EP 2 420 407 A1

(1 9) Européisches

: Patentamt

European
Patent Office

Office européen
des brevets

(11) EP 2 420 407 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
22.02.2012 Bulletin 2012/08

(21) Application number: 11177472.5

(22) Date of filing: 12.08.2011

(51) IntCl.
B60Q 1/076 (2006.0) F21V 14/00 (2006.01)
HO01J 61/82(2006.01) HO5B 41/14 (2006.01)
HO5B 41/28 (2006.01) HO5B 41/288 (2006.01)

(84) Designated Contracting States:
AL AT BEBG CH CY CZDE DK EE ES FI FR GB
GRHRHUIEISITLILTLULV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME

(30) Priority: 20.08.2010 JP 2010184633

(71) Applicant: Koito Manufacturing Co., Ltd.
Tokyo 108-8711 (JP)

(72) Inventors:
¢ Muramatsu, Takao
Shizuoka-shi, Shizuoka (JP)
* Nakayama, Toru
Shizuoka-shi, Shizuoka (JP)
* Ito, Masayasu
Shizuoka-shi, Shizuoka (JP)

(74) Representative: Intés, Didier Gérard André et al
Cabinet Beau de Loménie
158, rue de I’Université
75340 Paris Cedex 07 (FR)

(54) Discharge lamp lighting circuit

(57) A discharge lamp lighting circuit 100 supplies
power to a discharge lamp 226 used as a light source of
a vehicle lighting device capable of switching between a
first state and a second state by light distribution change

means. A light distribution pattern of the second state is
different from a light distribution pattern of the first state.
The power supplied to the discharge lamp 226 is changed
at a timing of switching from the first state to the second
state.

210

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 420 407 A1 2

Description
FIELD
[0001] Apparatuses consistent with the presentinven-

tion relate to a discharge lamp lighting circuit.
BACKGROUND

[0002] In general, light distribution patterns formed
ahead of a vehicle by light emitted from a vehicle lighting
device such as a headlamp of a vehicle or the like include
alightdistribution pattern for a driving beam (also referred
to as a high beam) and a light distribution pattern for a
passing beam (also referred to as a low beam). As a
headlamp, there is a headlamp of the type called a two-
lamp type headlamp in which both of the light distribution
patterns are realized by using the same light source.
[0003] As the light source used in the headlamp men-
tioned above, a discharge lamp such as a metal halide
lamp or the like is used in recent years instead of a hal-
ogen lamp having a filament. The discharge lamp has
high light emission efficiency and long life when com-
pared with the halogen lamp, but requires several ten to
several hundred Volts (V) as a drive voltage so that the
discharge lamp can not be driven directly by a vehicle-
mounted battery of 12 V or 24 V, and therefore requires
a discharge lamp lighting circuit (also referred to as a
ballast).

[0004] On the other hand, in order to achieve a reduc-
tion in the cost of the headlamp, a reduction in the power
of the discharge lamp as the light source has been pro-
moted. In many vehicle discharge lamps currently dis-
tributed on the market, input power at the time of steady
operation is about 35 watts (W), and the input power at
the time of steady operation of the currently available
latest low power discharge lamp is not more than 30 W,
and in particular about 25 W.

[0005] JP-A-2001-080411 discloses a vehicle dis-
charge lamp apparatus including a lighting circuit which
performs lighting control of a discharge lamp for driving
beam emission and a discharge lamp for passing beam
emission which have the same rating.

[0006] Whenahighbeamandalowbeam are switched
in a two-lamp type headlamp, for example, a light-block-
ing state in the headlamp is mechanically changed. In
general, in the case of the low beam, light from the dis-
charge lamp is blocked in a larger amount than in the
case of the high beam. Herein, when the above-de-
scribed low power discharge lamp is used as the light
source, the luminous flux of the light emitted from the
discharge lamp is reduced due to its low power.

[0007] In order to obtain the light of the luminous flux
required for the high beam even when the low power
discharge lamp is used, it is considered that the amount
of blocked lightin the high beam is reduced in accordance
with the reduction in the luminous flux, or the light is not
blocked. However, these countermeasures have limita-
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tions, and it is difficult to use the lower power discharge
lamp in the present situation.

SUMMARY

[0008] The present invention has been achieved in
view of the above-described situation, and an object
thereof is to provide a discharge lamp lighting circuit
which may realize power control in accordance with
switching of a state of a vehicle lighting device.

[0009] An aspect of the present invention relates to a
discharge lamp lighting circuit. The discharge lamp light-
ing circuitis a discharge lamp lighting circuit that supplies
power to a discharge lamp used as a light source of a
vehicle lighting device capable of switching between a
first state and a second state by light distribution change
means, wherein a light distribution pattern of the second
state is different from a light distribution pattern of the
first state, and wherein the power supplied to the dis-
charge lamp is changed at a timing of switching from the
first state to the second state.

[0010] According to this aspect, it may become possi-
ble to perform control of supplied power in accordance
with the switching of the state in the vehicle lighting de-
vice.

[0011] Itis to be noted that any arbitrary combinations
of the above-mentioned components and any changes
in the component and the expression of the present in-
vention among a device, a method, and a system are
also effective as aspects of the present invention.
[0012] According to the present invention, it may be
possible to realize power control in accordance with the
switching of the state of the vehicle lighting device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] A general configuration that implements the
various features of embodiments of the presentinvention
will be described with reference to the drawings. The
drawings and the associated descriptions are provided
to illustrate embodiments of the invention and should not
limit the scope of the invention.

FIG. 1 is a schematic cross-sectional view showing
an internal structure of a headlamp unit including a
discharge lamp lighting circuit according to an em-
bodiment;

FIG. 2 is a circuit diagram showing a configuration
of the discharge lamp lighting circuit according to the
embodiment and members connected thereto;

FIG. 3 is a circuit diagram showing a configuration
of a lighting control circuit of FIG. 2;

FIG. 4 is a graph showing an illustrative time-varying
change of a luminous flux of a discharge lamp and
lamp power supplied to the discharge lamp;

FIG. 5is a waveform diagram showing a rising wave-
form of the luminous flux measured by using the dis-
charge lamp lighting circuit of FIG. 2;
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FIG. 6 is a circuit diagram showing a configuration
of an adjustment circuit according to a modification;
and

FIG. 7 is a waveform diagram showing a rising wave-
form of the luminous flux measured by using a dis-
charge lamp lighting circuit including the adjustment
circuit according to the modification.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0014] The description will be given hereinbelow of the
present invention based on a preferred embodiment with
reference to the drawings. The same or equivalent com-
ponents, members, and signals shown in the individual
drawings are designated by the same reference numer-
als, and the repeated description thereof will be omitted
as appropriate. In addition, in the individual drawings, a
part of members which are not important in terms of the
description will be omitted.

[0015] In the present specification, "a state where a
member A is connected to a member B" includes the
case where the member A and the member B are indi-
rectly connected to each other via another member which
does not exert an effect on an electrically connected state
in addition to the case where the member A and the mem-
ber B are physically and directly connected to each other.
Similarly, "a state where amember Cis provided between
a member A and a member B" includes the case where
the member A and the member C, or the member B and
the member C are indirectly connected to each other via
another member which does not exert an effect on the
electrically connected state in addition to the case where
the member A and the member C, or the member B and
the member C are directly connected to each other.
[0016] FIG. 1 is a schematic cross-sectional view
showing an internal structure of a headlamp unit 210 in-
cluding a discharge lamp lighting circuit 100 according
to the present embodiment. The headlamp unit 210 is a
vehicle lighting device mounted on a vehicle. FIG. 1
shows a cross section when the headlamp unit 210 cut
along a vertical plane including an optical axis X of the
lighting device is viewed from the left side of the lighting
device. The headlamp unit 210 is one of units of a two-
lamp type headlamp which realizes a high-beam state
and a low-beam state by using the same light source.
[0017] The headlamp unit 210 has a lighting chamber
216 formed of alamp body 212 having an opening portion
in the forward direction of a vehicle and a transparent
cover 214 covering the opening portion of the lamp body
212. Inthe lighting chamber 216, a lighting unit 218 which
emits light in the forward direction of the vehicle is ac-
commodated.

[0018] The lighting unit 218 is configured of a shade
mechanism 224 including a rotational shade 222, a dis-
charge lamp 226 as a light source, a lamp housing 230
supporting a reflector 228 on an inner wall thereof, and
a projection lens 232. The discharge lamp 226 may be
a mercury-free high intensity discharge lamp (HID lamp)
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having input power at the time of steady operation of 35
W which is currently prevalent as a vehicle discharge
lamp. Alternatively, the discharge lamp 226 may also be
a low power discharge lamp having input power at the
time of steady operation lower than that of the above-
described high intensity discharge lamp such as a ce-
ramic discharge lamp or the like. For example, the dis-
charge lamp 226 may be the ceramic discharge lamp
having input power at the time of steady operation of 25
W.

[0019] The reflector 228 reflects light emitted from the
discharge lamp 226. Subsequently, a part of the light
from the discharge lamp 226 and the light reflected by
the reflector 228 is guided to the projection lens 232 via
the rotational shade 222 configuring the shade mecha-
nism 224.

[0020] The rotational shade 222 is a cylindrical mem-
ber rotated about a rotational shaft 222a by a shade ro-
tating motor. In addition, the rotational shade 222 has a
notched portion 234 obtained by notching a part thereof
in an axial direction, and holds a plurality of tabular shade
plates on an outer peripheral surface other than the
notched portion 234. The rotational shade 222 is capable
of moving the notched portion 234 or any one of the shade
plates to a position on a rear focal surface including a
rear focal point of the projection lens 232 in accordance
with a rotational angle thereof. Subsequently, there is
formed a light distribution pattern in conformity with the
shape of a ridge portion of the shade plate positioned on
the optical axis X in accordance with the rotational angle
of the rotational shade 222. For example, by blocking a
part of light emitted from the discharge lamp 226 by mov-
ing any one of the shade plates of the rotational shade
222 onto the optical axis X, there is formed a low-beam
light distribution pattern or a light distribution pattern in-
cluding features of the low-beam light distribution pattern
in a part. Further, by not blocking the light emitted from
the discharge lamp 226 by moving the notched portion
234 onto the optical axis X, a high-beam light distribution
pattern is formed.

[0021] The rotational shade 222 can be rotated using,
e.g., amotordrive, and by controlling the rotation amount
of the motor, the shade plate or the notched portion 234
for forming a desired light distribution pattern is moved
onto the optical axis X.

[0022] The description returns to FIG. 1.

[0023] The projection lens 232 is positioned on the op-
tical axis X, and the discharge lamp 226 is disposed at
a position on the rearward side of the rear focal surface
of the projection lens 232. The projection lens 232 is
formed of a flat convex aspherical lens having a convex
forward surface and a flat rearward surface, and projects
a light source image formed on the rear focal surface
onto a virtual vertical screen forward of the lighting unit
218 as a reversed image.

[0024] Ontheinnerwall surface of the lighting chamber
216, e.g. , at a position below the lighting unit 218, there
is disposed a lighting unit control section 220 which per-
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forms turning on/off control of the lighting unit 218 and
formation control of the light distribution pattern. The
lighting unit control section 220 includes a discharge
lamp lighting circuit 100 (described later) according to
the embodiment and a light distribution state switching
circuit (not shown).

[0025] The light distribution state switching circuit
switches the state of the headlamp unit 210 between the
high-beam state and the low-beam state in accordance
with a Hi/Lo switching signal from the outside. In the high-
beam state of the headlamp unit 210, light emitted from
the headlamp unit 210 forms the high-beam light distri-
bution pattern. In the low-beam state of the headlamp
unit 210, the light emitted from the headlamp unit 210
forms the low-beam light distribution pattern.

[0026] More specifically, when the Hi/Lo switching sig-
nalis asserted (is at high level), the light distribution state
switching circuit controls the motor of the shade mecha-
nism 224 such that the high-beam light distribution pat-
tern is formed. When the Hi/Lo switching signal is negat-
ed (is at low level), the light distribution state switching
circuit controls the motor of the shade mechanism 224
such that the low-beam light distribution pattern is
formed.

[0027] It is to be noted that, although the high-beam
state and the low-beam state are switched using me-
chanical operations in the headlamp unit 210 in the
present embodiment, the high-beam state and the low-
beam state may be switched using other light distribution
changing means. For example, the states may be
switched by using a lens of which a refractive index is
changed by applying an electrical signal thereto, or may
also be switched by using a Micro Electro Mechanical
Systems (MEMS) mirror.

[0028] FIG. 2 is a circuit diagram showing a configu-
ration of the discharge lamp lighting circuit 100 according
to the embodiment and other members connected there-
to. The discharge lamp lighting circuit 100 supplies power
to the discharge lamp 226 used as the light source of the
headlamp unit 210. The discharge lamp lighting circuit
100 is connected to a vehicle-mounted battery (herein-
below simply referred to as a battery) 6 and a power
supply switch 8.

[0029] The battery 6 generates a direct current battery
voltage (power supply voltage) Vbat of 12 V (or 24 V).
The power supply switch 8 is a relay switch provided to
control ON/OFF of the lighting of the discharge lamp 226,
and is provided in series with the battery 6. When the
power supply switch 8 is turned ON, the battery voltage
Vbat is supplied to the discharge lamp lighting circuit 100
from the battery 6.

[0030] The discharge lamp lighting circuit 100 boosts
the smoothed battery voltage Vbat, converts the battery
voltage into alternating current, and supplies the battery
voltage to the discharge lamp 226. The discharge lamp
lighting circuit 100 includes a DC/DC converter CONV,
a lighting control circuit 10, a starter circuit 20, an inverter
circuit 30, an input capacitor Cin, and a current detection

10

15

20

25

30

35

40

45

50

55

resistor Rd.

[0031] The input capacitor Cin is provided in parallel
with the battery 6, and smoothes the battery voltage Vbat.
More specifically, the input capacitor Cin is provided in
the vicinity of an input transformer 14, and fulfils a function
of smoothing a voltage in response to a switching oper-
ation of the DC/DC converter CONV.

[0032] The DC/DC converter CONV boosts the battery
voltage Vbat. The DC/DC converter CONV is an insulat-
ing type switching regulator, and includes the input trans-
former 14, an output diode D1, an output capacitor Co,
and a first switching element M1.

[0033] A primary winding L1 of the input transformer
14 and the first switching element M1 are provided in
series between an input terminal Pin of the DC/DC con-
verter CONV and a ground terminal (GND) in parallel
with the input capacitor Cin. For example, the first switch-
ing element M1 is configured of an N-channel Metal Ox-
ide Semiconductor Field Effect Transistor (MOSFET).
One end of a secondary winding L2 of the input trans-
former 14 is grounded, and the other end thereof is con-
nected to an anode of the output diode D1. The output
capacitor Co is provided between a cathode of the output
diode D1 and the ground terminal.

[0034] A control terminal (gate) of the first switching
element M1 is connected to a first terminal P1 of the
lighting control circuit 10. To the control terminal of the
first switching element M1, a control pulse signal S1 of
adrive frequency f 1 is applied. In a steady lighting state,
the drive frequency f1is, e.g., 400 kHz. The first switching
element M1 is turned ON when the control pulse signal
S1 is at high level, and the first switching element M1 is
turned OFF when the control pulse signal S1 is at a low
level.

[0035] The inverter circuit 30 converts a direct current
output voltage Vo boosted by the DC/DC converter
CONYV into an alternating current voltage of a lighting
frequency f2, and supplies the alternating current voltage
to the discharge lamp 226. As the inverter circuit 30,
known inverter circuits such as, e.g., an H-bridge circuit
and the like are used.

[0036] The lighting frequency f 2 is set to be lower than
the drive frequency f 1. The lighting frequency f 2 is set
to preferably not more than 10 kHz, further preferably
about 250 Hz to about 750 Hz, and is set to 312.5 Hz in
the present embodiment. A reciprocal of the lighting fre-
quency f 2 is referred to as a lighting period T 2 (= 1/f 2
= 3.2 ms).

[0037] The currentdetection resistor Rd is provided on
a path of a lamp current IL flowing to the discharge lamp
226. In the circuit of FIG. 2, the current detection resistor
Rd is provided on a ground wiring which connects the
DC/DC converter CONV and the inverter circuit 30. In
the current detection resistor Rd, a voltage drop Vd in
proportion to the lamp current IL occurs.

[0038] The startercircuit20is provided to cause break-
down of the discharge lamp 226. The starter circuit 20
includes a starter transformer 22 and a pulse generation
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circuit 28. The pulse generation circuit 28 applies a pulse
voltage having an amplitude of 400 V to 1 kV to a primary
winding 24 of the starter transformer 22. As a result, on
the side of a secondary winding 26, a high voltage pulse
(e.g., 20 kV) in correspondence to a winding ratio of the
starter transformer 22 is generated, and is applied to the
discharge lamp 226. As a result, the breakdown of the
discharge lamp 226 is caused, and discharge is started.
[0039] The lighting control circuit 10 includes a func-
tional Integrated Circuit (IC) for controlling the discharge
lamp lighting circuit 100.

[0040] The lighting control circuit 10 monitors the out-
put voltage Vo and the lamp current IL, and controls a
duty ratio of the control pulse signal S1 such that power
supplied to the discharge lamp 226 approaches desired
target power. To the lighting control circuit 10, a Hi/Lo
switching signal S2 is supplied from the outside. The light-
ing control circuit 10 performs control of increasing the
power supplied to the discharge lamp 226 at the timing
of switching from the low-beam state to the high-beam
state in the headlamp unit 210. That is, when detecting
arising edge in the Hi/Lo switching signal S2, the lighting
control circuit 10 adjusts the duty ratio of the control pulse
signal S1 to increase the output voltage Vo of the DC/DC
converter CONV.

[0041] In addition, the lighting control circuit 10 is con-
figured such that a design maximum value of power sup-
plied to the discharge lamp 226 in the high-beam state
and a design maximum value of power supplied to the
discharge lamp 226 in the low-beam state are equal to
each other. The design maximum value of the power sup-
plied to the discharge lamp 226 is a reference value of
the power supplied to the discharge lamp 226. In other
examples, an average value or a maximum value of pow-
er may be used as the reference value, or a reference
value of a lamp voltage or a lamp current indicative of
the power supplied to the discharge lamp 226 may also
be used.

[0042] Further, a time period in which the power sup-
plied to the discharge lamp 226 takes the maximum value
from power input to steady lighting corresponds to a time
period immediately after the lighting of the discharge
lamp 226, i.e., a given transient time period since the
start of supply of the power to the discharge lamp 226
by the discharge lamp lighting circuit 100. Since the light-
ing control circuit 10 is configured such that the design
maximum value of the power in the high-beam state and
that in the low-beam state are equal to each other, the
power supplied to the discharge lamp 226 is not substan-
tially changed even when the switching of the state of
the headlamp unit 210 is performed during the above-
described transient time period.

[0043] FIG. 3 is a circuit diagram showing a configu-
ration of the lighting control circuit 10. Although the light-
ing control circuit 10 includes other members for causing
the discharge lamp lighting circuit 10 to function in addi-
tion to members shown in FIG. 3, the members are omit-
ted in FIG. 3 for clearer description.
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[0044] The lighting control circuit 10 includes a state
detection circuit 102, a timing circuit 104, an adjustment
circuit 106, a reference voltage source 108, an error am-
plifier 110, a saw-tooth wave generation circuit 112, a
PWM comparator 114, a timer capacitor 116, the first
terminal P1, a second terminal P2 to which the Hi/Lo
switching signal S2 is input, a third terminal P3 to which
the output voltage Vo is applied, a fourth terminal P4 to
which the voltage of one end of the current detection
resistor Rd is applied, and a fifth terminal P5 to which the
voltage of the other end of the current detection resistor
Rd is applied.

[0045] The state detection circuit 102 detects an elec-
trical state of the discharge lamp 226. The state detection
circuit 102 is connected to the third terminal P3, and mon-
itors the output voltage Vo. The state detection circuit
102 is also connected to the fourth terminal P4 and the
fifth terminal P5, and measures the voltage drop Vd oc-
curring in the current detection resistor Rd to arithmeti-
cally calculate the lamp current IL. The state detection
circuit 102 inputs a power signal S3 having a voltage in
correspondence to the power supplied to the discharge
lamp 226 to an inverted input terminal of the error ampli-
fier 110 via the adjustment circuit 106.

[0046] The error amplifier 110 amplifies an error be-
tween the voltage of the power signal S3 and a reference
voltage Vref generated by the reference voltage source
108, and generates an error signal S4 having a voltage
in correspondence to the amplified error. The value of
the reference voltage Vref is set on the basis of desired
target power. The error amplifier 110 inputs the error sig-
nal S4 to a non-inverted input terminal of the PWM com-
parator 114.

[0047] The saw-tooth wave generation circuit 112 gen-
erates a periodic signal S5 having a triangular wave-like
or saw-tooth wave-like periodic voltage of the drive fre-
quency f 1, and inputs the generated periodic signal S5
to aninverted input terminal of the PWM comparator 114.
[0048] The PWM comparator 114 generates the con-
trol pulse signal S1 by comparing the voltage of the error
signal S4 with the voltage of the periodic signal S5. The
PWM comparator 114 supplies the control pulse signal
S1 to the first terminal P1.

[0049] The timing circuit 104 is connected to the third
terminal P3, and applies the output voltage Vo or a volt-
age in correspondence to the output voltage Vo to one
end of the timer capacitor 116. The other end of the timer
capacitor 116 is grounded.

[0050] When the power supply switch 8 is turned ON
and the discharge lamp lighting circuit 100 is powered
up, the output voltage Vo which has been substantially
0 increases. In response to this, the timer capacitor 116
is charged through the timing circuit 104 until a given
charge voltage is reached. When the power supply switch
8 is turned OFF in a state where the timer capacitor 116
is fully charged, the output voltage Vo immediately falls
down to 0 substantially. The timing circuit 104 has a re-
sistor for determining a time constant of discharge of the
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timer capacitor 116, and the timer capacitor 116 is dis-
charged according to the time constant. Herein, the time
constant of the discharge is predetermined, and the re-
sistance value of the resistor of the timing circuit 104 is
determined such that the predetermined time constant
is realized. Consequently, from the voltage (both-end
voltage) of one end of the timer capacitor 116 after the
power supply switch 8 is turned OFF and the supply of
the power to the discharge lamp 226 is stopped, elapsed
time after the power supply to the discharge lamp 226 is
stopped can be measured.

[0051] The timing circuit 104 generates a signal in cor-
respondence to the voltage of one end of the timer ca-
pacitor 116 or a signal in correspondence to the elapsed
time obtained from the voltage, e.g., judgment of hot/cold
of the discharge lamp 226.

[0052] Particularly, the timing circuit 104 generates a
TC signal S6 having a voltage in correspondence to the
voltage of one end of the timer capacitor 116, and sup-
plies the generated TC signal S6 to the adjustment circuit
106. It is to be noted that, in order to perform an adjust-
ment based on the elapsed time after the supply of the
power to the discharge lamp 226 is stopped, the adjust-
ment circuit 106 uses a change in the TC signal S6 from
the power-up of the discharge lamp lighting circuit 100
instead of using the TC signal S6. That s, the adjustment
circuit 106 uses the TC signal S6 in order to increase the
power supplied to the discharge lamp 226 during the tran-
sient time period.

[0053] The state detection circuit 102 generates alamp
current signal S7, a first lamp voltage signal S8, and a
second lamp voltage signal S9 in accordance with a given
control line design, and inputs them to the adjustment
circuit 106. The lamp current signal S7 is a signal having
a voltage in correspondence to the lamp current IL, e.g. ,
a voltage in proportion to the lamp current IL. Both of the
first lamp voltage signal S8 and the second lamp voltage
signal S9 are signals each having a voltage in corre-
spondence to the lamp voltage as the both-end voltage
of the discharge lamp 226, and the first lamp voltage
signal S8 is different from the second lamp voltage signal
S9 in the manner of dependence on the lamp voltage.
[0054] The adjustment circuit 106 combines the lamp
current signal S7, the first lamp voltage signal S8, and
the second lamp voltage signal S9 to generate the power
signal S3. The adjustment circuit 106 is connected to the
second terminal P2, and switches among weights of the
individual signals at the time of the combination on the
basis of the Hi/Lo switching signal S2. The adjustment
circuit 106 includes a switching circuit 118, a first resist-
ance switching circuit 120, a second resistance switching
circuit 122, afirst resistor 124, a second resistor 126, and
a third resistor 128.

[0055] Tooneend of the second resistor 126, the lamp
current signal S7 is input, and the other end thereof is
connected to the inverted input terminal of the error am-
plifier 110.

[0056] Tooneend ofthefirstresistor 124,the TC signal

10

15

20

25

30

35

40

45

50

55

S6 is input, and the other end thereof is connected to the
inverted input terminal of the error amplifier 110.

[0057] The third resistor 128 is a variable resistor, and
one end thereof is connected to the inverted input termi-
nal of the error amplifier 110, while the other end thereof
is grounded.

[0058] The first resistance switching circuit 120 is pro-
vided between a terminal for outputting the first lamp volt-
age signal S8 of the state detection circuit 102 and the
inverted input terminal of the error amplifier 110, and is
constituted so as to be able to switch the resistance value
on the basis of a first switching signal S10. The first re-
sistance switching circuit 120 has a fourth switching el-
ement 144, an eighth resistor 146, and a ninth resistor
148. To one end of the eighth resistor 146, the first lamp
voltage signal S8 is input, and the other end thereof is
connected to one end of the ninth resistor 148. To a con-
nection node between the other end of the eighth resistor
146 and one end of the ninth resistor 148, a drain of the
fourth switching element 144 as the N-channel MOSFET
is connected. To a gate of the fourth switching element
144, the first switching signal S10 is input. Both of a
source of the fourth switching element 144 and the other
end of the ninth resistor 148 are connected to the inverted
input terminal of the error amplifier 110.

[0059] The second resistance switching circuit 122 is
provided between a terminal for outputting the second
lamp voltage signal S9 of the state detection circuit 102
and the inverted input terminal of the error amplifier 110,
and is configured to be able to switch the resistance value
based on a second switching signal S11. The second
resistance switching circuit 122 has a fifth switching el-
ement 150, a tenth resistor 152, and an eleventh resistor
154. One end of the tenth resistor 152 is connected to
one end of the eleventh resistor 154, and the second
lamp voltage signal S9is input to a connection node ther-
ebetween. The other end of the tenth resistor 152 is con-
nected to a drain of the fifth switching element 150 as
the N-channel MOSFET. To a gate of the fifth switching
element 150, the second switching signal S11 is input.
A source of the fifth switching element 150 and the other
end of the eleventh resistor 154 are connected to the
inverted input terminal of the error amplifier 110.

[0060] The switching circuit 118 switches the resist-
ance value of each of the first resistance switching circuit
120 and the second resistance switching circuit 122 from
the resistance value for the low-beam state to the resist-
ance value for the high-beam state when the rising edge
appears in the Hi/Lo switching signal S2. The switching
circuit 118 has a first capacitor 130, a fourth resistor 132,
a second switching element 134, a fifth resistor 136, a
sixth resistor 138, a seventh resistor 140, and a third
switching element 142.

[0061] One end of the fourth resistor 132 and one end
of the first capacitor 130 are connected to the second
terminal P2. The other end of the first capacitor 130 is
grounded. The other end of the fourth resistor 132 is con-
nected to a base of the second switching element 134
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as an npn-type bipolar transistor. An emitter of the second
switching element 134 is grounded. A collector of the
second switching element 134 is connected to one end
of the fifth resistor 136 and one end of the sixth resistor
138. The voltage of the collector of the second switching
element 134 is supplied to the gate of the fourth switching
element 144 as the first switching signal S10. To the other
end of the fifth resistor 136, a fixed power supply voltage
Vcc is applied. The other end of the sixth resistor 138 is
connected to a base of the third switching element 142
as the npn-type bipolar transistor. An emitter of the third
switching element 142 is grounded. A collector of the
third switching element 142 is connected to one end of
the seventh resistor 140. To the other end of the seventh
resistor 140, the fixed power supply voltage Vcc is ap-
plied. The voltage of the collector of the third switching
element 142 is supplied to the gate of the fifth switching
element 150 as the second switching signal S11.
[0062] When the Hi/Lo switching signal S2 is at high
level, the first switching signal S10 is turned to low level,
while the second switching signal S11 is turned to high
level. Accordingly, the fourth switching element 144 is
turned OFF, the fifth switching element 150 is turned ON,
the resistance value of the first resistance switching cir-
cuit 120 becomes a series combined resistance value of
the eighth resistor 146 and the ninth resistor 148, and
the resistance value of the second resistance switching
circuit 122 becomes a parallel combined resistance value
of the tenth resistor 152 and the eleventh resistor 154.
[0063] When the Hi/Lo switching signal S2 is at low
level, the first switching signal S10 is turned to high level,
while the second switching signal S11 is turned to low
level. Accordingly, the fourth switching element 144 is
turned ON, the fifth switching element 150 is turned OFF,
the resistance value of the first resistance switching cir-
cuit 120 becomes the resistance value of the eighth re-
sistor 146, and the resistance value of the second resist-
ance switching circuit 122 becomes the resistance value
of the eleventh resistor 154.

[0064] The individual circuit constants of the adjust-
ment circuit 106 are determined based on the following
design concept.

(1) When the state of the headlamp unit 210 is
switched from the low-beam state to the high-beam
state at the time of steady lighting, the discharge
lamp lighting circuit 100 is required to perform control
of increasing the power supplied to the discharge
lamp 226. More specifically, the discharge lamp light-
ing circuit 100 is required to perform control of in-
creasing the power from 25 W to 35 W.

(2) The discharge lamp lighting circuit 100 is required
to provide the same maximum input power during
the transient time period in the high-beam state and
in the low-beam state. More specifically, the dis-
charge lamp lighting circuit 100 is required to set the
design maximum value of the power supplied to the
discharge lamp 226 to about 60 W in both of the
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states.

(3) Even when the state of the headlamp unit 210 is
switched at any timing from the transient time period
to the time of steady lighting, the discharge lamp
lighting circuit 100 is required to realize stable power
control, i.e., smoothly perform the switching of the
power.

[0065] Design procedures for determining the individ-
ual circuit constants are as follows.

(A) Constants for a control line which realizes power
control in correspondence to the high-beam state
(the maximum value of power/power at the time of
steady state = 60 W/35 W) are calculated. Constants
for a control line which realizes power control in cor-
respondence to the low-beam state (the maximum
value of power/power at the time of steady state =
60 W/25 W) are calculated.

(B) Two types of the calculated constants are com-
pared with each other and, when two types of the
control lines are switched, the individual resistance
values are adjusted such that the number of resistors
each in which the switching of the resistance value
is required is reduced as much as possible. Partic-
ularly, in circuits of the type of the adjustment circuit
106, when the ratios of the individual resistance val-
ues are the same, the characteristics thereof are the
same. In addition, among elements in the adjustment
circuit 106, the first resistor 124 is a principal element
which determines power to be supplied to the dis-
charge lamp 226 during the transient time period.
Consequently, in consideration of the above-de-
scribed (2), the resistance value of the first resistor
124 is set as a fixed value which does not depend
on the Hi/Lo switching signal S2. Subsequently, for
each of the high-beam state and the low-beam state,
the respective resistance values of the first resist-
ance switching circuit 120, the second resistance
switching circuit 122, the second resistor 126, and
the third resistor 128 are determined based on the
fixed resistance value of the first resistor 124. At this
point, the resistance values are determined such that
the power of 35 W in the high-beam state at the time
of steady lighting and the power of 25 W in the low-
beam state thereat are supplied to the discharge
lamp 226. In addition, in the present embodiment,
commonality of the resistance value of the second
resistor 126 and commonality of the resistance value
of the third resistor 128 have been achieved in both
of the states of the headlamp unit 210.

(C) The resistance value of the first resistance
switching circuit 120 determined for the high-beam
state and the resistance value of the first resistance
switching circuit 120 determined for the low-beam
state are switched using the switching element in
accordance with the transition of the Hi/Lo switching
signal S2. The same applies to the second resist-
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ance switching circuit 122.

[0066] The configuration of the discharge lamp lighting
circuit 100 has been described thus far. Subsequently,
the operation thereof will be described. FIG. 4 is a graph
showing anillustrative time-varying change of aluminous
flux LF of the discharge lamp 226 and lamp power WL
supplied to the discharge lamp 226. In FIG. 4, the vertical
axis indicates magnitudes of the luminous flux LF and
the lamp power WL, while the horizontal axis indicates
time. FIG. 4 corresponds to the case where the state of
the headlamp unit 210 is fixed to one of the states.
[0067] When the power supply switch 8 is turned ON
at time t 0, the breakdown of the discharge lamp 226 is
caused due to the high voltage pulse generated by the
starter circuit 20, and the discharge lamp 226 is lit. There-
after, during a transient time period TP 1 until the lumi-
nous flux LF is stabilized, the lamp power WL larger than
that during a steady lighting time period TP 2 is supplied
to the discharge lamp 226 in order to realize a quick rise
of the luminous flux. Particularly, during the transient time
period TP 1, the lamp power WL reaches a design max-
imum value WM of the power supplied to the discharge
lamp 226, i.e., 60 W in this case.

[0068] During the steady lighting time period TP 2 in
which light of a stable luminous flux LF is outputted from
the discharge lamp 226, the lamp power WL takes a value
in accordance with the state of the headlamp unit 210.
Particularly, the lamp power WL takes a value of 35 W
when the headlamp unit 210 is in the high-beam state
and, takes a value of 25 W when the headlamp unit 210
is in the low-beam state.

[0069] The discharge lamp lighting circuit 100 accord-
ing to the present embodiment supplies power to the dis-
charge lamp 226 used as the light source of the headlamp
unit 210 having light distribution change means for
switching between two states having different light dis-
tribution patterns. The discharge lamp lighting circuit 100
changes the power supplied to the discharge lamp 226
in accordance with switching of the state in the headlamp
unit 210. Accordingly, the range of the type of the light
distribution pattern which can be switched is widened.
For example, it is possible to realize a significant change
in light distribution pattern which can not be realized only
by the light distribution change means of the headlamp
unit 210.

[0070] Particularly, the discharge lamp lighting circuit
100 according to the present embodiment increases the
power supplied to the discharge lamp 226 at the timing
of the switching from the low-beam state to the high-beam
state in the headlamp unit210. Consequently, even when
a lower-power and lower-luminous flux discharge lamp
226 is used, it is possible to supply the sufficient amount
of the luminous flux in the high-beam state, and satisfy
specifications required in the high-beam state.

[0071] In addition, the discharge lamp lighting circuit
100 according to the present embodiment is configured
such that the design maximum values of the power sup-
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plied to the discharge lamp 226 in the high-beam state
and in the low-beam state are equal to each other. Con-
sequently, during the transient time period TP 1 in which
the power supplied to the discharge lamp 226 reaches
the design maximum value, the power supplied to the
discharge lamp 226 in the high-beam state and that in
the low-beam state become substantially equal to each
other. Therefore, by determining the design maximum
value common to both of the states in consideration of
life, durability, and required luminous flux rise character-
istics of the discharge lamp 226, it is possible to reduce
an effect on the life of the discharge lamp 226 by the
switching of the state.

[0072] Further, the discharge lamp lighting circuit 100
according to the present embodiment supplies the power
of 25 W which is lower than 30 W to the discharge lamp
226 at the time of steady lighting in the low-beam state.
The input power at the time of a stable state of a typical
vehicle discharge lamp currently produced is about 35
W. When the discharge lamp is lit at 35 W, the specifi-
cations required in the high-beam state can be satisfied
without changing the supplied power. Herein, when the
luminous efficiency of the current vehicle discharge lamp
is assumed to be about 100 Im/W, the luminous flux of
about 3000 Im is required in the high-beam state. Con-
sequently, when the power supplied to the discharge
lamp 226 is not more than 30 W, there is a high possibility
that the specifications required in the high-beam state
can not be satisfied. To cope with this, the discharge
lamp lighting circuit 100 according to the present embod-
iment increases the power to be supplied at the timing
of the switching to the high-beam state so that even the
discharge lamp having the input power at the time of the
stable state of not more than 30 W can satisfy the spec-
ifications required in the high-beam state.

[0073] FIG. 5is a waveform diagram showing a rising
waveform of the luminous flux measured by using the
discharge lamp lighting circuit 100. The horizontal axis
of FIG. 5 indicates time, while the vertical axis thereof
indicates the luminous flux. As the discharge lamp 226,
a low power discharge lamp was used. A waveform 302
shows a rising waveform of the luminous flux when the
state of the headlamp unit 210 is fixed to the high-beam
state. A waveform 304 shows a rising waveform of the
luminous flux when the high-beam state and the low-
beam state are switched at time intervals of 1 second. A
waveform 306 shows a rising waveform of the luminous
flux when the state of the headlamp unit 210 is fixed to
the low-beam state. The power supply switch 8 was
turned ON at time t1.

[0074] From FIG. 5, a power fluctuation of about 5 W,
or about 100 Im when converted into the luminous flux
resulting from the switching of the state was found during
the transient time period. During the steady lighting time
period, it was confirmed that the switching between 25
W and 35 W was smoothly performed as in the design
concept.

[0075] Thus, the description has been given of the con-
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figuration and the operation of the discharge lamp lighting
circuit 100 according to the embodiment. It is to be un-
derstood by those skilled in the art that the embodiment
is shown by way of example only, and various modifica-
tions can be made to combinations of the components
and the processing procedures and such modifications
also fall within the scope of the present invention.
[0076] Asdescribedabove,inthedischarge lamp light-
ing circuit 100 according to the embodiment, the power
fluctuation on the order of several W is found when the
state of the headlamp unit 210 is switched during the
transient time period. Hereinbelow, the description will
be given of an adjustment circuit 156 according to a mod-
ification in which a measure for suppressing the fluctua-
tion is taken.

[0077] The adjustment circuit 156 according to the
modification masks the Hi/Lo switching signal S2 during
the transient time period. Consequently, during the tran-
sient time period, the power supplied to the discharge
lamp 226 is not changed at the timing of the switching of
the state of the headlamp unit 210.

[0078] Inaddition, the adjustmentcircuit 156 according
to the modification determines whether it is during the
transient time period or the steady lighting time period
by comparing the voltage of the TC signal S6 with a given
threshold voltage. The voltage of the TC signal S6 grad-
ually increases from the start of the lighting of the dis-
charge lamp 226. The adjustment circuit 156 determines
thatitis during the transient time period when the voltage
of the TC signal S6 is lower than the threshold voltage,
and determines it is during the steady lighting time period
when the voltage of the TC signal S6 is higher.

[0079] In this case, by utilizing the voltage of the timer
capacitor 116 for measuring elapsed time after the head-
lamp unit 210 is turned off in the determination of the
transient time period, it becomes unnecessary to addi-
tionally provide a circuit or an element for the determina-
tion of the transient time period.

[0080] FIG. 6 is a circuit diagram showing a configu-
ration of the adjustment circuit 156 according to the mod-
ification. The adjustment circuit 156 according to the
modification has a configuration in which a masking cir-
cuit 162 is added to the adjustment circuit 106 according
to the embodiment.

[0081] The masking circuit 162 masks the Hi/Lo
switching signal S2 during the transient time period, and
fixes the circuit constant of the adjustment circuit 156 to
that for the low-beam state. The masking circuit 162 has
a sixth switching element 164, a twelfth resistor 166, a
thirteenth resistor 168, a fourteenth resistor 170, a sev-
enth switching element 172, an eighth switching element
174, and a fifteenth resistor 176.

[0082] A collector of the sixth switching element 164
asthe npn-type bipolartransistoris connected to the base
of the second switching element 134. An emitter of the
sixth switching element 164 is grounded. A base of the
sixth switching element 164 is connected to a collector
of the eighth switching element 174 as a pnp-type bipolar
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transistor. One end of the twelfth resistor 166 and one
end of the thirteenth resistor 168 are connected to the
other end of the seventh resistor 140. The other end of
the thirteenth resistor 168 is connected to one end of the
fourteenth resistor 170, and a connection node therebe-
tween is connected to a base of the seventh switching
element 172 as the pnp-type bipolar transistor. The other
end of the fourteenth resistor 170 is grounded. The other
end of the twelfth resistor 166 is connected to an emitter
of the seventh switching element 172 and an emitter of
the eighth switching element 174. A collector of the sev-
enth switching element 172 is grounded. To one end of
the fifteenth resistor 176, the TC signal S6 is input, and
the other end thereof is connected to a base of the eighth
switching element 174.

[0083] Inaswitching circuit 160 and the masking circuit
162 shown in FIG. 6, when the voltage of the TC signal
S6 is lower than the threshold voltage determined by the
resistance values of the thirteenth resistor 168 and the
fourteenth resistor 170, the sixth switching element 164
isturned ON. As aresult, the base of the second switching
element 134 is fixed to low level regardless of the Hi/Lo
switching signal S2. Subsequently, when the voltage of
the TC signal S6 increases and exceeds the threshold
voltage, switching control based on the above-mentioned
Hi/Lo switching signal S2 is performed.

[0084] Itis to be noted that the threshold voltage may
be determined by experiment.

[0085] FIG. 7 is a waveform diagram showing a rising
waveform of the luminous flux measured by using a dis-
charge lamp lighting circuit including the adjustment cir-
cuit 156 according to the modification. The horizontal axis
of FIG. 7 indicates time, while the vertical axis thereof
indicates the luminous flux. As the discharge lamp 226,
a low power discharge lamp was used. Measurement
conditions of a waveform 308, a waveform 310, and a
waveform 312 correspond to those of the waveform 302,
the waveform 304, and the waveform 306 of FIG. 5. The
power supply switch 8 was turned ON at time t2.
[0086] According to the present modification, as seen
in FIG. 7, it is possible to suppress the fluctuation in the
luminous flux resulting from the switching of the state of
the headlamp unit 210 during the transient time period.
In addition, similarly to the embodiment, the switching
between 25 W and 35 W is stably and smoothly per-
formed during the steady lighting time period as in the
design concept.

[0087] Alternatively, in order to simplify the circuit while
maintaining the above-described masking function, each
ofthefirst resistance switching circuit 120 and the second
resistance switching circuit 122 may be replaced with
one resistor, and a resistor which can be switched
ON/OFF by the Hi/Lo switching signal S2 may be provid-
ed in parallel with the third resistor 128 instead. The
masking circuit may mask the ON/OFF switching during
the transient time period.

[0088] In the embodiment, the description has been
given of the case where the discharge lamp 226 is driven
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by an alternating current voltage. However, the voltage
for driving the discharge lamp is not limited thereto, and
the technical concept according to the embodiment may
be applied to a discharge lamp lighting circuit in which
the discharge lamp 226 is driven by a direct current volt-
age. In this case, the configuration obtained by removing
the inverter circuit 30 from the configuration of the em-
bodiment may also be used. Alternatively, the technical
concept according to the embodiment may be applied to
what is called a double converter type discharge lamp
lighting circuit.

[0089] In the embodiment, the description has been
given of the case where the insulating type DC/DC con-
verter is used. However, the DC/DC converter is not lim-
ited thereto, and a non-insulating type DC/DC converter
may also be used.

[0090] In the embodiment, the description has been
given by assuming that the discharge lamp 226 and the
discharge lamp lighting circuit 100 are separate from
each other. However, the arrangement thereof is not lim-
ited thereto, and the discharge lamp may also be incor-
porated in the discharge lamp lighting circuit.

[0091] In the embodiment, the description has been
given of the case where the discharge lamp lighting circuit
100 supplies power to the discharge lamp 226. However,
the lighting circuit is not limited thereto. The technical
concept according to the embodiment can also be ap-
plied to a lighting circuit which supplies power to a sem-
iconductor light source such as a Light Emitting Diode
(LED) or the like.

Claims

1. A discharge lamp lighting circuit (100) for supplying
power to a discharge lamp (226) used as a light
source of a vehicle lighting device capable of switch-
ing between a first state and a second state by light
distribution change means
wherein a light distribution pattern of the second
state is different from a light distribution pattern of
the first state, and
characterized in that the discharge lamp lighting
circuitis configured so that the power supplied to the
discharge lamp (226) is changed at a timing of
switching from the first state to the second state.

2. The discharge lamp lighting circuit (100) of claim 1,
configured so that a reference value of the power
supplied to the discharge lamp (226) in the first state
and a reference value thereof in the second state
are equal to each other.

3. The discharge lamp lighting circuit (100) of claim 1
or 2, configured so that, during a certain time period
after a start of supplying the power to the discharge
lamp (226) , the power supplied to the discharge
lamp (226) does not change when switching from
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the first state to the second state.

4. The discharge lamp lighting circuit (100) of claim 3,
comprising:

a timer capacitor (116) for measuring elapsed
time after performing control for stopping the
supply of the power to the discharge lamp (226),
wherein the discharge lamp lighting circuit (100)
is configured so as to determine the certain time
period based on a voltage of the timer capacitor
(116).

5. The discharge lamp lighting circuit (100) of any one
of claims 1 to 4,
configured so that the power supplied to the dis-
charge lamp (226) at the time of the switching from
the first state to the second state is increased, and
so that power lower than 30 watts is supplied to the
discharge lamp (226) at a time of steady lighting in
which light of a stable luminous flux is outputted from
the discharge lamp (226) in the first state.

6. A method for supplying power from a discharge light-
ing circuit (100) to a discharge lamp (226) used as
a light source of a vehicle lighting device capable of
switching between a first state and a second state
by light distribution means, wherein a light distribu-
tion pattern of the second state is different from a
light distribution pattern of the first state, and
wherein the power supplied to the discharge lamp is
charged at a timing of switching from the first state
to the second state.
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