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(57) Abrégé/Abstract:

A HID ballast includes a control circuit that minimizes arc instability associated with acoustic resonance of a lamp energized by
the ballast. In one embodiment, the ballast includes an inverter circuit having first and second switching elements coupled in a
half bridge configuration. A first control circuit controls the conduction state of the first switching element and a second control
circuit controls the conduction state of the second switching element. The second control circuit includes a limiting circuit that
limits the pre- and post-ignition energy levels to the lamp. One feature of the invention limits the lamp current amplitude such that
the lamp can be driven while in acoustic resonance. In another embodiment, the inverter circuit includes a resonant inductive
element and a resonant capacitive element which is coupled in parallel with the lamp. The resonant capacitive element has a
temperature-dependent impedance characteristic so as to alter the resonant frequency of the inverter circuit as the circuit heats
up prior to ignition of the lamp. As the resonant capacitive element heats up the resonant frequency of the inverter increases
which increases a voltage applied to the lamp until an arc is initiated. Another feature of the invention limits the average voltage
applied to the lamp before and after ignition. A further feature limits the voltage applied to the lamp on a cycle by cycle basis.
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(57) Abstract

A HID ballast includes a control circuit that minimizes arc instability associated with acoustic resonance of a lamp energized by ¢
ballast. In one embodiment, the ballast includes an inverter circuit having first and second switching elements coupled in a half bridg
configuration. A first control circuit controls the conduction state of the first switching element and a second control circuit controls tt
conduction state of the second switching element. The second control circuit includes a limiting circuit that limits the pre- and post—ignitic
energy levels to the lamp. One feature of the invention limits the lamp current amplitude such that the lamp can be driven while in acoust
resonance. In another embodiment, the inverter circuit includes a resonant inductive element and a resonant capacitive element which
coupled in parallel with the lamp. The resonant capacitive element has a temperature~dependent impedance characteristic so as to alter tt
resonant frequency of the inverter circuit as the circuit heats up prior to ignition of the lamp. As the resonant capacitive element heats t
the resonant frequency of the inverter increases which increases a voltage applied to the lamp until an arc is initiated. Another feature «
the invention limits the average voltage applied to the lamp before and after ignition. A further feature limits the voltage applied to tt

lamp on a cycle by cycle basis.
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HID BALLAST CIRCUIT WITH ARC STABILIZATION

FIELD OF THE INVENTION
The present invention relates to ballast circuits and more particularly to ballast

circuits for energizing high intensity discharge lamps.

BACKGROUND OF THE INVENTION

High intensity discharge (HID) lamps are typically coupled to a ballast which
provides an alternating current (AC) signal to the lamps. To ignite the lamps, the ballast
must apply a relatively high voltage, 2 kilovolts for example, which initiates an electric arc
between the lamp terminals. After ignition of the lamp, the ballast provides operational
signal levels for sustaining the electrical arc which is the source for light emitted by the
lamp.

One type of ballast known as a magnetic ballast includes a magnetic element , such
as a laminated iron core. Magnetic ballasts energize HID lamps with a signal having a
frequency at or near the incoming power signal, e.g., 60 Hertz. While magnetic ballasts
may provide generally reliable operation, they are relatively inefficient due to the low
frequency drive signal. Furthermore, magnetic ballasts incur substantial heat loss which
further decreases the operating efficiency.

In an effort to overcome these disadvantages, attempts have been made to replace
magnetic ballasts with electronic ballasts. Electronic ballasts receive the low frequency
power line signal and provide a relatively high frequency drive signal to the lamp. Due to
the high frequency operation of the circuit, electronic ballasts are significantly more efficient
than magnetic ballasts.

One problem associated with energizing HID lamps with a high frequency signal
occurs when the ballast drives the lamp at a frequency which results in acoustic resonance
of the lamp. In general, acoustic resonance refers to arc instability which manifests itself
as light flickering. In the extreme, acoustic resonance can generate signal levels which can
cause the lamp to explode. The frequency at which acoustic resonance occurs depends upon

a number of factors such as the lamp dimensions, gas density, and operating temperature.
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To avoid acoustic resonance, HID ballasts are typically designed to provide a lamp current
which has a frequency greater than about 20 kHz. Despite efforts to achieve a desired
operating frequency, over time the ballast may provide a drive signal having a decreased
operating frequency that may cause the lamp to enter acoustic resonance. Also, lamp
parameter variations due to manufacturing limitations, to changing conditions of the lamp
components, and to other contributing factors, can cause the lamp to operate at acoustic
resonance.

A further disadvantage associated with electronic ballasts occurs when a lamp fails
to ignite. In general, the ballast must apply a relatively high voltage signal, e.g., 2kV to the
HID lamp to initiate an arc. However, for a lamp that fails to ignite, some ballasts generate
voltages that may ultimately increase to potentially destructive levels.

It would, therefore, be desirable to provide an HID ballast that minimizes arc
instability associated with acoustic resonance. It would also be desirable to provide an HID

ballast that avoids applying excessive voltage levels to a lamp that fails to light.

SUMMARY OF THE INVENTION

The present invention provides a ballast circuit that limits the energy levels supplied
to a lamp. Although the invention is primarily shown and described in conjunction with
limiting signal levels to a high intensity discharge (HID) lamp in acoustic resonance, it is
understood that the circuit has other applications as well, such as motors and voltage
regulators.

In one embodiment, a ballast for energizing a HID lamp includes first and second
switching elements having conduction states controlled by respective first and second control
circuits. The control circuits alternatively bias the first and second switching elements to
conductive and non-conductive states so as to provide an AC signal to the lamp. The first
control circuit includes a third switching element coupled to the first switching element for
selectively transitioning the first switching element to a non-conductive state for limiting the
energy applied to the lamp. In one particular embodiment, the third switching element is
biased to a conductive state when the lamp current amplitude for any given cycle becomes

greater than a predetermined level. The conductive third switching element causes the first
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switching element to transition to a non-conductive state thereby limiting or regulating the
lamp current on a cycle by cycle basis. And by limiting the lamp current, arc instability due
to acoustic resonance is minimized so as to allow continued operation of the lamp.

In another feature of the invention, the third switching element is biased to a
conductive state when the average lamp voltage is greater than a predetermined threshold.
In one embodiment, the lamp current is rectified so as to charge a capacitor. When the
voltage on the capacitor increases above a certain level, the third switching element is biased
to a conductive state which turns the first switching element off to reduce lamp voltage
levels.

In a further embodiment, the HID ballast limits the voltage applied to a lamp that
fails to ignite. The ballast circuit includes a resonant circuit, which includes a resonant
capacitor, for providing the AC signal to the lamp. In one embodiment, the resonant
capacitor has a temperature dependent impedance characteristic. After the circuit is
energized, the temperature of the resonant capacitor increases which alters the impedance
s0 as to concomitantly increase the characteristic resonant frequency of the resonant circuit.
The increase in the overall resonant frequency results in a higher voltage being applied to
the lamp until it ultimately ignites, i.e., an electric arc is initiated.

In another feature of the invention, the ballast limits the voltage applied to the lamp
when it fails to ignite and repeats a start up sequence. Where the lamp fails to ignite, the
voltage provided to the lamp by the resonant circuit continues to increase due to the resonant
nature of the circuit. When the voltage increases above a predetermined level, the third
switching element transitions to a conduction state which results in the first switching
element turning off for reducing or terminating the voltage to the lamp. In one embodiment,
an inductive bias element is inductively coupled to a resonant inductive element, which
forms a part of the resonant circuit. When the current through the resonant inductive
element, which corresponds to the lamp current, induces a voltage on the bias element that
is above a selected level, the third switching element becomes biased to a conduction state
that shuts down the circuit.

During the time that the lamp is not energized, the resonant capacitor decreases in

temperature. When the third switching element allows the first switching element to become
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conductive, the circuit begins to resonate and apply a voltage to the lamp. The resonant
capacitor impedance changes so as to increase the resonant frequency of the circuit which
increases the voltage applied to the lamp. The lamp voltage increases until the lamp ignites
or until the voltage becomes greater than the predetermined level which again shuts down

the circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be more fully understood from the following detailed description
taken in conjunction with the accompanying drawings, in which:

Figure 1 is a schematic block diagram of a ballast circuit in accordance with the
present invention;

Figure 2 is a circuit diagram of an exemplary implementation of the circuit of Figure
1; and

Figure 3 is a circuit diagram showing further details of the circuit of Figure 2.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 shows a ballast circuit 100 for energizing a high intensity discharge (HID)
lamp 102. The ballast 100 includes first and second input terminals 1042,b coupled to an
AC energy source 106. The ballast circuit 100 receives a relatively low frequency signal
from the AC energy source 106 and provides a relatively high frequency signal to the lamp
102 for causing the lamp to emit visible light. As described below, the ballast 100 is
effective to provide stabilization and control over the lamp current so as to minimize the
generation of potentially destructive energy levels associated with acoustic resonance.

The ballast 100 includes a rectifier 108 for receiving the relatively low frequency
signal from the AC energy source 106 and providing a DC signal to an inverter circuit 110.
The inverter 110 is effective to energize the lamp 102 with a high frequency signal that
generates a sufficiently high voltage to initiate and sustain an electric arc between the lamp
terminals T1,T2.

FIG. 2 shows an exemplary embodiment of the ballast 100 of FIG. 1. The rectifier
108 is a full bridge rectifier formed from first, second, third, and fourth rectifying diodes
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DR1-4. The first and third diodes DR1,DR3 are coupled end to end between first and
second DC output terminals 112a,b of the rectifier which correspond to positive and negative
rails 114,116 of the inverter 110. The second and fourth diodes DR2,DR4 are also coupled
end to end between the output terminals 112a,b of the rectifier. The AC energy source 106
has a first terminal 118a coupled to a point between the first and third diodes DR1,DR3 and
a second terminal 118b coupled to point between the second and fourth diodes DR2,DR4.
A filter capacitor CF can be coupled between the rectifier output terminals 112a,b. The
rectifier is effective to provide respective DC signals for energizing the positive and negative
rails 114,116 of the inverter 110.

The inverter 110 is shown as a resonant inverter having first and second switching
elements Q1,Q2 coupled in a half bridge configuration. The first switching element Q1,
shown here as a transistor, has a first or collector terminal 120 coupled to the positive rail
114 of the inverter, a second or base terminal 122 coupled to a first control circuit 124 for
controlling the conduction state of the first switching element, and a third or emitter terminal
126 coupled to a first or collector terminal 128 of the second switching element Q2. The
second switching element Q2 has a second or base terminal 130 coupled to a second control
circuit 132 for controlling the conduction state of the second switching element Q2 and a
third or emitter terminal 134 coupled to the negative rail 116 of the inverter.

A resbnant inductive element LR has a first terminal 136 coupled to a point between
the first and second switching elements Q1,Q2 and a second terminal 138 coupled to a first
terminal 140 of a resonant capacitor CR to which the lamp 102 is coupled in parallel. A
second terminal 142 of the resonant capacitor CR is coupled to a point between first and
second bridge capacitors CP1,CP2 which are coupled end to end between the positive rail
114 of the inverter and the second control circuit 132.

In one embodiment, the resonant capacitor CR has a thermally dependent impedance
characteristic. That is, the capacitance of CR corresponds to the temperature of the
capacitor. In one particular embodiment, the capacitance of CR decreases as the operating
temperature increases. As described below, the heat dependent nature of the capacitor CR
alters the characteristic resonant frequency of the circuit which can be used to implement a

repeating start up sequence in the case where the lamp fails to light.
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The resonant capacitor CR can be provided, for example, as a ceramic-type capacitor
formed from materials known as Y5R, Y5U, and ZSU. These capacitors provide a
capacitance that "rolls-off" as the temperature increases.

FIG. 3 shows an exemplary circuit implementation of the first and second control
circuits 124,132 of FIG. 2, wherein like reference designations indicate like elements. The
first control circuit 124 includes a first inductive bias element LBQ1, which is inductively
coupled to the resonant inductive element LR, connected to the base terminal 122 of the first
switching element Q1 via a resistor RQIB. The polarity of the first inductive bias element
LBQ1 with respect to the resonant inductive element LR is indicated with conventional dot
notation. A capacitor CQ1B is coupled between the base terminal 122 and the emitter
terminal 126 of the first switching element Q1.

As known to one of ordinary skill in the art, the first bias element LBQ1 alternately
biases the first switching element Q1 to conductive and non-conductive states based on the
direction of current through the resonant inductive element LR. Due to the resonant
operation of the circuit, current through the lamp 102 and the resonant inductive element LR
periodically reverses direction. For a first part of the resonant cycle, the first switching
element Q1 is conductive as current flows from the resonant element LR to the lamp 102.
And for the second part of the resonant cycle, the second switching element Q2 is conductive
as current flows from the lamp 102 to the resonant element LR to the negative rail 116.

The second control circuit 132 includes circuitry corresponding to that of the first
control circuit 124 for alternately biasing the second switching element Q2 to conductive and
non-conductive states. That is, a second inductive bias element LBQ2, which is inductively
coupled to the resonant element LR, is connected to the base terminal 130 of Q2 via a
resistor RQ2B and a capacitor CQ2B is coupled betwéen the base terminal 130 and the
negative rail 116. As described above, the second bias element LBQ2 alternately biases the
second switching element Q2 to conductive and non-conductive states to facilitate resonant
operation of the circuit and thereby provide a relatively high frequency AC signal to the
lamp 102.

The second control circuit 132 includes additional circuitry for controlling signal

levels generated by the circuit. A third switching element Q3, shown as a transistor, has a
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collector terminal 144 coupled to the base terminal 130 of the second switching element Q2,
a base terminal 146 coupled to the negative rail 116 via a first resistor R1, and an emitter
terminal 148 coupled to the negative rail 116 via a second resistor R2. A series circuit path
extends from the emitter terminal 148 of Q3 to a third resistor R3, a first diode D1, a fourth
resistor R4 and a zener diode DZ, to the base terminal 146 of Q3. A fifth resistor R5 is
coupled in parallel with the series-coupled fourth resistor R4 and zener diode DZ. A first
capacitor C1 has one end coupled to a point between the first diode D1 and the fourth
resistor R4 and the other end coupled to the negative rail 116. A second capacitor C2 is
coupled in parallel with the first resistor R1 between the negative rail 116 and the base
terminal 146 of Q3.

The second control circuit 132 further includes circuitry for limiting the voltage
applied to the lamp 102. A diac DD1, a sixth resistor R6 and a second diode D2 form a
series circuit path extending from the base terminal 146 of the third switching element Q3
to the unmarked end of the second bias element LBQ2.

As the circuit is initially energized, i.e., start-up, the first and second switching
elements Q1,Q2 are alternately conductive to provide an AC signal to the lamp 102. The
resonant capacitor CR has an initial capacitance which corresponds to the temperature of the
capacitor at start-up. As the signal levels in the circuit increase due to the resonant nature
of the circuit, the rising current level through the resonant capacitor CR results in a
corresponding increase in the temperature of CR. And as the temperature of the resonant
capacitor CR continues to increase its capacitance decreases. This decrease in capacitance
alters the characteristic resonant frequency of the circuit. More particularly, the decrease
in capacitance results in an increase of the resonant frequency of the inverter such that
voltage and current levels at the resonant capacitor CR increase.

The signal levels in the circuit increase until the third switching element Q3 operates
to limit the current amplitude on a cycle basis, the average voltage, and/or the voltage level
on a cycle basis. It is understood that prior to ignition of the lamp 102, the current primarily
flows through the resonant capacitor CR, and that after lamp ignition the current primarily

flows through the lamp.
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The average lamp voltage is limited by selectively turning the third switching element
Q3 ON. The signal through the second and third resistors R2,R3, which corresponds to
current flowing through the resonant capacitor CR before ignition and to current through the
lamp after ignition, is rectified by the first diode D1 so that the first capacitor C1 begins to
store charge. When the first capacitor C1 voltage level becomes greater than a
predetermined level, which corresponds to a threshold voltage associated with the zener
diode DZ, the third switching element Q3 is biased to a conductive state by the voltage
applied to the base terminal 146 thereof. And when the third switching element Q3 is ON,
the second switching element Q2 is OFF which reduces the power applied to the resonant
capacitor CR.

The signal through the resistors R2,R3 is also limited on cycle-by-cycle basis. When
the current has an amplitude greater than a predetermined level, a negative potential, which
is applied to the emitter terminal of Q3 as a result of current through the third resistor R3,
is effective to bias the transistor Q3 to a conductive state. Thus, the third switching element
Q3 turns the second switching element Q2 OFF on a cycle basis to limit the current, i.e.,
the current is clamped.

As the resonant frequency of the circuit increases due to the decreasing impedance
of the resonant capacitor CR, the voltage applied to the lamp 102 increases until the lamp
ignites, i.e., an arc is generated across the lamp terminals. After ignition, the impedance
of the lamp 102 is much less than that of the resonant capacitor CR such that substantially
all of the current flows through the lamp 102.

If the lamp fails to light, however, the voltage applied to the lamp 102 continues to
increase due to the resonant nature of the circuit. After a time, a voltage present on the
second bias element LBQ2, which is induced by current flow through the resonant inductive
element LR, becomes greater than the threshold voltage associated with the diac DD1.
When the diac DD1 becomes conductive, the third switching element Q3 transitions to a
conductive state which reduces the signal levels in the circuit by turning Q2 OFF.

While circuit remains OFF, the impedance of the resonant capacitor CR increases
as its temperature decreases. When the current through the diac DD1 is no longer sufficient

to maintain it in a conductive state, the third switching element Q3 can turn OFF. The
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circuit again begins to resonate which increases the circuit signal levels so as to cause the
impedance of the resonant capacitor CR to decrease. The lamp voltage then increases until
the lamp ignites or the lamp voltage exceeds the predetermined level which shuts down the
circuit. Thus, the circuit provides a repeating start up sequence that may ultimately ignite
a marginally operational lamp, while preventing the generation of potentially destructive
signal levels.

When an arc is initiated across the lamp terminals, current flows through the lamp
and ultimately through the resistors R2,R3 to the negative rail 116. The lamp current is
regulated on a cycle basis via the emitter terminal 148 of Q3, as described above. By
clamping the lamp current, the ballast can safely energize a lamp in acoustic resonance. In
addition, the average power to the lamp 102 is limited by the rectified voltage on capacitor
C1, which turns Q3 ON when the voltage is greater than the zener voltage of DZ1. And the
lamp voltage is limited on a cycle basis via the voltage present on the bias element LBQ2.

By limiting the energy applied to the lamp, the ballast allows the lamp to operate in
acoustic resonance without the generation of signal levels that could cause the lamp to
explode. Although the lamp current will be modulated by the acoustic resonance, which
may appear as flickering of the lamp, it will continue to safely emit light.

The below table sets forth exemplary values for circuit components shown in FIG.
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Component Value
R1 100 Q
R2 1Q
R3 10Q
R4 20Q
RS 1k
R6 100 Q
R7 100 Q
C1 0.1 pF
C2 0.01uF
C3 0.1 uF

CP1,CP2 0.1uF
LR 2mH (200 turns)
LBQ2 2 turns

PCT/US99/22370

One skilled in the art will appreciate further features and advantages of the invention

based on the above-described embodiments. Accordingly, the invention is not to be limited

by what has been particularly shown and described, except as indicated by the appended

claims. All publications and references cited herein are expressly incorporated herein by

reference in their entirety.

What is claimed is:

-10-
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1. A ballast for energizing a HID lamp, comprising:

a first switching element for supplying an AC current having a cycle to a load which includes a
lamp;

a first control circuit coupled to the first switching element for controlling a conduction state of
the first switching element, the first control circuit including

a second switching element coupled to the first switching element, the second switching element
having a first conduction state which causes the first switching element to transition to a non-conductive
state and 2 second conduction state which allows the first switching element to transition to a conductive
state; and

a limiting circuit coupled to the second switching element for detecting current through the load
within a cycle of said first switching element and for limiting an amplitude of the load current to a first
predetermined level during said cycle in response to said detected current by biasing the second switching
element to the first conduction state when the amplitude of the load current is greater than the first

predetermined level.

2. The ballast according to claim 1, wherein the limiting circuit limits the load current such that the

ballast can drive the lamp in acoustic resonance.

3. The ballast according to claim 1, wherein the limiting circuit limits the load current prior to ignition

of the lamp.

4. The ballast according to claim 1, wherein the limiting circuit includes a first resistor through which

the load current flows.

5. The ballast according to claim 4, wherein the second switching element is a transistor having an
emitter terminal coupled to the first resistor.

.
.

6. The ballast according to claim 5, wherein load current greater than the first predetermined level biases

the transistor to the first conduction state.

-11-
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7. The ballast according to claim 6, further including a second resistor coupled to the emitter terminal
such that the first and second resistors provide a series circuit path for the load current to flow to a

negative rail of the ballast.

8. The ballast according to claim 1, wherein the load further includes a resonant capacitor for coupling

in parallel with the lamp.

9. The ballast according to claim 8, wherein the resonant capacitor has a temperature dependent

impedance characteristic.

10. The ballast according to claim 9, wherein prior to ignition of the lamp, the impedance of the resonant
capacitor decreases which increases a characteristic frequency of the ballast for increasing a voltage applied

to the lamp until an arc is initiated.

11. The ballast according to claim 1, wherein the limiting circuit limits an average voltage applied to the

load to a second predetermined level.

12. The ballast according to claim 11, wherein the limiting circuit further includes a first diode coupled
to the first resistor and a first capacitor coupled to the first diode such that the load current is rectified to

generate a voltage on the first capacitor.

13. The ballast according to claim 12, wherein the second switching element transitions to the first

conduction state when the voltage on the first capacitor corresponds to the second predetermined level.

14. The ballast according to claim 13, wherein the limiting circuit further includes a zener diode having

a voltage threshold which corresponds to the second predetermined level.

15. The ballast circuit according to claim 14, wherein the second switching element is a transistor having

a base terminal coupled to the zener diode.

-12-

AMENDED SHEET




10

15

20

25

SUBSTITUTE SHEET

16. The ballast according to claim 1, wherein the limiting circuit limits a voltage applied to the lamp to

a third predetermined level on 2 cycle basis.

17. The ballast according to claim 16, further including a resonant inductive element coupled to the first
switching element and an inductive bias element inductively coupled to the resonant inductive element, the
bias element biasing the second switching element to the first conduction state when the lamp voltage is

greater than the third predetermined level.

18. The ballast according to claim 17, wherein the limiting circuit further includes a diac coupled

between the bias element and the second switching element.

19. A ballast circuit for energizing 2 HID lamp, comprising:
an inverter circuit including

a resonant circuit having a resonant inductive element and a resonant capacitive element
which is for coupling in parallel with the lamp, the lamp and the resonant capacitor providing a load,
wherein the resonant capacitive element has a temperature dependent impedance;

first and second switching elements coupled to the resonant inductive element;

a first control circuit coupled to the first switching element for controlling a conduction
state of the first switching element; and

a second control circuit coupled to the second switching element for controlling a
conduction state of the second switching element, the second control circuit including a limiting circuit for
limiting energy supplied to the load, the limiting circuit including

a third switching element having a first conduction state which biases the second switching
element to a non-conductive state and a second conduction state which allows the second switching element

to transition to a conductive state.
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20. The ballast circuit according to claim 19, wherein the impedance of the resonant capacitive element

decreases prior to ignition of the lamp 5o as t0 increase a voltage applied to the lamp until it ignites.

21. The ballast circuit according to claim 20, wherein the limiting circuit limits a voltage applied to the

lamp on a cycle basis to a first predetermined voltage level.

29. The ballast circuit according to claim 20, wherein the limiting circuit limits an amplitude of the load

current on a cycle basis to a first pre-determined current level.

23. The ballast circuit according to claim 22, wherein the ballast circuit limits arc instability due to

acoustic resonance so as to allow continued lamp operation.

24. The ballast circuit according to claim 20, wherein the third switching element transitions to the first

conduction state when the lamp voltage becomes greater than the first predetermined voltage level.

25. The ballast circuit according to claim 19, wherein the limiting circuit limits a post-ignition voltage

applied to the lamp.

26. The ballast circuit according to claim 19, wherein the limiting circuit limits an average voltage

applied to the load to a first predetermined average voltage level.

27. The ballast circuit according to claim 19, wherein the load current primarily flows through the

resonant capacitor prior to ignition of the lamp and primarily through the lamp after ignition.

28. The ballast circuit according to claim 21, wherein the limiting circuit further includes an inductive

bias element inductively coupled to the resonant inductive element and coupled to the third switching

element. .
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20, The ballast circuit according to claim 22, wherein the limiting circuit further includes a first resistor

coupled to the third switching element through which the load current flows.

30. The ballast circuit according to claim 29, wherein the third switching element is a transistor having
an emitter terminal coupled to a point between the first resistor and a second resistor, the first and second

resistors providing a series circuit path for the load current.

31. The ballast circuit according to claim 19, wherein the ballast repeats a start up sequence when the

lamp fails to ignite.

32. A method for allowing operation of a HID lamp at or near acoustic resonance, comprising:
energizing a ballast circuit which includes a first switching element for energizing the lamp having
a conduction state controlied by a first control circuit; and

limiting arc instability by limiting an amplitude of current to the lamp on a cycle basis.
33. The method according to claim 32, further including limiting an average voltage to the lamp.

34. The method according to claim 32, further including limiting a voltage to the lamp on a cycle basis.
35. A ballast circuit for energizing a HID lamp, comprising: '

" an inverter circuit having first and second switching elements for applying an AC voltage to said
lamp at a fixed cycle frequency,

a third switching element coupled to said first switching element, said third switching element
having a first conduction state which causes the first switching element to transition to a non-conductive
state and a second conduction state which allows the first switching element to transition to a conductive
state; and

a limiting circuit coupled to the third switching element for detectimg current through the load
within a cycle of said inverter and for limiting an amplitude of the load current to a first pre-determined
level in response to said detected current by biasing the third switching element to the first conduction state

when the amplitude of the load current is greater than the first pre-determined level.
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