EP 2 273 854 A2

Patent Office

s et (11) EP 2 273 854 A2

(1 9) ’ o Hllml” m” H“‘ Hll‘ ‘l“l ‘l“l ”’ll |”H |H|‘ |‘|H Hl‘l |”’| ‘|H| Hll‘
Patentamt
0 European

(12) EUROPEAN PATENT APPLICATION
(43) Date of publication: (51) IntCl.
12.01.2011 Bulletin 2011/02 HO5B 41/288 (2006.01) HO5B 41/00 (2006.07)

(21) Application number: 10005221.6

(22) Date of filing: 19.05.2010

(84) Designated Contracting States: (71) Applicant: Panasonic Electric Works Co., Ltd.
AL AT BEBG CH CY CZDE DK EE ES FI FR GB Kadoma-shi
GRHRHUIEISITLILTLULV MC MK MT NL NO Osaka 571-8686 (JP)
PL PT RO SE SI SK SM TR
Designated Extension States: (72) Inventor: Nagata, Satoru
BA ME RS Kobe Hyogo 658-0082 (JP)
(30) Priority: 24.06.2009 JP 2009150311 (74) Representative: Riiger, Barthelt & Abel
Patentanwilte
Postfach 10 04 61
73704 Esslingen a.N. (DE)

(54) High pressure discharge lamp lighting device, illumination fixture and illumination system
using thereof

(57)  [Object] To provide a high pressure discharge
lamp lighting device capable of reducing an excessive Fig. 1
stress applied to the high-pressure discharge lamp and
realizing a smooth lighting.

[Means for Settlement] A high pressure discharge
lamp lighting device includes a power conversion circuit
which converts a voltage into power required for a high-
pressure discharge lamp DL connected as a load and
realizes a stable lighting of the high-pressure discharge
lamp DL by receiving an output voltage Vdc from a DC
power source as an input and including at least an induc-
tor L2, a diode D2 and a switching element Q2, and a
control circuit 3 for controlling the power conversion cir-
cuit, wherein, for a predetermined period immediately af-
ter dielectric breakdown in the high-pressure discharge
lamp DL, alamp currentis controlled by fixing a switching-
on time brought by the switching element Q2 in the power
conversion circuit to a predetermined on time Ton.
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Description
[Field of the Invention]

[0001] The presentinvention relatesto a high pressure
discharge lamp lighting device for realizing lighting of
high-pressure discharge lamps with high luminance such
as high pressure mercury lamp and metal halide lamp,
an illumination fixture and an illumination system using
thereof.

[Background Art]

[0002] Fig. 12 is a circuit diagram of a conventional
high pressure discharge lamp lighting device, and Fig.
13 and Fig. 14 are operation waveform diagrams thereof.
Detailed configuration and operation of the device will be
described later in making an explanation of Fig. 3, and
explained here will be a schematic operation thereof. In
no lighting of a high-pressure discharge lamp DL, an op-
eration is carried out in a starting mode (or dielectric
breakdown mode) which causes the high-pressure dis-
charge lamp DL to start. In this mode, a step-down chop-
per circuit 12 outputs, for excellent start of the high-pres-
sure discharge lamp DL, a DC voltage which is higher
than a voltage observed in stable lighting of the high-
pressure discharge lamp DL. This DC voltage is convert-
ed into a rectangular wave AC voltage by a polarity in-
version circuit 13 and applied to the high-pressure dis-
charge lamp DL via a starting voltage generating circuit
2. When the polarity of a rectangular wave AC voltage is
inverted, a switching element Q7 of a voltage response
type is turned on in the starting voltage generating circuit
2 to generate a high voltage for starting. A high voltage
for starting is applied to the high-pressure discharge lamp
DL to cause a dielectric breakdown with generation of
glow discharge, which is then followed by transition to
arc discharge and detection of the start of the high-pres-
sure discharge lamp DL by a lighting determination
means 34. Transition to a lighting mode is therefore car-
ried outand a voltage outputted from the step-down chop-
per circuit 12 is detected to control the step-down chopper
circuit 12 to operate by a chopper control part 33 so as
to achieve a predetermined current corresponding to the
output voltage, after which appropriate power of a rec-
tangular wave form is supplied to the high-pressure dis-
charge lamp DL via the polarity inversion circuit 13 to
allow stable lighting. The high-pressure discharge lamp
DL is gradually brought into a high temperature/high
pressure inside an arc tube from the start and a stable
lighting state is achieved finally.

[0003] Since the step-down chopper circuit 12 is made
to operate by a general technique, explanation thereof
will be omitted, however it should be noted that a switch-
ing element Q2 carries out any of BCM (Boundary Cur-
rent Mode) operation, CCM (Continuous Current Mode)
operation or DCM (Discontinuous Current Mode) opera-
tion. As will be described later, the BCM operation may
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also be called a boundary mode, the CCM operation may
also be called a continuous mode, and the DCM opera-
tion may also be called a discontinuous mode. Patent
Document 1 (Japanese Translation of PCT No.
1998-511218) discloses a technique to control lighting
of a high-pressure discharge lamp by using these oper-
ations.

[0004] Here, a control circuit 3 detects a lamp voltage
Vla (which may also be a current or power) of the high-
pressure discharge lamp DL and controls the switching
element Q2 to be turned on/off in response to the lamp
voltage Vla so as to adjust lamp power Wia to be desir-
able. In general, this operation is realized by setting a
lamp current lla which allows the lamp power Wila to be
desirable as a target value, detecting the quantity of elec-
tricity equivalent to the lamp current lla, and carrying out
a feedback control for an on-time Ton of the switching
element Q2 so as to turn the detected value into the target
value.

[0005] Meanwhile, in a high pressure discharge lamp
lighting device which employs a microcomputer as a con-
trol function of the control circuit 3, the microcomputer,
for example, outputs a control signal to cause a switching
operation which allows the desired lamp current lla to
flow desirably by using detection information on the lamp
voltage Vla or the like as a source. However, after power
supply or in an initial stage such as a stage immediately
after dielectric breakdown, it is impossible to control the
lamp current llato be desirable without setting someinitial
value (or preset value) in the microcomputer, whereby
the lamp current lla falls into a state of excessive flow.
[0006] Therefore, in order to avoid an indefinite area
of the lamp current lla immediately after finishing the di-
electric breakdown mode (or immediately after power
supply in the case of having no means mounted to detect
dielectric breakdown), an Ip setting part 39 is arranged
in the control circuit 3. Then, as shown in an Ip fixed
control mode in Fig. 13, the control circuit 3 controls the
switching element Q2 in the step-down chopper circuit
12 so as to fix a peak value Ip of a current IL2 in an
inductor L2, which is equivalent to the lamp current lla,
to a preset value provided in advance. In the operation
of Fig. 13, the step-down chopper circuit 12 carries out
the BCM operation. Owing to the above operation, the
lamp current lla can be controlled to be desirable even
in a state that information on the lamp voltage Vla or the
like observed immediately after dielectric breakdown is
not provided.

[Conventional Technical Document]
[Patent Document]
[0007]

[Patent Document 1] Japanese Translation of PCT
No. 1998-511218 .
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[Disclosure of the Invention]
[Problems to be solved by the Invention]

[0008] Carrying out a conventional control, however,
may increase the lamp voltage Vla because the lamp
voltage Vla is easily fluctuated when a high-pressure dis-
charge lamp exhibits unstable behavior as observed im-
mediately after dielectric breakdown. In such a case, as
shown in Fig. 15, in an area in which Vla is equal to 140V
or more, power supplied to a high-pressure discharge
lamp exceeds rated power of the high-pressure dis-
charge lamp, leaving a concern of a state that an exces-
sive stress is applied to the high-pressure discharge
lamp.

[0009] The present invention was achieved by taking
the above problems into consideration, having an object
to provide a high pressure discharge lamp lighting device
which is capable of reducing an excessive stress applied
to a high-pressure discharge lamp and realizing smooth
lighting.

[Means adapted to solve the Problems]

[0010] A first aspect of the invention provides, as
shown in Fig. 3, to solve the above problems, a high
pressure discharge lamp lighting device including a DC
power source (step-up chopper circuit 11), a power con-
version circuit (step-down chopper circuit 12) for convert-
ing a voltage into power required for a high-pressure dis-
charge lamp DL connected as a load and realizing stable
lighting of the high-pressure discharge lamp DL by re-
ceiving an output voltage Vdc from the DC power source
as an input and including at least an inductor L2, a diode
D2 and a switching element Q2, and a control circuit 3
for controlling the power conversion circuit, wherein a
lamp current is controlled as shown in Fig. 1, in a prede-
termined period immediately after dielectric breakdown
in the high-pressure discharge lamp DL, by fixing a
switching-on time brought by the switching element Q2
in the power conversion circuit to a predetermined on
time Ton.

[0011] According to a second aspect of the invention,
in the first aspect of the present invention, wherein the
on time Ton is set as shown in Fig. 2 so that power Wla
outputted from the power conversion circuit to a high-
pressure discharge lamp to be rated power or less re-
gardless of fluctuations of a lamp voltage Vla in the high-
pressure discharge lamp.

[0012] According to a third aspect of the invention, in
the second aspect of the present invention, wherein the
on time Ton is set as shown in Fig. 2 so that the power
conversion circuit is allowed to supply a current equal to
or more than a forced current required at start rising of
the high-pressure discharge lamp.

[0013] According to a fourth aspect of the invention, in
the first aspect of the present invention, wherein the pre-
determined period is a period during which alamp voltage
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in the high-pressure discharge lamp falls in a predeter-
mined voltage which is higher than a voltage immediately
after starting and lower than a voltage in stable lighting
(see Fig. 4).

[0014] According to a fifth aspect of the invention, in
the first aspect of the present invention, wherein the pow-
er conversion circuit is a step-down chopper circuit 12
(see Fig. 3 and Fig. 4).

[0015] According to a sixth aspect of the invention, in
the fifth aspect of the present invention, wherein a switch-
ing operation of the step-down chopper circuit 12 is sub-
jected to a zero cross control by which the switching el-
ement Q2 is turned on when a regenerative current in
the inductor L2 of the step-down chopper circuit 12 falls
in zero (see Fig. 1).

[0016] According to a seventh aspect of the invention,
in the first aspect of the present invention, wherein, after
passing through the predetermined period, in accord-
ance with a state of the high-pressure discharge lamp,
the on time is controlled so as to allow a lamp current in
the high-pressure discharge lamp to fall in a preset cur-
rent target value.

[0017] An eighth aspect of the present invention pro-
vides an illumination fixture having the high pressure dis-
charge lamp lighting device according to any of the first
to seventh aspects of the present invention (see Fig. 11).
[0018] A ninth aspect of the present invention provides
an illumination system which is configured to include the
illumination fixture having the high pressure discharge
lamp lighting device according to the eighth aspect.

[Effect of the Invention]

[0019] The present invention makes it possible to, im-
mediately after dielectric breakdown in a high-pressure
discharge lamp, even under the circumstance thata lamp
voltage becomes high due to unstable behavior of the
high-pressure discharge lamp, avoid an excessive stress
applied to the high-pressure discharge lamp and realize
smooth lighting.

[Brief Description of the Drawings]
[0020]

[Fig.1] Fig.1 is a waveform diagram showing opera-
tion waveforms according to a first embodiment of
the present invention.

[Fig.2] Fig.2 is a characteristic diagram to explain an
operation according to the first embodiment of the
present invention.

[Fig.3] Fig.3 is a circuit diagram showing a circuit
configuration according to the first embodiment of
the present invention.

[Fig.4] Fig.4 is a circuit diagram showing a circuit
configuration according to a third embodiment of the
present invention.

[Fig.5] Fig.5 is a waveform diagram showing opera-
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tion waveforms according to a fourth embodiment of
the present invention.

[Fig.6] Fig.6 is a characteristic diagram to explain an
operation according to the fourth embodiment of the
present invention.

[Fig.7] Fig.7 is a circuit diagram showing a circuit
configuration according to a fifth embodiment of the
present invention.

[Fig.8] Fig.8 is a characteristic diagram to explain an
operation according to the fifth embodiment of the
present invention.

[Fig.9] Fig.9 is a circuit diagram showing a circuit
configuration according to a sixth embodiment of the
present invention.

[Fig.10] Fig.10 is a waveform diagram showing op-
eration waveforms according to the sixth embodi-
ment of the present invention.

[Fig.11] Fig.11 is a perspective view showing ap-
pearances of illumination fixtures according to a sev-
enth embodiment of the present invention.

[Fig.12] Fig.12 is a circuit diagram showing a circuit
configuration according to a conventional example.
[Fig.13] Fig.13 is a waveform diagram showing op-
eration waveforms according to the conventional ex-
ample.

[Fig.14] Fig.14 is a waveform diagram showing op-
eration waveforms in a starting voltage generating
circuit according to the conventional example.
[Fig.15] Fig.15 is a characteristic diagram to explain
an operation according to the conventional example.

[Best Mode for Carrying Out the Invention]
(First embodiment)

[0021] Fig. 3 is a circuit diagram according to a first
embodiment of the present invention. A lighting circuit 1
includes afull-wave rectifier circuit DB, a step-up chopper
circuit 11, a step-down chopper circuit 12 and a polarity
inversion circuit 13. The full-wave rectifier circuit DB is a
diode bridge circuit which is connected to a commercial
AC power source Vs and rectifies an AC voltage thereof
to output a pulsating voltage. The step-up chopper circuit
11 receives a voltage rectified in the full-wave rectifier
circuit DB as an input and outputs a DC voltage Vdc which
is boosted. The step-down chopper circuit 12 which uses
the DC voltage Vdc as a power source is controlled to
supply appropriate power to a high-pressure discharge
lamp DL. The polarity inversion circuit 13 converts a DC
output from the step-down chopper circuit 2 into a rec-
tangular wave AC voltage which is applied to the high-
pressure discharge lamp DL.

[0022] A circuit configuration of the step-up chopper
circuit 11 will be explained. Output ends of the full-wave
rectifier circuit DB are connected in parallel with an input
capacitor C1 and connected to a series circuit including
aninductor L1 and a switching element Q1 and a smooth-
ing capacitor C2 is connected to both ends of the switch-

10

15

20

25

30

35

40

45

50

55

ing element Q1 via a diode D1. The switching element
Q1 is controlled to be turned on/off by a chopper control
part 11b in a control circuit 3. The switching element Q1
is controlled to be turned on/off at a frequency which is
sufficiently higher than a commercial frequency of the
commercial AC power source Vs, whereby a voltage out-
putted from the full-wave rectifier circuit DB is boosted
to the DC voltage Vdc which is regulated, and charged
in the smoothing capacitor C2, while a power factor im-
proving control is carried out to allow the circuit to have
a resistance property so as to prevent phase deviation
of an input current and an input voltage sent from the
commercial AC power source Vs. Note that a filter circuit
for preventing high frequency leakage may also be ar-
ranged in an AC input end of the full-wave rectifier circuit
DB.

[0023] The step-down chopper circuit 12 has a function
as a stabilizer (or power conversion circuit) to supply tar-
get power to the high-pressure discharge lamp DL serv-
ing as a load. A voltage outputted from the step-down
chopper circuit 12 is also controlled variably by the control
circuit 3 so as to supply appropriate power to the high-
pressure discharge lamp DL from the time to start to
reach a stable lighting period via an arc discharge tran-
sition period.

[0024] Acircuit configuration of the step-down chopper
circuit 12 will be explained. A positive pole of the smooth-
ing capacitor C2 serving as a DC power source is con-
nected to a positive pole of a capacitor C3 via a switching
element Q2 and an inductor L2, while a negative pole of
the capacitor C3 is connected to a negative pole of the
smoothing capacitor C2. An anode of a diode D2 for re-
generative current supply is connected to the negative
pole of the capacitor C3, and a cathode of the diode D2
is connected to a connection point of the switching ele-
ment Q2 and the inductor L2.

[0025] Acircuit operationinthe step-down chopper cir-
cuit 12 will be explained. The switching element Q2 is
driven to be turned on/off at a high frequency by an output
from a chopper control part 12b in the control circuit 3,
wherein a current is made to flow from the smoothing
capacitor C2 serving as a DC power source via the
switching element Q2, the inductor L2 and the capacitor
C3 when the switching element Q2 is turned on, and a
regenerative current is made to flow via the inductor L2,
the capacitor C3 and the diode D2 when the switching
element W2 is turned off. A DC voltage obtained by step-
ping down the DC voltage Vdc is therefore charged in
the capacitor C3. A voltage obtained in the capacitor C3
can be controlled variably by using the chopper control
part 33 to change the on-duty (i.e. ratio occupied by on-
time in one cycle) in the switching element Q2.

[0026] Connected to an output of the step-down chop-
per circuit 12 is the polarity inversion circuit 13. The po-
larity inversion circuit 13 is a full bridge circuit constituted
of switching elements Q3 to Q6, wherein a pair of the
switching elements Q3 and Q6 and a pair of the switching
elements Q4 and Q5 are turned on alternately at a low
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frequency by a control signal sent from a polarity inver-
sion control circuit 31, whereby power outputted from the
step-down chopper circuit 12 is converted into rectangu-
lar wave AC power which is supplied to the high-pressure
discharge lamp DL. The high-pressure discharge lamp
DL serving as a load is a high-pressure discharge lamp
with high luminance (or HID lamp) such as metal halide
lamp and high pressure mercury lamp.

[0027] A starting voltage generating circuit 2 is consti-
tuted of a pulse transformer PT with a secondary winding
N2 connected between an output of the polarity inversion
circuit 13 and the high-pressure discharge lamp DL, a
switching element Q7 of a voltage response type to be
turned on when a voltage between both ends thereof
exceeds a predetermined value, a capacitor C4 connect-
ed in series to a primary winding N1 of the pulse trans-
former PT and the switching element Q7, and a resistor
R1 connected in parallel with the switching element Q7
so as to charge the capacitor C4 when the switching el-
ement Q7 is turned off.

[0028] Explained next will be the control circuit 3. The
aforementioned step-up chopper circuit 11, step-down
chopper circuit 12 and polarity inversion circuit 13 are
controlled to operate appropriately by the control circuit 3.
[0029] The control circuit 3 is provided with, as means
to control the step-up chopper circuit 11, an output de-
tection part 11a for detecting the output voltage Vdc of
the step-up chopper circuit 11 and the chopper control
part 11b for controlling the switching element Q1 so as
to allow the output voltage Vdc detected by the output
detection part 11a to fall in a fixed voltage.

[0030] The control circuit 3 is also provided with, as
means to control the step-down chopper circuit 12, alight-
ing determination means 34 adapted to determine light-
ing and non-lighting of the high-pressure discharge lamp
DL by a voltage outputted from the step-down chopper
circuit 12, a timer 35 for measuring a period of time
elapsed after determination of lighting made by the light-
ing determination means 34, an on time setting part 36
for setting an on Ton (a fixed value) of the switching el-
ement Q2 as a preset value, a Vla-lla table 32 for calcu-
lating a target value of a lamp current lla from a detected
value of the lamp voltage Vla, and the chopper control
part 33 for controlling the switching element Q2 so as to
provide a predetermined output current corresponding
to a voltage outputted from the step-down chopper circuit
12, and provided with, as a means to control the polarity
inversion circuit 13, the polarity inversion control circuit
31 for controlling the switching elements Q3 to Q6 in the
polarity inversion circuit 13.

[0031] The chopper control part 33 controls the switch-
ing element Q2 so as to output a predetermined high DC
voltage as a no-load secondary voltage before the light-
ing determination means 34 determines a lighting state.
After a lighting state is determined by the lighting deter-
mination part 34, the switching element Q2 is subjected
to a switching control by the on time Ton set by the on-
time setting part 36, before the timer 35 counts a prede-
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termined period of time (i.e. several seconds). Further-
more, after the predetermined period of time (i.e. several
seconds) is counted by the timer 35, the switching ele-
ment Q2 is controlled to be turned on/off so as to realize
a target value of the lamp current lla to be set by the Vla-
lla table 32.

Note that, the lighting determination means may also be
omitted to control, after power supply, the on time of the
switching element Q2 to the on-time Ton which is fixed,
for a predetermined period of time counted by the timer
35.

[0032] Although the configuration of the control circuit
3 is functionally divided into blocks in Fig. 3, the control
circuit 3 may also be entirely or partially replaced with a
microcomputer (e.g. ST72215 manufactured by STMi-
croelectronics) to realize a function of the control circuit
3 by software. Functions of the output detection part 11a
and the chopper control part 11b may be realized by a
general-purpose chopper control IC.

[0033] Fig. 1 is a waveform to explain an operation
according to the first embodiment of the present inven-
tion, showing on/off operations in the switching elements
Q2 to Q6, a current in the inductor L2, and the lamp volt-
age Vla. Transition to a lighting mode is realized by pass-
ing through a dielectric breakdown mode which is pro-
vided after power supply. The lighting mode is constituted
of a Ton-fixed control mode of several seconds and a
following Vla-lla control mode. Each of the modes will be
explained below.

<Dielectric breakdown mode>

[0034] After power is supplied, the step-up chopper
circuit 11, the step-down chopper circuit 12 and the po-
larity inversion circuit 13 start operating. When no load
is applied prior to starting of the high-pressure discharge
lamp DL, a voltage outputted from the step-down chopper
circuit 12 is set to a no-load secondary voltage, wherein
the starting voltage generating circuit 2 generates a high-
pressure pulse every time for the polarity inversion circuit
13 to invert the polarity of an output.

[0035] In the starting voltage generating circuit 2, the
capacitor C4 is charged via the primary winding N1 of
the pulse transformer PT and the resistor R1. A voltage
Vc4 in the capacitor C4 changes as shown in Fig. 14b.
Fig. 14a shows an output voltage Vo of the polarity in-
version circuit 13 and Fig. 14c shows the voltage Via
applied to the high-pressure discharge lamp DL.

[0036] It is assumed that a sum of the output voltage
of the polarity inversion circuit 13 and the voltage Vc4 of
the capacitor C4 is applied to the switching element Q7
of a voltage response type. The output voltage of the
polarity inversion circuit 13 is substantially the same as
an output voltage value Vc3 of the step-down chopper
circuit 12, and a voltage between both ends of the switch-
ing element Q7 falls in |Vc3|-|Vc4| at the time of a stable
rectangular wave voltage without reaching a voltage to
turn on the switching element Q7 so that the switching
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element Q7 is not turned on.

[0037] However, in the event of polarity inversion of a
rectangular wave voltage, a voltage is charged in the
capacitor C4 via the resistor R1 and therefore does not
show a rapid change, whereby a voltage of |Vc3|+
|Vc4| is applied to the switching element Q7, followed by
reaching an on voltage VBO of the switching element Q7
and turning on the switching element Q7. A steep pulse
current is therefore made to flow in the primary winding
N1 of the pulse transformer PT by using the capacitors
C3 and C4 as a power source, while a voltage obtained
by multiplying a voltage generating in the primary winding
N1 by the number of turns is generated in the secondary
winding N2 and is applied to the high-pressure discharge
lamp DL.

[0038] Accordingly, dielectric breakdown occurs in the
high-pressure discharge lamp DL to start discharge,
which is followed by sharp reduction of impedance in the
high-pressure discharge lamp DL with reduction of the
lamp voltage Vla. This change is determined by the light-
ing determination means 34 to allow transition to the light-
ing mode. In the lighting mode, a control is taken to allow
transition to a Vla-lla control mode by passing through
the Ton-fixed control mode.

<Ton-fixed control mode>

[0039] Immediately after finishing the dielectric break-
down mode, the control circuit 3 controls the switching
element Q2 so that the switching element Q2 in the step-
down chopper circuit 12 is subjected to a high frequency
operation in the on time Ton which is fixed (for several
microseconds). In the present embodiment, a BCM
(Boundary Current Mode) operation is carried out in the
step-down chopper circuit 12. In an output from the po-
larity inversion circuit 3, a positive polarity period Ta and
a negative polarity period Tb are switched by a low fre-
quency (in arange of several tens Hz to several hundreds
Hz).

[0040] Fig.2shows arelationship amongthe lamp volt-
age Vla, the lamp current lla and lamp power Wla in the
Ton-fixed control mode. In a period during which a high-
pressure discharge lamp exhibits unstable behavior im-
mediately after dielectric breakdown, power equal to or
less than rated power can be supplied even if the lamp
voltage Vla becomes high, whereby an excessive stress
applied to the high-pressure discharge lamp DL can be
avoided. In the example of Fig. 2, power supplied to a
high-pressure discharge lamp whose rated power is 70W
does not rise beyond 70W even if the lamp voltage Vla
falls in an area equal to 140V or more (e.g. 150V).
[0041] In the present embodiment, the timer 35 ar-
ranged in the control circuit 3 is used to control switching
to the following Vla-lla control mode upon passing though
regulated time of several seconds.

[0042] Although a period of time to turn on the switch-
ing element Q2 is differentiated between the dielectric
breakdown mode and the Ton-fixed control mode in the
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example of Fig. 1, the switching element Q2 in the step-
down chopper circuit 12 may also be subjected to the
Ton fixed control immediately after power supply if the
lighting determination means 34 for detecting dielectric
breakdown is not mounted. Since no current is made to
flow in the high-pressure discharge lamp DL before die-
lectric breakdown, there is no problem to make a control
in the Ton-fixed control mode immediately after power
supply.

[0043] As explained above, it is possible to provide a
high pressure discharge lamp lighting device which is
capable of, immediately after dielectric breakdown, even
in an initial state in which the control circuit 3 (e.g. micro-
computer) does not receive information on the lamp volt-
age Vla or the like, avoiding an excessive stress applied
to a high-pressure discharge lamp and realizing smooth
lighting even under the circumstance that a high-pres-
sure discharge lamp exhibits unstable behavior with the
lamp voltage Vla which is high.

<Vla-lla control mode>

[0044] Upon transition to the Vla-lla control mode, the
Vla-lla (or Vla-WIa) table 32 set in advance in the control
circuit 3 (e.g. microcomputer) is used to determine a pe-
riod of time to turn on the switching element Q2 so that
the step-down chopper circuit 12 provides the lamp cur-
rent lla (or lamp power WIa) which is desirable corre-
sponding to the detected lamp voltage Vla. The BCM
operation is carried out also in this control mode. In order
to realize the BCM operation, a configuration may also
be provided in such that a chopper current in the step-
down chopper circuit 12 is detected and monitored by
the control circuit 3 in the same manner with the conven-
tional example (Fig. 12), though it is not shown in Fig. 3.
[0045] Owing to the above operations, the lamp volt-
age Vla as shown in Fig. 1 is supplied stably to the high-
pressure discharge lamp DL so as to allow lighting of the
high-pressure discharge lamp DL at desired power.

(Second embodiment)

[0046] It is important in the first embodiment to force
a current to flow in the high-pressure discharge lamp DL
immediately after dielectric breakdown in the high-pres-
sure discharge lamp DL due to its unstable start rising,
and, as shown in Fig. 2, it is possible to ensure, for ex-
ample, 1.0A which is said to be necessary to force a high-
pressure discharge lamp whose rated poweris 70W even
in the lamp voltage Vla which is low (10V in Fig. 2).
[0047] Itis therefore made possible to ensure a forced
current in an unstable area at the time of start rising and
prevent the lighting from going out. Note that forcing a
high-pressure discharge lamp means injection of energy
required to make transition from an unstable glow dis-
charge state immediately after dielectric breakdown to a
stable arc discharge state.
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(Third embodiment)

[0048] Fig. 4 is a circuit diagram according to a third
embodiment of the present invention. In the present em-
bodiment, in place of the timer 35 shown in Fig. 3, a Vla
comparator part 38 is arranged to detect that the lamp
voltage Vla reaches a predetermined voltage. The timer
35isarrangedinthe control circuit 3 in the above example
of Fig. 3 to set a period of the Ton-fixed control mode,
whereas a control may also be made as shown in Fig. 5
by arranging the Vla comparator part 38 so that the Ton-
fixed control mode is switched to the Vla-lla control mode
when the lamp voltage Vla becomes 20V, for example.

[0049] The lamp voltage which is lowered immediately
after the start of a high-pressure discharge lamp is there-
after increased as approaching a stable lighting state.
The Ton-fixed control mode is therefore maintained until
a lamp voltage of a high-pressure discharge lamp be-
comes a predetermined voltage (e.g. 20V) which is high-
er than a voltage immediately after the start and lower
than avoltage in stable lighting, so that the control modes
can be switched without arranging the timer 35.

[0050] The present embodiment also has timing to
generate a high-pressure pulse in the dielectric break-
down mode different from timing shown in Fig. 1 because
the starting voltage generating circuit 2 is configured dif-
ferently from the starting voltage generating circuit shown
in Fig. 3. The starting voltage generating circuit 2 in Fig.
4 is constituted of a pulse transformer PT, a capacitor
C5, a switching element Q8 (e.g. voltage response ele-
ment such as SIDAC) and a resistor R2. In response to
a rectangular wave voltage outputted from the polarity
inversion circuit 13, a voltage is gradually charged in the
capacitor C5 by a time constant made by the resistor R2
and the capacitor C5. When a voltage in the capacitor
C5reaches abreak-over voltage of the switching element
Q8, the switching element Q8 is turned on to discharge
an electric charge accumulated in the capacitor C5 via
the capacitor C5, the switching element Q8 and a primary
winding N1 of the pulse transformer PT. At this time, a
pulse voltage generated in the primary winding N1 of the
pulse transformer PT is boosted to generate a high-pres-
sure pulse voltage in a secondary winding N2 of the pulse
transformer PT. This high-pressure pulse voltage is then
used to cause the high-pressure discharge lamp DL to
start discharging, followed by transition to a lighting state.
[0051] The aforementioned starting voltage generat-
ing circuit 2 shown in Fig. 3 has a high-pressure pulse
voltage which is generated immediately after polarity in-
version as shown in the waveform diagram of Fig. 1,
whereas the starting voltage generating circuit 2 shown
in Fig. 4 has a high-pressure pulse voltage for starting
irregularly. In either of the starting voltage generating cir-
cuits, after starting of the high-pressure discharge lamp
DL, a voltage outputted from the step-down chopper cir-
cuit 12 decreases owing to reduction of lamp impedance,
whereby generation of a starting voltage is suspended.
Note that the starting voltage generating circuit of Fig. 3
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may also be used in the embodiment of Fig. 4 or on the
contrary the starting voltage generating circuit of Fig. 4
may also be used in the embodiment of Fig. 3. A starting
voltage generating circuit of a resonance type may also
be used as shown in an embodiment (of Fig. 9) to be
described later.

(Fourth embodiment)

[0052] Although the BCM (Boundary Current Mode)
operationis used in the Ton-fixed control mode according
to the above-mentioned first to third embodiments, a
DCM (Discontinuous Current Mode) operation or a CCM
(Continuous Current Mode) operation may also be used.
[0053] Fig. 5 is an operation waveform diagram ac-
cording to a fourth embodiment of the present invention.
The present embodiment uses, in the Ton-fixed control
mode, the DCM operation, instead of the BCM operation
as shown in Fig. 1, to operate the switching element Q2
in the step-down chopper circuit 12. A circuit configura-
tion may be the same as that of Fig. 3.

[0054] Here, the DCM operation used in the present
embodiment is as shown in Fig. 5, wherein a control is
made, by passing thorough a quiescent period with no
flow of a chopper current, to turn on the switching element
Q2 in the chopper circuit 12 after a regenerative current
for releasing energy accumulated in the inductor L2 when
the switching element Q2 is turned off returns to zero. It
may also be called a discontinuous mode because a
chopper current is made to flow discontinuously.

[0055] The discontinuous mode includes a long quies-
cent period of a chopper current as shown in Fig. 6, so
that the magnitude of the lamp power Wia is suppressed
to be sufficiently small in comparison with rated power
(whichis 70W as indicated by a broken line). Itis therefore
made possible, in the Ton-fixed control mode, to avoid
an excessive stress applied to a high-pressure discharge
lamp even under the circumstance that the lamp voltage
Vla becomes high due to unstable behavior of the high-
pressure discharge lamp.

[0056] The BCM operation may also be called abound-
ary mode or zero cross control, wherein a control is made,
as shown in the aforementioned Fig. 1, to turn on the
switching element Q2 in the chopper circuit 12 at timing
at which a regenerative current for releasing energy ac-
cumulated in the inductor L2 when the switching element
Q2 is turned off returns to zero.

[0057] Furthermore, in the CCM operation which is not
shown in the drawing, a control is made to turn on the
switching element Q2 in the chopper circuit 12 before a
regenerative current for releasing energy accumulated
in the inductor L2 when the switching element Q2 is
turned off returns to zero. It may also be called a contin-
uous mode because a chopper current is made to flow
continuously.
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(Fifth embodiment)

[0058] In the above-mentioned first to fourth embodi-
ments, the Ton-fixed control mode is realized in control-
ling the switching element Q2 in the step-down chopper
circuit 12. In the present embodiment, explanation will
be made for a configuration using a step-up/step-down
chopper circuit 14 as an example of the power conversion
circuit other than the step-down chopper circuit 12.
[0059] Fig. 7 is a circuit diagram according to a fifth
embodiment of the present invention. The fifth embodi-
ment is realized by replacing the step-down chopper cir-
cuit 12 with the step-up/step-down chopper circuit 14 in
the embodiment of Fig. 3. In comparison with the config-
uration of Fig. 3, the inductor L2 and the diode D2 are
arranged oppositely. Conduction of the switching ele-
ments Q3 to Q6 in the polarity inversion circuit 13 is also
disposed in an opposite direction.

[0060] A circuit operation in the step-up/step-down
chopper circuit 14 will be explained. The switching ele-
ment Q2 is driven to be turned on/off at a high frequency
by an output from the chopper control part 33 in the con-
trol circuit 3, wherein a current is made to flow from the
smoothing capacitor C2 serving as a DC power source
via the switching element Q2 and the inductor L2 when
the switching element Q2 is turned on, and aregenerative
current is made to flow via the inductor L2, the capacitor
C3 and the diode D2 when the switching element Q2 is
turned off. Accordingly, a DC voltage obtained by boost-
ing or stepping down the DC voltage Vdc is charged in
the capacitor C3. A voltage obtained in the capacitor C3
can be controlled variably by using the chopper control
part 33 to change the on-duty (i.e. ratio occupied by on
time in one cycle) of the switching element Q2. The po-
larity of a voltage in the capacitor C3 is reversed to that
of the step-down chopper circuit 12 (shown in Fig. 3).
[0061] The present embodiment remains the same as
the first embodiment except for the Ton-fixed control
mode, so that only the Ton-fixed control mode will be
explained while omitting duplicated explanation.

<Ton-fixed control mode>

[0062] The control circuit 3 controls the switching ele-
ment Q2 in the step-up/step-down chopper circuit 14 so
that the switching element Q2 in the step-up/step-down
chopper circuit 14 is brought into a high frequency oper-
ation in the on time Ton which is fixed (for several micro-
seconds). In the present embodiment, the DCM opera-
tionis carried outas an example in the step-up/step-down
chopper circuit 14.

[0063] Fig.8shows arelationship amongthelamp volt-
age Vla, the lamp current lla and the lamp power Wia in
the Ton-fixed control mode. Power equal to or less than
the rated power can be supplied even if the lamp voltage
Vla becomes high in a period during which a high-pres-
sure discharge lamp exhibits unstable behavior immedi-
ately after dielectric breakdown, whereby an excessive
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stress applied to the high-pressure discharge lamp DL
can be avoided. In the example of Fig. 8, power supplied
to a high-pressure discharge lamp whose rated power is
70W does not rise beyond 70W even in an area in which
the lamp voltage Vlais equal to 140V or more (e.g. 150V).
[0064] It is therefore made possible to realize a high
pressure discharge lamp lighting device which is capable
of, immediately after dielectric breakdown, even in an
initial state in which the control circuit 3 (e.g. microcom-
puter) does not receive information on the lamp voltage
Vla or the like, avoiding an excessive stress applied to
the high-pressure discharge lamp DL and realizing
smooth lighting even under the circumstance that the
high-pressure discharge lamp DL is unstable with the
lamp current Vla which is high.

[0065] Note thatitisimportantto force a current to flow
at start rising immediately after dielectric breakdown be-
cause the lamp voltage Vla is basically low, and it is pos-
sible as shown in Fig. 8 to ensure, for example, 1.0A
which is said to be necessary to force a high-pressure
discharge lamp whose rated power is 70W even in the
lamp voltage Vla which is low (10V in Fig. 8).

(Sixth embodiment)

[0066] Fig. 9 is a circuit diagram according to a sixth
embodiment of the present invention and Fig. 10 is an
operation explanatory diagram thereof. The sixth embod-
iment differs from the first to fifth embodiments in that a
step-down chopper circuit 15 of a polarity inversion type
which is realized by integrating the step-down chopper
circuit 12 and the polarity inversion circuit 13 is used and
a step-up circuit of a resonance type is used as the start-
ing voltage generating circuit 2.

[0067] The polarity inversion step-down chopper cir-
cuit 15 is provided by connecting a series circuit which
serves as an output filter of the step-down chopper circuit
and includes an inductor L2 and a capacitor C3, between
a connection point of switching elements Q3 and Q4 and
a connection point of switching elements Q5 and Q6.
[0068] The starting voltage generating circuit 2 in-
cludes a resonance circuit including a pulse transformer
PT and a capacitor C4, and generates a resonance
boosted voltage, which is applied to the high-pressure
discharge lamp DL for starting/restarting, by using the
DC voltage Vdc applied to the polarity inversion step-
down chopper circuit 15 as a power source and a high
frequency switching operation by the switching elements
Q3 to Q6 in the polarity inversion step-down chopper
circuit 15. Note that a resistor may also be connected in
series to the capacitor C4 for resonance.

[0069] The control circuit 3 controls the switching ele-
ment Q1 in the step-up chopper circuit 11 and the switch-
ing elements Q3 to Q6 in the polarity inversion step-down
chopper circuit 15. The control circuit 3 has the output
detection part 11a for detecting the output voltage Vdc
of the step-up chopper circuit 11 and the chopper control
part 11b for controlling the switching element Q1 in ac-
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cordance with a detection result of the output detection
part 11a. The control circuit 3 is also provided with an
output detection part 15a for detecting a state of the high-
pressure discharge lamp DL and the lighting determina-
tion means 34a for determining lighting/non-lighting of
the high-pressure discharge lamp DL from a detection
result of the output detection part 15a.

[0070] The Vla-lla table 32 is provided with a function
to determine an operation frequency of the switching el-
ements Q5 and Q6 and a period to turn them on in ac-
cordance with a voltage between both ends of the high-
pressure discharge lamp DL detected by the output de-
tection part 15a. An output from the Vla-lla table 32 is
used, through a polarity inversion/output control circuit
15b, in the Vla-lla control mode, to control each of the
switching elements Q3 to Q6. The timer 35 measures a
period of time elapsed after dielectric breakdown in re-
sponse to a determination result sent from the lighting
determination means 34.

[0071] Explained below will be an operation carried out
after power supply in the present embodiment.

<Dielectric breakdown mode>

[0072] When no load is applied in a non-lighting state
of the high-pressure discharge lamp DL, the control cir-
cuit 3 controls the switching elements Q3 to Q6 as shown
in the dielectric breakdown mode of Fig. 10 so as to al-
ternated periods t1 and t2 in a cycle of Tx, wherein the
switching elements Q3 and Q6 are turned on and the
switching elements Q4 and Q5 are turned off in the period
t1 while the switching elements Q4 and Q5 are turned
on and the switching elements Q3 and Q6 are turned off
in the period t2. An operation frequency at this time is set
in the vicinity of a frequency of fr/ (2n+1) (n=10, 1, 2,...)
on the assumption that fr is a resonance frequency in the
starting voltage generating circuit 2 of Fig. 9. Owing to
this operation, a high voltage for starting is generated. A
voltage Vp (equivalent to Vla in Fig. 10) obtained by
boosting a voltage generated in this operation by a turn
ratio of the primary winding n1 and the secondary winding
n2 of the pulse transformer PT is applied between both
ends of the high-pressure discharge lamp DL, whereby
causing dielectric breakdown in the high-pressure dis-
charge lamp DL.

<High frequency preheating mode>

[0073] A high frequency preheating mode is a mode
provided to ensure a high frequency current which is op-
timum to preheat the high-pressure discharge lamp DL
before entering the lighting mode. Total time of this mode
and the dielectric breakdown mode is fixed and a period
Ty of this mode is determined depending on a period for
a high-pressure discharge lamp to achieve dielectric
breakdown. Although the dielectric breakdown mode and
the high frequency preheating mode are distinguished in
Fig. 10, the high frequency preheating mode is continued
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from switching in the dielectric breakdown mode and
waveforms of Vla and lla as shown in Fig. 10 are obtained
by dielectric breakdown in the high-pressure discharge
lamp DL. Switching to the lighting mode for stable lighting
of the high-pressure discharge lamp DL is realized by
the timer 35 or a determination signal sent from the light-
ing determination means 34. The lighting mode is divided
into the Ton-fixed control mode and the Vla-lla control
mode.

<Lighting mode>

[0074] In the polarity inversion step-down chopper cir-
cuit 15, the switching elements Q3 and Q4 are turned
on/off alternately at a predetermined frequency (which is
about several hundreds Hz) in the lighting mode, and, at
that time, the switching elements Q5 and Q6 repeats an
operation such that the switching element Q6 is turned
on/off at a predetermined frequency (which is about sev-
eral tens kHz) in a period to turn on the switching element
Q3 and the switching element Q5 is turned on/off at a
predetermined frequency (which is about several tens
kHz) in a period to turn on the switching element Q4.
Owing to this polarity inversion step-down chopper op-
eration, arectangular wave AC voltage of alow frequency
is applied to the high-pressure discharge lamp DL. At this
time, the capacitor C3 and the inductor L2 function as a
filter circuitin the step-down chopper circuitand areverse
parallel diode incorporated in each of the switching ele-
ments Q5 and Q6 functions as a diode for regenerative
current supply in the step-down chopper circuit.

<Ton-fixed control mode>

[0075] Immediately after finishing the high frequency
preheating mode, an operation is carried out in the Ton-
fixed control mode. The Ton-fixed control mode includes
a period Ta to turn on the switching element Q4, turn
on/off the switching element Q5 under a high frequency
operationin arange of several tens K to several hundreds
KHz in the on time Ton which is fixed (for several micro-
seconds), and turn off the switching elements Q3 and
Q6, and a period Tb to turn on the switching element Q3,
turn on/off the switching element Q6 under a high fre-
quency operation in a range of several tens K to several
hundreds KHz in the on time Ton which is fixed (for sev-
eral microseconds), and turn off the switching elements
Q4 and Q5. The control circuit 3 controls the switching
elements Q3 to Q6 so as to alternate the periods Ta and
Tb in a cycle with a low frequency of several tens Hz to
several hundreds Hz. The BCM operation is carried out
in the present embodiment.

[0076] Owing to the above operation, in a period in
which a high-pressure discharge lamp exhibits unstable
behavior immediately after dielectric breakdown, power
equal to or less than the rated power can be supplied
even in the lamp voltage Vla which falls in a high voltage
(e.g. 150V), making it possible to avoid an excessive
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stress applied to the high-pressure discharge lamp DL.
[0077] Note thatitisimportantto force a current to flow
at start rising immediately after the high frequency pre-
heating mode of a discharge lamp in the same manner
with the high frequency preheating mode because the
lamp voltage Vla is basically a low voltage, and it is pos-
sible to prevent the lighting from going out by setting the
time Ton so as to allow supply of a current equal to or
more than a forced current required at start rising of a
high-pressure discharge lamp. It is thus made possible,
in the Ton-fixed control mode, in an unstable period im-
mediately after starting, to avoid an indefinite area of the
lamp current lla even if information on the lamp voltage
Vla or the like is not obtained appropriately in the control
circuit 3.

[0078] This Ton-fixed control mode is controlled to be
switched to the following Vla-lla control mode by arrang-
ing the timer 35 in the control circuit 3 and passing through
a regulated value of several seconds.

<Vla-lla control mode>

[0079] Upon transition to the Vla-lla control mode, the
control circuit 3 controls the switching elements Q3 to Q6
so as to alternate respective periods Taand Tbin a cycle
with a low frequency of several tens Hz to several hun-
dreds Hz, wherein the switching element Q4 is turned
on, the switching element Q5 is turned on/off under a
high frequency operation in a range of several tens K to
several hundreds KHz (without fixing Ton) and the
switching elements Q2 and Q5 are turned off in the period
Ta, and the switching element Q3 is turned on, the switch-
ing element Q6 is turned on/off under a high frequency
operationin arange of several tens K to several hundreds
KHz (without fixing Ton) and the switching elements Q4
and Q5 are turned off inthe period Tb. The BCM operation
is carried out in the present embodiment.

[0080] Owing to the above-mentioned operation, the
lamp current lla and the lamp voltage Vla having wave-
forms as shown in Fig. 10 are supplied to the high-pres-
sure discharge lamp DL in a stable manner to realize
lighting of the high-pressure discharge lamp DL at de-
sired power. In this mode, the Vla-lla table (or Via-Wila
table) arranged in the control circuit 3 (e.g. microcomput-
er) in advance is used to output a signal which causes
switching to allow a flow of desirable lla (or WIla) corre-
sponding to detected Vla.

[0081] In the high-pressure discharge lamp DL, a volt-
age between both ends of a lamp is low immediately after
starting and the voltage between both ends of a lamp
rises as the temperature/pressure is increased in the arc
tube, followed by reaching rated value to achieve a stable
lighting state. In the Vla-lla control mode, a state of the
high-pressure discharge lamp DL is detected by the out-
put detection part 15a and a period to turn on the switch-
ing elements Q5 and Q6 is controlled appropriately in
accordance with a voltage between both ends of the high-
pressure discharge lamp DL, whereby a control is taken
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to supply appropriate power to the high-pressure dis-
charge lamp DL and stable lighting of the high-pressure
discharge lamp DL is realized.

(Seventh embodiment)

[0082] Fig. 11 shows configurations of illumination fix-
tures using the high-pressure discharge lamp lighting de-
vice according to the present invention. In Fig. 11, DL
refers to a high-pressure discharge lamp, 16 refers to a
stabilizer which houses the circuits of the lighting device,
17 refers to a lamp body in which the high-pressure dis-
charge lamp DL is mounted, and 18 refers to a wiring. A
plurality of these illumination fixtures may also be com-
bined to construct an illumination system. Figs. 11a and
11b respectively show examples using a high-pressure
discharge lamp for a spotlight, and Fig. 11c shows an
example using a high-pressure discharge lamp for a
downlight.

[0083] It is possible to provide an illumination fixture
capable of ensuring stable lighting of a high-pressure dis-
charge lamp every time without turning off the lighting by
using the aforementioned high pressure discharge lamp
lighting device to realize the above lighting devices. A
plurality of these illumination fixtures may also be com-
bined to constitute an illumination system.

[Description of Reference Numerals]
[0084]

DL  High-pressure discharge lamp
11 Step-up chopper circuit

12  Step-down chopper circuit

3 Control circuit

Claims

1. Ahigh pressure discharge lamp lighting device com-
prising:

a DC power source;

a power conversion circuit for converting a volt-
age into power required for a high-pressure dis-
charge lamp connected as a load and realizing
stable lighting of the high-pressure discharge
lamp by receiving an output voltage from the DC
power source as an input and including at least
an inductor, a diode and a switching element;
and

a control circuit for controlling the power conver-
sion circuit, wherein

a lamp current is controlled in a predetermined
period immediately after dielectric breakdown in
the high-pressure discharge lamp, by fixing a
switching-on time brought by the switching ele-
ment in the power conversion circuit to a prede-
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termined on time.

The high pressure discharge lamp lighting device
according to claim 1, wherein

the on time is set so that power outputted from the
power conversion circuit to the high-pressure dis-
charge lamp to be rated power or less regardless of
fluctuations of a lamp voltage in the high-pressure
discharge lamp.

The high pressure discharge lamp lighting device
according to claim 2, wherein

the on time is set so that the power conversion circuit
is allowed to supply a current equal to or more than
a forced current required at start rising of the high-
pressure discharge lamp.

The high pressure discharge lamp lighting device
according to any of claims 1 to 3, wherein

the predetermined period is a period for a lamp volt-
age in the high-pressure discharge lamp falls in a
predetermined voltage being higher than a voltage
immediately after starting and lower than a voltage
in stable lighting.

The high pressure discharge lamp lighting device
according to any of claims 1 to 4, wherein

the power conversion circuit is a step-down chopper
circuit.

The high pressure discharge lamp lighting device
according to claim 5, wherein

a switching operation of the step-down chopper cir-
cuit is subjected to a zero cross control to turn on
the switching element when a regenerative current
in the inductor of the step-down chopper circuit falls
in zero

The high pressure discharge lamp lighting device
according to any of claims 1 to 6, wherein

after passing through the predetermined period, in
accordance with a state of the high-pressure dis-
charge lamp, the on time is controlled so as to allow
a lamp current in the high-pressure discharge lamp
to fall in a preset current target value.

An illumination fixture comprising the high pressure
discharge lamp lighting device according to any of
claims 1to 7.

An illumination system configured to include the il-
lumination fixture comprising the high pressure dis-
charge lamp lighting device according to claim 8.
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Fig. 3
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Fig. 14
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