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BACKGROUND OF THE INVENTION

This invention relates to a ballast circuit for generating a substantially
rectangular driving signal sufficient to ignite a lamp load, comprising:

inductor means;

capacitor means serially connected to said inductor means; and

generating means for applying a generated signal to said serially
connected inductor means and capacitor means, said generated signal having at least a
fundamental frequency f;;

the inductor means and capacitor means having a resonant frequency f,.

Inductor means are to understand to be means adapted to exhibit the
properties of an inductor. Capacitor means are to understand to be means adapted to
exhibit the properties of a capacitor.

Conventionally the lamp load is connected across the capacitor. In a
known circuitry the series L-C circuit operates during pre-ignition of the lamp load
substantially at its resonant frequency. That is, the driving signal applied to the series
L-C circuit is at or near the resonant frequency of the series L-C circuit. In this way a
sufficiently high pre-ignition voltage is applied across the lamp load for ignition of the
latter.

The lamp load, typically of a fluorescent type, following ignition,
achieves a substantially steady-state sinusoidal current flow therethrough by reducing the
driving signal frequency well below the resonant frequency of the series L-C circuit. In
determining when to switch from the resonant frequency to a different steady-state
operating frequency, feedback circuitry is required in the known ballast circuit for
sensing lamp ignition.

A sufficiently high voltage during pre-ignition of the lamp and sinusoidal
lamp current following ignition (i.e. steady state operation), is commonly provided by a
bridge inverter. Both full bridge and half-bridge inverters are known in the ballast
circuit Cuit art. The (half)- bndge inverter includes switching to control the frequency of the
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sensing circuitry to determine when to switch from the resonant frequency to the steady

state operating frequency.

10 It is particularly undesirable to operate at or near the resonant frequency
of the series L-C circuit before lamp ignition inasmuch as unsafe, high voltages and
current levels can occur (i.e. above the maximum ratings of one or more ballast circuit
components). By operating below resonance during pre-ignition of the lamp load,
capacitive switching of the inverter can easily occur producing high switching losses.

15 Additional circuitry is therefore required to prevent the inverter from operating below
the series L-C circuit resonant frequency during pre-ignition of the lamp load.

| The inductance of inductor L is normally determined based on the desired
lamp current during steady state conditions. The capacitance of capacitor C is thereafter
chosen so as to provide a resonant condition (typically between 20-50 kHz for a

20 fluorescent lamp). Generally, the capacitance of capacitor C is between about 5 to 10
nanofarads with the additional high voltage capability leading to a relatively costly
capacitor requiring a relatively large space on a printed circuit board.

Accordingly, it is desirable to provide a lamp ballast circuit having a safe
open circuit (i.e., pre-ignition) voltage and current level, with relatively low switching

25 losses. The improved lamp ballast circuit should not need a driving signal at more than
one frequency, this frequency being well below resonance of the series L-C circuit. It is
also desirable that the improved lamp ballast circuit permit use of a relatively less
expensive, smaller capacitor in order to lower the lamp ballast manufacturing cost and
to reduce the reactive current flowing through the capacitor after lamp ignition thus

30 lowering circuit power loss.

SUMMARY OF THE INVENTION
In accordance with the invention, a ballast circuit for generating a driving
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5 levels will be maintained. A single drive frequency results in safe non-resonant
operation before lamp ignition as well as correct lamp current after ignition. Feedback
circuitry for serising ignition of the lamp load for switching to a different steady-state
lamp operating frequency need not be provided. By eliminating the need to operate at
the resonant frequency of the series connected L-C circuit during pre-ignition of the

10 lamp load, the value and resulting size of the capacitor can be chosen far smaller than
normally used in a conventional series connected L-C circuit in a known ballast circuit.

In accordance with a feature of the invention, the generated signal which
is a train of square waves, is generated preferably by a half-bridge or full bridge
inverter. In yet another feature of the invention, the resonant frequency of the series

15 connected L-C circuit is less than the third harmonic frequency of the generated square
wave drive thereby avoiding unsafe third harmonic voltages and current levels during
pre-ignition of the lamp load. Substantially the same generated signal frequency is used
during pre-ignition and steady-state operation of the lamp load.

Accordingly, it is an object invention to provide an improved ballast

20 circuit in which the unloaded, open circuit voltage and current levels are within the
operating range of the ballast circuit components.

It is another object of the invention to provide an improved ballast circuit
in which the same inverter driving signal can be used during pre-ignition and steady-
state operation of the lamp load.

25 It is a further object of the invention to provide an improved ballast
circuit in which less costly components can be used to lower the manufacturing cost of
the ballast.

It is still another object of the invention to provide an improved ballast
circuit which eliminates the need for feedback circuitry for sensing lamp ignition for

30 changing the inverter frequency.

It is still a further object of the invention to provide an improved ballast
circuit in which the inverter driving signal frequency is substantially less than the

resonant frequency of a series connected L-C output circuit during pre-ignition of the
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the scope of the invention will be indicated in the claims. i

BRIEF DESCRIPTION OF DRAWINGS
For a fuller understanding of the invention, reference is made to the
10 following description taken in connection with the accompanying drawings, in which:
Fig. 1 is a circuit diagram of a ballast output circuit in accordance with
the present invention;
Figs. 2(a), 2(b) and 2(c) are timing diagrams of an inverter substantially
rectangular output voltage, output current at its fundamental frequency and output
15 current at its third harmonic, respectively in the circuit according to Fig. 1;
Fig. 3 is a schematic diagram of a ballast circuit in accordance with the
invention;
Figs. 4(a), 4(b), 4(c) and 4(d) are timing diagrams of signals produced
within the ballast circuit of Fig. 3 during pre-ignition and steady-state operation of the

20 lamp load; and
Fig. 5 is a diagram of simulation of current in circuit of Fig. 1 as function

of the ratio fundamental frequency and resonant frequency.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
25 The figures shown herein illustrate a preferred embodiment of the

4k 84 An ostaraeos s @ wene 1o ad

invention. Those elements/components shown in more than one figure of the drawings
have been identified by like reference numerals/letters and are of similar construction
and operation.

Referring now to Figs. 1, 2(a), 2(b) and 2(c), a ballast circuit having a

30 ballast output circuit 10 includes an inductor L and a capacitor C serially connected

across the output of a square wave generator 13. Square wave generator 13 is
preferably, but not limited to, a bridge inverter generating a substantially square wave

of voltage +E (i.e. the inverter output voltage). A lamp load 16 is connected across
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| ém tliOO rhaﬁrrrrllggic component f; of voltage E is one third the amplitude of fundamental frequency

f component f, of voltage E.

To achieve low switching losses within square wave generator 13 during
pre-ignition of lamp load 16 (generally at trailing edges E; of voltage E), current I is
preferably inductive (i.e., current lagging drive voltage) rather than capacitive (i.e.

15 current leading drive voltage) during the voltage transitions of voltage E. Accordingly,
the sum of fundamental frequency current component I; and third harmonic-current
component I, is inductive wherein I, and I, are the capacitive and inductive
components of I, respectively. To achieve an overall inductive current I, an impedance
Z of circuit 10 as viewed from square wave generator 13 requires that the inductive

20 impedance at the third harmonic Z,, be less than one third the capacitive impedance at
the fundamental frequency Z,. In other words, third harmonic component current L, is
greater than fundamental frequency component I. This relationship is illustrated in
Figs. 2(b) and 2(c) wherein an amplitude P represents the peak value of fundamental
frequency current component I but is less than the peak value of third harmonic

25 current component L. In this way the sum of I; and I;; remains inductive at the

voltage transitions of voltage E.

Lamp load 16 prior to ignition (i.e. during pre-ignition) appears as an open
circuit. This open circuit condition is represented by switch SW in an open state (turned
OFF). Following ignition, lamp load 16 is in its steady-state mode of operation and is
represented by switch SW being turned ON such that lamp load 16 is connected in
parallel with capacitor C.

Impedance Z;,;, which must be less than one third impedance Z, during
Pre-ignition of lamp load 16, is therefore based on switch SW in its open state (i.e.,
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ring circuit power | oss. SUMVARY COF THE | NVENTI ON In
rdance with the invention, a ballast circuit for generating a driving
signal sufficient toignite a |anp-load as nentioned in the preanble is

act "#ggjéﬁcyt hat for the fundarr%ntal frequency flerr] %g%,’tg%

nant flerr] it holds:
turned OFF). This condition can be expressed as follows:
1Za| >} 3 Zyl (eq. 1)
That is,
127fyxL-1/2x£,xC)] > 3 |6%f; xL-1/(67f;xC)| (eq. 2)
5 Since impedance Z is capacitive at fundamental frequency f; and inductive

at the third harmonic 3f,,

1/ Q2xfixC)-2xf;xL > 18xfxL - 1/(2xf,xC)
That is,
10 /2% xC) > 5(2=f,xL) (eq. 3)

Eq. 3 can be rewritten as follows:
IA/LC > /5 2xf] (eq. 4)
A resonant frequency f, of circuit 10 during pre-ignition (i.e., with switch
15 SW open) can be defined as follows:
IN/LC = 27 f, (eq. 5)
Substituting the value of 1/A/LC defined by eq. 4 for the value of IA/LC ineq. 5

results in
2xfy > /5 2xf, (eq. 6)
20 Accordingly, resonant frequency f, can be expressed as follows:
fo > 51 (eq- 7

In other words, third harmonic inductive current component I, is greater
than fundamental frequency capacitive current component I; when resonant frequency f,
is greater than /5 times the fundamental frequency of voltage E.
25 To ensure that unsafe voltages and currents present at resonant frequency f
cannot occur, resonant frequency f, also should be less than third harmonic frequency

3f, of voltage E. Therefore, the values of inductor L and capacitor C should be chosen

such that:

J5f, < f, < 3f, (eq. 8)

By designing ballast circuit 10 such that resonant frequency f, is within the
range of frequencies defined by eq. 8, the unsafe voltages and currents which occur at
resonant frequency f, during pre-ignition of lamp load 16 are avoided and total current

delivered by square wave generator 13 remains inductive. There is no need to vary the
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10 existence of higher harmonics this value reaches the limit 2.

The result of a simulation in which at least the first 25 harmonics are taken
into account is shown in figure 5,

In Fig. 5 the depicted curve displays the total current L_, in the circuit of
Fig. 1 at the moment the voltage switches from -E to +E o_f the generator 13 as

15 function of ratio of the fundamental frequency f; and the resonant frequency f,. The
circuit operates in the inductive mode in all those regions that the current I_, is lagging
to the voltage, thus is negative. From the Fig. 5 it is clear that these regions fulfil the
relation

nf, < f, < (n+1)f, with n = an even integer.

20 A ballast circuit 20 in accordance with the invention is shown in Fig. 3.
An input voltage of 277 volts, 60 hertz is supplied to an electromagnetic interference
(EMI) suppression filter 23. Filter 23 filters high frequency components inputted thereto
lowering conducted and radiated EMI. The output of filter 20 provided at a pair of
terminals 24 and 25 is supplied to a full wave rectifier 30 which includes diodes D,, D,,

25 D, and D,. The anode of diode D, and cathode of diode D, are connected to terminal

24. The anode of diode D, and cathode of diode D, are connected to terminal 25. The

output of rectifier 30 (i.e. rectified a.c. signal) at a pair of output terminals 31 and 32 is

supplied to a boost converter 40. The cathodes of diodes D; and D, are connected to

terminal 31. The cathodes of diodes D, and D, are connected to terminal 32.

Converter 40 boosts the magnitude of the rectified A.C. signal supplied by

rectifier 30 and produces at a pair of output terminals 41 and 42 a regulated D.C.

voltage supply. Boost converter 40 includes a choke L;, a diode D; the anode of which

is connected to one end of choke L,. The other end of choke L. is connected to output
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output terminal 42.
A preconditioner control 50, which is powered by a D.C. supply voltage
V, controls the switching duration and frequency of transistor Q,. Preconditioner control
50 is preferably, but not limited to, a Motorola MC33261 Power Factor Controller
10 Integrated Circuit. Transistor Q, is preferably a MOSFET, the gate of which is

connected to preconditioner control 50. Rectifier 30 and boost converter 40, including

preconditioner control 50, form a preconditioner 80 for ballast circuit 20. Output
terminals 41 and 42 of boost converter 40 serve as the output for preconditioner 80
across which a regulated D.C. voltage is produced.

15 A lamp drive 90, which is supplied with the regulated D.C. voltage
outputted by preconditioner 80, includes a half bridge inverter having a level shifter 60
and a half-bridge drive 70. The half bridge inverter includes a pair of transistors Qg and
Q,, which serve as switches, a pair of capacitors Cs and C, and a transformer T,. Half-
bridge drive 70 produces a square wave driving signal to drive transistor Q; and has a

20 50-50 duty cycle. Level shifter 60 inverts the driving signal supplied to transistor Q, for

" driving transistor Q. The driving signals produced by level shifter 60 and half-bridge
drive 70 are approximately 180° out of phase with each other so as to prevent
conduction of transistors Qg and @, at the same time, respectively.

A source S of transistor Q,; and one end of level shifter 60 are connected to

25 output terminal 41 of boost converter 40. A drain D of transistor Q is connected to a
terminal A. The other end of level shifter 60, one end of half-bridge drive 70 and a

source S of transistor Q, are also are connected to terminal A. The other end of half-
bridge drive 70 and a drain D of transistor Q, are connected to output terminal 42 of
boost converter 40. Capacitor Cs is connected at one end to output terminal 41. The
30 other end of capacitor Cs and one end of capacitor C4 are connected to 2 terminal B.
The other end of capacitor C4 is connected to output terminal 42.
A primary winding T, of transformer T, is connected to terminals A and

B. A secondary winding T is connected at one end to an inductor Ly, the latter which
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ope of the invention will be indicated in the clains.
generally represents either the leakage inductance of transformer T, or a discrete choke.

Connected to the other end of inductor L, is one end of a capacitor C,, and one end of a
lamp load LL. Lamp load LL can include any combination of lamps and is shown, but
not limited to, the series combination of two fluorescent lamps LL, and LL,. The other
ends of capacitor Cy, and lamp load LL are connected to the other end of secondary
winding T,.

The turns ratio between primary winding T, and secondary winding T, of
transformer T, is N/N,. Transformer. T, electrically isolates lamp load LL from the
output voltage produced by preconditioner 80 and provides sufficient open circuit
voltage during pre-ignition to ignite lamp load LL.

The inductance of inductor L, is based on the desired current flow through
lamp load LL once the latter has ignited and is in its steady-state mode of operation.
The DC voltage across each capacitor Cs and capacitor Cq is approximately half the
output voltage of preconditioner 80.

The waveforms shown in Figs. 4(a), 4(b), 4(c) and 4(d) produced by
ballast circuit 20 are based on turns ratio N/N, of about 1.5, inductor L, of
approximately 4.3 millihenries, capacitor C,, of about 1.2 nanofarads and capacitors C;
and C, of about 0.33 microfarads, nominally rated at 630 volts. Both lamp LL, and
lamp LL, are 40 watt low pressure mercury vapor tubular fluorescent lamps. The
fundamental frequency of the square wave produced by the half-bridge inverter is
approximately 28kHz. The resonant frequency of inductor L, and capacitor C,, is
approximately 70kHz, that is, approximately 2.5 times fundamental frequency f;.

During pre-ignition of lamp load LL, the output of the half-bridge inverter,
which is across terminals A-B, forms a substantially square wave voltage train.
Inductor L, and capacitor C,, form an L-C series connected circuit. During pre-ignition,
lamp load LL appears as a substantially open circuit (i.e. no load condition) drawing
substantially no power expect for filament heating (assuming lamps LL, and LL, are

fluorescent lamps of, for example, the rapid-start type).
Fig. 4(a) illustrates a voltage V,j, that is, between terminals A and B.

Voltage V,5 is square wave voltage train which is applied across primary winding T,
varying between approximately +240 volts and -240 voits during no load conditions.
Fig. 4(b) illustrates current Iyy; flowing through primary winding T, during no load
conditions, that is, prior to ignition of lamp load LL and having a peak value of
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Inductor L, serves as the lamp current ballasting element. Capacitor Cyo,
which is placed across lamp load LL, provides a more sinusoidal open circuit voltage
and keeps total half bridge current inductive while also lowering higher harmonic
10 content of current flowing through lamp load LL. Inductor L, and capacitor Cyo together
form a series connected L-C output circuit. The value for capacitor C,o is chosen such
that safe open circuit operation is provided, that is, within the range of resonant

frequencies defined by eq. 8. Accordingly, no additional circuits to protect lamp drive

circuit 90 are required.
15 ‘When ballast circuit 20 is first turned on, prior to the voltage being

boosted by preconditioner 80, the input voltage of approximately 277 yolts results in a
square wave voltage of approximately 390 volts peak to peak being applied across
primary winding T, of transformer T which is stepped up to approximately 570 volts
peak to peak across secondary winding T,. During this time the lamp cathodes are

20 heated. After approximately 0.5 seconds, preconditibner 80 turns ON resulting in a
regulated D.C. voltage of approximately 480 volts across output terminals 41, 42 of
boost converter 40 and a voltage of approximately 700 volts peak to peak across
secondary winding T, the latter of which is sufficient for igniting lamp load LL. Once
lamp load LL is ignited (i.e. during steady-state lamp operation), the lamp voltage (i.e.

25 voltage across lamp load LL) drops to approximately + 300 volts peak with the
remainder of the secondary winding Ts output voltage across inductor L,. The number

of and connections between the lamps within lamp load LL can be varied as desired

with the value of inductor L, being chosen so as {0 provide the desired lamp current
I e during steady-state operation of lamp load LL.

Referring again to Fig. 3, the rectified AC (i.e. pulsating DC) signal
supplied to preconditioner 80 from diode bridge rectifier 30 is boosted in magnitude by
choke L, and diode D; to charge capacitors Cg, Cs and C,. In Fig. 3, capacitor Cg is

separate from capacitors Cs and C,, capacitor Cg being a large electrolytic capacitor in
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DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT The figures
shown herein illustrate a preferred enbodi nent of the invention. Those

el ement s/ conponents shown in nore than one figure of the draw ngs have been:

i dent i f] I.i ke reference nuneral s/l etters and are of sin,lar
constrtﬁﬁ(’fﬁ%ﬁﬁd oper ati on. f{ Referring now to F%Q@'?,%Z(a),
2(b) and 2(c), ballast circuit having a |l ast, output circuit 10

i ncl udége E&‘g%’ ﬁ&gctf’glr()bﬂm& a%g% gFitant %Ca’é‘gglﬁ a9 Q}gggﬁﬂgﬂc&?r‘é‘ﬁoss t he

out put @haciofsd &R cﬁ?ﬁéﬁ penes ft i(ROtHE k& 4RbmbiiRBh AF Chpakiors T
preferabﬁl, c’but not im'otg:g tgl,ﬁ)‘{artal&e??vétge i@nverrer generat i npga a S

subst arani £1s) (hesethaeeecapacitorptan b reagefiguEed as eapatitars Gavand €4°. out put vol t age) . :

A lamp load 16 iﬁ@%ﬁ&%ﬁé %%%%%onvener and boosts the rectified AC input
5 . voltage as follows. When transistor Q, (which serves as a switch) is closed, choke L3 is
short circuited to ground. Current flows through choke L;. Transistor Q, is then opened
(turned OFF). Choke L, with transistor Q, open transfers stored energy through diode
D; into capacitor Cg. The amount of energy transferred to capacitor Cg is based on the
time during which transistor Q, is turned ON, that is, based on the frequency and
10 duration of the driving signal supplied to the gate of transistor Q, by the preconditioner
control 50. Asynchronous operation of transistor Q, with respect to voltage V, results.
Choke L, operates in a discontinuous mode, that is, the current through
choke L; during each cycle is reduced to substantially zero before a new cycle is
initiated. The frequency at which transistor Q, is turned ON and OFF is varied by
15 preconditioner control 50 so that the peak current through choke L; is kept constant.
Transistors Qg and Q, have internal diodes (not shown). These diodes, which can either
be internal or external to the transistors, permit inductive currents to flow through
transistors Qg and Q, at the initial tum ON and turn OFF of transistors Qg and Q.
Preferably, capacitors C; and Cg are electrolytic capacitors having a pair of
20 discharge resistors in parallel, respectively. Transformer T, is a leakage transformer,
that is, having a leakage inductor of inductance LM which serves as the ballast for lamp
load LL (i.e. to limit steady state current flow through the lamp load). Alternatively,
when transformer T, has little or no leakage inductance an external inductor of
inductance L, is required for ballast purposes.
i 25 Transformer T, has a main secondary winding Ty, A resonant capacitor
' C,o is in series with inductor L, and reflects back to the primary winding of transformer
T, as a series LC combination across the half-bridge inverter.
As now can be readily appreciated, by maintaining the fundamental
sinuso}dal frequency f; well below resonant frequency f, of the series L-C output
30 circuit, the undesirable and unsafe high voltages and current levels produced in
conventional ballast circuits during pre-ignition of lamp load LL are avoided. More
particularly, by choosing the values of inductor L; and capacitor C,, such that their

resonant frequency f; is defined as described hereinbefore, the voltage level across
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capacitor C through a swwtch SW A current | flow ng through inductor L
I n@l udes a fundanental frequency conponent I[err] and a third harnonic
onent of the fundanental frequency I[err]. Other currents at higher

har nmoni cs are present but are 2n|ficantly smal l er. For_the sake of
i cikBAIZ- Tl cul ations with respedt to the preferred en98dl as

Si
degcri bed hereafter onlé ternms concerning the fundanental frequency f[err]
and t he 1944 drrAsdi capagifer Gakand surest Sewdherethrough will be maintained aidevsisdance
Wi

Ih t heaFQubkShontRRFINTAS BHARP HENE AR IE GO BB ok BLNUSOL 0o

e fundanent al

wayge at a ndanment requenc err rnmoni ¢S o
f r @quency i ncl udiBynat rsqmnsg)ﬂwadomlmamontbfandlmioltd,,hadm:mucﬁoxSC,o to Dee

ampl i tude of third harm)lc co ent err] of voItaeElsoethlrdthe
Al i t uCRPEENEd: 3k Tsnant TeqURTIo herIBG PHGHEBHIONITJRMP 170 Ly 8 galue of

TO? aCB' RUFaditByV S ¢an Ry é"@mh%ﬁ?%edﬂc&&"lfbrsé}%bfe WBend6RE Valued fob3 duri ng
capacitor C,, range from about a nominal value of 6.8 nanofarads to about a nominal
value of 9.2 nanofarads. In accordance with the invention, however, capacitor C,, can
be reduced in value by approximately one-fourth to one-sixth (e.g. to approximately 1.2
nanofarads). Consequently, a far smaller, less expensive capacitor C,, is required

10 reducing the manufacturing cost and space requirements of the ballast output circuit.

The reduced value of capacitor C,, results on top of this in substantially all
current flowing through lamp load LL with relatively little current flowing through
capacitor C,. Power requirements for the ballast circuit can be reduced and/or less
costly wiring (higher resistance) can be used in the seﬁes connected L-C ballast output

15 circuit while maintaining the same power requirements as in a conventional ballast
output circuit. In other words, a less costly and/or more efficient ballast with smaliler
space requirements is provided by the present invention.

Preferably, resonant frequency f; should range from approximately 2.3 to
2.6 times fundamental frequency f; of the square wave generated by the square wave

20 generator. Consequently, stray inductances and the like which may be difficult to
account for will not increase the overall inductance. Resonant frequency f; will not
approach third harmonic frequency 3f;. Unsafe operation (i.e., resonant operation of the
series L-C output circuit) of ballast circuit 20 is prevented.

Generally, in calculating the inductance of inductor L, for determining

25 resonant frequency f,, the leakage inductance of transformer T, or inductance of the

: discrete choke used for inductor L, is far greater than the stray inductance or other

inductances within ballast circuit 20. Therefore, as a first order approximation, the
inductance of inductor L, can be used without taking into account stray inductances and

the like in determining the resonant frequency f,. For a tightly wound transformer T, in

30 which very little or an insufficient amount of leakage inductance exists, a discrete
inductor will be required to serve as the ballasting element for lamp load LL (i.e., to

control the lamp current I ,\).
____As now can be readily appreciated, the generated voltage (i.e. voltage E of
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pre-ignition of lanp load 16 (generally at tailing edges E[err] of voltage
E), current | is preferably i nductive (i.e., current |agging drive voltage)
rather than capacitive (i.e. current |eading drive voltage) during the

vol tage transitions of vol tage E. Accordingly, the sum of fundanental
frequencyPBAr2leMS conponent I[err] and1Bhird harnonic-current QBdhd?Rent
ITerr] is inductive wherein I[err], and I[err] are the capacitive and

i nduct i veFi@oﬁmﬂéfﬁlthQ)VAh of Féﬁsrﬂé@ﬁ isvat|ay frequeneyt whishds far lessehart thei nduct i ve

current c . i.ewe f r r

ggner at or ﬁ{&f‘l %B‘?‘g%%f?ﬂﬁt ﬂ%s é%ﬁ%#g’ i }F\é{ggé%g %Q[efpgg?iﬁ&r %%%’er%ni C
Z[ err] becd'c.%&S(deﬁfgﬂn@ﬁPvélb!géﬁaﬂd"@xrfeip i’é?vletsl The ifRRGGHRP OF il gbhepatbd Sigasent al
frequency err I n ot her words, third harnoni ¢ conponent current I[err]

i s great eteedgh ¢ ghangas following pmn@ynémdn@mpvqr[aémpm@am ationship
is i1l Stfr&gl?g? ﬁ d)F q%g Pgnn%@gd%,(—e)m%ﬁr ?E&lbg& élP&?x FSI%EH nt s the

peak v Iue requency curren conponen ess

t han t he g¢fdai \Aa;idJBLdbr k\butcmhgmr:{muﬁfecemww@nttateompmpmuﬂxg éreqlency meéd”ll S way
the sum of I[err] and I[err] remains inductive at the voltage transitions
of vol t agiotpe provided. By elimingled the egd ta gpgrRiecH re9nanfriraquency(fh oé thegeriehg

et oSontsq Ly Ry g R FRAPSOATRIGH LL, B ARSI il PR O L on,

| anp | oactapscitos fomthe tseriest coangoteit b cinaudiecanf beofae smbllarrthamdonnslly used in a

10 conventional series connected L-C circuit,
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sented by swtch SWbeing turned ON such that lanp load 16 is
cted in parallel with capacitor C | npedance Z[err],
nmust be | ess than one third inpedance Zn during pre-ignition of |anp

16, s, therefore based on switch SWin its open state (i.
h%dtgf'ﬁgfhi s condition can be 4xpressed as follows: 88'37'1993

urne
CLAIMS: (eq. 1)
LI —
1. A ballast circuit for generating a substantially rectangular driving signal

sufficient to ignite a lamp load, comprising:

inductor means;

capacitor means serially connected to said inductor means; and

5 generating means for applying a generated signal to said serially connected

inductor means and capacitor means, said generated signal having at least a fundamentat
frequency f;;

the inductor means and capacitor means having a resonant frequency f,,
characterized in that for the fundamental frequency and the resonant frequency it holds:

10 nf, < £, < (n+1)f; with n = an even integer.

2. A ballast circuit of claim 1, characterized in that the generating means
includes a half-bridge inverter.

3. A ballast circuit of claim 1 or 2, wherein the resonant frequency f, is less
than a third harmonic of said fundamental frequency f,.

15 4. A ballast circuit of claim 1, 2 or 3, wherein the lamp load after ignition
enters into a steady-state mode of operation in which current therethrough is maintained
at a substantially constant level, characterized in that in the steady-state mode the
generating means apply said generated signal to said serially connected inductor means

and capacitor means.
20 5. A ballast circuit of claim 1, 2, 3 or 4 wherein said lamp load is connected

%
11
¢
i

across the capacitor means.
6. A ballast circuit of claim 1, 2, 3, 4 or §, wherein the lamp load includes at

T D rant A ki

least one fluorescent lamp.
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THat i s, [err] Si nce i npedance Z is capacitiye at
fyndanmental frequency f[err] and inductive at the third harnonic 3f[err],

[grr] That is, [err]

(eq. 3 Eq. 3 can be rewitten as foll ows [err]
(eq. 4;’HA 2L 745 A resonant frequéncy flerr] of circuit 0&%0HEPIhg

pre- |gn|t|on , Wwth switch SWopen) can be defined as foll ows:

[err] (eq. 5)

Subsgl tl%ﬁﬂ"ﬂal a??ci}(c%tue of [err] defined by eq. 4 for the value of [err]in

_

A ballast circuit having a series inductor (L;) and capacitor (C,o) in which
the lamp load (LL) is connected in parallel with the capacitor. During pre-ignition of
the lamp load, the driving signal supplied by an inventor generating a substantially
rectangular signal includes a fundamental frequency f,. The resonant frequency f, of the

5 series connected L-C circuit is at least 2 times greater than the fundamental frequency f,

but less than the third harmonic of the driving signal.

Fig. 3.

I
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resglts in [err] Y,
(eq: 6) Accordingly, resonant frequency f[err] can be expregﬁﬁﬂ
as ol | ows: [err] In other words, third harnmonic

|nd§ct|ve current conponent I[err] is greater than fundanental frequency
capacitive current conponent |[err] when resonant frequency f[err] S
greater than [err]5 tinmes the fundanental frequency of volizg

To ensure that unsafe voltages and currents present at res nt frequgné/
f[egr] cannot occur, resonant frequency f[err] also should be | ess than
thifd harnonic frequency 3f[err] of voltage E. Therefore, the val ues of

i nductor L and capacitor C should be chosen such that: [err]
(egi 8) 1 By designing ballast circuit 10 such that resonant
frequency flerr] Q wi thin the range of frequencies defined by eq. 8, the

unsafe vol tages and gurrents which occur at resonant frequency f[err]
during pre-ignition of Ipnp [oad 16 are aypided and total current

—_— >

L
E\.]. LAMP
13 T LOAD
3
)| 16

FIG.1

£l F16.2a

» FIG.2b
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delivered by square wave generator 13 renmins inductive. There is no need
to vary the frequency of voltage E between resonant frequency
fl[err] during pre-ignition of lanp load 16 and a different frequency

i medi ately thereafter as in conventional ballast circuitry. Feedback
circuitry designed to sense ignition of lanp |oad 16 for determ ni ng when

to vary the frequency or voltage E fromresonant frequency r] toa
di fferent operating freque can be i mnated. In accordance with the
i nveni on, a safer, S|ﬁﬁrér EgﬁcurT" '"_'1
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I s provi ded by maintaining resonant frequency f[err] wthin the boundaries
defl ned by eq. 8. Due to the fact that the cal culation as shown has only
taken into account the fundanental frequency f[err] and its 3rd harnonic
3f[err], the lower value of the range for chasing the resonant frequency
flerr] is[err]5 times f[err]. However, when taken into account the
existence of higher harnonics this value reaches the |im

The result of a simulation in which at |east the first 25 harnonics are
tken into account is shown in figure 5. : In Fig. 5 the
depicted curve displays the total current I[err] in the circuit of Fig. 1
at the nmonment the voltage switches from-E to +E of the generator 13 as
function ﬁmﬂé tio qf the fundamental frequency f[err] and the resonant

frequency r]2.0% oper at es dn-thednductive node in all those
regi ons that the cyrrent I[efr] is lagdging to the voltage, thus is
negat|v¥ *ﬁ%n1thg Fig. 5itlis clear tlhat these regions fqulI t he
rel ati onA-B nflerf] < flerr]f < (n + 1)f[e3:i£%n = an even
I nt eger. -2L0 4 ' Ht—20—-h—acco h t he
invention is shown}inSFil§. B Bn Bn@dt {3Hl t agHIgec)277 volts, 60 hertz is
supplied to an el edtromagnetic interfedence ( uppression filter 23.
Filter 23 filters higligfNequencyl7dlinponents inputted thereto
. 070FF Up OFF
muI 500
L00
IPRI) 0
(ND LOAD)  -1pp
i FI1G.4b
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m“T 1000 |
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| owering conducted and radiated EM. The output of filter 20 provided at a
paif of terminals 24 and 25 is supplied to a full wave rectifier 30 which

i ncludes diodes Derr], Derr], Dlerr] and Dlerr]. The anode of di ode
Derr] and cathode of diode Derr] are connected to termi nal 24. The anode
of diode Derr] and cathode of diode Dierr] are connected to term nal 25.
The output of rectifier 30 (i.e. rectified a.c. signal) at[,zﬂpair of out put
termnals 31 and 32 is supplied to a boost converter 40. The cat hodes of
diodes Derr] and Derr] are connected to term nal 31. The cat hodes of
diodes Derr] and Derr] are connected to term nal 32.

Converter 40 boosts the magnitude of the rectified A C signal supplied by
rectifier 30 and produces at a pairfof output termnals 41rg8d 42 a

regul ated D.C. voltage supply. Boost converter 40 includes|a choke L[err],
a diode Dierr] the anode of which ip connected to one end of d]Qge Llerr].
The ot her end of choke L[err] is cophnected to output "‘T"'
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term}nal 31 of rectifier 30. -The output of boast converter 40 atcﬂbQﬁ%St 3
t esni nals 41,40 is applied, across an elecrrolytic capacitor Clerr], one end
of WhICh i's connected to the cathode or diode Dlerr]. Atransistor (swtch)
' gunctlon bet ween choke L[err] and the anode of
e end of transistor err] is connected to the
junctio MBE t»mee‘rf”'t'ﬁe off her end of capacitor Cerr], output term nal 32 of
rectifi r qs\ldggg)ut tter m nal 42. A precondi tioner control
sver ed by & D.C. supply voltage V, controls the switching

ofy transistor QQerr]. Preconditioner control 50 is
preferaly, but not I i t 0.7 I LKLt bAYPaBMBBSB1C RGKEIT Fact or Control | er
I nt egr atied-G uTT““Tranmsﬁ&;or derr] is preferablly a MOSFET, the gate of
which is connected to preconditioner control 50. Rectifier 30 and boost
converter 40, including

BACKGROUND OF THE INVENTION

This invention reiates to a ballast circuit for generatng a substantially
rectangular driving signal sufficient to ignite a lamp load, comprising:

inductor means;

capacitor means serially connected to said inductor means; and

generating means for applying a generated signal to said serally
connected inductor means and capacitor means, said generated signal having at least a
fundamental frequency f;; '

the inductor means and capacitor means having a resonant frequency £,

Inductor means are to understand to be means adapted to exhibit the
properties of an inductor. Capacitor means are to understand to be means adapted to
exhibit the propertes of a capacitor.

Conventionally the lamp load is connected across the capacitor. In a2
known circuitry the series L-C circuit operdtes during pre-ignition of the lamp load
substantially at its resonant frequency. That is, the driving signal applied to the series
L-C circuit is at or near the resonant frequency of the series L-C circuit. In this way 2
sufficienty high pre-ignition voltage is applied across the lamp load for ignition of the
latter.

The lamp load, typically of a fluorescent type, following ignition,
achieves a substantially steady-state sinusoidal current flow therethrough by reducing the
driving signal fféquency well below the resonant frequency of the series L-C circuit. In
determining when to switch from the resonant frequency to a different steady-state
operating frequency, fesdback circuitry is required in the known ballast circuit for
sensing lamp ignition.

A sufficiently high voltage during pre-ignition of the lamp and sinusoidal
lamp current-following ignition (i.e. steady state operation), is commonly provided by 2

. bridge inverter. Both full bridge and half-bridge inverters are known in the ballast

Circuit art, The (half)-bridge inverter includes switching to control the frequency of the
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precondr cioner control 50, forma preconditioner 80 for baglrag er:eurt"?a?
Qatput termnals 41 and 42 of boost converter 40 serve as-the_, Gt 5 i
precondi toner 80 across which a regulated D.C. voltage isf p(roduced
A lanp drive 90, which is supplied with the regulated D.C.| v agew”s g
out putted by preconditioner 80, includes & half bridge inJer having a

|l evel shifter 60 and a half-bridge drive 70. The half bridge inverter '

i ncl udes a paivingfighzlappiiat @ he @easr]- Cacnd:u(q Eonirol sikduixhy, tches

a pair of capagitors err] r t r ansf or ner Tl e

bri dge dri ve“?‘gj b¥ SHER "S&‘U%ﬁdq" ?/L ?’ﬁdpg‘ﬁdg‘ﬁa“l’“ f‘b‘rﬁrﬁ%}‘él‘f‘rﬂ f‘st or
Jerr] and hpqg;c.a 50-50 duty cycle. Level shifter 60 inverts the driving
signal supplied to transistor Qerr] for driving transistor QQerr]. The
driving signals produaawpyamppallass pirsuitsr 1%desatiokdnatione hyulieg &rogy JYEw0 are

conduet 1 on_ GIRPPRST St raefs APORTarb PRI et IR U R )

A source S Ofeduendiss, s, Che tdsbndid drequence Adring pl‘@hgalt.o&fuf‘hherarr@road end a
connect ed to out put termal 41 of boost converter 40. A drai n, D of
transi st or (ﬁlér“‘te]“ therefiomha sleady-state PPERERG AEAUSRCY ThEchORaas @icHitoHsq Egkire

shifter £ I e vith S d&ldOr
Qerr] are ggn%lregcgghgdggt&ghﬁ? gg&tﬁ‘ee‘r;rtr? %gitgkg\.ﬁe&hggé? Hﬁrﬁefrﬁu <:yhta | f- tbr|9dge
drive 70 anolsm"dpa'au'!gjfrequmr:ﬁnsr stor Jerr] are connected to output

term nal 42 of

It is particularly undesirable to operate at or near the resonant frequency
of the series L-C circuit before lamp ignition inasmuch as unsafe, high voltages and
current levels can occur (i.e. above the maximum ratings of one or more ballast circuit
companents). By operating below resonance during pre-ignition of the lamp load,
capacitive switching of the inverter can easily occur producing high switching losses.
Additional circuitry is therefore required to prevent the inverter from operating below
the series L-C circuit resonant frequency during pre-ignition of the lamp load.

| The inductance of inductor L is normally determined based on the desired
lamp current during steady state conditions. The capacitance of capacitor C is thereafter
chosen so as to provide a resonant condition (typically between 20-50 kHz for a
fluorescent lamp). Generally, the capacitance of capacitor C is between about 5 to 10

-nanofarads with the additional high voltage capability leading to a relatively costly
capacitor requiring a relatively large space on a printed circuit board.

Accordingly, it is desirable to provide a lamp ballast circuit having a safe
open circuit (i.e., pre-ignition) voltage and current level, \r/ith relatively low switching
losses. The improved lamp ballast circuit should not need a driving signal at more than
one frequcnc‘:'i/—, this frequency being well below resonance of the series L-C circuit. It is
also desirable that the improved lamp ballast circuit permit use of a relatively less
expensive, smaller capacitor in order to lower the lamp ballast manufacturing cost and
to reduce the reactive current flowing through the capacitor after lamp ignition thus
lowering circuit power [oss. . ‘

SUMMARY OF THE INVENTION

In accordance with the invention, a ballast circuit for generating a driving



I

tser m nal

& - A ..
boost converter 40. Capacitor ([err] is conpected at on}eiﬂﬁﬁﬂl\ﬁﬁélgﬂt ghEET !
41. The other end of capacitor Cerr] and one en-a‘—-of"-capa“t‘frf"o“ﬁ

Clerr] are connected to a termnal B. The other end of caoagi”; Q¥ miéfjr]‘ iis
connected to output termnal 42. : A primarylwinding T[err] 1of}

e etin

transformer T[err] is connected to terminals A and B. Al sécondary annd' ng
T[err] is connected at one end to an inductor L[err] the latter which_ %

signal sufficient to ignite a lamp-load as mentioned in the preambIe 15 characterized in
that for the fundamental fr;quency f, and the resonant frequency {, it holds:

nf, < £, < (n+1)f, with n = an even integer.

By operating in these regions during pre-ignition, safe voltage and current
levels will be maintained. A single drive frequency results in safe non-resonant
operation before lamp igniton as well as correct lamp curreat after ignition. Feedback
circuitry for serising ignition of the lamp load for switching to a different steady-state
lamp operating frequency need not be provided. By eliminating the need to operate at
the resonant f{requency of the series connected L-C circuit during pre-ignition of the
lamp load, the value and resulting size of the capacitor can be chosen far smaller than
normally used in a conventional series connected L-C circuit in a known ballast circuit

In accordance with a feature of the invention, the generated signal which

is a train of square waves, is generated preferably by a half-bridge or full bridge

inverter. In yet another feature of the invention, the resonant frequency of the series

connected L-C circuit is less than the third harmonic frequency of the generated square
wave drive thereby avoiding unsafe third harmonic voltages and current levels during
pre-ignition of the lamp load. Substantially the same generated signal frequency is used
during pre-ignition and steady-state operation of the lamp load.

Accordingly, it is an object invention to provide an improved ballast
circuit in which the unloaded, open circuit voltage and current levels are within the
operating range of the ballast circuit components.

[t is another object of the invention to provide an improved ballast circuit
in which the same inverter driving signal can be used during pre-ignition and steady-
state operation of the lamp load.

_Ttis a further object of the invention to provide an improved ballast
circuit in which less costly components can be used to lower the manufacturing cost of
the ballast.

It is stll another object of the invention to provide an improved ballast
circuit which eliminates the need for feedback circuitry for sensing lamp ignition for
changing the inverter frequency.

- Itis sdll a further object of the invention to provide an improved ballast
circuit in which the inverter driving signal frequency is substantally less than the

resonant frequency of a series connected L-C output circuit during pre-ignition of the
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general ly represents either the | eakage inductance of transforner T[err] or

a diserete choke Connected to the other end of inductor L[fTTFE kgc greend -
of a capacitor C[err] and one end af a I|anp load LL. Lanp GEGLAGEMEW SHEET
include any conbination of |lanps and is shown, but not |inmitEd to, the
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N err]/N err]. Transf orfihveighabeRbifgly doridldsds deSOhPES Inad RIdOAG  lohe bF OM
the output vol tage produced by precondi'ti orier 80 and provides sufficient
open circuit mask LAGeCNdNaPS rgthprespact Mo sach o r the derst nd Eageyigadmbodying
The inductangg of inductor. Llerr] is.based on the desired current flow,
hrough | anmp FS4Es PL Scariefe S rabplofartEd et 7 Ml Fent oY B8l v
node of oper aéiged oldTRecDéuc Qleb208! BekeaHliRACH B PARWIRY dékitddr disdddidre and
capacitor Clerr] is approximately half the output voltage of preconditioner
. the scoperﬁéthmvwsewﬂiﬁeMWdemg@ clafas | 4(b), 4(c) and 4(d)
produced by ballast circuit 20 are based on turn ratio Nerr]/Nerr], of
about 1.5, inductor L[err] of approximately 4.3 mllihenries, capacitor
Clerr] of ab3RIEE.DESCRISTHONAIF DRAWENGSi tors ([err]

For a fuller understanding of the invention, reference is made to the
following description taken in connection with the accompanying drawings, in which:

Fig. 1 is a circuit diagram of a ballast output circuit in accordance with
the present inventon;

Figs. 2(a), 2(b)"and 2(c) are iming diagrams of an inverter substantially
rectangular output voltage, output current at its fundamental frequency and output
current at its third harmonic, respectively in the circuit according to Fig. {;

Fig. 3 is a schematic diagram of a ballast circuit in accordance with the
invention;

Figs. 4(2), 4(b), 4(c) and 4(d) are timing diagrams of signals produced
within the ballast circuit of Fig. 3 during pre-ignition and steady-stats operation of the
lamp load; and

Fig. § is a diagram of simulation of current in circuit of Fig. 1 as function

of the ratio fundamental frequency and resonant frequency.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
.- The figures shown herein illustrate a preferred embodiment of the
invention. Those elements/components shown in more than one figure of the drawings
have been identified by like reference numerals/letters and are of similar construction
+ and operation.

Referring now to Figs. 1, 2(a), 2(b) and 2(c), a ballast circuit having a
ballast output circuit 10 includes an inductor L and a capacitor C serially connected
acrass the output of a square wave 'generato.r' 3. Square wave generator [3 is
prefecably, but not limited to, a bridge inverter generatng a substantdally square wave

of voltage +E (i.e. the inverter output voltage). A lamp load 16 is connected across
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and C[err] of about 0.33 microfarads, nominally rated at 630RRGLYEMEBGt BHEET |
lamp LL[err] and lanp LL[err] are 40 watt |ow pressure merduriy-vapor--=—-—=j |
tubul ar fluorescent |anps. The fundanmental frequency of thd siqbgaggejMVggg P
produced by the half-bridge inverter is approximately 28kH4. {The resonant j i
frequency of inductor L[err] and capacitor Cerr] is approyi narery 70k —
that is, approximately 2.5 tinmes fundanental frequency f[enr]. ,
During pre-ignition of lanp |load LL, the output of the hal f=bridge '
i nverter, ' N t.er.m Sy A- Banf - | Lal lry: wav e
vol tage & rarRP] BE AR s Pheh 201, Subleor CRBRE FUUR BLLAH LY PQUA ¢
connect ed cifumdartenaDirequegepeampanent i,amd Jd @imd Haoadnit koapgrear o ghea

substantial l.y open circuit (i.e. no load condition) draw ng subsrandaly no
poner - expect TGRS Hrginch bai Sty FUuiiOEIon e TR S8 ACRE SRS ar o
fluorescent (ARG smiiRF. EIAAPkSe M EmpRRIYInThRLIadbYP&Ith cespect 10 the Fig.
4(a) illustrates a voltage V[err], that is, between termnals A and B.

Vol t age V[ erprifeired smbedimemas alesauibed gereaiten enlyidrals coscaapipg itei fuagrmeyipr i mary

w nding Tlerr] varyn et, n_approxi e +240 volts and -240 volts
during no | 5‘6%‘1%"%%1 otﬁg ’\{@g“’dmoﬁ%b citg%hé%‘%aatcé%un&urrent I[[err] flow ng
through primary w ndimg.cdidafide] widh tHenBoutier raasforwRGiaré @ase volugge §3sconmitsor to

ignition of lanp | oad LL and havi ng _a peak val ue of ) .
a sinusoidal wave at a fundamental frequency f, and odd harmonics of the fundamental

frequency including a sinusoidal wave at a third harmonic 3f,. The amplitude of third
harmonic component f; of voltage E is one third the amplitude of fundamental frequency
component f; of voltage E.

To achieve low switching losses within square wave generator 13 during
pre-ignition of lamp load 16 (generally at trailing edges E; of voltage E), current [ is
preferably inductive (i.e., current lagging drive voltage) rather than capacitive (i.e. .
current leading drive voltage) during the voltage transitions of voltage E. Accordingly,
the sum of fundamental frequency current component I; and third harmonic-current
component [;, is inductive wherein I, and I, are the capacitive and inductive
components of I, respectively. To achieve an overall inductive current I, an impedance
Z of circuit 10 as viewed from square wave generator 13 requires that the inductive
impedance at the third harmonic Z,, be less than one third the capacitive impedance at
the fundamental frequency Z,. In other words, third harmonic component current I, is
greater than fundamental frequency component I,. This relationship is illustrated in
Figs. 2(b) and 2(c) wherein an amplitude P represents the peak value of fundamental
frequency current component I, but is less than the peak value of third harmonic
current compgnent L. In this way the sum of [ and I;, remains inductive at the
voltage transitions of voltage E.

Lﬁmp load 16 prior to ignition (i.e. during pre-ignition) appears as an open
circuit. This open circuit condition is represented by switch SW in an op;en state (tumned
OFF). Following ignition, lamp load 16 is in its steady-state mode of operation and is
represented by switch SW being turned ON such that lamp load 16 is connected in
parallel with capacitor C.

Impedance Z,,, which must be less than one third impedance Z, during

pre-ignition of lamp load 16, is therefore based on switch SW in its open state (i.e.,



10 . approximately 400 mllianperes. Once lanp |load LL i s 'F@E@"‘ q‘?
inits steady- state operation, current I[err] flow ng thfougf

wi nding T[err] as shown in Fig. 4(c), has a sonmewhat sinuso daI Wa,ve §F1a e
with a peak val ue of approximately 800 nmillianperes. ati 2dr f@[’iels'if'ﬁ
serves to snooth this sonewhat sinusoidal &urrent waveforjmikesulting |n_§
substantially sinusoidal lanp current I[err]Jas shown in FI{G 4(d) having a
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peak val ue ofuregsp@bX).nBhislopndiu88@ambé kxmegset asfollows: lnduct or
L[err] serves as the |z?1rrp cugr mt bal |l asting el ement. Capaci gcgr 1)C[ err]
ni .

That is,
2wl xL-1/(2=6,xC)) > 3 |6%f, xL-1/(67,xC)| (eg. 2)
Since impedance Z is capacitive at fundamental frequency f, and inductive

at the third harmonic 3§,

1/(2x£xC)-2xf,xL > 18=f,xL - 1/(2xf,xC)
That is,
1/2xfxC) > 5(2%f,xL) (eq. 3)

Eg. 3 can be rewritten as follows:

INLC > 5 2#f, (eq. 4)

A resonant frequency f, of circuit 10 during pre-ignition (i.e., with switch
SW open) can be defined as follows: ’

INLC = 27 f, (eq. 3)
Substituting the value of 14/LC defined by eq. 4 for the value of 1A/LC ineq. 5

results in

2xfy > /5 2xf, . (eq. 6)
Accordingly, resonant frequency f; can be expressed as follows:
fo >V51 (eq. 7)

In other words, third harmonic inductive current component L, is greater
than fundamental frequency capacitive current component I, when resonant frequency f,
is greater than /5 times the fundamental frequency of voltage E.

To ensure that unsafe voltages and currents present at resonant frequency f
cannot occur, ‘resonant frequency f; also should be less than third harmonic frequency
3f, of voltage E. Therefore, the values of inductor L and capacitor C should be chosen
such that: )

JSE < f, < 3f, . | (eq. 8)

By designing ballast circuit 10 such that resonant frequency f, is within the
range of"f}equencies defined by eq. 8, the unsafe voltages and currents which occur at
resonant frequency f, during pre-ignidon of lamp load 16 are avoided and total current

delivered by square wave generator 13 remains inductive. There is no need to vary the



which is placed across lanp | oad LL, provides a nore sin %@%ﬁ‘ﬁ@ém o
circuit voltage and keeps total half bridge current indugct veﬂ\"i\ﬁlTearsq
| oweri ng hi gher harnonic content of current flow ng through Panmpiifios Ll

et

I nductor L[err] and capacitor Clerr] together forma serl es connected L4C
output circuit. The value for capacitor C[7err] i s chosenf such that safe”
open circuit operation is provided, that i's, wthin the [range of resonant
frequenci es defined bx egq. Fg Accordingly, no additional .circuits to .
protect |anp GRESAEY OF PRIASE Fobrrapsl Ry ghguency fo during pre-igRitoN gl g pac
circuit 20 i ggfang stdifferemneieq@ineyRinntiatedy tHigear@t LAUE chiRieRgoraDBalagd:: Ryl .
preconditioner 80, the input Voltage of approximately 277 volts results in
a square wavEHOREQFEUHY PHEnestitorsanss (SN AdRmS IE%KO @ JaRUBES HGeRFbl i ed
across prinm L.0di.n _ANs, g L) swWhi.ch-ds. up to
appr oxi mat el &Mg%' O%%%gz%gg&élpggp%gﬁqéfg%gg <E u%ﬂéc;i]af"\y,\‘,gvﬁ ‘ﬂi;le‘ﬁ“ng ; Fe]#lﬁ]g
During this fiegeschead aarpliakiaodRisicad@atal el theAhvetticapprsdietr, e plley citce
seeonds, preconditioner 80 turns ON resulting in_a regul %'Eped D.C., vol tasge
of appr oxi mat%elTHviEss Oy FIAHIRNE SN FRIHEIY i R the doundarss dgipag oy <. 3.
converter 40 n@fa X4 Vv i {peak across
secondary w rﬁ?ﬁ%aﬁgﬁ?&e{fﬂéﬁgﬁ@rgﬁhﬁl}h@%g?g %#filxﬂgi?gﬁoh?o?@i gniting

| anp | oad LL funGamentaiafrpyueacyds, ahd its 3rdyhdrmedic( 3£, ,ethe dowemyplisy efadty cangatier | anp

operation), E:trx]oesinlga'gg r:\zlsgtlxatn?greeq&eln'c;? f, is V'3 times f,. However, when taken inta account the

existence of higher harmonics this value reaches the limit 2.
) The result of a simulation in which at least the first 25 harmonics are taken
infd account is shown in figure 3.
In Fig. § the depicted curve displays the total current L., in the circuit of
Fig. | at the moment the voitzge switches from -E to +E o_f the generator 13 as
function of ratio of the fundamental frequency f, and the resonant frequency f,. T'rié
circuit operates in the inductive mode in all those regions ﬂ'%at the current L., is lagging
to the voltage, thus is negative. From the Fig. § it is clear that these regions fulfll the
relaton
nf, < f, < (n+1)f, with n = an even integer. -
A ballast circuit 20 in accordance with the invention is shown in Fig. 3.
An input voltage of 277 volts, 60 hertz is supplied to an electromagnetic interference
(EMI) suppression filter 23. Filter 23 filters high frequency components inputted thereto
lowering conducted and radiated EMI. The output of filter 20 provided at a pair of
terminals 24 and 25 is supplied to a full wave rectifier 30 which includes diodes Dy, D,,
D, and D,. The anode of diode D, and cathode of diode D, are connected to terminal
24. The anode of diode Dy and cathode of. diode D, are connected to terminal 25. The
output of rectifier 30 (i.e. rectified a.c. signal) at a pair of output terminals 31 and 32 is
supplied to a boost converter 40. The cathodes of diodes D, and D, are connected w
terminal 31. The cathodes of dicdes D, and D, are connected to terminal 32.
] Coqvertcr 40 boosts the magnitude of the rectified A.C. signal supplied by
rectifier 30 and produces at a pair of outpﬁt terminals 41 and 42 a regulated D.C.
voltage supply. Boost converter 40 includes a choke L;, a diode D, the anode of which

is connected to one end of choke L,. The other end of choke L, is connected to output
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vol tage across lanp load LL) drops to approxi mately + 3QO0 A__ILQ,,I',‘[',@&””W Sl
the remai nder of the secondary wi nding T[err] output vol tg Sl i

i nductor L[err]. The nunber of and connections between thé T’dﬁﬁ Wb f
| anp lLoad LL can be varied as desired with the val ue of w;d@:to‘r-,;‘![*
bei ng chosen so as to provide the desired | anp current _[Q_*rl duri ng {
st eady-state operation of |lanp |oad LL. 8 Reterring agaim™to |
Fig. 3, the rectified AC (i.e. pulsating DC) signal supplied to I
precondi ti onqe-BRalfT 1060 @éa1e 0r FeRUERE b bb&k cstteher b@@@&@ﬁlud BrefRYOLT UAE by
choke L[err] and diode Dlerr] to charge capacitors_ %err derr] and
Clerr]. In Fiigirgieddsmse i elecioylzte Fapreios dpacat end £O capaéwm'sdqé\ﬁr] and

CQerr], capachpghe & G4l DPCA M9nd sl Leck] BC1Y Hakild:Gs GARAGADER biklwesn chake

L, and the ancde of diode D;. The other end of transistor Q, is connected (0 the

juncdon between the other and of capacitar Cg, output terminal 32 of rectifier 30 and
output terminal 42.

A preconditioner control 50, which is bowered by a D.C. supply voltage
V, controls the switching duration and frequency of transistor Q,. Preconditioner control
50 is preferably, but not limited to, 2 Motorola MC33261 Power Factor Controller
Integrated Circuit. Transistor Q, is preferably a MOSFET, the gate of which is
connected to precondidoner control 50. Rectifier 30 and boost converter 40, including
precondiﬁoncr control 50, form a preconditioner 80 for ballast circuit 20. Qutput
terminals 41 and 42 of boost converter 40 serve as the output for preconditioner 80
across which a regulated D.C. voltage is produced.

A lamp drive 90, which is supplied with the regulated D.C. voltage
outputted by preconditioner 80, includes a half bridge inverter having a level shifter 60
and a half-bridge drive 70. The half bridge inverter includes a pair of transistors Q; and
Q,, which serve as switches, a pair of capacitors C; and C; and a transformer T,. Half-
bridge drive 70 produces a square wave driving signal to drive transistor Q; and has 2
50-50 duty cycle. Level shifter 60 inverts the driving signal supplied to transistor Q, for
driving transistor Q;. The driving signals produced by level shifter 60 and half-oridge
drive 70 are approximately 180° out of phase with each other so as to prevent
conducton of transistors Q; and Q at the same time, respectively.

A source S of transistor Q and one end of level shifter 60 are connected to
output terminal 41 of boost converter 40. A drain D of transistor Q, is connected to a
terminal A. The other end of level shiftar 60, one end of half-bridge drive 70 and a
source S of transistor Qy are also are connected to terminal A. The other end of half-
bridge drive 70 and a drain D of transistor Q, are connected to output terminal 42 of
boost converter 40. Capacitor C, is connécted at one end to output terminal 41. The
other end of capacitor C; and one end of capacitor C, are connected to a terminal B.
The other end of capacitor C4 is connected to output terminal 42.

A primary winding T, of transformer T, is connected to terminals A and

B. A secondary winding T is connected at one end to an inductor L, the latter which
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the range of 5 to 100 microfarads. Capacitors, Jerr] and|CREfWYCEaraThEgh ;T

fréquency bridge capacitors. Since capacitor Clerr] is i arat-’r-=-ei«----‘ww.-.tmh.;,;__t‘hge
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Preconditioner 80 is an up-converter and boosts the rectjfi 'd‘"A@"'-i‘—fﬁpu%u»-:eJ
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vol tage as follows. Wien transistor Jerr] g(which servesfas a switch) is
cl osed, choke L3 is short circuited to ground. Current oWs "t hrougtr—€e

Llerr]. TransisdepillyQestesehis SmbhaR 10keetduddat=rg daekibime:Chokea bilsekle] -nvkd h
transistor Jerr] open transfers stored energy through diode err] into

capaci tor (] eFppaecerdo dirpriher et Gnedugier thy ahaf%endeef 3 eAtasipCcEb and oreetd ol &
based he |t i j - ; - Lhak |
204 on the FRRARLS" Eap T CBT RGN s ATbloakon bE ARy b,

hie
based on the ency  a riving srgna 0 the

gate of transhatlomidd ef the sbyest dtenyitagionndicwvo dnersscaao timpyl LI50und Ady nThe omers
operation of transistor err% with respect to voltage 4e£r results.
Choke L[err] G4 o dnd (R [9A% dirs HRTIBNCSHRAP Ui OUEH %0k $EMIChr ough
choke L[err] Qg{dgr{'ggreach cycle is reduced to substantially zero before a
new cycle is initiated. The frequency at which transistor Qerr] is turned
ON and OFF is varied bihe turns rato berwesn orimary winding T, and secondary winding T, of

transformer T, is N/N,. Transformer T, electrically isolates lamp load LL from the
output voltage produced by preconditioner 80 and provides sufficient open circuit
voltage during pre-ignidon to ignite lamp load LL.

The inductance of inductor L, is based on the desired current flow through
lamp load LL once the latter has ignited and is in its steady-state mode of operation.
The DC voltage across each .'npacitor C; and capacitor C, is approximately half the
output voltage of precondidoner 80. .

The waveforms shown in Figs. 4(a), 4(0), 4(c) and 4(d) produced by
ballast circuit 20 are based on tums ratio N/N, of about 1.5, inductor L, of
approximately 4.3 millihenries, capacitor C,, of about 1.2 nanofarads and capaciters C,
and C, of about 0.33 microfarads, nominally rated at 630 volts. Both lamp LL, and
lamp LL, are 40 wart low pressure mercury vapor tubular fluorescent lamps. The
fundamental frequency of the square wave produced by the half-bridge inverter is
approximately 28kHz. The rasonant frequency of inductor L, and capacitor Cy4 is
approximately 70kHz, that is, approximately 2.5 times fundamental frequency f,.

During pre-ignition of lamp load LL, the output of the half-bridge inverter,
which is across terminals A-B, forms a substantially square wave voltage train. =~
Inductor L;-and capacitor C,o form an L-C series connected circuit. During pre-ignition,
lamp load LL appears as a substantially open circuit (i.e. no load condition) drawing
substandally no power expect for filament heating (assuming lamps LL, and LL, ars
fluorescent lamps of, for example, the rapid-start type). )

Fig. 4(a) illustrates a voltage V4, that is, betwesn terminals A and B.
Voltage V,; is square wave voltage train which is applied across primary winding T,
varying’between approximately +240 volts and -240 volts during no load conditions.
Fig. 4(b) illustrates current Ly flowing through primary winding T, during no load

-Conditions, that is, prior to ignition of lamp load LL and having a peak vaiue of
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kept constant. Transistors err] and Qerr] have internal §d| odes” ('Aot—y
shown). These diodes, which can either be internal or externdls tied lgg |
transi stors, permt inductive currents to flow through trahqsh__i__g‘t_wqr_s derq]
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content of current flowing through lamp load LL. Inductor L, and capacitor C,4 together

fornta series connected L-C output circuit. The value for capacitor C,q is chosen such
that safe open circuit operation is provided, that is, within the range of resonant
frequencies defined by eq. 8. Accordingly, no additional circuits to protect lamp drive
circuit 90 are required. '

When ballast circuit 20 is first tumed on, prior to the voltage being
boosted by preconditioner 80, the input voltage of approximately 277 volts results in a
square wave voltage of approximately 330 volts peak to peak being applied across
primary winding T, of transformer T; which is stepped up to approximately 570 volts
peak to peak across secondary winding T,. During this time the lamp cathodes are
heated. After approiimately 0.5 seconds, preconditioner 80 turns ON resulting in a
regulated D.C. voltage of approximately 480 volts across output terminals 41, 42 of
boost converter 40 and a voltage of approximately 700 volts peak to peak across
secondary winding T,, the latter of which is sufficient for igniting lamp load LL. Once
lamp load LL is ignited (i.e. during steady-state lamp ope'r«ﬁon), the lamp voltage (i.e.
voltage across lamp load LL) drops to approximately + 306 volts peak with the
remainder of the secondary winding T output voltage across inductor L,. The number
of and connections between the lamps within lamp load LL can be varied as desired |

- with the value of inductor L, being chosen so as to provide the desired lamp current

lLure during steady-state operation of lamp load LL.

Referring again to Fig. 3, the rectified AC (i.e. pulsating DC) signal
supplied to preconditioner 80 from diode bridge rectifier 30 is boosted in magnitude by
choke L, and diode D, to charge capacitors Cq, C; and Cq. In Fig. 3, capacitor Cg is

separate from capacitors C; and Cg, capacitor C, being a large electrolytic capacitor in
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and C,, these three capacitors can be reconfigured as capacitors C;” and C,’.

Praconditioner 80 is an up-converter and boosts the rectified AC input
voltage as follows. When transistor Q, (which serves as a switch) is closed, choke L3 is
short circuited to ground. Current flows through choke L. Transistor Q, is then opened
(turned OFF). Choke L, with transistor Q, open transfers stored energy through diode
Dy into capacitor C,. The amount of energy transferred to capacitor Cg is based on the
time during which transistor Q, is tumed ON, that is, based on the frequency and
duration of the driving signal supplied to the gate of transistor Q; by the precondiuoner
cortrol 50. Asynchronous operation of transistor Q, with respect to voltage V,y results.

Choke L, operates in a discontinuous mode, that is, the current through
choke L, during each cycle is reduced to substantially zero before a new cycle is
initiated. The frequency at which transistor Q, is turned ON and OFF is varied by
preconditioner control 50 so that the peak current through choke L, is kept constant.
Transistors Qs and Q, have intemnal diodes (not shown). These diodes, which can either
e internal or external to the transistors, permit inductive currents to flow through
transistors Qs and Q, at the initial turn ON and tum OFF of transistors Qg and Q.

Preferably, capacitors C; and C, are electrolytic capacitors having a pair of
discharge resistors in parallel, respectvely. Transformer T, is a leakage transformer,
that is, having a leakage inductor of inductance LM which serves as the ballast for lamp
load LL (i.e. to limit steady state current flow through the lamp load). Alternatively,
when transformer T, has little or no leakage inductance an external inductor of
inductance L, is required for ballast purposes. |

‘__Transformer T, has a main secondary winding- Tw A resonant capacitor

Cio is in series with inductor L, and reflects back to the primary winding of transformer
Ty as a series LC combination across the half-bridge inverter.

As now can be readily appreciated, by maintaining the fundamental
sinuso'idal frequency f; well below resonant frequency f, of the series L-C output
circuit, the undesirable and unsafe high voltages and current levels produced in
conventional ballast circuits during pre-ignition of lamp load LL are avoided. More
particularly, by choosing the values of inductor L, and capacitor C,o such that their

resonant frequency f; is defined as described hereinbefore, the voltage level across
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capacitor C[err] can be significantly reduced. For exa H@lwi L pt gpm
val'ues for capacitor (ferr] range from about a nom nal aj“ug BB -
nanof arads to about a noninal value of 9.2 nanofarads. | ni agcord@pgﬁgﬁwth
the invention, however, .capacitor C[err] can be reduced |h vl ue’ ‘by* '
approxi mately one- fourth to one-sixth (e.g. to appr oxi t BLY Lo 2orse o
nanof arads). Consequently, a far smaller, (1ess expensive capacitor C[err]
is required reducing the manufacturing cost and space r S--of-—the
bal I ast out pidu&bs CHhdd capacitor C,g-and currehhBowvalsre@eolshl wigl wf m@amta@ne@ker r]
results on top of this in substantially all current flowi ng through |anp

| oad LL wi t hfa SFtY mvyﬂqqnf-ltbaélassmurp@hﬁxﬂfmémﬁg’tpﬁﬁﬁjﬂgwnc%fda@ml@ﬂd lgéferr]
Power requirements fog, bR falhatte Giniviliba GRhdieidr 194Ae L. ARAAOE i5%e
costly wiring (higher ¥ Egi's *ance) can Phe$er 78 “Connlct ed L-C
bal | ast out pegerzed auid rsnﬁnaherrmmt;arordunggtplne@m qrawep le®oLL y eapalus cds in

a conventional hallast output _circui ot her rds a less costly and/or
nore effici e‘fﬁpaﬁéﬂrlésf%ﬁ ”é‘ﬁﬁ?"ldé,‘r"’éﬁa‘?:gl:‘?reﬁ&i"lp mSAREAL g“ag BFHES by t he

present invegbhQmyr C,, range from about E)rnefn‘?x{ﬁlbﬁl)ﬁe oF 8PP arkdsSAUBBGEYa AdRinkll
shoul d range from approxi mat ef’y 2.3 1to 6 tinmes fundanent al frequency

flerr] of t hmlmqiai?é naaviarageniar atadancy wmeti'sqmmnaowalwegenenmcmr Cyo car
Consequent ly, stray, inductances and the |k ilch.may be difficu
account for 94 feld“?féit Y “Febé'saé’pf%ém%lér%qm?ﬁbgg?%ﬁ%n.& (ﬁésé%ﬁ?ﬁm?r"l eaEler&echfczy

flerr] will mn@bfarads). Consequenr.ly, a far smaller, less expensive capacitor C,, is required

reducing the manufacturing cost and space requirements of the ballast output circuit.

The reduced value of capacitor C,q results on top of this in substantially all
current ﬂdwing through lamp load LL with relatively little current flowing through
capacitor C,. Power requirements for the ballast circuit can be reduced and/or less
costly wiring (higher resistance) can be used in the series connected L-C ballast ourput
circuit while maintaining the same power requirements as in a conventional ballast
output circuit. In other words, a less costly and/or more efficient ballast with smaller
space requirements is provided by the present invention.

Preferably, resonant frequency f, should range from approximately 2.3 to
2.6 imes fundamental frequency f, of the square wave generated by the square wave
generator. Consequently, stray inductances and the like which may be difficult to
account for will not increase the overall inductance. Resonant frequency f, will not
approach third harmonic frequency 3f;. Unsafe operation (i.e., resonant operation of the
series L-C output circuit) of ballast circuit 20 is preveated.

Generally, in calculating the inductance of inductor L, for determining™
resonant frequency f,, the leakage inductance of transformer T, or inductance of the
discrete choke used for inductor L, is far greater than the stray inductance or other
inductances within ballast circuit 20. Therefore, as a first order approximation, the
inductance of inductor L, can be used without taking into account stray inductances and
the like in determining the resonant frequency f,. For a tightly wound transformer T, in
which very little or an insufficient amount of leakage inductance exists, a discrete
inductor will be required to serve as the ballasting element for lamp load LL (i.e., to
control the lamp current [, ,).

As now can be readily appreciated, the generated voltage (i.e. voltage E of
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apptoach third harnonic frequency 3[err]. Unsafe operat i‘crn'--f‘r-.—e.»-;«-m-t:_eaanam\t
operation of the series L-C output circuit) of ballast ¢iREGACERENT SHEsT |
prevent ed. - Ceneral ly, in calculating the ipdyctanece-ef—w. |
inductor L[err] for determ ning- resonant frequency flefr}, otdes gga@geﬁf
i nduct ance of transformer T[err] or inductance of the d|s¢réte choke“used
for inductor L[err] is far greater than the stray inductafte~or—othef-i

i nductances within ballast circuit 20. Therefore, as a ffirst order

approxi mation, the inductance of inductor iX¥err] can be‘"th'éd““V\ﬁ“t‘hw-’emt—a-kJng
into account stray inductances and the like in determ ning the resonant
frequency f[édrig] ! 2pdrokagei Gt P FigotiIt is RhmdTearsRsy WITIET is) ff EsuHRB RS ery
pietle or an elahd bl RAL, GTRYIHRoh RRKAYOD ARNAIARRLEXES biyidls LR T ©
i nductor will be requ reJto serve as the ballasting e?erren for lanp™l oad
LL (i.e., to ctronit(pie-ighidoh)aobtagasrandgtrredtdeydly.. The frequency of thisAmnerawdcignabe

readi | appreci ated, the generated voltage.(i.e. voltage E of
y app n not be changc% Poﬁowmg pre-ignit sugcs It 15 never apor near resonant

frequency £, of the series connected L-C circuit. Feedback circuitry for sensing ignidon
of famp load LL for switching to a different steady-state [amp operating frequency nesd
not be provided. By eliminated the need to operate at resonant frequency f, of the series
L-C circuit during pre-ignition of lamp load LL, the value and resulting size of the

capacitor for the series connected L-C circuit can be far smaller than normally used in a

conventional series connected L-C circuit.



13 Fig. 1 and voltage V[err] of Fig. 4(a)) is at a frequency which is far
|l ess than the resonant frequency of the series connected L-C ci rcwt and
t herefore provides safe open circuit (pre-ignition) vol tagﬁe,é and. el Tt
| evel s. The f n mmmmmnml generated signal need not bg ‘cHaft St
fol |l ow ng prei ﬁ IS never at or near reson ntg freq" Y
flerr] of the gerfes" cdhnécted L-C circuit. Feedback ci rcﬁl'tr)’éT 3 a6 ey S g
ignition of lanp load LL for switching to p;dlfferent stebdy state Iarrp j
operating frequency need not" be provided. By elimnated the need o operat e
at resonant frequency flerr] of the series L-C circuit durjing pre-ignition
of lanp |oad LL, thedillﬂg_and resulting size of the

L. A ballast circuit for generating a substantally rectangular driving signal
sufficient to ignite a lamp load, comprising:

inductor means;

capacitor means serially connected to said inductor means; and

generating means for applying a generated signal to said serially connected
inductor means and capacitor means, said generated signal having at least a fundamental
frequency f;; )

the inductor means and capacitor means having a resonant frequency f,,
characterized in that for the fundamental frequency and the resonant frequency it holds:

nf, < f, < (n+1)f; with n = an even integer.

A ballast circuit of claim 1, characterized in that the generating means

3]

includes a half-bridge inverter.

3. A ballast circuit of claim | or 2, wherein the resonant frequency f, is less
than a third harmonic of said fundamental frequency f;.
4. A ballast circuit of claim 1, 2 or 3, wherein the lamp load after ignition

enters into 2 steady-state mode of operation in which current therethrough is maintained
at a substantially constant level, characterized in that in the steady-state mode the
generating means apply said generated signal to said serially connected inductor means

and capacitor means.
5. A ballast circuit of claim I, 2, 3 or 4 wherein said lamp load is connected

across the capacitor means.
6. A ballast circuit of claim 1, 2, 3, 4 or 5, wherein the lamp load includes at

least one fluorescent lamp.



capacitor for the series connected L-C cirguit can be far smaller than
normal |y used in a conventional series connected L-C circuit.

CLAI Ms:

f (g H
! DA E Y S I
b

s s i

ABSTRACT
LAMP BALLAST CIRCUIT

A ballast circuit having a seres inductor (L,) and capacitor (C,o) in which
the lamp load (LL) is connected in paraliel with the capacitor. During pre-ignition of
the lamp load, the driving signal supplied by an inventor generating a substantially
rectangular signal includes a fundamental frequency f,. The resonant frequency f, of the

series connected L-C circuit is at least 2 times greater than the fundamental frequency f,

but less than the third harmonic of the driving signal.

Fig. 3.



1. A ballast circuit for generating a substantially rectangul ar
driving signal sufficient to ignite a |lanp load, conprising:

i nduct or neans; capaci tor neans serially connected to said

i nduct or neans; and generating nmeans for ap rng-a--generat ed
signal to said serially connected inductor neans and capagiébWﬁﬁﬁﬁﬁi qﬁ;{“
generated signal having at |east a fundanental frequency f[arr}

t he i nductor neans and capacitor neanslhaving a resonant requepcy: an
characterized in that for the fundanental frequency and t efrésonant S5
frequency it hol ds: nflerr] < flerr] < (n+1) [éTTT“erh~n~=J
even integer. 2. A ballast circuit of claim1, gharacterized in

that the generating neans o
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I ncludes a half-bridge inverter. 3. A ballast circuit of claim1l
er. 2, wherein the resonant frequency f[err] is less than a third harnonic
of said fundanental frequency flerr]. 4. A ballast circuit of
claiml1, 2 or 3, wherein the lanp |load after ignition enters into a
steady-state node of operation in which current therethfough *S“ﬁﬁlnLaLne
at a substantially constant |evel, characterized in tha ﬁ-ﬂﬁéw AT
st eady-state node the generating nmeans apply said gener t?ﬁ Slgna
serially connected inductor means and @apaC|tor means. b. | JUA

across the capacitor means. 6. A bal last circuit of crarmi; 2_
3, 4 or 5 wherein the I,-am—-l—{)@--i—nﬁa@]}h—a—t-—{ east one ffl uorescent | anp. |
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