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(57) Abrége/Abstract:

A ballast Includes a hot restart circuit for hot restart of a HID lamp. In one embodiment, the hot restart circuit includes inductively
coupled first and second inductive elements coupled end to end. A fist capacitor has a first terminal coupled to a point between
the first and second Iinductive elements and a second terminal coupled to a switching element. When the switching element
transitions to a conductive state, a voltage pulse Is generated on the second inductive element and the corresponding pulse on
the first inductive element Is sufficient to achieve hot restart of the lamp. In one embodiment, the first capacitor and the second
Inductive provide a parallel resonant LC circuit. The resultant signal on the second inductive element increases a voltage on the
first Inductive element for hot restart of the lamp.
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(§7) Abstract

A ballast includes a hot restart circuit for hot restart of a HID lamp. In one embodiment, the hot restart circuit includes inductively
coupled first and second inductive elements coupled end to end. A fist capacitor has a first terminal coupled to a point between the first and
second inductive elements and a second terminal coupled to a switching element. When the switching element transitions to a conductive
| state, a voltage pulse is generated on the second inductive element and the corresponding pulse on the first inductive element is sufficient
to achieve hot restart of the lamp. In one embodiment, the first capacitor and the second inductive provide a parallel resonant LC circuit.
The resultant signal on the second inductive element increases a voltage on the first inductive element for hot restart of the lamp.
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Substitute Sheet
HID BALLAST WITH HOT

RESTART CIRCUIT

FIELD OF THE INVENTION

5 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 an electronic

10 ballast which provides an alternating current (AC) signal to the lamps. To imtially
ignite the lamps, i.e. cold start, the ballast must apply a relatively high voltage, 2
kilovolts for example, which initiates an electric arc between the lamp termunals. 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. To re-ignite a lamp

15 immediately after the arc is extinguished, a hot start voltage, e.g., 10-25kV, 1s

required which is significantly higher than for cold start of the lamp.

The challenges of achieving hot restart of HID lamps are well known to one of
ordinary skill in the art. In general, when the electric arc between the lamp terminals 1s
20 extinguished the gas within the lamp de-ionizes such that a relatively high restart
voltage is required to breakdown the electrical field of the hot gas and re-initiate a light
generating arc. Some ballasts utilize a spark gap device to provide voltage levels
sufficient to enable hot restart of the lamp. Other ballasts include complex and
expensive circuitry to generate the relatively high voltage and current levels needed for
25 hot restart of the lamp. However, such ballasts are often unreliable and may degrade

the lamp operating characteristics.

CA 02361061 2001-07-27 AR RY A ~UmTT

Printed: 15-12-2000 DAMESEEEE - ' 1



U.S. Patent No. 4,916,364 describes a starting aid for a gaseous discharge
> lamp. The starting aid includes an auto-transformer, a charging capacitor, a
semiconductor switching device and a resistor-capacitor network. The switching device
5 becomes conductive when the voltage across the capacitor reaches a threshold level,
causing the energy stored in the capacitor to be discharged into the secondary winding

of the auto-transformer. This in turn induces a voltage across the lamp to initiate its

ignition.
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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. A resonant circuit including a resonant inductive element
and a resonant capacitor is coupled to the switching elements and the lamp for providing
an AC signal to the HID lamp.

The hot restart circuit 1s coupled to the lamp and to the resonant capacitor. In an
exemplary embodiment, the hot restart circuit includes inductively coupled first and second
inductive elements. A first capacitor is coupled to the second inductive element and a
switching element is coupled to the first capacitor. In one particular embodiment, a circuit
loop includes the first capacitor, the switching element and the second inductive element.
When the switching element transitions to a conductive state, a voltage pulse 1s generated
at the second inductive element. The corresponding signal on the inductively coupled first
inductive element is effective to provide hot restart of the lamp.

In one embodiment, the transition of the switching element to a conductive state
results in the first capacitor and the second inductive element forming a parallel resonant
LC circuit. The resonant signal increases the voltage generated at the second inductive
element which concomitantly generates an increased voltage signal on the first inductive
element. The resonant nature of the circuit thereby increases signal levels applied to the

lamp for enhancing the hot restart capability of the ballast

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 104a,b coupled to an
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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 generating an electric arc across the lamp terminals thereby causing the lamp to
emit visible light. As described below, the ballast 100 provides signal levels which are
capable of hot restarting a HID lamp after the arc has been extinguished.

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 1s a full bridge rectifier formed from first, second, third, and fourth rectifying diodes
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 a 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.



10

15

20

25

30

CA 02361061 2001-07-27

WO 00/45622 PCT/US00/02027

4-

A resonant 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 first terminal T1 of the lamp 102 is
also coupled. A second terminal 142 of the resonant capacitor CR is coupled to a first
terminal 144 of a hot restart circuit 146. A second terminal 144b of the hot restart circuit
146 is connected to a point between first and second bridge capacitors CP1,CP2 which are
coupled end to end between the positive and negative rails 114,116 of the inverter.

FIG. 3 shows an exemplary circuit embodiment of the hot restart circuit 146, as
well as the first and second control circuits 124,132. The first control circuit 124 includes
a capacitor CQ1B coupled across the base and emitter terminals 122,126 of the first
switching element Q1 and a resistor RQ1B coupled in series to an inductive element LQ1B
across the capacitor CQ1B. The inductive element LQ1B is inductively coupled to the
resonant inductive element LR with a polarity indicated with conventional dot notation.
The second control circuit 132 includes corresponding circuit elements CQ2B,
RQ2B,LQ2B. As known to one of ordinary skill in the art, the inductive elements
LQ1B,LQ2B are effective to alternately bias a respective switching element to conductive
and non-conductive states to achieve resonant operation of the inverter and thereby provide
an AC signal to the lamp 102. In general, the first switching element Q1 is conductive as
current flows from the resonant inductive element LR to the lamp 102 and the second
switching element Q2 is conductive as current flows in the opposite direction from the
lamp 102 to the resonant inductive element LR.

The hot restart circuit 146 includes first and second hot restart inductive elements
LHR1,LHR2, which are inductively coupled to each other. The respective polarities of
the inductive elements LHR1,LHR2 correspond to conventional dot notation as shown.
The first and second hot restart inductive elements LHR1,LLHR2 are coupled end to end
between the resonant capacitor CR and the second terminal T2 of the lamp 102. A hot
restart capacitor CHR has a first terminal 148 coupled to a point between the first and
second hot restart inductors LHR1,LHR2 and a second terminal 150 coupled to a first
terminal 152 of a threshold switching element SW1, shown here as a silicon-controlled
rectifier (SCR). It is understood, however, that other types of switching elements known
to one of ordinary skill in the art can be used. The threshold switching element SW1 has

a second terminal 154 coupled to a diac DD1 and a third terminal 156 coupled to the
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unmarked end of the second hot restart inductive element LHR2. A current limiting

resistor R1 is coupled across the second and third terminals 154,156 of the threshold

switching element SW1.

The hot restart circuit 146 further includes an inductive bias element LB which is
inductively coupled to the resonant inductiire element LR (and/or LQ2B) with a polarity
as shown with conventional dot notation. A first terminal 158 of the bias element LB is
coupled to the first terminal 152 of the threshold switching element SW1 via a second
resistor R2 and a first diode D1, and a second terminal 160 is coupled to the third terminal
156 of the switching element SW1. A second diode D2, a third resistor R3, and a fourth
resistor R4 complete a circuit loop which includes the second resistor R2 and the bias
element LB. A diac capacitor CDD1 is coupled in parallel with the fourth resistor R4
between the diac DD1 and the second terminal 160 of the bias element LB.

The hot restart circuit 146 provides a voltage to the lamp 102 that is sufficient to
re-1gnite the lamp after the arc has been extinguished, i.e., hot restart. As the signal levels
in the inverter increase due to the resonant nature of the circuit, the signal at the bias

element LB, which is inductively coupled to the resonant inductive element LR, increases.

The second diode D2 rectifies the bias element LB signal so as to charge the diac capacitor

- CDD1. The signal present on the bias element LB is also rectified by the first diode so as

to generate a voltage on the hot restart capacitor CHR.

When the voltage present on the diac capacitor CDD1 is sufficient to cause the diac
DD1 to become conductive, the threshold switching element SW1 transitions to a
conductive state. As the threshold switching element SW1 becomes conductive, a voltage
pulse derived from energy stored in the circuit elements, e.g., CHR,LHR2, is generated
on the second hot restart inductor LHR2 which induces a corresponding pulse on the first
hot restart inductive element LHR1. The resultant signal on the first hot restart inductive
element LHR1 is applied to the lamp 102 for hot restart of the lamp.

In an exemplary embodiment, the circuit can include a resonant feature to enhance
the properties of the signal or pulse applied to the lamp. While the threshold switching
element SW1 is conductive, the hot restart capacitor CHR and the second hot restart
inductive element are arranged in parallel inductive-capacitive (LC) resonant circuit. As
known to one or ordinary skill in the art, a parallel resonant L.C circuit appears to the

circuit as an open circuit at a characteristic resonant frequency, i.e., a notch filter. It is
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understood that the resonant frequency of the parallel LC circuit can vary. In an
exemplary embodiment, the characteristic resonant frequency is about 100 kiloHertz. And
while current at or near the resonant frequency does not flow through the parallel LC
circuit, significant amounts of current flow between the hot restart capacitor CHR and the
second hot restart inductive element LHR2 due to the phase difference between the current
flowing through the inductive and capacitive elements.
- The tlow of current through the second hot restart inductive element LHR2 induces
a corresponding voltage in the first hot restart inductive element LHR1. In an exemplary
embodiment, the turns ratio of the first hot restart inductive element LHR1 to the second
hot restart inductive element LHR?2 1s about 30. It is understood by one of ordinary skill
1n the art that the turns ratio can vary widely to achieve a desired voltage level at the
inductors. Thus, for a turn ratio of about thirty, a voltage of about 500 volts on the
second hot restart inductive element LHR2 generates a voltage of about 15, 000 volts on
the first hot restart inductive element LHR1. This voltage is applied to the lamp 102 for
achieving hot restart of the HID lamp, 1.e., re-igniting an arc between the lamp terminals
T1,T2.
It will be appreciated that values for the circuit components can vary. One of
ordinary skill in the art can readily modify exemplary component values. Accordingly,

the exemplary component values provided in the table below demonstrate but one particular

circuit embodiment.
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0.0047 uF
0.001 uF

0.1 uF

10kQ

100 Q

100 Q

Component

@
v

CHR '
CDD1

&

llHHHHIIIII
2

LHRI1
LH

100 T
3000 T
DD1 10V threshold

S

One of ordinary skill in the art will appreciate further features and advantages of
the mvention 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.
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1. In a ballast circuit for energizing a HID lamp, the improvement comprising:
an inverter circuit having two switching elements for providing an AC drive signal to

the lamp;
a resonant inductive element coupled between said switching elements and the lamp;

a hot restart circuit coupled to the lamp when the lamp is connected in circuit for
applying a voltage to the lamp that is sufficient to achieve hot restart of the lamp, the hot

restart circuit including:
a first inductor coupled to the lamp;
a second inductor inductively coupled to the first inductor;

a first capacitor coupled to the second inductor; and
a first switching element coupled to the first capacitor, said switching element

being controlled by a control circuit inductively coupled to said resonant inductive element
such that said control circuit provides a drive signal for causing a transition of the first
switching element to a first state to generate a voltage pulse on the second inductor which
induces a corresponding voltage pulse on the first inductor for hot restart of the lamp.

2. The ballast circuit according to claim 1, wherein a resonance between the first capacitor
and the second inductor increases the voltage applied to the first lamp.

3. Theballast circuit according to claim 2, wherein the resonance is a parallel LC resonance
between the first capacitor and the second inductor.

4. The ballast circuit according to claim 1, wherein the first switching element has first,
second and third terminals, the first terminal being coupled to the first capacitor and the third

terminal being coupled to the second inductor.
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5. The ballast circuit according to claim 1, wherein a first circuit loop includes the second
inductor, the first capacitor and the first switching element.

6. The ballast circuit according to claim 5, wherein said first switching element includes
first, second and third terminals and further including a diac coupled to the second terminal of

the first switching element.

7. The ballast circuit according to claim 6, further including a diac capacitor coupled to the
diac which biases the diac to a conductive state when a voltage on the diac capacitor is greater

than a predetermined level.

8. The ballast circuit according to claim 7, further including an inductive bias element and a
diac diode coupled to the diac capacitor for rectifying a signal on the bias element and charging

the diac capacitor.

9. The ballast circuit according to claim 8, wherein the bias element is inductively coupled
to the resonant inductive element which forms a portion of a resonant circuit for providing an

AC signal to the lamp.

10. The ballast circuit according to claim 1, further including a first diode and an inductive
bias element coupled to the first capacitor for rectifying a signal on the bias element and

charging the first capacitor.

11. The ballast circuit according to claim 10, wherein the bias element 1s inductively
coupled to the resonant inductive element which forms a portion of the resonant circuit for

providing an AC signal to the lamp.

12. The ballast circuit according to claim 1, wherein the first and second inductive elements
are coupled end to end.

13. The ballast circuit according to claim 12, further including a resonant capacitor which
forms a portion of a resonant circuit for providing an AC signal to the lamp, wherein the
resonant capacitor is coupled to the first inductive element.

14. The ballast circuit according to claim 13, wherein a first circuit loop includes the
resonant capacitor, the first and second inductive elements and the lamp.

9
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15. The ballast circuit of claim 1, further comprising:
a rectifier circuit coupled to said inverter circuit, said rectifier circuit receiving an
AC input signal and providing a DC output signal to said inverter circuit.

16. Deleted

17. Deleted

18. The ballast circuit according to claim 8, wherein a second circuit loop includes the bias
element, the diac diode and the diac capacitor.

19. The ballast circuit according to claim 9, wherein a signal through the resonant inductive
element induces a corresponding signal in the bias element which 1s rectified by the diac diode
so as to charge the diac capacitor such that the diac transitions to a conductive state when a
voltage on the diac capacitor increases above a first predetermined threshold.

20. The ballast circuit according to claim 18, wherein the hot restart circuit further includes
a hot restart diode coupled to the hot restart capacitor such that a third circuit loop includes the
bias element, the hot restart diode and the switching element.

22. The ballast circuit according to claim 20, wherein a transition of the [threshold]
switching element to a conductive state generates a parallel LC resonance between the hot

restart capacitor and the second hot restart inductive element, which induces a corresponding
voltage in the first hot restart inductive element for hot restart of the lamp.

23. In a ballast circuit for energizing a HID lamp, the improvement comprising:

a hot restart circuit coupled to the lamp when the lamp i1s connected in circuit for
applying a voltage to the lamp that 1s sufficient to achieve hot restart of the lamp, the hot

restart circuit including:

first and second mductively coupled inductors;
a first capacitor coupled to the second inductor; and
a switching element coupled to the first capacitor such that a first circuit loop includes

the switching element, the first capacitor and the second inductor, a transition of the switching

10
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element to a first state generating a voltage pulse on the second inductor which induces a
corresponding signal pulse on the first inductor for hot restart of the lamp;

a diac coupled to the second terminal of the first switching element,

a diac capacttor coupled to the diac which biases the diac to a conductive state when a
voltage on the diac capacitor is greater than a predetermined level, and

an inductive bias element and a diac diode coupled to the diac capacitor for rectifying
a signal on the bias element and charging the diac capacitor.

11
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