit operable to

sel ectively charge said energy storage device; an

i nverter for_proyvidin urrent to sai east
one | anp, séfd Tl?‘F\Fe‘Fg’%?m Pﬂgﬁ@gﬂﬁ’@‘ 46, pvhpretn Sé%é@%’?%l C
SW t ch tfQfoRfer UaRRRGTe8 € id dapa%u&a@ca&nualasrytcbmmve device.
switch; and a control circuit for controllrng t he

conductl on tinme of said first and said second

el ectroni c g@i t chgslectnRRitAilRt foabfvihg 5tséasteine¢atnrm®nsmg

switch is contrg}led to cond ct foraﬁ rel a é
shorter ti m@ etityingaiguit eneriye el"%ﬂf’??t ¢ toaa ’| s

gont rol It ﬁd th@alwyrimttﬁﬂcuu i;ngllhdr? meénﬁtgy\sﬁiragelkc)ieﬂla@ : ti mek
uring e | e sol ut.e ea
vol tage of §%{HEa@t%m cHenit\ppg é@of t‘Y@f %arﬂﬁéf“ﬁﬁﬁ rgy storage

di st or tdegige;0of a ballast input current and the current
crest factor of said | a current i s decreased.

The el ect r AR MVEATr {OfProving4 lampcument iprsaidaf leay SP?j]amPs said

val | ey ihverfer Ritluditig & firsE 18RFohis 8vitéh deHedcofaiea Mifla second
circuit., 50. The. electronic ballast of claim 48,

wher ei rF]eé’gP’b‘c\?‘é‘r‘Itqhe?}‘dfl Il circuit conprises a swtched

resistor ci a@bitfol citchit fc'fxrwn@dlmrgtmownaudﬁah tidng fof &fid Sisdndsaid
48, wher ei ald con#ﬁ circult includes a

m cr opri§t¥Es PUOMICSWIRRES, o| ectroni c bal | ast of clai m
48, wher ei N vwigieth saidTirit@lectedniccawitch isi dastkdlde fo @mahc@ toral

si gnal 0 -44 53. The eI ectronic halla of

cl gl m 481at1w%é§)@pﬂr timg a&g 83igh sscond electrenie gwrtchk%s 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.

49.  The electronic ballast of claim 48, wherein said valley fill circuit

comprises a buck converter circuit.

50.  The electronic ballast of claim 48, wherein said valley fill circuit

comprises a switched resistor circuit.

51.  The electronic ballast of claim 48, wherein said control circuit

includes a microprocessor.

52.  The electronic ballast of claim 48, wherein said control circuit

includes a digital signal processor.



i ncludes an ASIC 54. The electronic ballast of claim
49, wherein said buck converter circuit includes a

t apped i nductor. 55. The electronic ballast of claim
48, which further includes a flyback transformer and
wherein said energy storage device is charged through
said flyback transforner. 584-An el ectronic ball ast
for driving at |east one lanp conprising: a
rectifying circuit operatively connectable to an AC
line; a valley fill circuit including an energy

st orage devi val | fill circuit operable

sel ectively sghargﬁ g%ﬁ“&“‘é ]aétffglaalp 4% &vhgesin %tslcoatr%@kmt
end whiiakludsagh W88 an inverter circuit that supplies a
lanp current to a lanp; a control circuit for
controlling the operation of said inverter circuit;

and a cat &ar cihedléctrohib BillaStUﬂ’Biaine@ RRVRIN daf)l thdk &mverter
control .circu and erein said |nverter circuit

draws & TFP'}g’EiUQEﬁartgpﬂﬂdmdBﬁ? said AC line during a

pr edet er m n&d. poThé éertrohic BaRk dﬂ dlaim 48/ Whech\WirkieR irlcfdes a
greater )éﬂﬂ@i; 90, of ea(fh hal f cle of said AC |ine.

57 ThelBRekiFnSiorRer gad Whaerein spid ¢ eIy Sorgge dgyies is ichargedthrough
I nver t esaidAlybadk tiansfdinfans sai d first current during a

first portion of each said half cycle, and said cat
ear circuit draws a'second current fromsaid AC Iline

during a sesend A&wn@tram baﬂaét)fornmmguﬂe&sam 164 Bﬂ'ﬁﬁrlsi?%
of each said hal.f icl e. The electronlc baF | ast o

clai m 57, \Aﬂé?cé‘ﬁﬁ"% eyt 8%?“’@%}?’ conegiehle to aAL Hine; gy awi ng

sai d second acualeyeil cigbit ﬂlc]ilﬂlﬁgl e @fe@y%ﬁﬁag@ idgdee;cut in
poi nt in each he el ectronic

bal | ast of &Hd¥ Hf%ﬁ“ %&ﬁ‘ém"ﬁb’gé‘? Ef?eea‘(e ¥.chargejsaid gperay storage

st ops ddeame,ng sal d second current at a predeterm ned

fixed cut ou g ﬂ ? hal f cycle
end which includes an inverter rcult 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.

57.  The electronic ballast of claim 56, wherein said inverter circuit
draws said first current during a first portion of each said half cycle, and said cat
ear circuit draws a second current from said AC line during a second

substantially non-overlapping portion of each said half cycle.

58.  The electronic ballast of claim 57, wherein said cat ear circuit
starts drawing said second current at a predetermined fixed cut in point in each

half cycle.



60. The el ectronic ballast of claim57, wherein said
cat ear circuit includes an active back end current
nmonitoring circuit to nonitor the current drawn by
sai d back end. 61. An electronic ballast for driving
at | east one lanp conprising: a rectifying circuit
operatively connectable to-#4-AC line; a valley fil
circuit including an energy storage device; and said
valley fill circuit operable to selectively charge
sai d energy storage device fromsaid rectifying

circuit thrqugh an inpedance and a first electronic
switch. 62. the EhegleqtronicOalagt afgleim §f, whergimsagghcat ear circuit

wher ei nstép idFhweniedaidsesind caddnt ath@yédeRmhiieBfiLARBECAt Bbint in each
63. The el ectronic ballast of claim®6l, wherein said

i npeda @eean inductor. 64. The el ectronic ball ast
of claim®6l, wherein said i npedance is a resistor.
65. The electronlc bal | ast of claim61, wherein said

first elect ®ni cTheglpatropicballagt qficiatrs7, whereinsaiqahens cirguit

r educi ngclhitd ald adtive Sickien® birrentinbRidking Skt thALARRIE current
di stortion bel ow 33. 3% and reduci ng the current crest

fact or BeyVRYY pidbagk endqe | anp current provided by an
el ectronic ballast for driving at Ieast one gas -46
di scharge lanp froma source of ower which has a

subst anti al I si fislseigene baﬂlpqqg)r\gigylp&géeagf ong lgmm eaonrising:

frequency, GQEgitYiSgd Sbuit Bﬁeratveg%oﬂfectam td £CAC ¥h&)g t he
substantially sinusqidal |ine voltage from sai d

source of A@VARad ciggyit inchudingop ﬁ@f’&ﬂ?&p‘%i"&ﬁtap‘él ly

si nusoi dal Ishif @alyey! RS uit by2iabletd sélecHiPaly ERurg saiﬁgn&@y\@tbrage
to provide a ful] wave rectjfied voltage; c)_ char

an ener $yics {1omgid reptifyingecifcpib thraugh an foape anfaaareda first lectronic
rectifigdiHol tage through an i npedance and a
control l ably conductive device to

62.  The electronic ballast of claim 61, wherein said energy storage

device is a capacitor.

63. The electronic ballast of claim 61, wherein said impedance is an

inductor.

64. The electronic ballast of claim 61, wherein said impedance is a

resistor.

65.  The electronic ballast of claim 61, wherein said first electronic
switch is a MOSFET.

66. 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



provide a DC voltage; d) nodifying the full wave
rectified voltage by supplying said DC voltage

bet ween the peaks of the full wave rectified voltage
to provide a valley filled voltage; e) applying the
valley filled voltage to an inverter to provide a

hi gh frequency AC vol tage; f46-using sai d high
frequency AC voltage to drive a lanp current through
said at | east one gas discharge |anp; and g) causing
said inverter to draw current fromsaid source of AC
power for a tinme %reater than 90 of each 180 I|ine

f r equengiychargedanR Zemm a sgrce of AGRayesE which hesh fubsigptieliesinusoidal

bal | ast lind\olthge dd b gk lib el J¥RPLiSing e §fepy ¢fi ON bel ow
33.3 %in an geI ectrgroni C _b,?l I aZt for nri Vi npsrat | east

one gas dischar @k | afffeivipg e sebstaptially sinugpidad lipe voltage frem

power WwaidhuhrefaCpewenti ally sinusoidal |ine voltage
at a given line frequency, conprising the steps of: a)
rectifying the sib}lusoi’eﬂ%f%ng Ft}?é“teﬁﬁﬂnflﬂg’e*“?‘lﬁ‘éﬂqléla? ¥oltage from

source @fd sofiéee ROWEpolver 1 pRVIddR fhilllvhvesadificd Faitkt; €d
vol tage; b) nodi Bl:l ng the full wave rectified voltage

by supplying a BC vot"Biig Benueetorsrdeyics omopidiplbwave
full wanstificaabltsde@Bkol@ dnagifedafbeRE®Y bélfroflably @dnkifdtive device to

filled voltage; c] applying the valley filled vol tage
to an i PO¥AERPG WIS Yi de a high frequency AC

vol tage; -47 d) dpi NOmé@ifyshgthafillWa0slenited voftaddylsadbiying
to drive, IanP urrent through said at | east One gas

di schar%j’éia ]Pgﬁﬂ,tagé;’e‘@’ﬁ% tipraksofdhs fyll yayerectifiedyiokiege to provide a
curr ent viilepMispidtagur ce of  AC power through an '
i npedance and a control]ably cgonductive device for a

time  greater th&h oorpelvingdbevallgofilledyeltagede arinugren ta mrovide
cycle; anigh fbqithehOQolgigeli tional current thru a cat
ear circult fromsaid |, e
using said high frequency AC voltage to drive a lamp
current through said at least one gas discharge lamp; and
2) causing said inverter to draw current from said source of

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

67. 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;



source of AC power during a first tinme interval
followng a line voltage zero crossing and a second
time interval just prior to the next |ine voltage zero
crossing. 68. A nethod for reducing the ballast input
current total harnmonic distortion below 33.3%in an
el ectronic ballast for driwvi4dig at | east one gas

di scharge lanp froma source of AC power which has a

substantially sinusoidal |line voltage at a given |ine
frequency, conprising the steps of a) rectifying the
substantially sinusoidal line voltage fro '

) sai d
source of AC po t PSpieswid igh drepyn YQE\YQ{P?%’G‘P fyegdamp

vol _tageéun@ﬁttﬁbﬁgﬂﬁid“@leaﬂoﬁ@%&s%cﬁafr lagp; device to
nodi fy the full wave recti

.ed voltage by supplying a
DC vol t age bet wefh th‘@uii’é%%g IBYerteHa df%'f ‘F““%Waéa‘g“ said source of
r ;ect i f : ad pU\QérLtm&gH alm inmsqa?lfbana awlad&oﬁyblfy corldactive@evicdr a time
c) applyingt yalley filled volt to an inverter
to prov raeéegr tha"““%ogﬂ}?afllhépeHB?EKWWS‘%EQ%"?@&)‘C‘ usi ng said
hi gh frequency A§ voldragig bdtitibnaMArrant IR catCedf §iRA1 from said

through said_at | east one _gas discharge |lanmp;, and e)
causi ngo¥%E gt éﬁé’PtX? é-‘F‘BS a g5t hag i“é“é"aﬁl 80%8?"’% alipervaliage zero

from sgbdlingQhd & Secrid thie RAVWRAI jubtprior@iherbxt IRAJANSE RN
a controll ably conductive device for a tine greater

t han 908¥"€ach 180 |ine frequency half cycle. 69. A
met hod for reducing the ballast input current total
harnmoni ¢ distortion and for reducig’? t he current

crest facto®in Amehedpristicingihy hallas inpri urentdptal hagmepic

| east odigiofion bélow3B3%AR ah al8RronicHAM Rt fof Uiy MfleabCon QUET
a -48 substanti al i nusoi dal |1 ne voltage

whi ch has ly, s ] ol tage |
at a gi ;3@#@13? e Fas o 8avESy, of éi?rpﬁwmgh hata sustanallypynusoidal
a) rect jidewonspetabs gisbhbﬁﬁeawqh@w,xeoﬁpﬁm@hsiabpsl ofne
vol tage from said source of AC power to provide a
full wave rectiffed V&FiEgethesyositpialy pinupidal ting ypitage from
vave I egid dohRe o ALHBEEr thYrosidd RN Wi dectiBbd YoHag@ge
bet ween the peaks of the full wave rectified voltage
to provide a b) providing an energy storage device to modify 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; 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.

69. 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




valley filled voltage; c) applying the valley filled
voltage to an inverter having at least first and
second controll ably conductive devices to provide a
hi gh frequency AC voltage; d) using said high
frequency AC voltage to drive a lanp current through
said at | east one gas dischﬁ@ge | anp; and e)
controlling the conduction tine of said first and
second controllably conductive devices to hunp up
said ballast input current and hunp down said |anp
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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;

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.



