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(57) ABSTRACT 
Discharge lamp electronic ballast includes DC-DC converter 
circuit for converting Voltage of DC power Supply to output 
DC power, inverter circuit for converting DC power into AC 
power to Supply it to discharge lamp, output feedback control 
circuit for controlling DC-DC converter circuit, and inverter 
driving signal generator circuit for controlling inverter cir 
cuit. Ballast includes microcomputer having Voltage detect 
ing function for detecting Voltage value of DC power Supply, 
and ballast temperature detector circuit for detecting tem 
perature of ballast. Microcomputer sets first time based on 
voltage value of DC power supply and detection result of 
ballast temperature detector circuit, and reduces power Sup 
plied to the discharge lamp if first time elapses from time 
point when lamp is started, thereby Supplying lamp with 
power for stable operation. 
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DISCHARGE LAMPELECTRONIC BALLAST 
LUMINARE AND VEHICLE WITH SAME 

TECHNICAL FIELD 

0001. The invention relates to a discharge lamp electronic 
ballast, and luminaire and vehicle with the same. 

BACKGROUND ART 

0002 Conventionally, there is provided a discharge lamp 
electronic ballast configured to convert DC power (direct 
current power) from a DC power supply into AC power (al 
ternating-current power) to power an HID lamp (a high inten 
sity discharge lamp) or the like, i.e., Supply the AC power 
thereto. 
0003 HID lamps such as metal-halide lamps with high 
luminous flux are used for vehicles. In mainly used conven 
tional lamps, mercury is enclosed in Such a lamp in order to 
start the lamp to increase its luminous flux and stabilize the 
lamp so that a Voltage across electrodes of the lamp is set to be 
rather high. A lamp in which mercury is enclosed is called a 
D1 or D2 lamp in general, and the D1 lamp has an igniter 
which is built in the lamp and configured to generate ignition 
trigger pulses, whereas there is a mercury-free lamp made to 
replace mercury with otherhalogen compound from the point 
of view of an environmental problem, and the market is now 
expected to expand. The mercury-free lamp is called a D3 or 
D4 lamp, and the D3 lamp has an igniter which is built in the 
lamp and configured to generate ignition trigger pulses. 
0004 For example, Japanese Patent Application Publica 
tion No. 2002-216989 A discloses discharge lamp electronic 
ballast configured to output a power command larger than a 
maximum power limit for several second from a point in time 
when a discharge lamp is lit, and to output a power command 
corresponding a rated output after several tens of seconds. In 
this ballast, the maximum power limit is adjusted in response 
to a temperature detection value from a temperature detector, 
thereby Suppressing the increase of an internal temperature of 
the ballast. 
0005. In an HID lamp for vehicle, there is a problem of 
increase of the electricity capacity due to a ballast, wiring or 
the like, and generation of heat, because if the mercury evapo 
rates, a lamp Voltage decreases (e.g., from 85V to 42V) and a 
lamp current needs to be increased in general. In addition, if 
the discharge lamp electronic ballast is miniaturized, the tem 
perature of the ballastincreases, and accordingly the output to 
the lamp needs to be decreased, but an excessive decrease of 
the output may cause lamp flicker, and lamp going out during 
operation (hereinafter referred to as a “lamp-out”). 

SUMMARY OF INVENTION 

0006. It is an object of the present invention to reduce a 
thermal stress on electrical parts while Suppressing lamp 
flicker and lamp-out. 
0007. A discharge lamp electronic ballast (A1) of the 
present invention comprises a DC-DC converter circuit (2) 
configured to converta Voltage of a DC power Supply (1) So as 
to output DC power, an inverter circuit (3) configured to 
convert the DC power into AC power to supply the power to 
a discharge lamp (12), and a controller (200) configured to 
control the DC-DC converter circuit (2) and the inverter cir 
cuit (3). The controller (200) comprises a voltage detector 
(101) configured to detect a voltage value of the DC power 
Supply (1) or a value corresponding to the Voltage value, and 
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a temperature detector (10) configured to detect a temperature 
of the ballast (A1) or a value corresponding to the temperature 
of the ballast. The controller (200) is configured: (a) when the 
discharge lamp (12) is started, to Supply the discharge lamp 
(12) with power larger than power to be supplied during a 
stable operation of the discharge lamp (12); and (b) to reduce 
the power supplied to the discharge lamp (12) if a first time 
elapses from a start of the discharge lamp (12), thereby Sup 
plying the lamp (12) with power for the stable operation. The 
controller (200) is configured to set the first time based on a 
detection result of the voltage detector (101) and a detection 
result of the temperature detector (10). 
0008. In an embodiment, the controller (200) is configured 
to Supply the discharge lamp (12) with power equal to or 
larger than a fixed value until the first time elapses from the 
start of the discharge lamp (12). 
0009. In an embodiment, the controller (200) is configured 
to set a reducing rate and a reduced Volume of the power 
Supplied to the discharge lamp (12) after the first time elapses 
based on the detection result of the voltage detector (101). 
0010. In an embodiment, the controller (200) is configured 
to set a reducing rate of the power Supplied to the discharge 
lamp (12) after the first time elapses based on the detection 
result of the temperature detector (10). 
0011. In an embodiment, the controller (200) has reducing 
rates of the power Supplied to the discharge lamp (12), said 
reducing rates corresponding to detection results of the Volt 
age detector (101) or detection results of the temperature 
detector (10). 
0012. In an embodiment, the controller (200) stores a ref 
erence curve of power and is configured to set the reduced 
volume of the power supplied to the discharge lamp (12) 
based on the curve of power. 
0013. In an embodiment, the controller (200) comprises a 
lower limit for the reduced volume of the power supplied to 
the discharge lamp (12), said lower limit corresponding to 
detection results of the voltage detector (101) or detection 
results of the temperature detector (10). 
0014 Aluminaire (B) of the present invention comprises 
the discharge lamp electronic ballast (A1). 
0015. A vehicle (C) of the present invention comprises the 
luminaire (B). 
0016. When the temperature of the ballast is a high tem 
perature and the voltage of the DC power supply is a low 
Voltage, it is possible, by shortening the first time, to bring 
forward the time when the power supplied to the discharge 
lamp is reduced, thereby reducing a thermal stress on electri 
cal parts. It is also possible to suppress lamp flicker and 
lamp-out, because the Voltage higher than that to be supplied 
during the stable operation of the discharge lamp is Supplied 
until the first time elapses. 

BRIEF DESCRIPTION OF DRAWINGS 

0017 Preferred embodiments of the invention will now be 
described in further details. Other features and advantages of 
the present invention will become better understood with 
regard to the following detailed description and accompany 
ing drawings where: 
0018 FIG. 1A is a schematic circuit diagram of a dis 
charge lamp electronic ballast in accordance with a first 
embodiment of the present invention, and FIG. 1B is a sche 
matic circuit diagram of a temperature detector in the ballast; 
0019 FIG. 2 is an explanatory diagram of the ballast; 
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0020 FIG. 3 is a graph depicting a relation between 
elapsed time and output power, 
0021 FIG. 4A is a graph depicting a relationship between 
temperature and reduced volume of the output power, FIG. 
4B is a graph depicting a relationship between power Supply 
voltage and reduced volume of the output power, FIG. 4C is a 
graph depicting a relationship between temperature and begin 
time of power reduction, and FIG. 4D is a graph depicting a 
relationship between power Supply Voltage and maximum 
power; 
0022 FIGS.5A and 5B are graphs each of which depicts a 
relationship between an elapsed time and output power of a 
discharge lamp electronic ballastinaccordance with a second 
embodiment of the present invention; 
0023 FIG. 6 is a flowchart showing an operation of the 
ballast in the second embodiment; 
0024 FIG. 7 is a graph depicting a relationship between 
power Supply Voltage and reduced Volume of output power of 
a discharge lamp electronic ballast in accordance with a third 
embodiment of the present invention; 
0025 FIG. 8 is a flowchart showing an operation of the 
ballast in the third embodiment; 
0026 FIG. 9 is a schematic profile of a luminaire with a 
discharge lamp electronic ballast of any one of the first to third 
embodiments; and 
0027 FIG. 10 is a perspective view of part of a vehicle 
with the luminaire. 

DESCRIPTION OF EMBODIMENTS 

First Embodiment 

0028. A discharge lamp electronic ballast (hereinafter 
called a “ballast’) (A1) of the present embodiment includes a 
DC-DC converter circuit ("converter') (2), an inverter circuit 
(“inverter) (3) and a controller (200). The converter (2) is 
configured to convert a voltage (V1) of a DC power supply (1) 
so as to output DC power (V2). The inverter (3) is configured 
to convert the DC power (V2) into AC power (V3) to supply 
the power (V3) to a discharge lamp (“lamp') (12). The con 
troller (200) has a voltage detector (101) and a temperature 
detector (10), and is configured to control the converter (2) 
and the inverter (3). The voltage detector (101) is configured 
to detect a voltage value (V1) of the DC power supply (1) or 
a value corresponding to the Voltage value. The temperature 
detector (10) is configured to detect a temperature of the 
ballast (A1) or a value corresponding to the temperature of the 
ballast (A1). The controller (200) is configured: (a) when the 
lamp (12) is started, to Supply the lamp (12) with power larger 
than power to be Supplied during a stable operation of the 
lamp (12); and (b) to reduce the power supplied to the lamp 
(12) ifa first time elapses from a start of the lamp (12), thereby 
Supplying the lamp (12) with power for the stable operation. 
The controller (200) is further configured to set the first time 
based on a detection result of the voltage detector (101) and a 
detection result of the temperature detector (10). 
0029 Specifically, as shown in FIG. 1A, the ballast A1 
includes the converter 2, the inverter 3, a starter circuit (here 
inafter called a 'starter)4, an inverter driving signal genera 
tor circuit (a "driving signal generator”) 6, an output feedback 
control circuit 5, a PWM (pulse width modulation) signal 
generator circuit (a “PWM signal generator) 7, a driver 
circuit (a "driver') 8, a control power supply circuit (a “con 
trol power supply”) 9, a ballast temperature detector circuit 
(the temperature detector) 10, and an unlit-time measuring 
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timer (a “timer') 11, and is configured to power an HID (high 
intensity discharge) lamp or the like, i.e., the lamp 12 as a 
load. 

0030 The converter 2 is a flyback converter, and formed of 
a transformer T1: a switching device Q0 which is connected 
in series with a primary winding of the transformer T1 and, 
along with the primary winding, connected between two out 
put ends of the DC power supply 1; a diode D1 connected in 
series with a secondary winding of the transformer T1, and a 
capacitor C1 connected between two ends of the secondary 
winding of the transformer T1 through the diode D1. The 
converter 2 is configured to turn the switching device Q0 on 
and off in accordance with a PWM signal from the PWM 
signal generator 7. In this configuration, a Voltage is induced 
across the secondary winding of the transformer T1 to be 
rectified and smoothed through the diode D1 and the capaci 
tor C1. As a result, DC power with a desired voltage value V2 
is sent out. 

0031. The inverter 3 is a full bridge inverter including four 
Switching devices Q1-Q4 and has, as output ends to the starter 
4, a connection point of the Switching devices Q1 and Q2 and 
a connection point of the switching devices Q3 and Q4. The 
paired Switching devices Q1 and Q4 and the paired Switching 
devices Q2 and Q3 are alternately turned on and off through 
a driver circuit 31 in response to a driving signal generated 
through the driving signal generator 6. As a result, the DC 
power with the voltage value V2 from the converter 2 is 
converted into square wave AC power with a voltage value V3 
to be sent out. 

0032. The starter 4 is configured to generate a high voltage 
pulse to apply the pulse across the lamp 12. Specifically, the 
starter 4 is formed of a pulse transformer PT1 of which 
secondary winding is connected between the output ends of 
the inverter 3 through the lamp 12, and a pulse driver circuit 
(“pulse driver) 41 connected with a primary winding of the 
pulse transformer PT1. The pulse driver 41 supplies the pri 
mary winding of the pulse transformer PT1 with a pulse 
current repeatedly at prescribed intervals, thereby repeatedly 
generating a high Voltage pulse across the secondary winding 
of the pulse transformer PT1 to ignite the lamp 12 by the high 
Voltage pulse as a kick Voltage. 
0033. An inverter controller (6) is configured to generate a 
driving signal and to Supply the driving signal to the inverter 
(3) to activate the inverter (3). Specifically, the inverter con 
troller (6) is configured to generate first and second driving 
signals to Supply the first and second driving signals to the 
switching devices Q1, Q4 and the switching devices Q2, Q3 
of the inverter 3. More specifically, the driving signal genera 
tor 6 as the inverter controller is formed of a low frequency 
oscillator circuit (not shown) configured to oscillate at a low 
frequency, e.g., a frequency (e.g., 10 SHZ to several kHz) so 
as to prevent acoustic resonance, a flip flop (not shown), and 
a dead time additional circuit 61. The driving signal generator 
6 is configured to supply the driver circuit 31 with a two-phase 
clock signal to which a dead time for turning all the Switching 
devices Q1 to Q4 off is added through the circuit 61. 
0034. A converter controller (5 and 7) is configured to 
generate a PWM signal based on an output Voltage and an 
output current of the converter (2) and to supply the PWM 
signal to the converter (2) to activate the converter (2). In the 
present embodiment, the converter controller is formed of the 
output feedback control circuit 5 and the PWM signal gen 
erator 7. 
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0035. The output feedback control circuit 5 is formed of a 
command current generator circuit 51, a Subtracter 52 and an 
error amplifier 53. The command current generator circuit 51 
is configured to equivalently detect a Voltage V3 applied 
across the lamp 12 by detecting the output voltage V2 of the 
converter 2 to calculate a current command (value) from a 
power command (value) to be supplied to the lamp 12. The 
subtracter 52 is configured to equivalently detect an electric 
current (value) through the lamp 12 by detecting an electric 
current (value) through the converter 2 (an electric current 
through a resistor R1) to calculate a difference between the 
detected value and the current command (value). The error 
amplifier 53 is configured to amplify the difference to pro 
duce a PWM command signal to supply the signal to the 
PWM signal generator 7. In the embodiment, the output feed 
back control circuit 5 is formed of a microcomputer 100. 
0036. The PWM signal generator 7 includes a comparator 
71. A non-inverting input terminal of the comparator 71 is 
connected with a connection point of the primary winding of 
the transformer T1 and the switching device Q0, while an 
inverting input terminal thereof is connected with an output 
end of the error amplifier 53 of the output feedback control 
circuit 5. The PWM signal generator 7 is configured to receive 
the PWM command signal from the output feedback control 
circuit 5 to produce a PWM signal with a duty ratio for 
adjusting the output voltage V2 of the converter 2 to a desired 
voltage value, and then to supply the PWM signal to the driver 
8. The driver 8 is configured to turn the switching device Q0 
on and offin accordance with the PWM signal from the PWM 
signal generator 7. 
0037. The control power supply 9 is configured to produce 
control power from the power supply voltage of the DC power 
Supply 1 to Supply the control power to each circuit of the 
ballast A1. For example, in the embodiment, the control 
power supply 9 is configured to produce a voltage of DC 5V 
and a voltage of DC 10V. The timer 11 is configured to 
measure a period of time until the lamp 12 is lit (started) from 
a point intime when the lamp 12 is extinguished (inactivated). 
A magnitude of a starting Voltage (an ignition Voltage) of the 
lamp 12 is decided in response to the measured period intime. 
0038 FIG. 1B is a schematic circuit diagram showing an 
example of the temperature detector 10. The temperature 
detector 10 is formed of a series circuit of a fixed resistor R4 
and a thermistor TH1, and an electric potential V4 of a con 
nection point of the fixed resistor R4 and the thermistor TH1 
is supplied to the microcomputer 100. The microcomputer 
100 is configured to calculate a temperature of the ballast A1 
based on the electric potential V4. It is preferable that the 
temperature detector 10 should be mounted on a circuit board 
(not shown) for the ballast A1. However, the temperature 
detector 10 may be disposed on a structural member such as 
a case or the like. In the case where the temperature detector 
10 is mounted on the circuit board, it is possible to securely 
protect the ballast A1 by disposing the detector 10 in the 
vicinity of a part with a large heating value (e.g., the trans 
former T1 or the like). 
0039. The microcomputer 100 has the voltage detector 
101 configured to detect a power supply voltage V1 of the DC 
power supply 1. For example, the voltage detector 101 is 
formed of an internal A/D converter of the microcomputer 
100. The controller 200 in the present embodiment is mainly 
formed of the microcomputer 100 (a main controller), and 
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includes the converter controller (5 and 7) and the inverter 
controller (6) in addition to the voltage detector (101) and the 
temperature detector (10). 
0040. An operation of the ballast A1 is explained with 
reference to FIGS. 2 and 4. If a first time elapses from a point 
in time when a lighting operation of the lamp 12 is started 
(S1), the microcomputer 100 decides a reduced volume of an 
output power to be Supplied to the lamp 12 based on a data 
table as shown in FIGS. 4A and 4B (S2, S5). The data table is 
a data table for stable operation of the lamp 12, and includes 
a first data table as shown in FIG. 4A and a second data table 
as shown in FIG. 4B. In other words, the output power for 
stable operation of the lamp 12 is adaptively set in response to 
the ballast temperature and the power Supply Voltage. The 
first data table includes: a first reduced volume (e.g., OW) 
corresponding to a first ballast temperature range (e.g., 0 to 
100°C.); a second reduced Volume corresponding to a second 
ballast temperature range (e.g., 100 to 120° C.); and a third 
reduced volume (e.g., 6W) that is larger than the first reduced 
Volume and corresponds to a third ballast temperature range 
(e.g., more than 120° C.), where the second reduced volume 
gradually (e.g., linearly) increases from the first reduced Vol 
ume to the third reduced volume. The second data table 
includes: a first reduced Volume (e.g., 6W) corresponding to 
a first power Supply Voltage range (e.g., 0 to 7V); a second 
reduced Volume corresponding to a second power Supply 
Voltage range (e.g., 7V to an intermediate Voltage between 7V 
and 9V); a third reduced volume (e.g., 3W) that is smaller 
than the first reduced volume and corresponds to a third power 
Supply Voltage range (e.g., the intermediate Voltage to 9V); a 
fourth reduced Volume corresponding to a fourth power Sup 
ply voltage range (e.g., 9V to 11V); and a fifth reduced vol 
ume (e.g., OW) that is smaller than the third reduced volume 
and corresponds to a fifth power Supply Voltage range (e.g., 
more than 11V), where the second reduced volume gradually 
(e.g., linearly) decreases from the first reduced Volume to the 
third reduced volume, and the fourth reduced volume gradu 
ally (e.g., linearly) decreases from the third reduced Volume 
to the fifth reduced volume. 

0041. In this case, the microcomputer 100 is configured to 
decide the reduced volume of the output power based on the 
temperature of the ballast A1 from the temperature detector 
10 (S3) and the power supply voltage V1 of the DC power 
supply 1 (S4). For example, when the temperature of the 
ballast A1 is 120° C. and the power supply voltage V1 is 9V. 
the total reduced volume of the output power is 9 W (6 
W+3W) from FIGS. 4A and 4.B. In this case, if the rated 
power of the lamp 12 is 35W, the output power is 26 W (=35 
W-9 W). 
0042. The microcomputer 100 then calculates a lamp 
power command (value) W1 based on power command 
(value) data stored in a memory thereof (not shown) (S6) and 
also, if the lamp power command W1 is a rated power, limits 
the lamp power command W1 based on limitation data. The 
power command data includes a first power value of a maxi 
mum power (e.g., 78W) corresponding to a first time period 
(e.g., 10 seconds) from a point in time when the lamp 12 is lit, 
a second power value corresponding to a second time period 
(e.g., 35 seconds) after the first time period, and a third power 
value of a rated power (e.g., 35W) corresponding to a third 
time period (e.g., 15 seconds) after the second time period, 
where the second power value gradually decreases from the 
first power value to the third power value (see “C” of FIG.3). 
The limitation data includes a first power value corresponding 
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to a first power Supply Voltage range (e.g., 0 to 6V), a second 
power value corresponding to a second power Supply Voltage 
range (e.g., 6V to 8V), and a third power value of a rated 
power (e.g., 35W) that is larger than the first power value and 
corresponds to a third power Supply Voltage range (e.g., more 
than 8V), where the second power value gradually (e.g., lin 
early) increases from the first power value to the third power 
value. 
0043. In this case, the microcomputer 100 receives an 
output voltage V2 (S7) and an output current (S8) of the 
converter 2 to calculate an output power based on the detec 
tion values (S9), and corrects the lamp power command 
(value) W1 based on the output power (S10). The microcom 
puter 100 then calculates a lamp current command (value) I1 
(S12) by dividing the corrected lamp power command (value) 
W1 by the output voltage V2 (S.11). The microcomputer 100 
Subsequently calculates a difference between the lamp cur 
rent command (value) I1 and the output current (value) (S13), 
and then calculates a command (value) I2 for a primary cur 
rent of the converter 2 such that the difference becomes Zero 
(S14, S15). 
0044) The microcomputer 100 supplies the PWM signal 
generator 7 with a PWM command signal produced based on 
the command (value) 12. The PWM signal generator 7 pro 
duces a PWM signal in accordance with the PWM command 
signal, and supplies the PWM signal to the driver 8. The driver 
8 turns on and off the switching device Q0 of the converter 2 
in accordance with the PWM signal from the PWM signal 
generator 7. Thus, by controlling the ON time of the switch 
ing device Q0 by PWM control, it is possible to control so that 
the output power supplied to the lamp 12 becomes a fixed 
value. 

0045. A start of the lamp 12 from a cold state of an ordi 
nary temperature or the like is called a cold start. In this cold 
start, the Supply power to the lamp 12 is set based on a 
reference power curve like a solid line C of FIG.3. That is, the 
aforementioned power command data is defined by the ref 
erence power curve. In addition, the maximum power to the 
lamp 12 is set based on a graph (maximum power data) as 
shown in FIG. 4D. The graph (maximum power data) defines 
a first maximum power corresponding to a first power Supply 
Voltage range (e.g., 0 to 7V), a second maximum power 
corresponding to a second power Supply Voltage range (e.g., 
7 to an intermediate voltage between 7V and 9V), a third 
maximum power that is larger than the first maximum power 
and corresponds to a third power Supply Voltage range (e.g., 
the intermediate voltage to 9V), a fourth maximum power 
corresponding to a fourth power Supply Voltage range (e.g., 
9V to 11V), and a fifth maximum power (e.g., 78W) that is 
larger than the third maximum power and corresponds to a 
fifth power Supply Voltage range (e.g., more than 11V), where 
the second maximum power gradually (linearly) increases 
from the first maximum power to the third maximum power, 
and the fourth maximum power gradually (linearly) increases 
from the third maximum power to the fifth maximum power. 
The power during a stable operation of the lamp 12 is set 
based on FIGS. 4A and 4.B. 

0046. If the ballast is miniaturized, the temperature of the 
ballast increases, which causes a large thermal stress on elec 
trical parts of the ballast. Therefore, in the present embodi 
ment, if the first time elapses after a lighting operation of the 
lamp 12 is started as mentioned above, the output power to the 
lamp 12 is reduced in response to the temperature of the 
ballast and the power supply voltage V1. In addition, the 
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reduction of the output power just after the lamp 12 is lit 
causes lamp flicker and lamp-out. Therefore, like the refer 
ence power curve of the solid line C in FIG. 3, after a rated 
output of 35W is supplied to the lamp 12 for a fixed time, the 
output power is decreased, thereby maintaining a steady state 
in a lighting operation. In the example of FIG. 3 (power 
supply voltage V1=9V), it is desirable that the first time 
should be set to about 60 seconds and a rated power (35W) 
should be maintained until the first time elapses. 
0047 FIG. 4C is a graph (first time setting data) depicting 
a relationship between temperature of the ballast and first 
time (begin time of power reduction). The graph (first time 
setting data) for setting the first time defines a first setting 
value (e.g., 60 seconds) corresponding to a first ballast tem 
perature range (e.g. 0 to 115°C.)., and a second setting value 
corresponding to a second ballast temperature range (e.g., 
more than 115°C.), where the second setting value gradually 
(linearly) decreases from the first setting value to a lower limit 
smaller than the first setting value. If the aforementioned 
output powerfor stable operation is adaptively supplied to the 
lamp 12 just after the lamp 12 is lit, the output power may 
decrease Suddenly, thereby causing lamp flicker and lamp 
out. Therefore, in the embodiment, the output power equal to 
or more than the output power for stable operation (a rated 
power in the example of FIG.3) is supplied to the lamp 12 for 
the first time before the output power for stable operation is 
adaptively supplied to the lamp 12. The first time is decided 
based on the ballast temperature(s) obtained from a point in 
time when the lamp 12 is activated. 
0048. When the temperature of the ballast is an abnormal 
temperature (a malfunction temperature) higher than 115°C., 
a large temperature stress is put on electrical parts of the 
ballast. Therefore, the first time is set to a shorter time than 60 
seconds. Thus, by shortening the first time when the tempera 
ture of the ballast is high, it is possible to reduce the tempera 
ture stress on the electrical parts of the ballast. As stated 
above, the reduction of the lamp power just after the lamp is 
lit causes lamp flicker and lamp-out. Because of this, the 
lower limit is provided as shown in the example of FIG. 4C. 
For example, it is desirable that the lower limit should be set 
to about 10 seconds. 

0049. In the present embodiment, when the temperature of 
the ballast is a high temperature and the power Supply Voltage 
V1 of the DC power supply 1 is a low voltage, the begin time 
of power reduction can be advanced by shortening the first 
time. As a result, the temperature stress on electrical parts of 
the ballast can be reduced. If the power of a fixed value or 
more (a rated power of 35W) is supplied to the lamp 12 until 
the first time for starting power reduction elapses, the tem 
perature of electrodes of the lamp 12 can be increased suffi 
ciently. As a result, it is possible to Suppress lamp flicker and 
lamp-out. In the embodiment, optimum power can be Sup 
plied to the lamp 12 in response to the temperature of the 
ballast and the power supply voltage V1, thereby reducing the 
temperature stress on electrical parts of the ballast and while 
Suppressing lamp flicker and lamp-out. In the embodiment, 
the microcomputer 100 has the memory in which the refer 
ence power curve is stored, and sets a reduced Volume of 
power supplied to the lamp 12 based on the reference power 
curve, thereby decreasing the memory capacity in compari 
son with the case where all reduced volumes are stored in the 
memory. 

0050. In the embodiment, the converter 2 is formed of the 
flyback converter, but may beformed of for example, a boost 
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chopper, a buck chopper, or a buck-boost chopper. The 
inverter 3 is not limited to the full bridge inverter. For 
example, the inverter 3 may be a halfbridge inverter, or may 
have a shared chopper function. The starter 4 is not limited to 
the configuration as shown in FIG. 1A. For example, the 
starter 4 may bean LC resonance Voltage type for example. In 
the embodiment, the temperature detector 10 is formed of the 
thermistor TH1, but may be an IC for temperature detection or 
a measuring means for detecting (measuring) temperature 
Such as a configuration in which temperature is calculated 
based on the ON-resistance of an FET or a diode. 

Second Embodiment 

0051. A second embodiment of the present invention is 
explained with reference to FIGS. 1, 5 and 6. 
0052. As shown in FIG. 1A, a discharge lamp electronic 
ballast (hereinafter called a “ballast’) A1 of the present 
embodiment includes a DC-DC converter circuit (a “con 
verter) 2, an inverter circuit (an “inverter')3, a starter circuit 
(a 'starter”) 4, an inverter driving signal generator circuit (a 
“driving signal generator”) 6, an output feedback control 
circuit 5, a PWM signal generator circuit (a “PWM signal 
generator') 7, a driver circuit (a "driver) 8, a control power 
supply circuit (a “control power supply”)9, a ballast tempera 
ture detector circuit (a “temperature detector) 10 and an 
unlit-time measuring timer (a “timer') 11. These circuits are 
configured in the same way as the first embodiment, and 
accordingly are not described in detail herein. 
0053 FIG. 5A is a graph depicting a relationship between 
elapsed time and output power of the ballast A1 of the present 
embodiment. In FIG. 5A, the solid line E shows a reference 
power curve and the point D shows a start point for starting 
reducing power (output power) Supplied to a discharge lamp 
(hereinafter called a “lamp') 12. That is, the solid lines F, G 
and H show an example of the power reducing operation. 
Specifically, the power reducing operation includes the 
operations shown in the solid lines F, G and H and other 
operations, but FIG.5A omits to show the other operations. In 
the embodiment, a microcomputer 100 is configured to set a 
reducing rate and a reduced Volume of the output power in 
response to a magnitude of a power Supply Voltage V1 of a DC 
power supply 1. For example, the microcomputer 100 
changes the output voltage like the solid line F when the 
power Supply Voltage V1 is Smaller than a first voltage (e.g., 
8V), changes the output voltage like the solid line G when the 
power Supply Voltage V1 is equal to a second Voltage (e.g., 
9V), and changes the output voltage like the solid line H when 
the power Supply Voltage V1 is equal to a third voltage (e.g., 
1OV). The solid line F (first data) defines a first power value 
that is gradually (linearly) decreases from a rated power (e.g., 
35W) to a first lower limit lower than the rated power with a 
first slope. The solid line G (second data) defines a second 
power value that is gradually (linearly) decreases from the 
rated power to a second lower limit higher than the first lower 
limit with a second slope lower than the first slope. The solid 
line H (third data) defines a third power value that is gradually 
(linearly) decreases from the rated power to a third lower limit 
higher than the second lower limit with a third slope lower 
than the second slope. In the example of FIG. 5, as the power 
Supply Voltage V1 is Smaller, the reducing rate (slope) and the 
reduced volume of the output power become larger. Thus, the 
reducing rate and the reduced Volume of the output power are 
increased during a low Voltage that causes a large circuit loss, 
thereby suppressing a thermal stress on electrical parts of the 
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ballast. It is also possible to suppress lamp flicker and lamp 
out by reducing the reducing rate and the reduced Volume 
when the power Supply Voltage V1 is high. 
0054 FIG. 5B is another graph depicting a relationship 
between elapsed time and output power of the ballast A1 of 
the present embodiment. In FIG. 5A, both the reducing rate 
and the reduced volume of the output power are varied in 
response to the power supply voltage V1, but in FIG. 5B, only 
the reducing rate of the output power is varied in response to 
the temperature of the ballast. That is, the solid lines M, N and 
P show an example of the power reducing operation. Specifi 
cally, the power reducing operation includes the operations 
shown in the solid lines M, N and P and other operations, but 
FIG. 5B omits to show the other operations. In the example of 
FIG. 5B, the microcomputer 100 is configured to vary the 
output power like the solidline M when the temperature of the 
ballast is a first temperature (e.g., 105°C.), to vary the output 
power like the solid line N when the temperature of the ballast 
is a second temperature (e.g., 95°C.) lower than the first 
temperature, and to vary the output power like the solid line P 
when the temperature of the ballast is a third temperature 
(e.g., 85°C.) lower than the second temperature. The solid 
line M (first data) defines a first power value that is gradually 
(linearly) decreases from a rated power (e.g., 35W) to a lower 
limit lower than the rated power with a first slope. The solid 
line N (second data) defines a second power value that is 
gradually (linearly) decreases from the rated power to the 
lower limit with a second slope lower than the first slope. The 
solid line P (third data) defines a third power value that is 
gradually (linearly) decreases from the rated power to the 
lower limit with a third slope lower than the second slope. In 
short, the microcomputer 100 is configured to more increase 
only the reducing rate (slope) of the output power as the 
temperature of the ballast is higher. Thus, the reducing rate of 
the output power is increased during a high temperature that 
causes a large circuit loss, thereby Suppressing a thermal 
stress on electrical parts of the ballast. It is also possible to 
Suppress lamp flicker and lamp-out by decreasing the reduc 
ing rate of the output power when the temperature of the 
ballast is low. 

0055. In the present embodiment, by increasing both the 
reducing rate and the reduced Volume of the output power as 
the power Supply Voltage V1 is Smaller, or by increasing only 
the reducing rate of the output power as the temperature of the 
ballast is higher, it is possible to reduce a thermal stress on 
electrical parts of the ballast in a high temperature that causes 
a large circuit loss. As a result, it is possible to prolong the life 
of the ballast A1. 

0056. An operation of the ballast A1 in the present 
embodiment is explained with reference to a flowchart shown 
in FIG. 6. If a user switches on a power switch (not shown) of 
the ballast, the ballast is energized (S21) and the microcom 
puter 100 is reset (S22) and initializes variables, flags and the 
like (S23). After the initialization is finished, the microcom 
puter 100 judges whether or not the lamp 12 should be started 
(S24). When starting the lamp 12, the microcomputer 100 
performs the control for no-load before the lamp 12 is lit 
(S25). After the control for no-load is finished, the microcom 
puter 100 judges whether or not the lamp 12 is lit (S26). If the 
lamp 12 is lit, the microcomputer 100 reads an elapsed time 
(first time) from a point in time when the lamp 12 is lit (S27). 
0057 The microcomputer 100 then reads the temperature 
of the ballast (S28) and the power supply voltage V1 (S29) of 
the DC power supply 1 from the temperature detector 10 and 
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the Voltage detector 101, respectively, and averages the power 
supply voltage V1 (S30). The microcomputer 100 equiva 
lently reads a lamp Voltage by reading the output Voltage of 
the converter 2 (S31) and average the lamp voltage (S32). The 
microcomputer 100 then reads a corresponding lamp power 
command (value) from the data table stored in the memory 
(not shown) to perform the power limitation based on the 
temperature of the ballast (S33). The microcomputer 100 then 
calculates a lamp current command (value) from the lamp 
power command (value) and the averaged lamp Voltage 
(value) (S34). 
0058. The microcomputer 100 equivalently reads a lamp 
current (value) by reading an electric current (value) through 
the converter 2 (S35), and averages the lamp current (S36). 
The microcomputer 100 Subsequently compares the averaged 
lamp current with the calculated lamp current command 
(value), and varies the command (value) for primary current 
of the converter 2 in response to the comparison result (S38) 
while performing other controls such as stopping control 
based on judgment of abnormal (malfunction) conditions of 
the load and the power supply, and the like (S39). The micro 
computer 100 repeatedly performs the processes of S27 to 
S39. 

Third Embodiment 

0059 A third embodiment of the present invention is 
explained with reference to FIGS. 1, 7 and 8. 
0060. As shown in FIG. 1A, a discharge lamp electronic 
ballast (hereinafter called a “ballast’) A1 of the present 
embodiment includes a DC-DC converter circuit (a “con 
verter) 2, an inverter circuit (an “inverter')3, a starter circuit 
(a 'starter”) 4, an inverter driving signal generator circuit (a 
“driving signal generator”) 6, an output feedback control 
circuit 5, a PWM signal generator circuit (a “PWM signal 
generator') 7, a driver circuit (a "driver) 8, a control power 
supply circuit (a “control power supply”)9, a ballast tempera 
ture detector circuit (a “temperature detector) 10 and an 
unlit-time measuring timer (a “timer') 11. These circuits are 
configured in the same way as the first embodiment, and 
accordingly are not described in detail herein. 
0061 FIG. 7 is a graph depicting a relationship between 
power Supply Voltage V1 and reduced Volume of output 
power in the ballast A1 of the present embodiment. In the 
relationship of FIG. 7, the lower limit for the reduced volume 
is set to -6W, thereby defining the maximum reduced volume 
of 6 W. The graph (data) of FIG. 7 defines a first reduced 
Volume corresponding to a first power Supply Voltage range 
(e.g., 0 to 11V), and a second reduced volume(e.g., OW) that 
is Smaller than the first reduced Volume and corresponds to a 
second power Supply Voltage range (e.g., more than 11V), 
where the first reduced volume gradually (linearly) increases 
from the second reduced volume to a prescribed value (the 
lower limit) as the power Supply Voltage more decreases from 
a maximum value of the first power Supply Voltage range. 
FIG. 4A shows a relationship between temperature of the 
ballast and reduced volume of power (output power) supplied 
to a discharge lamp (hereinafter called a “lamp') 12. In the 
relationship of FIG. 4A, the lower limit for the reduced vol 
ume is set to -6W, thereby defining the maximum reduced 
Volume of 6 W. In this case, the maximum total reduced 
volume is 12 W, but when a rated power is 35W, the power 
reduction of 12 W may cause lamp flicker and lamp-out 
during operation due to a power shortage. Therefore, in the 
embodiment, the total reduced volume is set to a prescribed 
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value (e.g., 9W) Smaller than the maximum total power 
reduction (12W) even when the total reduced volume exceeds 
9W. When the total reduced volume is equal to or less than 
9W, the total reduced volume is used. 
0062 An operation of the present embodiment is 
explained with reference to FIG.8. The microcomputer 100 
reads the temperature of the ballast from the temperature 
detector 10 (S41) to decide the reduced volume Aw 1 of the 
output power based on the temperature of the ballast (S42). 
The microcomputer 100 then reads the power supply voltage 
V1 of the DC power supply 1 (S43) to decide the reduced 
volume Aw 1 based on the power supply voltage V1 (S44). 
The microcomputer 100 calculates the total reduced volume 
(Aw1+Aw2). The microcomputer 100 then sets the reduced 
volume of the output power to the total reduced volume (S46) 
if the total reduced volume is equal to or less than 9W (S45), 
and sets the reduced volume of the output power to 9W of the 
prescribed value (the lower limit) (S47) if the total reduced 
volume exceeds 9W (S45). 
0063 Thus, a minimum powerfor lighting the lamp 12 can 
be secured by setting the lower limit of the total reduced 
volume of the output power. As a result, it is possible to 
Suppress lamp-out to realize stable lighting, and to Suppress a 
temperature stress on electrical parts of the ballast by reduc 
ing the output power. 

Fourth Embodiment 

0064 FIG. 9 is a schematic profile of a luminaire in the 
present embodiment, and FIG.10 is a perspective view of part 
of a vehicle in the present embodiment. 
0065. The luminaire in the present embodiment is, for 
example, a headlight B provided for a vehicle C. The head 
light B has a housing 22 shaped like a case with an opening in 
a front of the vehicle C (a left face in FIG.9). The housing 22 
houses a discharge lamp 12 connected to a socket 23, a reflec 
tor 21 which surrounds the lamp 12 and reflects its light 
forward, and a shade 26 which is attached to the lamp 12 to 
prevent glare of the lamp 12. A transparent (or translucent) 
cover 24 is attached to the front (opening) of the housing 22 so 
that light from the lamp 12 and light reflected by the reflector 
21 passes through the cover 24 to be emitted therefrom. 
0066. A ballast A1 in any one of the aforementioned 
embodiments is put in a case 27, and the case 27 with the 
ballast A1 is attached to a bottom of the housing 22. The case 
27 (the ballast) is connected to the socket 23 through a cable 
25. In addition, the ballast A1 is connected with a DC power 
supply 1 formed of a battery through a lamp switch S1, a fuse 
F1 and a power line 28. 
0067 For example, as shown in FIG. 10, two headlights B 
are disposed at both sides in the front of the vehicle C, and 
supplied with AC power from the respective ballasts A1 to 
emit light of prescribed luminous intensity. 
0068. The embodiment includes a ballast A1 in any one of 
the aforementioned embodiments, and accordingly it is pos 
sible to provide the headlights B and the vehicle C capable of 
reducing a thermal stress on electrical parts of the ballasts 
while Suppressing lamp flicker and lamp-out with respect to 
the lamps 12. 
0069. In the embodiment, the ballast A1 is applied to the 
headlights B, but may be applied to width indicators, tail 
lights or other lights. 

1. A discharge lamp electronic ballast, comprising: 
a DC-DC converter circuit configured to convert a voltage 

of a DC power supply so as to output DC power; 
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an inverter circuit configured to convert the DC power into 
AC power to Supply the power to a discharge lamp; and 

a controller configured to control the DC-DC converter 
circuit and the inverter circuit, 

wherein the controller comprises: 
a Voltage detector configured to detect a Voltage value of 

the DC power Supply or a value corresponding to the 
Voltage value; and 

a temperature detector configured to detect a temperature 
of the ballast or a value corresponding to the temperature 
of the ballast, 

wherein the controller is configured: 
(a) when the discharge lamp is started, to Supply the dis 

charge lamp with power larger than power to be Supplied 
during a stable operation of the discharge lamp; and 

(b) to reduce the power Supplied to the discharge lamp if a 
first time elapses from a start of the discharge lamp, 
thereby supplying the lamp with power for the stable 
operation, 

wherein the controller is configured to set the first time 
based on a detection result of the Voltage detector and a 
detection result of the temperature detector. 

2. The discharge lamp electronic ballast of claim 1, 
wherein the controller is configured to supply the discharge 
lamp with power equal to or larger than a fixed value until the 
first time elapses from the start of the discharge lamp. 

3. The discharge lamp electronic ballast of claim 1, 
wherein the controller is configured to set a reducing rate and 
a reduced Volume of the power Supplied to the discharge lamp 
after the first time elapses based on the detection result of the 
Voltage detector. 

4. The discharge lamp electronic ballast of claim 2, 
wherein the controller is configured to set a reducing rate and 
a reduced Volume of the power Supplied to the discharge lamp 
after the first time elapses based on the detection result of the 
Voltage detector. 

5. The discharge lamp electronic ballast of claim 1, 
wherein the controller is configured to set a reducing rate of 
the power supplied to the discharge lamp after the first time 
elapses based on the detection result of the temperature detec 
tOr. 
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6. The discharge lamp electronic ballast of claim 2, 
wherein the controller is configured to set a reducing rate of 
the power supplied to the discharge lamp after the first time 
elapses based on the detection result of the temperature detec 
tOr. 

7. The discharge lamp electronic ballast of claim 1, 
wherein the controller has reducing rates of the power Sup 
plied to the discharge lamp, said reducing rates corresponding 
to detection results of the voltage detector or detection results 
of the temperature detector. 

8. The discharge lamp electronic ballast of claim 2, 
wherein the controller has reducing rates of the power Sup 
plied to the discharge lamp, said reducing rates corresponding 
to detection results of the voltage detector or detection results 
of the temperature detector. 

9. The discharge lamp electronic ballast of claim 1, 
wherein the controller stores a reference curve of power and 
is configured to set the reduced volume of the power supplied 
to the discharge lamp based on the curve of power. 

10. The discharge lamp electronic ballast of claim 2, 
wherein the controller stores a reference curve of power and 
is configured to set the reduced volume of the power supplied 
to the discharge lamp based on the curve of power. 

11. The discharge lamp electronic ballast of claim 1, 
wherein the controller comprises a lower limit for the reduced 
Volume of the power Supplied to the discharge lamp, said 
lower limit corresponding to detection results of the Voltage 
detector or detection results of the temperature detector. 

12. The discharge lamp electronic ballast of claim 2, 
wherein the controller comprises a lower limit for the reduced 
Volume of the power Supplied to the discharge lamp, said 
lower limit corresponding to detection results of the Voltage 
detector or detection results of the temperature detector. 

13. A luminaire, comprising a discharge lamp electronic 
ballast of claim 1. 

14. A luminaire, comprising a discharge lamp electronic 
ballast of claim 2. 

15. A vehicle, comprising the luminaire of claim 13. 
16. A vehicle, comprising the luminaire of claim 14. 
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