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(54) High pressure discharge lamp

(57) A high-pressure discharge lamp includes: an arc
tube that is made from a translucent ceramic material
and composed of a main-tube part in which a discharge
space is formed and thin-tube parts extending from both
ends of the main-tube part; and a pair of electrodes hav-
ing rods respectively extending from the two thin-tube
parts into the discharge space so that the tops face each
other with a distance in-between. The rod of at least one
of the electrodes is held by a tubular electrode holder
made of a halide-resistant metal embedded in and bond-
ed to the thin-tube part via an adhesive agent including
a sintered halide-resistant metal impregnated with mix-
ture glass. The electrode holder is at such a position that
satisfies "LA0.012P+2.5[mm]", where "L" is distance
[mm] between the electrode top and one end of the elec-
trode holder closer to the discharge space, and "P" is
lamp wattage [W].



EP 1 793 411 A2

2

5

10

15

20

25

30

35

40

45

50

55

Description

BACKGROUND OF THE INVENTION

(1) Field of the Invention

[0001] The present invention relates to a high-pres-
sure discharge lamp, and particularly to a technique for
hermetically sealing tube end parts of an arc tube that is
made from a translucent ceramic material.

(2) Related Art

[0002] As a typical material for an arc tube used in a
metal halide lamp that is one type of a high-pressure
discharge lamp, silica glass has been conventionally
used. In recent years, however, an arc tube made from
a translucent ceramic material has been developed and
commercialized. Because translucent ceramic has a
higher heat resistance than silica glass, a metal halide
lamp using a translucent ceramic arc tube can be lit at
higher temperatures and can exhibit better lamp charac-
teristics such as color rendering properties than a metal
halide lamp using a silica glass arc tube.
[0003] In the commercialization process, however,
such a translucent ceramic arc tube was found to require
a relatively long total length for the following reason. A
frit-sealing technique is employed to seal a translucent
ceramic arc tube. Here, ceramic cement (frit) is used as
a sealing material. At high temperatures, such a frit reacts
with a metal halide that is a light-emitting material used
in the arc tube. To prevent this reaction from occurring,
parts (tube end parts) to be sealed using the frit need to
be positioned away from a high-temperature part (a dis-
charge space).
[0004] The resulting long arc tube inevitably degrades
the compactness of a metal halide lamp as a whole. Fur-
ther, the heat capacity of such long arc tube as a whole
is high, thereby degrading the luminous efficiency and
failing to satisfy the recent demands for energy-saving.
[0005] In view of this, a technique for sealing by way
of metallizing (hereafter referred to as a "metallize-seal-
ing technique") as disclosed in Japanese Laid-open Pat-
ent Application Nos. 2000-100385 and 2001-58882 is
now calling attentions as a new sealing technique. A seal-
ing part formed according to the metallize-sealing tech-
nique has been known to be less reactive to a metal halide
and to provide stronger sealing than a sealing part formed
according to the above frit-sealing technique. Particular
techniques disclosed in the above-cited applications fur-
ther enable thermal shock resistance to be improved by
providing an impregnated glass phase in each sealing
part formed according to the metallize-sealing technique.
[0006] However, these disclosed techniques are found
to have various problems. An excessively shortened arc
tube with both sealing parts being too close to a high-
temperature part may suffer from such a problem that its
inner surface is blackened and thereby the luminous flux

is greatly degraded. The excessively shortened arc tube
with both sealing parts being too close to a high-temper-
ature part may also suffer from such problems that its
sealing parts are cracked, and that luminescent colors
are changed due to a material for the impregnated glass
phase being eroded by a metal halide that is a light-emit-
ting material used in the arc tube.

SUMMARY OF THE INVENTION

[0007] The first object of the present invention is to
provide a high-pressure discharge lamp that can use an
arc tube whose total length is as short as possible and
that can prevent such a problem as blackening of the arc
tube. The second obj ect of the present invention is to
provide a high-pressure discharge lamp that can use an
arc tube whose total length is as short as possible and
that can prevent such problems as crack generation and
luminous color change.
[0008] The first object of the present invention can be
achieved by a high-pressure discharge lamp, including:
an arc tube that is made up of a main-tube part in which
a discharge space is formed, and two thin-tube parts ex-
tending from both ends of the main-tube part, the main-
tube part and the two thin-tube parts being made from a
translucent ceramic material; and a pair of electrodes
having rods that respectively extend through the two thin-
tube parts into the discharge space so that tops thereof
face each other with a predetermined distance in-be-
tween, the rod of at least one of the electrodes being held
by a tubular electrode holder embedded in and bonded
to the thin-tube part via an adhesive agent, the electrode
holder being made of a halide-resistant metal, the adhe-
sive agent including a sintered halide-resistant metal im-
pregnated with mixture glass, wherein the electrode hold-
er is at such a position that satisfies the expression "L A
0.012P+2.5[mm]" where "L" is a distance [mm] between
(a) a top of the electrode whose rod is held by the elec-
trode holder and (b) one end of the electrode holder clos-
er to the discharge space, and "P" is a lamp wattage [W].
[0009] According to this construction, a glow discharge
is not generated from the end of the conductive electrode
holder at the discharge space side when the lamp is start-
ed. Therefore, the blackening phenomenon of the inner
surface of the arc tube can be prevented during the ef-
fective lifetime of the lamp. Further, the thin-tube part can
be shortened in a range of the distance "L" calculated
using the above expression, so that the luminous effi-
ciency can be improved as compared with a conventional
lamp employing the frit-sealing technique.
[0010] The second obj ect of the present invention can
be achieved by a high-pressure discharge lamp, includ-
ing: an arc tube that is made up of a main-tube part in
which a discharge space is formed, and two thin-tube
parts extending from both ends of the main-tube part, the
main-tube part and the two thin-tube parts being made
from a translucent ceramic material; and a pair of elec-
trodes having rods that respectively extend through the
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two thin-tube parts into the discharge space so that tops
thereof face each other with a predetermined distance
in-between, the rod of at least one of the electrodes being
held by a tubular electrode holder embedded in and bond-
ed to the thin-tube part via an adhesive agent, the elec-
trode holder being made of a halide-resistant metal, the
adhesive agent including a sintered halide-resistant met-
al impregnated with mixture glass, wherein a temperature
of one end, closer to the discharge space, of a bonding
area formed using the adhesive agent does not exceed
a lowest temperature at which an erosion action of a light-
emitting material enclosed in the discharge space on the
mixture glass occurs. The second obj ect of the present
invention can also be achieved by a high-pressure dis-
charge lamp, including: an arc tube that is made up of a
main-tube part in which a discharge space is formed, and
two thin-tube parts extending from both ends of the main-
tube part, the main-tube part and the two thin-tube parts
being made from a translucent ceramic material; and a
pair of electrodes having rods that respectively extend
through the two thin-tube parts into the discharge space
so that tops thereof face each other with a predetermined
distance in-between, the rod of at least one of the elec-
trodes being held by a tubular electrode holder embed-
ded in and bonded to the thin-tube part via an adhesive
agent, the electrode holder being made of a halide-re-
sistant metal, the adhesive agent including a sintered
halide-resistant metal impregnated with mixture glass,
wherein the adhesive agent is at such a position that is
away from a top of the electrode whose rod is held by
the electrode holder, by a distance that is out of a range
where the mixture glass receives an erosion action of a
light-emitting material enclosed in the discharge space
at steady lighting.
[0011] According to these constructions, such a prob-
lem that the light-emitting material enclosed in the dis-
charge space erodes the mixture glass at steady lighting
can be prevented. Therefore, cracking damage in the art
tube or luminous color change can be prevented, ena-
bling the luminous efficiency to be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] These and other objects, advantages and fea-
tures of the invention will become apparent from the fol-
lowing description thereof taken in conjunction with the
accompanying drawings that illustrate a specific embod-
iment of the invention.
[0013] In the drawings:

FIG. 1 is a partly sectional view showing the overall
construction of a 150W metal halide lamp according
to a first embodiment of the present invention;
FIG. 2 is a sectional view showing the construction
of a light-emitting unit of the metal halide lamp;
FIG. 3 is a partly enlarged sectional view showing a
sealing part sealed via an adhesive agent;
FIG. 4 is a graph showing the relationship between

a value of "Lm" and a luminous flux maintenance
factor resulting from a life test;
FIG. 5 is a graph showing the relationship between
a lamp wattage and a value of "Lm" resulting from a
life test;
FIG. 6 is a sectional view showing the construction
of a light-emitting unit according to a second embod-
iment of the present invention;
FIG. 7 is a sectional view showing the construction
of a light-emitting unit according to a third embodi-
ment of the present invention;
FIG. 8 is a sectional view showing the construction
of a light-emitting unit according to a fourth embod-
iment of the present invention;
FIG. 9 is a graph showing the relationship between
an outer surface temperature of a metallize-sealing
end and a ratio of defective generation due to lumi-
nous color change;
FIG. 10 is a graph showing the relationship between
an outer surface temperature of a metallize-sealing
end and a ratio of defective generation due to crack-
ing damage in a thin-tube part;
FIG. 11 is a graph showing the relationship between
an outer surface temperature of a metallize-sealing
end and an improvement ratio of luminous efficiency
of a metal halide lamp employing a metallize-sealing
technique to a metal halide lamp employing a frit-
sealing technique; and
FIG. 12 is a graph showing the correspondence be-
tween an outer surface temperature of a metallize-
sealing end and a non-sealing length "Lx" used in a
luminous-efficiency comparing test.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0014] The following describes a high-pressure dis-
charge lamp of the present invention, based on a metal
halide lamp that is one type of a high-pressure discharge
lamp, with reference to the drawings.

(First Embodiment)

[0015] FIG. 1 is a partly cutaway view of a metal halide
lamp 21 according to the present embodiment.
[0016] The metal halide lamp (hereafter simply re-
ferred to as the "lamp") 21 has a rated lamp wattage of
150W, and is used for general interior lighting.
[0017] As shown in FIG. 1, the lamp 21 has the follow-
ing construction. A light-emitting unit 2 that includes an
arc tube 1 is housed in an outer tube bulb 22 that is
equipped with a base 23. Also, in the outer tube bulb 22,
a shielding silica tube 24 is provided so as to surround
the arc tube 1 for the purpose of preventing the outer
tube bulb 22 from being damaged. The outer tube bulb
22 is made from silica glass or hard glass. A gas, mainly
a nitrogen, is enclosed in the outer tube bulb 22.
[0018] FIG. 2 is a longitudinal sectional view of the
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light-emitting unit 2.
[0019] As shown in the figure, the light-emitting unit 2
includes the arc tube 1 that is composed of a main-tube
part 3, and thin-tube parts 4 and 5 that respectively ex-
tend from both ends of the main-tube part 3. The thin-
tube parts 4 and 5 have a smaller diameter than the main-
tube part 3. The main-tube part 3 and the thin-tube parts
4 and 5 are made from a translucent polycrystal alumina
ceramic material that has a heat resistance of approxi-
mately 1200°C. A discharge space is formed in the main-
tube part 3. The thin-tube parts 4 and 5 respectively hold
axis parts (tungsten electrode rods 12 and 13) of tungsten
electrodes 10 and 11. Further, predetermined amounts
of (a) a light-emitting material 20 composed of metal hal-
ides (DyI3+TmI3+HOI3+T1I+NaI), (b) mercury as a buffer
gas, and (c) argon as a starting-aid rare gas, are enclosed
in the arc tube 1.
[0020] The tungsten electrodes (hereafter simply re-
ferred to as the "electrodes") 10 and 11 are respectively
composed of the tungsten electrode rods (hereafter sim-
ply referred to as "electrode rods") 12 and 13, and tung-
sten coils 14 and 15 set around one ends of the electrode
rods 12 and 13.
[0021] The electrodes 10 and 11 are respectively held
by the thin-tube parts 4 and 5 via molybdenum capillaries
6 and 7. In detail, the electrode rods 12 and 13 that are
the axis parts of the electrodes 10 and 11 are passed
through the molybdenum capillaries 6 and 7 that function
as electrode holders. The molybdenum capillaries 6 and
7 are literally made of molybdenum, which is a halide-
resistant metal. It should be noted here that the electrode
rods 12 and 13, and the molybdenum capillaries 6 and
7 are hermetically bonded (sealed) together (to form her-
metical bonding parts 18 and 19) by laser-welding at the
outlet vicinities of the thin-tube parts 4 and 5. Also, the
tungsten coils 14 and 15 are partly melted and bonded
to the electrode rods 12 and 13. It should also be noted
here that parts of the electrode rods 12 and 13 that extend
from the hermetical bonding parts 18 and 19 are used
as external lead wires.
[0022] The molybdenum capillaries 6 and 7, and the
thin-tube parts 4 and 5 are sealed vian adhesive agents
8 and 9 according to a technique for sealing by way of
metallizing (hereafter referred to as a "metallize-sealing
technique"). The metallize-sealing technique is realized
by chemical bonding, and therefore, can form a bonding
area that has superior bonding strength and is less re-
active with a light-emitting material, as compared with a
frit-sealing technique.
[0023] FIG. 3 is a partly enlarged sectional view of a
sealing part sealed via the adhesive agent 8. The figure
shows in detail a state where the thin-tube part 4 (alumina
ceramic) and the molybdenum capillary 6 (molybdenum)
are bonded (sealed) together via the adhesive agent 8.
It should be noted here that an adhesive agent 9 used
to seal the other sealing part is the same as the adhesive
agent 8 and so the following only describes the adhesive
agent 8.

[0024] As shown in the figure, the adhesive agent 8 is
composed of a main layer 81 and an interface glass layer
82. The main layer 81 comes in contact with the molyb-
denum capillary 6. The interface glass layer 82 is made
from Dy2O3-Al2O3 glass and is provided at an interface
between the thin-tube part 4 and the main layer 81. The
main layer 81 is made of sintered metal particles such
as molybdenum particles, and is composed of a porous
structure 83 that has open pores, and a glass phase 84
impregnated in the open pores. The glass phase 84 is
made from Dy2O3-Al2O3 mixture glass whose main con-
stituent is Dy2O3-Al2O3. It should be noted here that the
Dy2O3-Al2O3 mixture glass may contain minor constitu-
ents such as La2O3 and Y2O3. According to the adhesive
agent 8 constructed as above, the mixture glass impreg-
nated in the open pores functions as a kind of buffer, and
therefore, thermal shock resistance can be improved. To
be more specific, the above adhesive agent 8 is charac-
terized by including such a sintered metal having open
pores and such mixture glass impregnated in the open
pores. It should be noted here that the adhesive agent
8, a manufacturing method for the adhesive agent 8, and
a bonding method using the adhesive agent 8 are de-
scribed in detail in Japanese Laid-open Patent Applica-
tion No. 2001-58882, and so are not described any further
in this specification.
[0025] Referring back to FIG. 2, the following gives di-
mensions of essential components of the light-emitting
unit 2 having the above-described construction.

Maximum Inner Diameter of Main-tube Part "φi"
: 10.7 [mm]
Inner Total Length of Main-tube Part "Lo"
: 15.4 [mm]
Distance between Electrodes "Le"
: 10.0 [mm]
Total Length of Thin-tube Part "La"
: 7.0 [mm]
Outer Diameter of Thin-tube Part
: 3.2 [mm]
Inner Diameter of Thin-tube Part
: 1.30[mm]
Outer Diameter of Molybdenum Capillary
: 1.2 [mm]
Thickness of Molybdenum Capillary
: 0.10[mm]
Wire Diameter of Electrode Rod
: 0.5 [mm]

[0026] It should be noted here that a length "Lf", in the
tube-axis direction (vertical direction in the figure), of a
part of the arc tube 1 that is sealed using the metallize-
sealing technique in the sealing part (hereafter referred
to as a "metallize-sealing length") is 3.5mm. The metal-
lize-sealing length "Lf" is set at such a value required to
ensure good hermetical sealing. Also, a tube wall loading
"we" of the arc tube 1 is set at approximately 27W/cm 2

[0027] In this lamp 21, an away distance "Lm" , which
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is a distance in the tube axis direction between a top of
the tungsten electrode 10 and an end 61 of the molyb-
denum capillary 6 at the discharge space side, as well
as a distance in the tube axis direction between a top of
the tungsten electrode 11 and an end 71 of the molyb-
denum capillary 7 at the discharge space side, is set at
5.5mm. The following describes the reasons why the dis-
tance "Lm" is set at such a value.
[0028] To improve the luminous efficiency using the
metallize-sealing technique, the inventors of the present
application manufactured by way of experiment a lamp
with a length "La" of the thin-tube parts 4 and 5 being set
at as short as 4.0mm. The away distance "Lm" of this
experimental lamp was 2.5mm.
[0029] The inventors then conducted a life test on this
experimental lamp with a 5.5-hours-on cycle followed by
a-0.5-hours off cycle. The initial luminous efficiency of
this experimental lamp was 971m/W, whereas the initial
luminous efficiency of a conventional lamp employing the
frit-sealing technique was 901m/W, meaning that an ex-
pected improvement of approximately 8% was achieved
for this experimental lamp. Also, a general color render-
ing index "Ra" of the experimental lamp was approxi-
mately 92, whereas the general color rendering index
"Ra" of the conventional lamp employing the frit-sealing
technique was approximately 90, also meaning that an
improvement was achieved for this experimental lamp.
In this test, a temperature "Tc" of an end "C" of the main-
tube part 3 was also measured. The temperature "Tc" for
the experimental lamp was higher than that for the con-
ventional lamp employing the frit-sealing technique, by
approximately 250°C.
[0030] These test results can be explained as follows.
For the experimental lamp, a heat loss was reduced by
shortening the thin-tube parts. Due to the reduced heat
loss, the luminous efficiency was improved. Further, a
steam pressure of the light-emitting material 20 mainly
made of a metal halide was increased. Due to the in-
creased steam pressure, the general color rendering in-
dex "Ra" was improved.
[0031] However, when 500 hours passed from the start
of this life test, blackening of the internal surface of the
main-tube part 3 was observed. At this point, the lumi-
nous flux was approximately 70% of a value measured
when 100 hours passed from the start of the life test. To
obtain the reason of this phenomenon, the inventors of
the present application examined a state of a discharge
at the startup of the lamp, to find out that the discharge
started from the molybdenum capillaries 6 and 7 used
as conductors. To be more specific, because the ends
61 and 71 of the molybdenum capillaries 6 and 7 at the
discharge space side were too close to the discharge
space 25 in the experimental lamp, heat escaped outside
via the cross sections of the molybdenum capillaries 6
and 7. Due to this, the transition to an arc discharge took
long time. During the transition taking long time to the
arc discharge, a glow discharge was started from the
ends 61 and 71 of the molybdenum capillaries 6 and 7

at the discharge space side, and sputtering at the glow
discharge caused molybdenum to be diffused and at-
tached to the inner surface of the main tube 3, thereby
blackening the internal surface of the main tube 3. This
resulted in the luminous flux being degraded within the
effective lifetime of the lamp.
[0032] To solve the above problems, the inventors of
the present application experimented various methods,
and finally found out that a glow discharge was not started
from the ends 61 and 71 of the molybdenum capillaries
6 and 7 at the discharge space side when the ends 61
and 71 were positioned away by a predetermined dis-
tance from the discharge space 25 in the tube axis direc-
tion. To be more specific, the inventors experimented,
out of the above listed dimensions of the lamp compo-
nents, to extend the length "La" of the thin-tube parts 4
and 5 so as to increase the away distance "Lm" without
changing the metallize-sealing length "Lf". The inventors
actually prepared a number of lamps with the length "La"
being set at various values from 4.0mm ("Lm" being
2.5mm) to longer, and conducted the above-described
life test on each of the prepared lamps.
[0033] FIG. 4 is a graph showing the relationship be-
tween a value of "Lm" and a luminous flux maintenance
factor after 500 hours, resulting from the life test.
[0034] As can be seen from the figure, the luminous
flux maintenance factor increases as the away distance
"Lm" increases, meaning that the blackening phenome-
non is reduced as the away distance "Lm" increases.
These test results confirm that a glow discharge is not
generated at all from the ends 61 and 71 of the molyb-
denum capillaries 6 and 7 when the away distance "Lm"
is 4.3mm or more. The luminous flux maintenance factor
of the lamp with the away distance "Lm" being 4.3mm
measured after 500 hours is 93% of a value measured
after 100 hours. The luminous flux maintenance factor
of this lamp with the away distance "Lm" being 4.3mm
shows a great improvement, as compared with the lumi-
nous flux maintenance factor of the first experimental
lamp (with the away distance "Lm" being 2.5mm) being
approximately 70%. Further, the luminous flux mainte-
nance factor of this lamp after 6000 hours was 75%. Also,
the initial luminous efficiency of this lamp was 94.51m/W,
showing an improvement of approximately 5% as com-
pared with a conventional lamp. These test results con-
firm therefore that this lamp with the away distance "Lm"
being 4.3mm is free from defectives caused by lumines-
cent colors changed due to blackening of the inner sur-
face of the main-tube part 3, and that this lamp also
achieves the object of improved luminous efficiency.
[0035] To sum up, a 150W lamp shows improved lu-
minous efficiency but suffers from the blackening phe-
nomenon, when the away distance "Lm" is 4.3mm or less.
[0036] The inventors of the present application also
conducted the same life test on lamps with various watt-
ages other than the 150W lamp, to obtain a minimum
value for the away distance "Lm" that can still prevent
the blackening phenomenon for each of the lamps with
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various wattages. For 20W, 35W, 70W, 100W, 250W,
and 400W lamps, such minimum values for the away
distance "Lm" were found to be 2.6mm, 2.9mm, 3.3mm,
3.7mm, 5.4mm, and 7.2mm, respectively.
[0037] FIG. 5 is a graph showing the relationship be-
tween a lamp wattage and a minimum value for "Lm",
resulting from the above life test.
[0038] As can be seen from the figure, the minimum
value for the away distance "Lm" for each lamp wattage
[W] can be plotted substantially as a straight line 28.
Therefore, the relational expression for the minimum val-
ue for the away distance "Lm" and the lamp wattage "P"
can substantially be written using the linear function
"Lm=0.012P+2.5[mm]".
[0039] This expression shows that the minimum value
for the away distance "Lm" increases as the lamp wattage
increases. This can be explained as follows. For high-
pressure discharge lamps such as metal halide lamps,
the electrode distance "Le" is usually shorter as the lamp
wattage is smaller, and vice versa. The shorter electrode
distance "Le" means a higher probability of an arc dis-
charge being started from the tops of the tungsten elec-
trodes. In other words, the longer electrode distance "Le"
means a higher probability of a glow discharge being
started. For a lamp with a small wattage, the electrode
distance "Le" is short, and therefore a glow discharge is
not likely to be started from the ends 61 and 71 of the
molybdenum capillaries 6 and 7 at the discharge space
side even if the away distance "Lm" is set short. For a
lamp with a larger wattage, on the other hand, the elec-
trode distance "Le" is longer, and therefore a glow dis-
charge is more likely to be generated, unless the away
distance "Lm" is set longer.
[0040] As described above, for each of the lamps with
various wattages, the blackening phenomenon can be
prevented by setting the away distance "Lm", as the min-
imum, at such a value that is calculated using the above
expression. On the other hand, if the away distance "Lm"
is set at a value larger than necessary, the luminous ef-
ficiency may be contrarily degraded due to a heat loss.
Therefore, it is preferable to set the away distance "Lm"
at an optimum value determined considering various fac-
tors such as the lamp dimension, and the luminous effi-
ciency and the luminous flux maintenance factor within
its effective lifetime. As one example, it is preferable to
set the away distance "Lm" at a value selected from a
diagonally shaded area in FIG. 5.
[0041] The inventors of the present application pre-
pared a 150W lamp with the away distance "Lm" being
set at 5.5mm and the length "La" being set at 7.0mm.
The inventors then measured the initial lamp character-
istics of the lamp, namely, the initial luminous efficiency
and the general color rendering index, and conducted
the above life test on the lamp. According to the test re-
sults, the initial luminous efficiency was 951m/W and the
general color rendering index was 91.4. The blackening
phenomenon did not occur until 6000 hours passed from
the start of the life test. Further, because of improved

thermal shock resistance due to the adhesive agents 8
and 9 containing mixture glass, damages and leaks of
the thin-tube parts 4 and 5 and changes in luminescent
colors did not occur until 6000 hours passed from the
start of the life test.
[0042] According to the present embodiment de-
scribed above, the away distance "Lm" that is a distance
between the top of the tungsten electrode and the end
of the molybdenum capillary at the discharge space side
is to be set at an optimum value based on the above
expression. By doing so, the blackening phenomenon of
the inner surface of the arc tube can be prevented during
the effective lifetime of the lamp, thereby producing the
effect of improving the luminous efficiency.
[0043] It should be noted here that the application of
the above relational expression for the lamp wattage [W]
and the minimum value for the away distance "Lm" [mm]
should not be limited to lamps with lamp wattages of
400W and smaller. Although not shown in FIG. 5, the
above relational expression can be applied to lamps with
larger lamp wattages than 400W, e.g., a 1KW lamp and
a 2KW lamp.

(Second Embodiment).

[0044] A metal halide lamp according to the present
embodiment differs from the metal halide lamp according
to the first embodiment only in that members made of
molybdenum as a halide-resistant metal (hereafter re-
ferred to as "molybdenum coils") are wound around the
electrode rods 12 and 13. The following describes the
present embodiment focusing only on its differences from
the first embodiment. Here, components of the metal hal-
ide lamp according to the present embodiment that are
the same as the components of the metal halide lamp
according to the first embodiment are given the same
reference numerals in the figures and are not described
in the present embodiment.
[0045] FIG. 6 shows the construction of a light-emitting
unit 30 according to the present embodiment.
[0046] As shown in the figure, a molybdenum coil 32
is set around the electrode rod 12 and a molybdenum
coil 33 is set around the electrode rod 13. In this way, a
gap formed between a tungsten electrode axis and the
thin-tube part, and a gap formed between the tungsten
electrode axis and the molybdenum capillary are bridged
for the following improvement.
[0047] With such a construction where the thin-tube
parts 4 and 5 are provided at both ends of the main-tube
part 3 as in the present embodiment, the light-emitting
material 20 enclosed in the arc tube 1 mostly exists in a
liquid-state within the main-tube part 3. However, a por-
tion of the light-emitting material 20 flows into the thin-
tube parts 4 and 5 and into molybdenum capillaries 6 and
7. The portion of the light-emitting material 20 accumu-
lated in the thin-tube parts 4 and 5 and in the molybdenum
capillaries 6 and 7 is not used for the original purpose of
emitting light. To obtain stable luminescent colors, there-
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fore, a larger amount of light-emitting material than re-
quired to emit light for compensating for such a loss
needs to be enclosed into the arc tube 1. This means
that a larger amount of light-emitting material than re-
quired to emit light is to be used.
[0048] As one method for reducing a total amount of
light-emitting material to be enclosed into the arc tube 1
by reducing an amount of such a portion flowing into the
thin-tube parts 4 and 5 and into the molybdenum capil-
laries 6 and 7, members made of a halide-resistant metal
are to be provided to narrow a space formed around the
electrode rod 12 and a space formed around the elec-
trode rod 13. To be specific, the members are provided
to bridge a gap formed between the electrode rod 12 and
the thin-tube part 4 and between the electrode rod 12
and the molybdenum capillary 6, and a gap formed be-
tween the electrode rod 13 and the thin-tube part 5 and
between the electrode rod 13 and the molybdenum cap-
illary 7. Such members can block the light-emitting ma-
terial flowing into these gaps. If coil members are used
as the members for bridging these gaps, cross-sectional
areas of the members are relatively small and therefore
heat is difficult to escape via the coil members, as com-
pared with when for example tubular members are used.
In this case, therefore, such a problem does not occur
that the transition to an arc discharge takes long time.
[0049] The life test was conducted on such a lamp that
has the above-describedconstruction. According to the
test results, almost no influence by sputtering was ob-
served and the blackening phenomenon due to diffused
molybdenum did not occur. Further, the total amount of
light-emitting material to be enclosed in the arc tube 1 of
such a lamp was approximately 30% less than that for a
lamp without the molybdenum coils 32 and 33.
[0050] Here, a coil member can be prepared simply by
winding a wire around each of the electrode rods 12 and
13, whereas, it is not easy to manufacture, for example,
a tubular member because the tubular member should
be precisely manufactured in such a manner that its inner
diameter is larger than the outer diameter of each of the
electrode rods 12 and 13 and its outer diameter is smaller
than the inner diameter of each of the molybdenum cap-
illaries 6 and 7.
[0051] To effectively prevent the light-emitting material
from flowing into the thin-tube parts 4 and 5 and the like,
it is preferable to provide the molybdenum coils 32 and
33 around the entire areas of the electrode rods 12 and
13 inserted (positioned) within the thin-tube parts 4 and
5 as shown in the figure.
[0052] Also, when ends 321 and 331 of the molybde-
num coils 32 and 33 at the discharge space side are
positioned, in the tube axis direction, anywhere between
(a) the ends 61 and 71 of the molybdenum capillaries 6
and 7 at the discharge space side and (b) ends 41 and
51 of the thin-tube parts 4 and 5 at the discharge space
side, the effect can be produced of reducing an amount
of light-emitting material flowing into the molybdenum
capillaries 6 and 7 and even into the thin-tube parts 4

and 5.
[0053] Further, the effect of reducing the total amount
of light-emitting material to be enclosed into the arc tube
1 can also be produced to a certain degree, when mo-
lybdenum coils are set only partly around the areas of
the electrode rods 12 and 13 positioned in the molybde-
num capillaries 6 and 7, as compared with the case where
the molybdenum coils are not provided.
[0054] It should be noted here that at the time of laser-
welding, a base end (an end opposite to the discharge
space 25) of the molybdenum coil 32 is welded and fixed
with the hermetical bonding part 18 within the molybde-
num capillary 6, and a base end of the molybdenum coil
33 is welded and fixed with the hermetical bonding part
19 within the molybdenum capillary 7.
[0055] Although the present embodiment describes
the case where a member made of molybdenum is used
as the winding member to be wound around the electrode
rod, any member made of a halide-resistance metal can
be used as this winding member. For example, a member
made of tungsten may be used. The winding member of
course should have such a diameter that can be placed
in a gap formed between the surface of each of the elec-
trode rods 12 and 13 and the inner surface of each of the
molybdenum capillaries 6 and 7. To minimize an amount
of light-emitting material flowing into each of the molyb-
denum capillaries 6 and 7, it is preferable to minimize the
gaps formed between the surface of the electrode rods
12 and 13 and the molybdenum capillaries 6 and 7.
Therefore, it is preferable that the winding members have
such a diameter that allows the surfaces of the winding
members wound around the electrode rods 12 and 13 to
come in contact with the inner surfaces of the molybde-
num capillaries 6 and 7. Also, the winding pitch of the
winding members is determined based on a desired de-
gree or the like of reducing an amount of light-emitting
material flowing into the molybdenum capillaries 6 and 7.

(Third Embodiment)

[0056] As shown in FIG. 7, a light-emitting unit 50 ac-
cording to the present embodiment has a construction in
which a well-known starting aid conductor 51 is addition-
ally attached to the arc tube 1 in the second embodiment.
[0057] As shown in the figure, the starting aid conduc-
tor 51 that is attached to the arc tube 1 is made from a
wire member, and one attaching end 511 of the starting
aid conductor 51 is wound around the thin-tube part 4,
and the other attaching end 512 of the starting aid con-
ductor 51 is wound around the thin-tube part 5.
[0058] The winding position at which the attaching end
511 is wound around the thin-tube part 4 is away by 2mm
toward the discharge space side in the tube axis direction
from the end 61 of the molybdenum capillary 6 at the
discharge space side. The winding position at which the
attaching end 512 is wound around the thin-tube part 5
is also away by 2mm toward the discharge space side in
the tube axis direction from the end 71 of the molybdenum
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capillary 7 at the discharge space side.
[0059] This is due to the following reasons. When a
starting aid conductor is attached to an arc tube, a dis-
charge is started from the closest position to the starting
aid conductor at the startup of the lamp. Assume that the
attaching end 511 of the starting aid conductor 51 is
wound around a position at the thin-tube part 4 indicated
by "A" in the figure. In this case, a glow discharge is gen-
erated between the attaching end 511 and the molybde-
num capillary 6 at the startup of the lamp. The glow dis-
charge may cause the blackening phenomenon of the
arc tube.
[0060] To enable a discharge to be started from a po-
sition at the molybdenum coils 33 and 34 closest to the
starting aid conductor 51, i.e., to disable a glow discharge
to be started from the molybdenum capillaries 6 and 7,
the starting aid conductor 51 is to be attached at such a
position that does not cause a glow discharge between
the attaching end 511 and the molybdenum capillary 6,
and between the attaching end 512 and the molybdenum
capillary 7. To be more specific, the attaching end 511
of the starting aid conductor 51 is to be wound around
the thin-tube part 4 at a position, in the tube axis direction,
between the end 61 of the molybdenum capillary 6 at the
discharge space side and the end 321 of the molybdenum
coil 32 at the discharge space side, and the attaching
end 512 of the starting aid conductor 51 is to be wound
around the thin-tube part 5 at a position, in the tube axis
direction, between the end 71 of the molybdenum capil-
lary 7 at the discharge space side and the end 331 of the
molybdenum coil 33 at the discharge space side.
[0061] In this case, because the molybdenum coils 32
and 33 are coil members, diffusion of molybdenum due
to sputtering rarely occurs as described above. There-
fore, the starting aid conductor can produce the effect of
improving the lamp startup properties. Here, the lamp
startup properties are better as a discharge at the startup
of the lamp is generated closer to the discharge space
25. Considering this, it is preferable that the winding po-
sitions at which the attaching ends 511 and 512 are
wound around the thin-tube parts 4 and 5 are as close
to the discharge space 25 as possible.
[0062] It should be noted here that although the
present embodiment describes the case where the at-
taching end 511 of the starting aid conductor 51 is wound
around the thin-tube part 4 and the attaching end 512 of
the starting aid conductor 51 is wound around the thin-
tube part 5, the present invention should not be limited
to such, as long as the functions of the starting aid con-
ductor 51 are realized. For example, only the attaching
end 511 may be wound around the thin-tube part 4 and
the attaching end 512 may be connected to the hermet-
ical bonding part 19 . It should also be noted here that
the starting aid conductor 51 may not be made from a
wire member but may be made from a sheet member, or
the like.

(Fourth Embodiment)

[0063] Although the above first to third embodiments
describe the construction examples that can prevent
blackening of the arc tube, the present embodiment de-
scribes the construction example that can prevent crack
generation and luminescent color change.
[0064] FIG. 8 is a longitudinal sectional view of a light-
emitting unit 200 according to the present embodiment.
The light-emitting unit 200 has basically the same con-
struction as the light-emitting unit 2 according to the first
embodiment, with the differences being in that the thin-
tube parts 4 and 5 are replaced by thin-tube parts 201
and 202, and that molybdenum coils 203 and 204 are
wound around areas of the electrode rods 12 and 13 that
are positioned in the thin-tube parts 4 and 5. Also, the
thin-tube parts 201 and 202 are different in the length in
the tube axis direction (described later), from the thin-
tube parts 4 and 5 in the first embodiment. Here, the
molybdenum coils 203 and 204 are provided to minimize
spaces within the thin-tube parts 201 and 202, and are
substantially the same as the molybdenum coils 32 and
33 in the second embodiment. Here, components of the
light-emitting unit 200 according to the present embodi-
ment that are the same as the components of the light-
emitting unit according to the first embodiment are given
the same reference numerals and are not described in
the present embodiment.
[0065] For such a light-emitting unit 200 that is con-
structed as shown in FIG. 8, the luminous efficiency is
improved further as the heat capacity of the thin-tube
parts 201 and 202 is made smaller. The heat capacity of
the thin-tube parts 201 and 202 can be adjusted using a
method of increasing or decreasing the total length of
each of the thin-tube parts 201 and 202 or a method of
expanding or reducing the outer diameter of each of the
thin-tube parts 201 and 202. The inventors of the present
application employed the former method of increasing or
decreasing the total length of each of the thin-tube parts
201 and 202. The inventors first manufactured (by way
of experiment) a metal halide lamp with the total length
of each of the thin-tube parts 201 and 202 being extreme-
ly short, i.e., 4mm, and conducted a lighting test on the
experimental lamp.
[0066] According to the test results, the luminous effi-
ciency of the experimental lamp was 971m/W, showing
an improvement of approximately 8% as compared with
the luminous efficiency being 901m/W of a metal halide
lamp manufactured according to the frit-sealing tech-
nique and having the same rated lamp wattage as the
experimental lamp (hereafter referred to as a "compara-
tive lamp"). The luminous efficiency of the experimental
lamp was as high as expected. Also, the general color
rendering index "Ra" of the experimental lamp was 92,
which was higher than the general color rendering index
"Ra" being 90 of the comparative lamp. Here, a surface
temperature of a main tube end "C" of the experimental
lamp, which is an end of the main-tube part and is the
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coolest position in the main-tube part, was approximately
990°C at steady lighting. On the other hand, the surface
temperature of the main tube end "C" of the comparative
lamp at steady lighting was approximately 740°C . This
means that the surface temperature of the main tube end
"C" of the experimental lamp was higher than that of the
comparative lamp by as much as 250°C . These test re-
sults reveal that improvements in the luminous efficiency
and the general color rendering index "Ra" of the exper-
imental lamp as compared with the comparative lamp
can be attributed to the effect of an increased steam pres-
sure of the light-emitting material substantially made of
a metal halide.
[0067] Here, the inventors of the present application
conducted the life test on the above experimental lamp
with a 5.5-hours-on cycle followed by a-0.5-hours off cy-
cle. When about 500 hours passed from the start of the
test, cracking damage was generated in the vicinity of
ends, closer to the discharge space, of the thin-tube parts
201 and 202 corresponding to sealing areas (bonding
areas) sealed using the metallize-sealing technique. The
cracking damage generation ratio (defective generation
ratio) during the rated lifetime of 6000hours was 27%.
These test results reveal the following. Even though the
adhesive agents 8 and 9 contain a glass phase (mixture
glass) as a buffer, the above problem occurs if they are
positioned too close to the discharge space where a heat
source exists and are exposed to excessively high tem-
peratures. To be more specific, a difference in the linear
expansion coefficient between (a) the adhesive agents
8 and 9 and (b) a translucent ceramic material for the
thin-tube parts 201 and 202 causes cracking of the thin-
tube parts 201 and 202.
[0068] Also, at least during the above rated lifetime, a
slow leakage of the sealing parts did not occur, but chang-
es in luminescent colors were observed. The luminescent
color change ratio (defective generation ratio) was ap-
proximately 4%. Then, the inventors of the present ap-
plication closely examined the sealing parts of the exper-
imental lamp for which the luminescent color change was
observed. At one ends of the sealing parts closer to the
discharge space, the Dy2O3-Al2O3 glass contained in the
adhesive agents 8 and 9 was found to have been eroded
by components of the light-emitting material 20, in par-
ticular, by NaI, DyI3, and TmI3. The luminescent color
change can be attributed to the eroded Dy2O3-Al2O3
glass being released into the discharge space. Here, the
above erosion phenomenon can be attributed again to
the adhesive agents 8 and 9 being positioned too close
to the discharge space where a heat source exists and
exposed to excessively high temperatures.
[0069] Then, the inventors of the present application
manufactured experimental lamps each with the metal-
lize-sealing length "Lf" being the same and with the thin-
tube total length "La" being varied (with a non-sealing
length "Lx" shown in FIG. 8 being gradually increased).
The inventors conducted the above test on each of these
experimental lamps. By increasing the non-sealing

length "Lx", the ends 62 and 72, closer to the discharge
space, of the bonding areas formed by the adhesive
agents 8 and 9 (hereafter referred to as "metallize-sealing
ends") are positioned away from the discharge space
where a heat source exists. By doing so, therefore, the
temperature of the metallize-sealing ends can be low-
ered.
[0070] It is difficult to directly measure the temperature
of the metallize-sealing end. Therefore, the temperature
at the surface point "P" of the thin-tube part correspond-
ing to the metallize-sealing end (hereafter referred to as
the "outer surface temperature of the metallize-sealing
end") was used for the assessment. The outer surface
temperature was measured at steady lighting, using a
radiation thermometer with a measurement accuracy of
�3.0%.
[0071] FIGS. 9 and 10 show the test results. FIG. 9 is
a graph showing the relationship between the outer sur-
face temperature of the metallize-sealing end and the
ratio of defective generation due to the luminescent color
change. FIG. 10 is a graph showing the relationship be-
tween the outer surface temperature of the metallize-
sealing end and the ratio of defective generation due to
cracking damage in the thin-tube part.
[0072] As can be seen from FIG. 9, defective genera-
tion due to luminescent color change does not occur
when the outer surface temperature of the metallize-seal-
ing end is 950°C or lower. In other words, by setting the
outer surface temperature of the metallize-sealing end
in such a range that does not exceed 950°C, defective
generation due luminescent color change can be pre-
vented. This can be explained as follows. The tempera-
ture of the metallize-sealing end at the time when the
outer surface temperature is a little higher than 950°C is
the lowest temperature at which the erosion action of the
light-emitting material on the Dy2O3-Al2O3 glass occurs
(the erosion-starting temperature). To be more specific,
by setting the outer surface temperature of the metallize-
sealing end in such a range that does not exceed 950°C,
the temperature of the metallize-sealing end can be with-
in a range that does not exceed the lowest temperature
at which the erosion action of the light-emitting material
on the Dy2O3-Al2O3 glass occurs (the erosion-starting
temperature). By doing so, therefore, defective genera-
tion due to luminescent color change can be prevented.
[0073] Also, as can be seen from FIG. 10, defective
generation due to cracking damage in the thin-tube part
does not occur when the outer surface temperature of
the metallize-sealing end is approximately 983°C or low-
er.
[0074] As described above, by setting the outer sur-
face temperature of the metallize-sealing end in such a
range that does not exceed 950°C, the above-described
two types of defective generation can be prevented at
once.
[0075] The inventors of the present application also
measured the luminous efficiency of each of the experi-
mental lamps in the above test. The measurement results
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are shown in FIG. 11. The figure shows a graph taking
the outer surface temperature of the metallize-sealing
end as the horizontal axis and the improvement ratio of
the luminous efficiency compared with the comparative
lamp as the horizontal axis.
[0076] As can be seen from FIG. 11, the experimental
lamp according to the present embodiment exhibits high-
er luminous efficiency by approximately 6% than the
comparative lamp, even with the outer surface temper-
ature of the metallize-sealing end being 950°C at which
the above two types of defective generation can be pre-
vented.
[0077] Also, by setting the outer surface temperature
of the metallize-sealing end at 740°C or higher, the ex-
perimental lamp can exhibit luminous efficiency equiva-
lent to or higher than the comparative lamp. Further, even
when the luminous efficiency of the experimental lamp
is equivalent to that of the comparative lamp (and of
course when the luminous efficiency of the experimental
lamp is equivalent to or higher than that of the compar-
ative lamp), the sealing parts of the experimental lamp
according to the present embodiment are more reliable
than those of the comparative lamp due to the following
reasons.
[0078] A frit used in the comparative lamp usually con-
tains a large amount of silica or the like, in view of im-
proving the operability at sealing and obtaining an opti-
mum thermal expansion coefficient. However, silica eas-
ily reacts with a metal halide, and so texture destruction
of the frit may occur during the effective lifetime of the
lamp. As a result, the comparative lamp tends to suffer
from the following problems. During the effective lifetime
of the comparative lamp, cracking of the sealing parts
may occur, so that the lamp cannot be lightened up. Also,
a slow leakage - a phenomenon that a light-emitting ma-
terial is gradually leaked outside an arc tube - may occur
in the sealing parts, so that the lamp characteristics are
degraded.
[0079] On the other hand, the adhesive agent used in
the lamp according to the present embodiment does not
contain a material like silica that is easy to react with a
metal halide, and so is chemically stable to a metal halide.
Therefore, the above-described problems of cracking
and slow leakage are not likely to occur in the sealing
parts of the lamp according to the present embodiment.
Therefore, the sealing parts sealed using the metallize-
sealing technique can maintain strong hermetical sealing
for a longer time than the sealing parts sealed using the
frit-sealing technique. As a result, a metal halide lamp
employing the metallize-sealing technique has a longer
life than a metal halide lamp employing the frit-sealing
technique. It should be noted here that a trace amount
of silica contained in the adhesive agent does not cause
the above-described problems of cracking and slow leak-
age.
[0080] As described above, an optimum range for the
outer surface temperature of the metallize-sealing end
that can ensure luminous efficiency equivalent to or high-

er than luminous efficiency of the comparative lamp while
preventing the above-described two types of defective
generation is from 740°C to 950°C inclusive.
[0081] The luminous-efficiency comparing test de-
scribed above was as to the lamps with the rated lamp
wattage of 150W. Although detailed data is not shown,
the inventors of the present application conducted the
same test as to lamps with rated lamp wattages varying
from 70W to 150W, and confirmed that the same effects
as above were obtained.
[0082] FIG. 12 shows the correspondence between
the outer surface temperature of the metallize-sealing
end and the non-sealing length "Lx" used in the above
test.
[0083] As can be seen from the figure, the outer sur-
face temperature of the metallize-sealing end is 950°C
when the non-sealing length "Lx" is 2.0mm. Here, the
distance measured in the arc tube axis direction between
a metallize-sealing end and an electrode top that is closer
to themetallize-sealing end is "(Lo-Le)/2+Lx=4.7mm".
Accordingly, such a range in which the outer surface tem-
perature of the metallize-sealing end does not exceed
950°C corresponds to a range in which the distance
measured in the arc tube axis direction between the met-
allize-sealing end and the electrode top that is closer to
the metallize-sealing end is no shorter than 4.7mm.
[0084] Also, the outer surface temperature of the met-
allize-sealing end is 740°C when the non-sealing length
"Lx" is 14.0mm. Here, the distance measured in the arc
tube axis direction between a metallize-sealing end and
an electrode top that is closer to the metallize-sealing
end is "(Lo-Le)/2+Lx=16.7mm". Accordingly, such a
range in which the outer surface temperature of the met-
allize-sealing end is from 740°C to 950°C inclusive cor-
responds to a range in which the distance measured in
the arc tube axis direction between the metallize-sealing
end and the electrode top that is closer to the metallize-
sealing end is from 4.7mm to 16.7mm inclusive.
[0085] The present embodiment also describes the
construction that can improve the luminous efficiency
while preventing cracking damage of an arc tube or lu-
minescent color change by way of specifying the distance
between the metallize-sealing end and the electrode top.
However, the nature of the present invention originally
lies in specifying the temperature of the metallize-sealing
end, i.e., the outer surface temperature of the metallize-
sealing end, at steady lighting as described above. The
other parameters, e.g., the total length "La" and the non-
sealing length "Lx" of the thin-tube part basically cannot
be specified for the above purposes of improving the lu-
minous efficiency while preventing cracking damage of
the arc tube or luminescent color change. This is because
the total length "La", the non-sealing length "Lx", or the
like changes depending on the rated lamp wattage, the
set tube wall loading, the basic structure of the arc tube,
and the like. For example, when a high-pressure dis-
charge lamp is used in certain fields, the tube wall loading
of the arc tube is set relatively low in view of extending
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the lamp life. In this case, the non-sealing length "Lx" is
shortened further to keep the discharge space at an op-
timum high temperature at the time of lighting.

(Modifications)

[0086] Although the present invention is described
based on the preferred embodiments as above, the
present invention should not be limited to the above em-
bodiments. For example, the following modifications are
possible.

(1) Although the first to fourth embodiments describe
the case where the main-tube part and the thin-tube
parts are separately prepared and then assembled
together to form the arc tube, the present invention
should not be limited to such. The main-tube part
and the thin-tube parts may be formed integrally.
(2) Although the first to fourth embodiments describe
the case where both the thin-tube parts 4 and 5 are
sealed using the metallize-sealing technique with the
molybdenum capillaries 6 and 7 as conductors, the
present invention should not be limited to such. For
example, one of the thin-tube parts may be sealed
with a conductor using another method, e.g., the frit-
sealing technique. The luminous efficiency of the
lamp employing the metallize-sealing technique at
least in one of the thin-tube parts is higher than the
luminous efficiency of the lamp employing the frit-
sealing technique in both of the thin-tube parts be-
cause the length of at least the thin-tube part sealed
using the metallize-sealing technique can be short-
ened.

[0087] In the case of sealing a thin-tube part using the
frit-sealing technique, a molybdenum capillary is not used
but an electrode rod is held by the thin-tube part via a
ceramic cement (frit).

(3) Although the first to fourth embodiments describe
the case where the present invention is applied to a
metal halide lamp, the present invention can be ap-
plied to other general purpose high-pressure dis-
charge lamps such as a high-pressure mercury
lamp.

[0088] Although the present invention has been fully
described by way of examples with reference to the ac-
companying drawings, it is to be noted that various
changes and modifications will be apparent to those
skilled in the art. Therefore, unless such changes and
modifications depart from the scope of the present inven-
tion, they should be construed as being included therein.

Claims

1. A high-pressure discharge lamp, comprising:

an arc tube that is made of a main-tube part in
which a discharge space is formed, and two thin-
tube parts extending from both ends of the main-
tube part, the main-tube part and the two thin-
tube parts being made from a translucent ce-
ramic material; and
a pair of electrodes having rods that respectively
extend through the two thin-tube parts into the
discharge space so that tops thereof face each
other with a predetermined distance in-between,
the rod of at least one of the electrodes being
held by a tubular electrode holder embedded in
and bonded to the thin-tube part via an adhesive
agent, the electrode holder being made of a hal-
ide-resistant metal, the adhesive agent includ-
ing a sintered halide-resistant metal impregnat-
ed with mixture glass,
wherein a temperature of one end, closer to the
discharge space, of a bonding area formed us-
ing the adhesive agent does not exceed a lowest
temperature at which an erosion action of a light-
emitting material enclosed in the discharge
space on the mixture glass occurs.

2. The high-pressure discharge lamp of Claim 1,
wherein when the temperature of the end of the
bonding area is assessed using a surface tempera-
ture of the thin-tube part at a position corresponding
to the end of the bonding area, the surface temper-
ature is set at a temperature not exceeding 950°C.

3. The high-pressure discharge lamp of Claim 2,
wherein the surface temperature is 740°C or higher.

4. The high-pressure discharge lamp of Claim 1,
wherein the sintered halide-resistant metal is a sin-
tered metal containing molybdenum, and the mixture
glass is glass containing alumina.

5. A high-pressure discharge lamp, comprising:

an arc tube that is made up of a main-tube part
in which a discharge space is formed, and two
thin-tube parts extending from both ends of the
main-tube part, the main-tube part and the two
thin-tube parts being made from a translucent
ceramic material; and
a pair of electrodes having rods that respectively
extend through the two thin-tube parts into the
discharge space so that tops thereof face each
other with a predetermined distance in-between,
the rod of at least one of the electrodes being
held by a tubular electrode holder embedded in
and bonded to the thin-tube part via an adhesive
agent, the electrode holder being made of a hal-
ide-resistant metal, the adhesive agent includ-
ing a sintered halide-resistant metal impregnat-
ed with mixture glass,
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wherein the adhesive agent is at such a position
that is away from a top of the electrode whose
rod is held by the electrode holder, by a distance
that is cut of a range where the mixture glass
receives an erosion action of a light-emitting ma-
terial enclosed in the discharge space of steady
lighting.

6. The high-pressure discharge lamp of Claim 5,
wherein when a temperature of one end, closer to
the discharge space, of a bonding area formed using
the adhesive agent is assessed using a suface tem-
perature of the thin-tube part at a position corre-
sponding to the end of the bonding area, the adhe-
sive agent is at such a position that the surface tem-
peraute does not exceed 950°C.

7. The high-pressure discharge lamp of Claim 6,
wherein the adhesive agent is at such a position that
the surface temperature is 740°C or higher.

8. Te high-pressure discharge lamp of Claim 5,
wherein the sintered halide-resistant metal is a sin-
tered metal containing molybdenum, and the mixture
glass is glass containing alumina.
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