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A discharge lamp lighting device Iincludes: a direct current power supply circuit 1 that outputs direct current power; an inverter
circuit 2 that converts the direct current power, which Is outputted by the direct current power supply circuit 1, into alternating
current power, and supplies the alternating current power to a discharge lamp DL; a control circuit 3 that controls a frequency of an
output of the Inverter circuit 2 (operation frequency); and a starting detection circuit 4 that detects beginning (starting) of a
discharge In the discharge lamp DL. The control circuit 3 operates in a starting improvement mode, in which the operation
frequency Is lowered than an operation frequency In a lighting mode, during a predetermined time from when the starting of the
discharge lamp DL Is detected by the starting detection circuit 4 during a no-load mode. Thereafter, the control circuit 3 shifts to the

ighting mode In which lighting of the discharge lamp
shifted to stable lighting.
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ABSTRACT

A discharge lamp lighting device includes: a direct
current power supply circuit 1 that outputs direct current
power; an i1nverter circuit 2 that converts the direct current

power, which 1is outputted by the direct current power supply

circuit 1, into alternating current power, and supplies the

alternating current power to a discharge lamp DL; a control

circuit 3 that controls a frequency of an output of the inverter
circuit 2 (operation frequency); and a starting detection
circuit 4 that detects beginning (starting) of a discharge in
the discharge lamp DL. The control circuit 3 operates 1n a
starting improvement mode, in which the operation fregquency is
lowered than an operation frequency in a lighting mode, during
a predetermined time from when the starting of the discharge

lamp DL is detected by the starting detection circuit 4 during

a no-load mode. Thereafter, the control circuit 3 shifts to

the lighting mode 1n which lighting of the discharge lamp DL

1s maintained. In such a way, the discharge lamp DL can be

smoothly shifted to stable lighting.
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DESCRIPTION

DISCHARGE LAMP LIGHTING DEVICE, LIGHTING FIXTURE, AND LIGHTING

SYSTEM

Technical Field

[0001] The present invention relates to a discharge lamp

lighting device, a lighting fixture using the discharge lamp
lighting device, and a lighting system using the lighting
fixture.

Background Art

[0002] Heretofore, a discharge lamp lighting device has
been proposed, which includes an inverter circuit that converts
direct current power 1into alternating current power and
supplies the alternating current power to a discharge lamp (for

example, refer to Patent Literature 1).

[0003] As this type of discharge lamp light:fl__ng device, for
example, there i1is one shown 1n FIG. 15. This discharge lamp
lighting device includes: a direct current power supply circuit
1 that converts a voltage of a direct current power supply E;

an inverter circuit 2 that converts direct current power, which

1s outputted by the direct current power supply circuit 1, 1into

alternating current power and supplies the alternating current

power to a discharge lamp DL; and a control circuit 3 that

C

controls a frequency of such an output of the inverter circuit




CA 02681990 2009-09-23

!

2. Thedischarge lamp DL is a so-called high pressure discharge
lamp, and has an advantage that light distribution control
thereof is easy since a relatively high luminous flux can be

obtalned with respect to a size thereof and the discharge lamp

DL concerned can be therefore handled like a point source, but

requires a high voltage pulse of several kilovolts for starting

thereof.

[0004] The direct current power supply circuit 1 includes
the direct current power supply circuit 1 composed of a
well-known back converter including: a series circuit including
a switching device Q2, an inductor L2, a capacitor C2 and a

P

resistor R, which is connected between both terminals of the

direct current power supply E; a diode D2 connected to a node
between the resistor R and the direct current power supply E
and a node between the switching device Q2 and the inductor L2:
and a power supply control unit la that is made, for example,
of a microcomputer and drives the switching device Q2. The
direct current power supply circuit 1 includes voltage dividing
resistors Ra and Rb connected between both terminals of the
capacitor C2, and the power supply control unit la controls a
frequency and a duty ratio for turning on/off the switching

device Q2 based on a both-terminal voltage of the capacitor C2,

which 1s divided by the voltage dividing resistors Ra and Rb.
[0005] Moreover, the inverter circuit 2 is an inverter

circuit of a so-called full bridge type, which includes: two
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serles circuits, each of which is composed of two switching
devices among switching devices Q3 to Q6, and are connected in
parallel to each other between output terminals of the direct
current power supply circuit 1; and a series circuit including
a parallel circuit composed of the discharge lamp DL and a
capacitor Cr, and an inductor Lr, which are connected between
a node between the switching devices Q3 and Q4 and a node between

the switching devices Q5 and Q6.

[0006] The control circuit 3 drives the switching devices
Q3 to Qb, which are located diagonally to each other, to turn
on/off simultaneously, and drives the switching devices Q3 to
Q6, which are connected in series to each other, to turn on/off

alternately, thereby supplies the alternating current power to

the discharge lamp DL.

[0007] As shown in FIG. 16, after the power supply is turned

on, the conventional control circuit 3 operates, for a

predetermined time, in a no-load mode of alternately repeating
two periods in which, during one period, an on/off frequency
of the switching devices Q3 to Q6 (hereinafter, referred to as
an “‘operation frequency”) 1s set as high as approximately a

resonance frequency of the i1nductor Lr and the capacitor Cr,
and during the other period, the operation frequency is dropped
more than the resonance frequency. Then, after the no-load mode
is ended, the control circuit 3 proceeds to a lighting mode of

dropping the operation frequency more than the resonance
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frequency. Specifically, during the period of raising the

operation frequency, a discharge is started in the discharge

lamp DL, and during the period of dropping the operation

frequency, such a glow discharge started in the discharge lamp

DL 1s shifted to an arc discharge, and the arc discharge is
maintained in the lighting mode.

[Patent Literature 1]

Japanese Patent Laid-Open Publication No. 2004-265707
Summary of Invention
Technical Problem
[0008] However, when the discharge occurs in the discharge
lamp DL as 1n a period Tl of FIG. 16, a both-terminal voltage
of the discharge lamp DL (lamp voltage) drops, the resonating
inductor Lr becomes a current restricting factor during a period

—

T2 of raising the operation frequency for the next time, whereby

a current flowing through the discharge lamp DL (lamp current)

has run short to cause fading as 1n a period T3. As a result,

the discharge lamp DL has flickered at a starting time thereof,

and 1t has taken longer for the discharge lamp DL to reach stable

lighting.
[0009] The present invention has been made 1in

consideration of the above-described circumstances. Tt is an

object of the present invention to provide a discharge lamp
lighting device capable of smoothly shifting a discharge lamp

to the stable lighting, a lighting fixture using the discharge
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lamp lighting device, and a lighting system using the lighting

fixture.

Solution to Problem

[0010] An invention of claim 1 1ncludes: a direct current
power supply circuit that outputs direct current power; an
inverter circulit that includes a resonance cilrcuit having at
least one capacitor and at least one inductor, and converts a
direct current voltage, which is outputted by the direct current

power supply circulit, into an alternating current voltage; a

starting detection circuilt that detects starting of a discharge

in a discharge lamp; and a control circuit that controls the
inverter circuit. At a time of starting the discharge lamp,
the control circuit first operates 1in a no-load mode in which
a voltage for starting a glow discharge 1is applied to the
discharge lamp by setting a frequency of an output of the
inverter circult at approximately a resonance frequency of the

resonance circuit included by the inverter circuit. The

control circuit shifts to.a starting improvement mode, in which
the glow discharge in the discharge lamp is shifted to an arc
discharge, when the starting of the discharge in the discharge
lamp 1s detected by the starting detection circuit during the

no-load mode. And the control circuit shifts toa lighting mode

in which the arc discharge 1s maintained by lowering the

frequency of the output of the inverter circuit than the

resonance frequency of the resonance circuit after the starting
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improvement mode is continued for a predetermined time.

[0011] In accordance with this invention, the control
circuit shifts to the starting improvement mode when the
starting of the discharge in the discharge lamp is detected by

the starting detection circuit, whereby the discharge lamp can

be smoothly shifted to stable lighting.

[0012] An invention of claim 2 according to the invention
of claim 1 is characterized in that, in the starting improvement
mode, the control circuit sets the frequency of the output of
the 1nverter circuilt at approximately the resonance frequency
of the resonance circuit.

[0013] An invention of claim 3 according to the invention
of claim 1l is characterized in that, in the starting improvement
mode, the control circuit lowers the frequency of the output
of the inverter circuit than a frequency thereof in the lighting
mode.

[0014] An invention of claim 4 according to the invention
of claim 1 is characterized in that, in the starting improvement
mode, the control circuit controls the inverter circuit to apply

a direct current voltage to the discharge lamp.

[0015] An invention of claim 5 according to any invention
of claims 1 to 4 further includes a state detection circuit that
detects a fading state in which the arc discharge is not

generated 1in the discharge lamp, wherein the control circuit

returns to the no-load mode when the fading state is detected
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by the state detection circuit 1in either the starting

improvement mode or the lighting mode.
00106} In accordance with this invention, the discharge
lamp can be shifted to the lighting mode more stably.

F0017] An invention of claim 6 according to any invention

of claims 1 to 5 1s characterized i1in that the starting detection

circulit detects the starting of the discharge based on a change

of a voltage in the resonance circuilt.

[0018] An invention of claim 7 according to any 1nvention
of claims 1 to 5 is characterized in that the starting detection
circult detects the starting of the discharge based on a change
of a current 1n the resonance cilrcuit.

[0019] An invention of claim 8 according to any invention
of claims 1 to 5 1s characterized in that the starting detection
circult detects the starting of the discharge by detecting a
current flowing through the discharge lamp.

[0020] An invention of claim 9 includes: the discharge lamp
lighting device according to any one of claims 1 to 8; a socket

that 1s electrically connected to the discharge lamp lighting

device and has the discharge lamp attached thereto; and a

L

fixture body that houses the discharge lamp lighting device
therein.

[0021] An invention of claim 10 includes: the lighting
fixtures according to claim 9; and a control device that

controls the respective lighting fixtures.
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Advantageous Effect of Invention

[0022] In accordance with the invention of claim 1, at the
time of starting the discharge lamp, the control circuit that
controls the 1nverter circuit shifts to the starting

1improvement mode, in which the glow discharge in the discharge

lamp 1s shifted to the arc discharge, when the starting of the

discharge i1n the discharge lamp is detected by the starting
detection circuit, and then shifts to the lighting mode, in
which the arc discharge is maintained by lowering the frequency

of the output of the 1nverter circuit than the resonance

frequency of the resonance circuit, after the starting

improvement mode 1s continued for the predetermined time.
Accordingly, the discharge lamp can be smoothly shifted to the

stable lighting.

[0023] In accordance with the invention of claim 5, the

control cilrcult returns to the no-load mode when the fading
state 1s detected by the state detection circuit in either the
starting improvement mode or the lighting mode. Accordingly,

the discharge lamp can be shifted to the lighting mode more

stably.

Brief Description of Drawings

10024 ]

FIG. 1 1s a circult diagram showing Embodiment 1 of the

present invention.

FIG. 2 1s an operation instruction chart of Embodiment
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1, showing on/off states of the respective switching devices,
a waveform of a lamp voltage, a waveform of a lamp current and

a waveform of a resonance current while an axis of abscissas

is being taken as a time.

FIG. 3 is an operation instruction chart of Embodiment

FIG. 4 is a circuit diagram showing another form of

Embodiment 1.

FIG. 5 is a circuit diagram showing Embodiment 2 of the
present invention.
FIG. 6 is an instruction chart showing a relationshilp

between on/off states of switching devices and a lamp voltage

1n Embodiment 2.

FIG. 7 is an operation instruction chart of Embodiment

2, showing the on/off states of the respective switching devices,

a waveform of the lamp voltage, a waveform of a lamp current

F

and a waveform of a resonance current while an axis of abscissas

is being taken as a time.

FIG. 8 1is a circuit diagram showing another form of

Embodiment 2.
FIG. 9 is a circulit diagram showing Embodiment 3 of the

present invention.

FIG. 10 is an operation instruction chart of Embodiment

3, showing on/off states of the respective switching devices,

a waveform of a lamp voltage, a waveform of a lamp current and




CA 02681990 2009-09-23

}

a waveform of a starting voltage while an axis of abscissas 1s

being taken as a time.

FIG. 11 1s a circuit diagram showling another form of
Embodiment 3.

FIG. 12 1s an operation instruction chart of another form
of Embodiment 1, showing on/off states of the respective
switching devices, a waveform of a lamp voltage, a waveform of
a lamp current and a waveform of a resonance current while an

axls of absclssas 1s being taken as a time.

FIGS. 13(a) and (b) are operation instruction charts of

sti1ll another form of Embodiment 1, each showing a waveform of

a lamp voltage and a waveform of a lamp current while an axis

of abscissas 1s being taken as a time: FIG. 13 (a) shows a case

where an operation returns from a starting improvement mode to

a no—load mode; and FIG. 13 (b) shows a case where the operation
shifts from the starting improvement mode to a lighting mode.

FIGS. 1l4(a) to 14 (c) are perspective views of examples
of lighting fixtures for which discharge lamp lighting devices
of Embodiments 1 to 3 are individually used, showing examples

different from one another.
FIG. 15 1s a circult dlagram showing an example of a

discharge lamp lighting device.
FIG. 16 1s an operation instruction chart of a
conventional example, showing on/off states of the respective

switching devices and a waveform of a lamp voltage while an axis

10
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of abscissas i1s being taken as a time.

Reference Signs Last
[0025]

1 Direct current power supply cilrcuit

2 Inverter circuit

3 Control circulit

4 Starting detection circuilt
DL. Discharge lamp
Description of Embodiments

[0026] A description will be made below of embodiments of

the present invention while referring to the drawings.
[0027] (Embodiment 1)

As shown in FIG. 1, this embodiment includes: a direct
current power supply circuit 1 that creates direct current power
by using an alternating current power supply AC; and an inverter
circuit 2 that converts a direct current voltage, which 1is
outputted by the direct current power supply circuit, into an
alternating current voltage and supplies the alternating
current voltage to a discharge lamp DL. The discharge lamp DL
is composed of a so-called high pressure discharge lamp.
[0028] The direct current power supply circult 1 includes:

a diode bridge DB that performs full-wave rectification for

alternating current power inputted from the alternating current

power supply AC; a step-up unit 11 that smoothes and raises an

output voltage of the diode bridge DB; and a step-down unit 12

11
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that drops the output voltage of the step-up unit 11. The
step—up unit 11 is composed of: a series circuit of an inductor

L1, a diode D1 and a capacitor Cl, which are connected between

direct current output terminals of the diode bridge DB; a

switching device Q1, in which one terminal is connected to a
node between the i1nductor L1 and the diode D1, and the other
terminal 1s connected to the low voltage-side output terminal
of the diode bridge DB; and a step—up control unit 1la that drives
the switching device Q1 to turn on/off. The step-up unit 11
1s a well-known boost converter that outputs a both-terminal
voltage of the capacitor Cl as an output voltage thereof. The
step-up control unit 1lla controls a duty ratio for turning
on/off the switching device Ql1, for example, so as to constantly
maintain the both-terminal voltage of the capacitor Cl, and can
be composed, for example, of a microcomputer such as MC33262.
The step-down unit 12 is a well-known back converter, which
includes: a series circuit of a switching device Q2, an inductor

LZ and a capacitor C2, which are connected between output

terminals of the step-up unit 11; and a diode D2 connected to
a node between the switching device Q2 and the inductor L2, and

outputs a both-terminal voltage of the capacitor C2 as an output

voltage Vd thereof.
[0029] The 1nverter circuit 2 is an inverter circuit of
a so-called full bridge type, in which two series circuits, each

g

of which has two switching devices among switching devices Q3

12
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to Q6, are connected between output terminals of the direct
current power supply circuit 1 in parallel to each other, a
series circuit of a primary winding N1 and secondary winding

N2 of a pulse transformer Pt is connected between a node between

th

> switching devices Q3 and Q4 of one of the series circuilts

and a node between the switching devices Q5 and Q6 of the other

series circuit in series to the discharge lamp DL, and a series

circuit of a capacitor C4 and a resistor R1 is connected between

a node between the primary winding N1 and secondary winding NZ

of the pulse transformer PT and a low voltage-side output

terminal of the direct current power supply circuit 1.

'0030] Moreover, this embodiment 1ncludes a control

F
p—

circuit 3 that individually drives the switchiling device Q2 of

the step-down unit 12 of the direct current power supply circuilt

1 and the respective switching devices Q3 to Q6 of the 1nverter

clircuit 2. Th

r_ .

= control circuit 3 detects the output voltage
Vd of the direct current power supply circuit 1, and controls
a frequency and a duty ratio for turning on/off the switching
device Q2 of the direct current power supply circuit 1 so as
to maintain the output voltage Vd of the direct current power
supply circuit 1 at a predetermined voltage. Moreover, the

control circuit 3 alternately switches a state where the

switching devices Q3 and Q6 as one of pairs located diagonally

to each other are individually turned on and the switching

devices Q4 and Q5 as the other pair are individually turned off

13
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and a state where the switching devices Q3 and Q6 as one of the
palrs are individually turned off and the switching devices Q4
and Q5 are 1individually turned on. A frequency for this
switching 1s hereinafter referred to as an “operation
frequency”. In this embodiment, a frequency of the voltage
applied to the discharge lamp DL 1s equal to the operation
frequency. The control circuit 3 can be composed of a
microcomputer, for example, such as ST72215 made by
STMicroelectronics.

[0031] Furthermore, this embodiment includes a starting

detection circuit 4 that detects starting of a discharge in the

discharge lamp DL, that 1is, starting of the discharge lamp DL
based on a current Ir flowing through the resistor R1 of the
inverter circuilt 2 (hereinafter, referred to as a “resonance
current”).

[0032] A description will be made of operations of the
control circuit 3 bymainly using FIG. 2. When the power supply
1s turned on, the control circuit 3 first operates in a no-load
mode. In the no-load mode, as shown by an arrow Al i:h. FIG. 3,

the control circuilt 3 changes the operation frequency from a

frequency higher than a resonance frequency fr of a series
circult of the primary winding N1 and the capacitor Cl, which

1s connected to the node between the switching devices Q3 and

Q4 in the pulse transformer PT (hereinafter, simply referred

to as a “resonance frequency”), toward a frequency lower than

14
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the resonance frequency concerned while taking a predetermined
time Tx. At this time, a voltage obtailned by raising a voltage
generated between both terminals of the primary winding N1 of
the pulse transformer PT is generated on the secondary winding

N2 of the pulse transformer PT, whereby a high voltage 1s applied

to the discharge lamp DL, and the discharge lamp DL is started
by this high voltage.

[0033] The starting detection circuit 4 detects the
starting of the discharge lamp DL (that 1s, a dielectric
breakdown in the discharge lamp DL) based on the fact that a
waveform of the resonance current Ir has become a pulse waveform.

When the starting of the discharge lamp DL 1s detected by the

starting discharge circuit 4, the control circuit 3 operates
in a starting improvement mode for a predetermined time. In
the starting improvement mode, the control circuit 3 sets the

operation frequency at a frequency fa as low as several ten to

S

everal hundred hertz. Moreover, after the starting

improvement mode, the control circuit 3 individually raises the

duty ratio (oh—duty) and frequency for turning on/off the

switching device Q2 of the direct current power supply circuit

1 more than 1n the no-load mode.
(0034 ] When the above-described predetermined time
elapses and the starting improvement mode 1s ended, the control

circuit 3 proceeds to a lighting mode of maintaining lighting

of the discharge lamp DL. In the lighting mode, the control

15
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circult 3 sets the operation frequency fb at several hundred

hertz. Specifically, the operation frequency fa 1in the

starting improvement mode 1is lower than the operation frequency
fb in the lighting mode.

[0035] In accordance wlth the above—-descried
configuration, the control circuit 3 shifts to the starting
improvement mode when the starting of the discharge lamp DL 1is
detected in the no-load mode, whereby it becomes possible to
smoothly start up the discharge lamp‘ DL to stable lighting
without causing fading.

[0036] Note that, as shown in FIG. 4, a comparator CPl,
which compares a voltage at a node between the capacitor C4 and
the resistor Rl with a reference voltage Vrel, and a flip-flop
clrcult FF may be provided between the starting detection

circuit 4 and the node between the capacitor C4 and the resistor

Rl1. If this configuration is adopted, then a withstand voltage
required for circuit components composing the starting

detection circuit 4 can be lowered.

[0037] (Embodiment 2)
A basic configuration of this embodiment is common to that

of Embodiment 1, and accordingly, a description of common
portions will be omitted by assigning the same reference
numerals thereto, and a description of only different portions

wlll be made.

[0038] In this embodiment, as shown in FIG. 5, the

16
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step—-down unit 12 is not provided 1in the direct current power
supply circuit 1, and the output voltage of the step-up unit
11 becomes an output voltage of the direct current power supply
circuit 1.

[0039] Moreover, this embodiment includes: a capacitor C3
connected in parallel to a series circult of the pulse
transformer PT and the discharge lamp DL; and an inductor L3
connected between the discharge lamp DL and the node between
the switching devices Q5 and Q0.

[0040] In this embodiment, as shown in FIG. 6, a phase of

a both-terminal voltage (lamp voltage) Vla of the discharge lamp

DL changes by three cycles during one cycle (one on and one off)

P

of the operation of each of the switching devices Q3 to Q6.

Specifically, a frequency of the lamp voltage Vla becomes three
times the operation frequency. Accordingly, as shown in FIG.
7, in the no-load mode, a control circuit 3 in this embodiment

gradually lowers the operation frequency from a frequency

higher than one-third of the resonance frequency fr to a

frequency of one-third of the resonance frequency fr while

taking the predetermined time Tx. In such a way, an output

voltage of an inverter circuit 2, that is, the frequency of the

lamp voltage Vla becomes approximately the resonance frequency

fr.

(0041} Morecver, the starting detection circuit 4 detects

the starting of the discharge lamp DL based on a change of a

17
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waveform of a voltage Vr at a node between the pulse transformer

PT and the capacitor C4 (hereinafter, referred to as a

“resonance voltage”), specifically, when a voltage obtained,
for example, by performing the full-wave rectification for the
resonance voltage Vr and smoothling the same resonance voltage
Vr falls down below a predetermined threshold wvalue.

[0042] In the starting improvement mode to which the
control circuit 3 shifts when the starting of the discharge lamp
DL 1s detected by the starting detection circuit 4 during the
no-load mode, the control circuit 3 turns on the switching

device Q3 as one of the switching devices of the inverter circuit

2, turns on/off the switching device Q6 located diagonally to
the switching device Q3 at several ten to several hundred
kilohertz, and individually turn off the switching devices Q4
and Q5 as two residuals. In such a way, a direct current is
supplied to the discharge lamp DIL.

[0043] Moreover, in the lighting mode to which the control
circult 3 shifts after continuing the starting improvement mode
for a predetermined time, the control circuit 3 sets the
operation frequency at several ten to several hundred hertz,

and 1nstead of continuously turning on the respective switching

devices Q5 and Q6 of one of the series circuits in the inverter

circuit 2 as Embodiment 1, individually turns on/off the

respective switching devices Q5 and Q6 at several ten to several

hundred kilohertz for a period while the switching devices

18
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concerned are to be turned on.

(0044 ] In accordance wilith the above-described
configuration, the control circuit 3 shifts to the starting
improvement mode when the starting of the discharge lamp DL 1is
detected in the no-load mode, whereby it becomes possible to
smoothly start up the discharge lamp DL to the stable lighting
without causing the fading.

[0045] Note that a configuration as shown in FIG. 8 may
be adopted, in which a tertiary winding N3 of which center 1is

connected to the ground 1s provided in the pulse transformer

PT, anodes of diodes D3 and D4 are connected to both terminals

of the tertiary winding N3, cathodes of the diodes D3 and D4
are connected to each other, a voltage at a node therebetween
is smoothed by a capacitor C5 through a resistor RZ2 and 1is

inputted to a comparator CPZ to be then compared with a

predetermined reference voltage VreZ, and an output of the
comparator CP2 is inputted to the starting detection circuit

4. If this configuration is adopted, then a withstand voltage
required for circuit components composing the starting
detection circuit 4 can be lowered. Moreover, the current

corresponding to the resonance voltage Vr is used after being

subjected to the full-wave rectification and the smoothing, and

accordingly, reliability is enhanced in comparison with the

case of detecting the instantaneous peak value of the resonance

voltage Vr.

19
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[00406] (Embodiment 3)

A basic configuration of this embodiment 1s common to that

of the example of FIG. 8 i1n Embodiment 2, and accordingly, a

description of common portions will be omitted by assigning the

same reference numerals thereto.

(0047 ] In this embodiment, as shown 1in FIG. 9, the
capaclitor Cl 1s omitted 1in the direct current power supply unit

1. Moreover, in the inverter circuit 2, the series circuit of

the capacitor C4 and the resistor Rl is omitted, and the terminal

in the pulse transformer PT, to which the capacitor C4 is

e

connected, is del

cted, whereby the series circuit of the primary
winding N1 and the secondary winding N2, which is defined in
Embodiment 2, becomes the primary winding N1 as a whole, and
the tertiary winding N3 defined in Embodiment 2 becomes a
secondary winding N3. Furthermore, an iron core is added to
the inductor L3. In this embodiment, the capacitor C3 connected
to the series circuit of the pulse transformer PT and the
discharge lamp DL and the inductor L3 connected between the
discharge lamp DL and the node between the switching devices

Q5 and Q6 compose a resonance circuit. Moreover, the resistor

RZ connected to the comparator CPZ2 is omitted.
(0048 ] The starting detection circuit 4 detects the

starting of the discharge lamp DL based on the output of the

comparator CP2. Specifically, when a charge voltage Vs of the

capacitor C5 (hereinafter, referred to as a “starting voltage”)
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exceeds a predetermined reference voltage Vre3, the starting
detection circuit 4 detects the starting of the discharge lamp
DL.

[0049] The control circuit 3 sets the operation freguency
in the no-load mode at a frequency substantially equal to a
resonance frequency of a resonance circult composed of the
capacitor C3 and the inductor L3.

[0050] Moreover, as shown in FIG. 10, in the starting

improvement mode, the control circuit 3 sets the operation

frequency at a low frequency of several ten to several hundred
hertz, and turns on/off the respective switching devices Q5 and
Q6 of one of the series circuits 1n the inverter circuit 2 at

a high frequency of several ten to several hundred kilohertz

for the period while the switching devices concerned are to be

turned on.

(0051 ] Furthermore, in the lighting mode, as in Embodiment
2, the control circuit 3 sets the operation frequency at a low
frequency of several hundred hertz, and individually turns
on/off the respective switching devices Q5 and Q6 of one of the

series circults in the inverter circuit 2 at a high frequency

of several ten to several hundred kilohertz for the period while

the switching devices concerned are to be turned on.
[0052] In accordance with the above-described
configuration, the control circuit 3 shifts to the starting

improvement mode when the starting of the discharge lamp DL is
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detected 1in the no-load mode, whereby it becomes possible to
smoothly start up the discharge lamp DL to the stable lighting
without causing the fading.

[0053] Note that a configuration as shown in FIG. 11 may
pe adopted, in which the respective switching devices Q3 and
Q4 which are not turned on/off at the high frequency 1n the
starting improvement mode and the lighting mode among the
switching devices Q3 to Q6 of the inverter circuit 2 are replaced
by capacitors C6 and C7, respectively, and the inverter circuit
2 1s made into a half bridge type.

10054] Moreover, 1n each of Embodiments 1 to 3, as shown
1n FIG. 12, the control circuit 3 may perform operations, which
are similar to those of the no-load mode, in the starting
1improvement mode. FIG. 12 only illustrates the case where this
described procedure 1is applied to Embodiment 1, and

11llustrations thereof for Embodiments 2 and 3 are omitted.

Moreover, 1in the starting improvement mode, the operation
frequency may be set constant without being varied.

[0055] Furthermore, for example, in approximately one

cycle 1n the starting improvement mode of each of Embodiments

1 to 3 or immediately after the switching to the lighting mode

in the example of FIG. 12, the control circuit 3 periodically
compares the lamp voltage Vla and a predetermined lighting

threshold value Vth with each other. If the lamp voltage Vla

falls down below the lighting threshold value Vth as shown in
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FIG. 13 (b), then the control circuit 3 determines that an arc
discharge is generated in the discharge lamp DL, and continues

the operations i1n the mode concerned and the shifting to the

next mode. Meanwhile, 1f the lamp voltage Vla exceeds the

lighting threshold value Vth as shown in FIG. 13(a), then the
control circuit returns to the no-loadmode. Then, the shifting

to the lighting mode becomes more stable. Specifically, the

control circuit 3 serves as a state detection circuit in the

scope of claims. FIGS. 13(a) and 13(b) only show the case where

this described procedure is applied to Embodiment 1, and
1llustrations thereof for Embodiments 2 and 3 are omitted.
(00506] Moreover, 1n each of Embodiments 1 to 3, a direct

current power supply like a battery may be used instead of the

direct current power supply circuit 1.

10057] The discharge lamp lighting device of each of

cmbodiments 1 to 3 can be used for a variety of lighting fixtures

| —

such as, for example, a downlight shown in FIG. 14 (a) and

spotlights shown in FIGS. 14 (b) and 14 (c). Each of the 1lighting

fixtures in FIGS. 14(a) to 14 (c) includes: a fixture body 51

1in which a printed wiring board (not shown) is housed, the

printed wiring board having the respective circuit components

composing the discharge lamp lighting device mounted thereon;

and a lamp body 52 1n which a socket (not shown) is housed, the

socket having the discharge lamp DL attached thereto so as to

b

p_ .

e freely detachable therefrom. 1In each of examples of FIGS.
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14 (a) and 14(b), the discharge lamp lighting device in the

fixture body 51 and the socket housed in the lamp body 52 are

electrically connected to each other by an electric wire 53.
Moreover, the lighting fixtures in each of FIGS. 14 (a) to 14 (c)
can be used together with a control device (not shown) that
controls the respective light fixtures, whereby a lighting
system can also be constructed.

Industrial Applicability

[0058] The present invention can be applied to such a usage
purpose of smoothly shifting the discharge lamp to the stable

lighting.
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CLAIMS

1. A discharge lamp lighting device comprising:

a direct current power supply circuit that outputs direct
current power,

an 1inverter circuit that includes a resonance circuit
having at least one capacitor and at least one inductor, and
converts a direct current voltage, which 1s outputted by the
direct current power supply c¢ircuit, into an alternating
current voltage, the alternating current voltage applying to a
discharge lamp;

a starting detection circuit that detects starting of a
discharge in the discharge lamp; and

a control circuit that controls the inverter circuit,
wherein,

the control circuit includes:

a no-load mode in which a vecltage for starting
a glow discharge 1s applied to the discharge lamp by setting a
frequency of an output of the inverter <circult  at
approximately a resonance frequency of the resonance circuit
included by the inverter circuit;

a lighting mode in which the arc discharge 1s
maintained by lowering the frequency of the output of the
inverter circuit than the resonance frequency of the resonance
circult; and

a starting improvement mode in which the
frequency of the output of the inverter circuit 1is lower than

the frequency of the output of the inverter circuit at the
lighting mode and 1is as low as several tens to several
hundreds hertz, and

at a time of starting the discharge lamp,

the control circuit first operates in the no-load mode,

the control circuit shifts to the starting improvement
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mode, 1n which the glow discharge in the discharge lamp 1is
shifted to an arc discharge, when the starting of the
discharge in the discharge lamp is detected by the starting
detection circuit during the no-load mode, and

the control circuit shifts to the lighting mode after the
starting 1improvement mode 1s continued for a predetermined

time.

2. The discharge lamp lighting device according to claim 1,
wherein, in the starting improvement mode, the control circuit
sets the frequency of the output of the inverter circuit at

approximately the resonance frequency of the resonance circuit.

3. The discharge lamp 1lighting device according to claim 1,
wherein, 1in the starting improvement mode, the control circuit
lowers the frequency of the output of the inverter circuit

than a frequency thereof in the lighting mode.

4. The discharge lamp lighting device according to claim 1,
wherein, 1in the starting improvement mode, the control circuit
controls the 1inverter circuit to apply a direct current

voltage to the discharge lamp.

5. The discharge lamp lighting device according to claim 1,
further comprising:

a state detection circuit that periodically compares a
lamp voltage of the discharge lamp and a predetermined
threshold value with each other, thereby detecting a fading
state 1n which the arc discharge 1is not generated in the
dlscharge lamp,

wherein the control circuit returns to the no-load mode
when the fading state is detected by the state detection

circuit in either the starting improvement mode or the

lighting mode.
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0. The discharge lamp lighting device according to claim 1,
wherein the starting detection circuit detects the starting of
the discharge based on a change of a voltage at a node between

the inductor and the capacitor in the resonance circuilt.

7. The discharge lamp lighting device according to claim 1,
wherein the resonance circuit is a series resonance circult,
and the starting detection circult detects the starting of the

discharge based on a change of a current flowing in the seriles

resonance circuit.

8. The discharge lamp lighting device according to claim 1,
wherelin the starting detection circuit detects the starting of

the discharge by detecting a current flowing through the

discharge lamp.

9. A lighting fixture comprising:
the discharge lamp lighting device according to claim 1;

a socket that is electrically connected to the discharge

lamp lightling device and has the discharge lamp attached

thereto; and

a fixture body that houses the discharge lamp lighting

device therein.

10. A lighting system comprising:

a plurality of 1lighting fixtures, each of which 1s the

lighting fixture according to claim 9; and

a control device that controls the respective 1lighting

fixtures.

27



CA 02681990 2009-09-23

1/16

{




CA 02681990 2009-09-23

2/16

_ _ _ _ _ _ | _ | _ | | |
. o “ “ ] “
b | | ; — |
_ _ _ ! | |
| “m .,“ | #_“ __ _“ | M__ _W __“ :___D - . — ‘ — __:__ ._m_o._.z_,_xxm_qw_%mou_
L A " _" _:._ .::::__
| _ | | _ | |
| _ _ _ _ _ |
! _ _ _ _ ! | _ | | _ _
_ _ _ _ | _ _ _ | _ | | _
J T T T R “ " “ T |
— — 1 — L] Bll LNJHHNO
S — 1 " dINYT
_ | _ | _ | _ | |
REREE I |
_ _ _ _ _ _ | |
“I e SR __::_".- i — — — _ ::__ BIA 3DVLI0A
l_ e diAV1
_

I AL R

T I T U U 0000000 ] =
] ] L1 1 U0 OO OOoOm e

T 0 1 1 QMO0 OOOOuIom s
. I o I _
T 0 1 [  OIMOUUOUOUII

A A TN SR —

o ] L - _I_=__.___ TUOOTUUTTIIE co

_ | _ _ _ _ _ _ | | . _

_ , | _ | _ | | | | || |
e e reeeereee]

" JA0ON ONILHOIT =[efe])! . JA0N AVOT-ON |

INFWIAOUANI ONILYVLS

¢ Ol



CA 02681990 2009-09-23

3/16

fr FREQUENCY




CA 02681990 2009-09-23

4/16

t

ciosy sy GOEEP eapy maidh AN SR ey Gkinl Slaas eoashe i) PR SE———

(P

||!lI'liIIl!lllll|I

GEe ouey s miper sssse G G R any cubF Sumbl el U camme anmmn eyl bk

7777 1)




CA 02681990 2009-09-23

5/16

dd

7777 16)

——_————_—____—J



CA 02681990 2009-09-23

6/16

FIG. 6

e R

ainlihih R aiais mikiy TS AR AN A eml; camms aienis =

LAMP VOLTAGE Via



CA 02681990 2009-09-23

7/16

_ |

_ _

“ “ _ “

" “ EZ“ a..“

| : i “_ i
L N L

A e N S I L _
P U R N R _ “

_ “ | | _ | | “ rl|||_

m I R | m
e i
o = L _*__ _
/T i ,:r |l

“ | _ | | | “ f “
N T R | |

T T R L "
T QL (EEEL CLEORORARERCUERERCLELE il TN OTOUII 9o
T 11 111 RRREANELL AR e
m _ m______:__________ ¥0
T T T L Thuiiua L uuuntg o
“ L | | | “ “ __ |

' JQOW ONILHOM ' 3GON ' 3GOW QYOT-ON

INENENRO-E]

ONILYVLS

IA JOVLIOA JONVYNOSTY

Bll INJHIND dNV]

BIJA 3OVLITIOA dNV ]

L Ol



CA 02681990 2009-09-23

8/16

_—____”_——___—_—__———__————_———ﬁ

r
|
:
|
|
_
_
|
_
_
|
:
:
_
_
_
_
i
|
|
_
_
_

B AN WA seegiy testess Al ANEEDT WS sy debmmne GEELEE TG TN —

e eupen ekl whiS EES VD VD SEEN AWM SR G GIFED Alumy GpEEn s e wmmy dmmn eanben St ARde SRS el GbaE

v Tney Al Gubif GG GENNE SELE GEN) SR GEEEr AR U NN B ) —— a—

dd

Tesssr AN Nally WS PUREEF eemmms  aspesss  genniile el bl -‘—-“—_-—_n——'_J

-—__——-—m___——d

AR |l (Do



CA 02681990 2009-09-23

9/16

. e e i, St o e S S e e i, 4}

6 Ol4



CA 02681990 2009-09-23

10/16

p—
——
-————
—
——
——
i
p—
el
—

prergr——e———— e e Wbk sl AN Pe——

 emnl eemmy sssshe BN GEEENS Gpesied Sessbey  SE———

[
A ———

——
—eaian
L]

|
|
_
|
|
_

(TR
= I

EI.E.IEIE__._.IEEE___________________
O OO0 OO0 OUOUOOO . OOOOOUD. JOUUOUDUOUUTUTUTIT

e I AR R R
] e I I______________________
| #

|
|
“ | _ _ | | | | |
_

JAON ONILHOIT =[a[o]) " 3Q0W QVOT-ON
INIFINIAONINI ONILYVLS

wbegyy TEpAE TEEEED NS SEPVEe Wiy e aeeiph SolMED SLEEED ELANES W bl

: _
| i | _
| | _ _
_ _ _ _
_ _ : _
_ _ _ |

—y —— e dupele Al SN We——
Al GENNNN e e

el U W e —— -y weslian Wil e e yegeny  Sesshe S SE——— ———" eemmms sl G T ey S—— bk Gunield AFEEED EEEED WA qeenny Spenns esheil) SN AETER SR febuibih AERAER NS E———

0l Ol

SA JOVLIOA
ONLLYVLS

Bl LNJANO
diNV]

BIA 3OVLIOA
diNV']

9
G0
70
£0



CA 02681990 2009-09-23

11/16

N ——



CA 02681990 2009-09-23

" 12/16

T - - MO0 M OO0 [ 000nno

_
_
_
nnnnn _:___- V)] _::___ 1| INZUNND

— 1]
b4 |
I

Al 1 IILAVAVAY :::__ IONVNOS3H

.

ﬁ

L]
L
_'__-
faleniills JPSSNNES. AN  SE——

|
|
e

dNY
_
|
_

A -—::_____“

,_______ ST =

T ] WU UUUUUUH WO OO OO0
T 1 1 (MOU OO OOO0MmIOoID O OO UUTImmg s
1§ AR RRRIILI

T O U UOUUOU0 (U0 O OO U Tuum =

JQON ONILHOIT 300N
INIWIAOHAINI ONILNVLS

|
_
|
|
_
_
:
_

enns Sol) G Wl e essss— Sge—
ryeys ssssssy  Sealy Tl T

RN I N RN ERREREil

—-——— arpesh AN JEELED S

_ : _ | _
_ _ | _ _
_ _ _ _ _
| | | _ _
_ : _ _ _

¢0

_ _
_.I.IIII..||I||||I_

300N dVO1-ON | 71 0_ 4




CA 02681990 2009-09-23

"13/16

{

[ ==

— E— L ! - Bll LINJHND
SR R A | dv
AR " | | “ (9)
[ | RS g g TORYTLII R
_._ _._ T Samm Santece WA _ _: -———c _::_ W]
| _ ; _ _ m “ " “ m m
TS I ey |
JAON ONILHOIT | JA0WN dVOT-ON - |
INIWIAOUAINI ONILEVLS
‘ m m
| “
S e = Bl LNJYHND
— e
“ (B)
!
_
:____- A — — — — —__:_ eIA JOVLION
dNV1

300N ONILHOIT

iyt Spmmme s bl WIS ge—— S

et ]

30ON avOT-ON

:___ .:::::_m

300N
INTWIAOUdWI ONILYVLS

AR



(a)

(b)

(c)

FIG. 14

CA 02681990 2009-09-23

' '14/16



CA 02681990 2009-09-23

"15/16




CA 02681990 2009-09-23

"16/16

S

S

|

N

e

I

1

W

S

o

|

PSR
o
|_.

N MM R ey SRS AR  E—

shennly GEENVY emmmge smsies SRl —

ammye feppesy ssspey EEEE Avwesyy Shaals el GEE-  WESES  SE——
AN e ey gk il TS ey bl SAEME: SN -

|
_
_
_
_
|
_

S 1 111 N 1
_
e P 111 1 ___m 0
_
B 7 1111 1 1
S 1 1 ___I____ :

JA0ON ONILHOIT

| _

9/ Old

JAOW SNILYVLS

~



12
T

I

e ey whills SN damnk -y apely spabh ssbelbe pelidie. ssjels SR ERAE. AEEER R SR NN ———

[ o e

|
l
I
I
|
|
I
I

|
|
I
|
I
I
I
I
I
1
I
!
l
I
I
I

I
I
|
|

L o e e e e e . e e P s e e e e S e i it Bl



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - abstract drawing

