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(54) METAL HALIDE LAMP

(57) A mercury-free metal halide lamp for a vehicle
includes a light emitting section that has a discharge
space inside; a light emitting tube that includes a pair of
seal sections formed on both sides of the light emitting
section; metal halide and an inert gas enclosed in the
discharge space; and a pair of electrodes that is provided
so that one end sides thereof are sealed in the seal sec-
tions and the other end sides thereof face each other in
the discharge space. In addition, electric power of 23 W
to 27 W is supplied between the pair of electrodes during
stable lighting. The discharge spaceincludes a cylindrical
section, and a pair of cone-shaped sections which are

formed on both end sections of the cylindrical section
and of which diameters decrease in a direction from the
cylindrical section to the seal portions. Then, when a
thickness of a maximum outer diameter section of the
light emitting section is d1, and a thickness of the light
emitting section between a point on the cone-shaped
section when a perpendicular line is drawn from a bound-
ary point between the light emitting section and the seal
section to the cone-shaped section, and the boundary
point is d2, 1.6 mm < d1 < 1.8 mm, and 0.75 < d2/d1 <
0.95 are satisfied.
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Description
Technical Field

[0001] Anembodimentof the presentinvention relates
to a metal halide lamp used in a headlight of a vehicle
such as an automobile.

Background Art

[0002] The metal halide lamp is obtained by enclosing
metal halide or an inert gas in a light emitting tube, and
is used in a headlight of an automobile. In the related art,
this kind of metal halide lamp is generally turned on with
electric power of 35 W for the stable lighting. However,
recently, a metal halide lamp which is turned on with elec-
tric power of 25 W has been developed. In addition, a
so-called D5 type metal halide lamp integrated with an
igniter that initiates the metal halide lamp and ballast that
stably lights the metal halide lamp has been developed.
[0003] The metal halide lamp such as the D5-type ig-
niter and ballast integrated with the metal halide lamp is
very compact. Therefore, the distance between the light
emitting tube and the circuit is shortened. As a result, the
heat load increases and a radiation space decreases,
and thus it becomes difficult to design in terms of the
temperature. In the metal halide lamp for the vehicle, a
method of accelerating the rise of the supply of higher
electric power at the time of initiation rather than at the
time of stable lighting is employed. However, since the
electric current value which is input at the time of the
initiation is limited, there is a problem in that the prede-
termined electric power is not supplied, and the luminous
flux start-up of the lamp is slow.

Patent Literature

[0004] [PTL 1] JP-T-2010-521771

Summary of Invention
Technical Problem

[0005] A problem to be solved by the invention is to
provide a metal halide lamp of which luminous flux start-
up is fast. Solution to Problem

[0006] In order to achieve the object described above,
there is provided a mercury-free metal halide lamp for a
vehicle, including a light emitting section that has a dis-
charge space inside; a light emitting tube that includes a
pair of seal sections formed on both sides of the light
emitting section; metal halide and an inert gas enclosed
in the discharge space; and a pair of electrodes that is
provided so that one end sides thereof are sealed in the
seal sections and the other end sides thereof face each
other in the discharge space. In addition, electric power
of 23 Wto 27 W is supplied between the pair of electrodes
during stable lighting. The discharge space includes a
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cylindrical section, and a pair of cone-shaped sections
which are formed on both end sections of the cylindrical
section and of which diameters decrease in a direction
from the cylindrical section to the seal portions. Then,
when a thickness of a maximum outer diameter section
of the light emitting section is d1, and a thickness of the
lightemitting section between a pointon the cone-shaped
section when a perpendicular line is drawn from a bound-
ary point between the light emitting section and the seal
section to the cone-shaped section, and the boundary
point is d2, 1.6 mm < d1 < 1.8 mm, and 0.75 < d2/d1 <
0.95 are satisfied.

Brief Description of Drawings
[0007]

Fig. 1 is a diagram illustrating a metal halide lamp
according to a first embodiment.

Fig. 2 is a cross-sectional view illustrating the metal
halide lamp according to the first embodiment.

Fig. 3 is a diagram illustrating a portion near a light
emitting section of the metal halide lamp in Fig. 2.
Fig. 4 is a diagram illustrating an external appear-
ance of the metal halide lamp near the light emitting
section according to the first embodiment.

Fig. 5 is a diagram illustrating a lamp voltage right
after the initiation of the metal halide lamp according
to the first embodiment.

Fig. 6 is a diagram illustrating lamp voltages right
after initiation, luminous flux start-up, and life spans
when thicknesses d1 and d2 of the light emitting sec-
tion are changed.

Fig. 7 is a diagram illustrating a metal halide lamp
according to another embodiment.

Description of Embodiments

[0008] Hereinafter, an embodiment for carrying outthe
invention is described.

(First embodiment)

[0009] A metal halide lamp according to a first embod-
iment is described with reference to the drawings.
[0010] Fig. 1 is a diagram illustrating a metal halide
lamp according to the first embodiment.

[0011] Fig. 2is a cross-sectional view of the metal hal-
ide lamp according to the first embodiment.

[0012] Fig. 3 is a diagram illustrating a portion near a
light emitting section of the metal halide lamp in Fig. 2.
[0013] Further, in the specification, for convenience, a
direction of an arrow F illustrated in Fig. 2 which becomes
the forward side when the metal halide lamp is arranged
in a vehicle, is referred to as a front end, and a direction
of an arrow B is referred to as a rear end.

[0014] The metal halide lamp of Fig. 1 is an HID lamp
that can be used as a light source for a headlight of an
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automobile, and includes a burner BN and a flange FL.
[0015] Theburner BN has a double tube structure, and
a light emitting tube 1 is provided inside thereof, as an
internal tube. The light emitting tube 1 has a long and
narrow shape, and in a portion near the center in the
longitudinal direction thereof, a light emitting section 11
that emits light when turned on is formed. The light emit-
ting section 11 is substantially elliptical, and, plate-
shaped seal sections 12 formed with a pinch seal are
formed on both ends thereof. Further, on both ends of
the seal section 12, a cylinder section 14 is continuously
formed through a boundary section 13. Since the light
emitting tube 1 includes a light emitting portion as de-
scribed above, and also becomes a high temperature
when turned on, the light emitting tube 1 is preferably
made of a material that has translucency and heat resist-
ance such as quartz glass.

[0016] A discharge space 111 is formed in the light
emitting section 11. The discharge space 111 has a long
and narrow shape along the tube axis A-A’. The dis-
charge space 111 includes a cylindrical section 1111 in
the center portion in the longitudinal direction, and a pair
of cone-shaped sections 1112 on both ends. The cone-
shaped section 1112 has a shape in which the diameter
decreases as it moves from the end portion of the cylin-
drical section 1111 along the direction of the seal section
12, specifically, from the cylindrical section 1111 to a
shaft surface of an electrode, to be described below. An
internal diameter r1 of the discharge space 111 is 1.9
mm to 2.3 mm, and a volume thereof is 16 mm3 to 21
mm3, and preferably 17 mm3 to 20 mm3.

[0017] Metal halide 15 and an inert gas are enclosed
in the discharge space 111. The metal halide 15 is con-
figured with sodium halide, scandium halide, zinc halide,
and indium halide. The metal halide 15 is, for example,
sodium iodide, scandium iodide, zinc iodide, and indium
bromide. A total enclosed amount of the metal halide 15
is preferably 0.1 mg to 0.3 mg.

[0018] Xenon is used as an inert gas. The enclosure
pressure of the inert gas can be adjusted depending on
the purpose. For example, in order to enhance the char-
acteristic of total luminous flux or the like, the enclosed
pressure may be set to be equal to or greater than 12
atm, and preferably be equal to or greater than 13 atm
at room temperature (25°C). However, the upper limit of
the enclosing pressure is about 20 atm during the man-
ufacturing at present.

[0019] Here, the metal halide lamp according to the
embodiment is a mercury free metal halide lamp. The
expression of "mercury free" means that mercury is not
substantially included. In the specification, the expres-
sion of "mercury is not substantially included" is not lim-
ited to a case where the enclosed amount of mercury is
0 mg. That is, the expression should be interpreted to
include a case where mercury is enclosed in an amount
that can be considered where almost no mercury is en-
closed compared with a mercury-containing discharge
lamp in the related art, for example, an amount of less
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than 2 mg for each 1 ml, or preferably equal to or less
than 1 mg.

[0020] In the seal sections 12, electrode mounts 2 are
sealed. The electrode mounts 2 each include metal foil
21, an electrode 22, a coil 23, and a lead 24.

[0021] The metal foils 21 are, for example, thin metal
plates formed of molybdenum. The metal foils 21 are
arranged so that the plate-shaped surfaces of the metal
foils 21 are parallel to the plate-shaped surfaces of the
seal sections 12.

[0022] The electrodes 22 are, for example, rod-shaped
members configured with tungsten doped with thorium
oxide, which is so-called thoriated tungsten. A diameter
R of the electrode 22 is 0.23 mm to 0.33 mm, and pref-
erably 0.26 mm to 0.31 mm. One ends of the electrodes
22 are welded in a state of being mounted on end portions
of the metal foils 21 on the light emitting section 11 side.
The electrodes 22 are arranged so that other ends of the
electrodes 22 protrude into the discharge space 111, and
the distal end sections thereof face each other to have a
predetermined distance. The predetermined distance is
a range of 3.7 mm to 4.2 mm when viewed through an
outer tube 4. Further, the shapes of the electrodes 22
are not limited to a straight rod shape in which the diam-
eter is substantially constant in a tube axis direction. For
example, the shapes of the electrodes 22 may be an
unstraight rod shape in which a diameter in a distal end
section is greater than a diameter of a base end section,
a shape in which a distal end is a sphere, and a shape
in which an electrode diameter on one end is different
from that on the other end, like a direct current lighting
type. In addition, a material of the electrode 22 may be
pure tungsten, doped tungsten, or rhenium tungsten.
[0023] The coils 23 are formed of, for example, metal
wires formed of doped tungsten. It is recommended that
the coils 23 be wound around shaft sections of the elec-
trodes 22 sealed with the seal sections 12 in a spiral
shape.

[0024] The leads 24 are, for example, metal wires
formed of molybdenum. One ends of the leads 24 are
connected in a state of being mounted on end sections
of the metal foils 21 on a far side from the light emitting
section 11. The other ends of the leads 24 extend to the
outside of the light emitting tube 1 substantially parallel
to the tube axis. For example, one end of an L-shaped
support wire 25 formed of nickel is connected to the leads
24 extending to the front end side of the metal halide
lamp by laser welding. For example, a sleeve 3 formed
of ceramic is installed on the support wire 25 in a portion
extending parallel to the light emitting tube 1.

[0025] The cylindrical outer tube 4 is provided on the
outside of the light emitting tube 1 configured as de-
scribed above in a concentric shape with the light emitting
tube 1. The connection between the light emitting tube 1
and the outer tube 4 is performed by welding the outer
tube 4 around the cylinder section 14 of the light emitting
tube 1. That is, a welding section 41 is formed on both
end sections of the burner BN, and an air tightly kept
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space is formed between the light emitting tube 1 and
the outer tube 4. In this space, a kind of gas selected
from neon, argon, xenon, and nitrogen, or a mixture
thereof is enclosed at a pressure of equal to or less than
1 atm, and preferably equal to less than 0.2 atm. Further,
as a material of the outer tube 4, it is preferable to use a
material of which the thermal expansion coefficient is
close to that of the light emitting tube 1, and which has
an ultraviolet screening property, such as quartz glass
to which oxides such as titanium, cerium, or aluminum
are added.

[0026] A metal band 5is provided on the rear end side
of the burner BN configured as described above. The
metal band 5 is obtained by molding, for example, a metal
plate formed of stainless steel along the outer peripheral
surface of the outer tube 4. The metal band 5 is fixed to
the burner BN by welding metal sections overlapped with
each other.

[0027] The disk-shaped flange FL having a diameter
of about 31 mm and a thickness of about 2.5 mm is ar-
ranged near the metal band 5. The flange FL is configured
with the resin section 6 and the metal section 7.

[0028] The resin section 6 is obtained by molding a
resin such as a poly phenylene sulfide (PPS) resin or a
polyetherimide (PEI) resin. The resin section 6 is posi-
tioned in the periphery of the flange FL. Three protuber-
ance sections 61 are formed on the surface of the flange
FL on the front end side. The protuberance sections 61
are portions that become base points when dimensions
are measured. For example, a distance D1 from a distal
end of the protuberance sections 61 to a center between
electrodes in the light emitting section 11 is regulated as
a light center length (LCL) of the metal halide lamp. The
distance D1 is, for example, 18.0 mm. Since the distance
in the related art is 27.1 mm, the distance D1 is set to be
shorter.

[0029] A metal section 7 is a metal plate formed of
stainless steel. The metal section 7 is formed to be em-
bedded in a resin section 6. Projecting sections 71, and
a sleeve holding section 72 are formed in the metal sec-
tion 7. The projecting sections 71 are projecting parts
formed to protrude in a direction toward the space pro-
vided in the center of the metal section 7, and four pro-
jecting sections 71 are provided at even intervals. The
projecting sections 71 are obliquely turned downward in
the rear end direction, and welded with the metal band
5inthe distal end section. That s, the burner BN is main-
tained in the flange FL through the projecting sections
71.The sleeve holding section 72 is a metal plate formed
to protrude toward the center of the metal section 7. A
circular hole is formed in the center of the sleeve holding
section 72, and the sleeve 3 is inserted through the hole.
[0030] A base 8is arranged on the rear end side of the
flange FL. The base 8 is a hollow housing formed of, for
example, stainless steel, iron, nickel, and aluminum. The
flange FL is connected to the front end side of the base
8. The connection is performed by, for example, laser
welding between a ring 81 provided so as to protrude to

10

15

20

25

30

35

40

45

50

55

the front end side of the base 8 and the metal section 7
oftheflange FL. Alighting initiation circuit called anigniter
and a lighting stabilizing circuit called ballast are ar-
rangedinthe base 8 (notillustrated). The lighting initiation
circuit or the lighting stabilizing circuit is a well-known
circuit including circuit elements or metal terminals such
as a transformer or a capacitor required for the initiation
of a discharge lamp or the stable lighting of a discharge
lamp.

[0031] The metal halide lamp configured as described
above is attached to a lighting tool (not illustrated) so that
the tube axis A-A’ of the lamp becomes substantially hor-
izontal or the support wire 25 is downwardly positioned.
The metal halide lamp at the time of initiation is lighted
with electric power two times or greater than at the time
of stable lighting, and is lighted with electric power of 23
W to 27 W, especially 25 W at the time of stable lighting.
[0032] Here, the metal halide lamp according to the
embodiment has a structure that satisfies 1.6 mm < d1
< 1.8 mm, and 0.75 < d2/d1 < 0.95 when a thickness of
a maximum outer diameter of the light emitting section
11 is d1, and a thickness of the end section is d2. Ac-
cording to this structure, the lens effect caused by the
light emitting section 11 can be reduced. The lens effect
refers to the effect in which when an actual distance be-
tween electrodes (hereinafter, actual gap) G1 illustrated
in Fig. 3 is 3.7 mm, a distance between electrodes in an
exterior appearance illustrated in Fig. 4 (hereinafter, ex-
terior appearance gap) G2 becomes 4.2 mm. That is,
since the metal halide lamp in the embodiment can cause
adifference in length between the actual gap G1 and the
exterior appearance gap G2 to be small, it is possible to
expand the actual gap G1 as much as possible while
causing the exterior appearance gap H2 to be within a
standard upper limit value. Further, when a boundary
point between the light emitting section 11 and the seal
section 12is P1, and a point on the cone-shaped section
1112 when a perpendicular line is drawn from the bound-
ary point P1 to the cone-shaped section 1112 is P2, a
thickness d2 is a thickness of the light emitting section
11 between the boundary point P1 and the point P2. The
thickness d2 can be measured by, for example, an X-ray
photograph.

[0033] Hereinafter, an example of the metal halide
lamp according to the embodiment is described.

(Example)

[0034] The lightemitting section 11 was made of quartz
glass.

[0035] Dimensions of respective sections of the light

emitting section 11 were as described below.

[0036] An internal volume of the discharge space 111
was 18.4 mm3, the maximum internal diameter r1 of the
discharge space 111 was 2.2 mm, the maximum outer
diameter of the light emitting section 11 was 5.5 mm, the
thickness d1 of the light emitting section 11 was 1.65
mm, the thickness d2 of the light emitting section 11 was
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1.24 mm (accordingly, d2/d1 = 0.75), the sphere length
of the light emitting section 11 in the longitudinal direction
was 7.8 mm, a length L3 of the cylindrical section 1111
of the discharge space 111 was 3.95 mm, a length L4 of
the cone-shaped section 1112 of the discharge space
111 was 1.85 mm (accordingly, L4/L3 = 0.47), and the
angle o of the cone-shaped section 1112 of the discharge
space 111 was 18°.

[0037] The thickness of the seal section 12 was 2.8
mm, and the width thereof was 4.1 mm.

[0038] The composition of the metal halide 15 is de-
scribed below.

[0039] Scl;:Nal:Znl,:InBr=47.5:47.5:4.75:0.25
[0040] The weight of the metal halide 15 was 0.2 mg.
[0041] The inert gas was xenon, and the gas pressure
was 13 atm.

[0042] Mercury was 0 mg.

[0043] The metal foil 21 was made of molybdenum.

The length of the metal foil 21 was 6.5 mm, the width
thereof was 1.5 mm, and the thickness thereof was 0.02
mm.

[0044] The electrode 22 was made of thoriated tung-
sten. The diameter R of the electrode 22 was 0.30 mm,
the actual gap G1 was 3.75 mm, and the exterior appear-
ance gap G2 was 4.2 mm (accordingly, G2/G1 = 1.12).
[0045] The coil 23 was made of doped tungsten. The
wire diameter of the coil 23 was 0.09 mm, the pitch thereof
was 200%, and the coil winding length in the electrode
axis was 3.5 mm.

[0046] The lead 24 was made of molybdenum. The
diameter of the lead 24 was 0.4 mm.

[0047] The internal diameter of the outer tube 4 was
7.0 mm, and the thickness thereof was 1.0 mm.

[0048] The gas enclosed inside the outer tube 4 was
nitrogen, and the enclosing pressure was 0.1 atm.
[0049] The metal halide lamp configured as described
above (hereinafter, Examples) was turned on. A lamp
voltage V right after the initiation was 24 V, and the in-
itiation power was 60 W. In addition, since the luminous
flux after 4 seconds from the initiation exceeds 1000 Im,
it was confirmed that luminous flux start-up is fast. Fur-
ther, the lamp voltage V, right after the initiation is a volt-
age right after breakdown, that is, a voltage when the
lamp voltage becomes lowest as illustrated in Fig. 5.
[0050] As in the metal halide lamp according to the
example, in order to accelerate the luminous flux start-
up of the metal halide lamp in initiation, it is important to
supply high electric power so that the temperature of the
light emitting section rises fast. However, the metal halide
lamp of which the distance between the light emitting
tube and the circuit is short is difficult to be designed in
terms of temperature, and thus it is difficult for a high
electric voltage to flow. If the electric current value is lim-
ited, the high electric voltage cannot be supplied at the
time of initiation, and the luminous flux start-up is slow.
Inthe metal halide lamp of which the electric current value
is limited, in order to supply the high electric power, it is
preferable to cause the lamp voltage at the point, espe-
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cially, the lamp voltage V right after the initiation to be
high.

[0051] As a method of causing the lamp voltage to be
high right after the initiation, there is a method of expand-
ing the actual gap G1. For example, when the actual gap
G1 is expanded by 0.5 mm, it is possible to increase the
lamp voltage V, right after the initiation by about 0.5 V.
However, since the upper limit of the exterior appearance
gap G2 is restricted by the standard, the actual gap G1
has to be designed within the range. Therefore, a lamp
having a different ratio (d2/d1) between the thickness d1
in the center of the light emitting section 11 and the thick-
ness d2 in the end section is prepared so that the lens
effect of the light emitting section 11 can be changed,
and a testis performed. The result of the test is presented
in Fig. 6.

[0052] First, in view of the ratio (d2/d1) between the
thickness d1 in the center of the light emitting section 11
and the thickness d2 in the end section, when d2/d1 is
equal to or lower than 0.65, the lamp voltage V| right
after the initiation tends to decrease. This is because the
effect of decreasing the lens effect is low, the actual gap
G1 is not expanded, and thus the exterior appearance
gap G2/the actual gap G1 is great. If the lamp voltage V,
right after the initiation is low, it is required to supply high
electric current in order to supply high electric power at
the time of the initiation. When the electric current value
exceeds the restriction of the electric current value that
can be supplied to the metal halide lamp, the predeter-
mined electric power may not be supplied. Therefore, the
luminous flux start-up or the like may be influenced.
[0053] Meanwhile, when d2/d1 is equal to or greater
than 1.05, the luminous flux start-up tends to be slow.
This is because the total thickness of the light emitting
section 11 increases, and thus the increase of the tem-
perature of the light emitting section 11 at the time of
initiation becomes slow. Further, when the thickness d1
is equal to or greater than 1.9 mm, the luminous flux start-
up is slow regardless of d2/d1. In addition, in view of the
thickness d1 of the light emitting section 11, the thickness
d1 is equal to or smaller than 1.5 mm, and the life span
tends to decrease. This is because the portion having
the thickness is the portion of which the temperature is
highest during the lighting, and if the thickness d1 is equal
to or less than 1.5 mm, the temperature rises too high.
[0054] Fromthe above, when the thickness in the max-
imum outer diameter section of the light emitting section
11 is d1, and the thickness in the end section is d2, it is
important to satisfy 1.6 mm < d1 < 1.8 mm, and 0.75 <
d2/d1 <0.95. By satisfying the relationships, it is possible
to raise the lamp voltage Vg, right after the initiation, ac-
celerate the luminous flux start-up, and lengthen the life
span.

[0055] Further, the metal halide lamp according to the
embodiment may be combined with the configuration be-
low.

[0056] The angle a of the cone-shaped section 1112
preferably satisfies 16° < a < 35°, and more preferably
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16° <o <21°. This is because the angle o influences the
lens effect, and the lens effect increases as the angle o
decreases. Further, for the same reason, L4/L3 which is
the length ratio between the cylindrical section 1111 and
the cone-shaped section 1112 preferably satisfies 0.4 <
L4/L3 <0.6. In addition, the distal end section of the elec-
trode 12 is preferably arranged in the same position with
the boundary portion between the cylindrical section
1111 and the cone-shaped section 1112, specifically at
a position of =1.0 mm with respect to the boundary por-
tion.

[0057] The thickness d2 of the light emitting section 11
preferably satisfies 1.0 mm < d2 < 1.4 mm. In addition, it
is preferable thatthe internal diameter r1 of the discharge
space 111 be 1.9 mm to 2.3 mm, the volume thereof be
16 mm3 to 21 mm3, the pressure of xenon which is the
inert gas be 12 atm to 20 atm, and a length L1 of the light
emitting section 11 in the boundary between the light
emitting section 11 and a pair of seal sections 12 be 7.5
mm to 8.2 mm. This is because this configuration also
influences the luminous flux start-up and the life span in
the same manner as the thickness d1 of the light emitting
section 11.

[0058] In the embodiment, the discharge space 111
includes the cylindrical section 1111, the pair of cone-
shaped sections 1112 which are formed on both end sec-
tions of the cylindrical section 1111, and of which diam-
eters decrease in the direction from the cylindrical section
1111 to the seal sections 12. Then, when the thickness
of the maximum outer diameter section of the light emit-
ting section 11isd1, and the thickness of the light emitting
section 11 between the point P2 on the cone-shaped
section 1112 when a perpendicular line is drawn from
the boundary point P1 between the light emitting section
11 and the seal section 12 to the cone-shaped section
1112, and the boundary point P1 is d2, 1.6 mm < d1 <
1.8 mm, and 0.75 <d2/d1 <0.95 are satisfied. Therefore,
it is possible to provide the metal halide lamp of which
the luminous flux start-up is fast, of which the lamp volt-
age V right after the lighting is high, and of which the
life span is long. At this point, it is preferable that the
angle a of the cone-shaped section 1112 satisfies 16° <
o <35°, and the thickness d2 of the light emitting section
11 satisfies 1.0 mm <d2 < 1.4 mm.

[0059] The invention is not limited to the embodiment
described above, and various kinds of modifications are
possible. For example, the metal halide lamp may be a
metal halide lamp which is a type that only includes an
igniter, or may be a metal halide lamp which is a type
that does notinclude a lighting circuit as illustrated in Fig.
7. In addition, the flange FL may be substantially made
of metal only, or may be substantially made of a resin
only.

[0060] The cone-shaped section 1112 does not have
to be a complete cone shape, and may be an arc shape,
a shape in which they are gradually bent a plurality of
times, or a shape that is somewhat irregular. The point
is that the cone-shaped section 1112 may have any
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shape as long as the diameter thereof decreases so that
a perpendicular line can be drawn from the boundary
point P1.

[0061] The configuration of the metal halide 15 is not
limited to the examples, and may include tin halide, ce-
sium halide, or the like, or may remove zinc halide. In
addition, halogen to be combined with the metal halide
15 is not limited to iodine or bromine, and may be com-
bined with chlorine or the like. In addition, the inert gas
is not limited to xenon, neon, argon, krypton, or the like
may be used, and the combination thereof may also be
used.

[0062] While certain embodiments have been de-
scribed, these embodiments have been presented by
way of example only, and are not intended to limit the
scope of the inventions. Indeed, the novel embodiments
described herein may be embodied in a variety of other
forms; furthermore, various omissions, substitutions and
changes in the form ofthe embodiments described herein
may be made without departing from the spirit of the in-
ventions. The accompanying claims and their equiva-
lents are intended to cover such forms or modifications
as would fall within the scope and spirit of the inventions.

Claims

1. A mercury-free metal halide lamp for a vehicle, com-
prising:

a light emitting section that has a discharge
space inside;

a light emitting tube that includes a pair of seal
sections formed on both sides of the light emit-
ting section;

metal halide and an inert gas enclosed in the
discharge space; and

a pair of electrodes that is provided so that one
end sides thereof are sealed in the seal sections
and the other end sides thereof face each other
in the discharge space,

wherein electric power of 23 W to 27 W is sup-
plied between the pair of electrodes during sta-
ble lighting,

wherein the discharge space includes a cylin-
drical section, and a pair of cone-shaped sec-
tions which are formed on both end sections of
the cylindrical section and of which diameters
decrease in a direction from the cylindrical sec-
tion to the seal portions,

wherein when a thickness of a maximum outer
diameter section of the light emitting section is
d1, a thickness of the light emitting section be-
tween a point on the cone-shaped section when
a perpendicular line is drawn from a boundary
point between the light emitting section and the
seal section to the cone-shaped section, and the
boundary point is d2, 1.6 mm < d1 < 1.8 mm,
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and 0.75 < d2/d1 < 0.95 are satisfied.

The metal halide lamp according to Claim 1,
wherein when an angle of the cone-shaped section
to the electrode axis is a, 16° < o < 35° is satisfied.

The metal halide lamp according to Claim 1,
wherein when a thickness of the light emitting section
is d2, 1.0 mm < d2 <1.4 mm is satisfied.

The metal halide lamp according to Claim 1,
wherein an internal diameter r1 of the discharge
space is 1.9 mm to 2.3 mm, a volume is 16 mm3 to
21 mm3, a pressure of the inert gas is 12 atm to 20
atm, and a length L1 of the light emitting section in
a boundary between the light emitting section and
the pair of seal sections is 7.5 mm to 8.2 mm.
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