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(54) HIGH-VOLTAGE DISCHARGE LAMP AND LIGHTING DEVICE

(57) The high-pressure discharge lamp of the
present invention comprises a light-transmitting ceramic
discharge vessel (1), power-supplying conductors (2), a
pair of electrodes (3,3), seals made of ceramic-sealing
compound (4), and a discharge medium. The light-
transmitting ceramic discharge vessel(1) has an inner
volume of 0.1 cc or less and comprises a bulging sec-
tion (1a) and small-diameter cylindrical sections (1b,
1b), the bulging section having both ends narrowed by a
continuous curved surface, and the small-diameter
cylindrical sections communicating with the ends of the
bulging section and having an inner diameter smaller
than the bulging section. Power-supplying conductors
(2) comprises a seal part (2a) and a halide-resistant
part (2b) having a proximal end connected to the distal
end of the seal part. The conductors are inserted in
small-diameter cylindrical sections (1b) of the light-
transmitting ceramic discharge vessel (1), and each of
the halide-resistant parts (2b) forms a narrow gap to the
inner surface of the small-diameter cylindrical sections
(1b). A pair of the electrodes (3) are respectively pro-
vided at distal ends of the halide-resistant parts (2b)
and positioned in the bulging section (1a) of the light-
transmitting ceramic discharge vessel (1), such that a
distance d1 of 1.0 mm or more is maintained between
the distal ends of the electrodes and the inner surface of
the light-transmitting ceramic discharge vessel (1) on a
plane which is perpendicular to the axis of the vessel
and includes the distal ends of the electrodes. Seals (4)
made of ceramic-sealing compound seals respectively
the gaps between the small-diameter cylindrical sec-

tions (1b) of the light-transmitting ceramic discharge
vessel (1) and the seal parts (2a) of the power-supply-
ing conductor(2). The discharge medium contains a
metallic halide and is filled in the light-transmitting
ceramic discharge vessel (1).
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Description

Technical Field

[0001] The present invention relates to a high-pres-
sure discharge lamp that has a discharge vessel made
of light-transmitting ceramic, and a lighting apparatus
that uses the lamp.

Background Art

[0002] There is a demand for a high-pressure dis-
charge lamp having a smaller lamp power of 20W or
less, which is made of light-transmitting ceramic and
which has a long lifetime and a high efficiency.
[0003] It was found that a leak occurs at the seal
shortly after the lamp is turned on even if a small high-
pressure discharge lamp is manufactured by propor-
tionally reducing directly the specifications of the dis-
charge vessel and electrodes of a conventional,
relatively large, high-pressure lamp to meet the
demand. This is because the modes of conveying heat
to the seal from a heat source such as discharge
plasma, i.e., heat conduction, convection and radiation,
are unbalanced.
[0004] To realize small high-pressure discharge
lamps, the prior art technology of high-pressure dis-
charge lamps should therefore be reviewed fundamen-
tally to create new specifications that are suitable for
small, high-pressure discharge lamps.
[0005] In contrast, the present inventors have
already invented a high-pressure discharge lamp com-
prising light-transmitting ceramic that has a desirable
long lifetime and a preferable light-emission efficiency
even with a small size. That invention has already been
filed as Japanese Patent Application No. 10-196322.
The invention according to this application discloses a
light-transmitting ceramic discharge vessel comprising
a bulging section having both ends narrowed by contin-
uous curved surfaces, and small-diameter cylindrical
sections communicating with the ends of the bulging
section and having an inner diameter smaller than the
bulging section. It is very advantageous for a small high-
pressure discharge lamp to use this discharge vessel
because the discharge vessel can be formed integral
with ease and has no optically and thermally discontin-
uous portion.
[0006] It was found, however, a problem occurs
depending on the size of the space in the bulging sec-
tion around the electrodes in the light-transmitting
ceramic discharge vessel having the shaped as
described above. That is, when a high-pressure dis-
charge lamp which has been lightened is turned off,
vapor of fillings such as a halide and mercury which has
been dispersed in the discharging space moves toward
narrow gaps in the small-diameter cylindrical sections of
the light-transmitting ceramic discharge vessel having a
low temperature. At this time, a turbulent flow is gener-

ated around the electrodes. If a turbulent flow is gener-
ated, the fillings such as halide and mercury easily
adhere to surfaces of distal ends of the electrodes.
Once the fillings have adhered to the distal ends of the
electrodes, the electric discharging power attenuates so
operation errors are caused at starting or transition from
a glow discharge to an arc discharge becomes difficult.
As a result, sputtering is excited and blackening occurs
in the light-transmitting ceramic discharge vessel due to
the sputtering.

Disclosure of Invention

[0007] The first object of the present invention is to
provide a small, high-pressure discharge lamp which
starts steadily.
[0008] The second object of the present invention is
to provide a small, high-pressure discharge lamp which
easily transits from glow discharge to arc discharge.
[0009] The third object of the present invention is to
provide a small, high-pressure discharge lamp in which
the light-transmitting ceramic discharge vessel is pre-
vented from blackening due to sputtering.
[0010] The forth object of the present invention is to
provide a lighting apparatus using the above described
small, high-pressure discharge lamp.
[0011] The first high-pressure discharge lamp
according to this invention is characterized by compris-
ing: a light-transmitting ceramic discharge vessel having
an internal volume of 0.1 cc or less and including a bulg-
ing section and small-diameter cylindrical sections com-
municating with both ends of the bulging section, the
bulging section having both ends narrowed by a contin-
uous curved surface, and the small-diameter cylindrical
sections having an inner diameter smaller than the bulg-
ing section; power-supplying conductors each including
a seal part and a halide-resistant section having a prox-
imal end connected to a distal end of the seal part and
inserted respectively in the small-diameter cylindrical
sections of the light-transmitting ceramic discharge ves-
sel, each of the halide-resistant sections forming a slight
gap to the inner surface of the small-diameter cylindrical
section; a pair of electrodes respectively arranged at the
distal ends of one halide-resistant parts and located in
the bulging section of the light-transmitting ceramic dis-
charge vessel, with a distance d1 of 1.0 mm or above
maintained between each of distal ends of the elec-
trodes and the inner surface of the light-transmitting
ceramic discharge vessel on a plane perpendicular to
an axis of the light-transmitting ceramic discharge ves-
sel including the distal ends of the electrodes; seals
made of ceramic-sealing compound respectively mak-
ing sealing between the small-diameter cylindrical sec-
tions of the light-transmitting ceramic discharge vessel
and the seal parts of the power-supplying conductors;
and a discharge medium containing metallic halide and
filled in the light-transmitting ceramic discharge vessel.
[0012] In the present invention and each invention
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described below, the terms are defined to have the fol-
lowing technical meanings, unless otherwise specified:

(Light-transmitting Ceramic Discharge Vessel)

[0013] "Light-transmitting ceramic discharge ves-
sel" means a discharge vessel made of light-transmit-
ting and heat-resistant materials. Among these
materials are: a single-crystal metallic oxide such as
sapphire; a polycrystalline metallic oxide such as trans-
lucent, airtight aluminum oxide, yttrium-aluminum gar-
net (YAG) or yttrium oxide; and a polycrystalline non-
oxide such as aluminum nitride (AIN). The term "light-
transmitting" is used in the sense that the light gener-
ated by discharge may be guided to the outside, pass-
ing through the discharge vessel. It may mean either
transparency or light-diffusing property.
[0014] To manufacture the light-transmitting
ceramic discharge vessel, the bulging section, or center
section, and the small-diameter cylindrical sections
connected to the ends of the bulging section is prefera-
bly formed integral first. Otherwise, the light-transmitting
ceramic discharge vessel can be also formed in a man-
ner that the bulging section is molded preliminarily with
the both ends narrowed by a continuous curved surface
integrally, and then a pair of small-diameter cylindrical
sections preliminarily molded are fitted in the distal ends
of the bulging section respectively and sintered.
[0015] The internal volume of the light-transmitting
ceramic discharge vessel is defined to 0.1 cc or less
because the present invention relates to the small, high-
pressure discharge vessel.
[0016] The internal volume of the light-transmitting
ceramic discharge vessel is measured in the following
manner: the discharge vessel is put in water to fill the
inside with water; opening ends of the small-diameter
cylindrical section provided at the both ends of the dis-
charge vessel are closed; the discharge vessel is taken
out of water; and then water contained in the discharge
vessel is measured.

(Power-Supplying Conductors)

[0017] The Power-Supplying conductor is provided
to at least one of the small-diameter cylindrical section
of the light-transmitting ceramic discharge vessel.
[0018] "Power-Supplying conductors" serve to sup-
ply power from a power supply through a ballast means,
thus applying a voltage between the electrodes to start
the high-pressure discharge lamp, and supplying a cur-
rent to light the high-pressure discharge lamp. They are
sealed airtightly to the small-diameter cylindrical sec-
tions by the means that will be described later.
[0019] The power-supplying conductors each have
a seal part and a halide-resistant part.
[0020] "Seal part" is made of such material that the
junction between it and the small-diameter cylindrical
section may be sealed by the seal made of ceramic-

sealing compound, which will be described later. "Seal
part" is sealed to the junction between the small-diame-
ter cylindrical section and the seal part of the power-
supplying conductor through a ceramic tube. The seal
part of the power-supplying conductor can be made of
niobium, tantalum, titanium, zirconium, hafnium, or
vanadium. As a characteristic of the seal part, it does
not matter whether the seal part allows passage of
hydrogen and oxygen or not. These materials, however,
exhibit permeability to hydrogen and oxygen. If alumi-
num oxide is used, it is desirable that the seal part be
made of niobium or tantalum, because niobium and tan-
talum have average thermal expansion coefficients,
which are almost equal to those of aluminum oxide. Nio-
bium and tantalum have average thermal expansion
coefficients, which differ only a little from those of
yttrium oxide and YAG. If aluminum nitride is used as
the material of the light-transmitting ceramic discharge
vessel, the seal part should better be made of zirco-
nium.

[0021] "Halide-resistant part" is made of material
that is hardly corroded or is not corroded at all by the
halide and liberated halogen present in the light-trans-
mitting ceramic discharge vessel, while the high-pres-
sure discharge lamp is operating. The halide-resistant
part is made of, for example, tungsten or molybdenum.
In the case that the distal of the halide-resistant part
extends into the light-transmitting ceramic discharge
vessel and forms an electrode part, tungsten which
excels in heat resistance is most preferred for the hal-
ide-resistant part. The high-pressure discharge lamp
according to the present invention can be either an AC-
driven lamp or a DC-driven lamp. In the case of an DC-
driven, high-pressure discharge lamp, anodes which
are formed separately may be connected to the tips of
the halide-resistant part of the power-supplying conduc-
tor.
[0022] A narrow gap is provided between the hal-
ide-resistant part and the inner surface of the small-
diameter cylindrical section. While the lamp is being
lighted, the residual halide in the form of liquid flows into
this gap, forming the coldest part. The gap may be
adjusted appropriately, thereby to set the coldest part
can be set at a desired temperature.
[0023] The narrow gap formed between the halide-
resistant part and the inner surface of the small-diame-
ter cylindrical section can be provided in each side of
both the power-supplying conductors. It suffices that the
narrow gap should be provided in at least one side of
the power-supplying conductors.

(Electrode)

[0024] The electrodes are provided respectively at
the distal ends of the halide-resistant parts of the
power-supplying conductors. The distance d1, between
the distal end of the electrode and the inner surface of
the bulging section of the light-transmitting ceramic dis-
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charge vessel in the plane perpendicular to the axis of
the electrode including its distal end is defined to 1.0
mm or more. Since the electrode may be more or less
inclined to the axis of the light-transmitting ceramic dis-
charge vessel in some cases, the average distance
around the circumference about the axis of the elec-
trode is taken as the distance.

[0025] The distance d1 can be securely maintained
around the electrode by one or both of a measure in
which the length of the projection of the electrode pro-
jected into the bulging section of the discharge vessel is
increased and a method in which a portion of the light-
transmitting ceramic discharge vessel facing the elec-
trode is enlarged.
[0026] Further, the distal end of the halide-resistant
part of the power-supplying conductor is projected to
the inside of the bulging section of the light-transmitting
ceramic discharge vessel, so that the electrodes can be
formed integral with the power-supplying conductor. In
this structure, the halide-resistant part of the power-
supplying conductor can be formed of a tungsten bar.
As a result, functionally, the power-supplying conductor
and the electrode can be formed with the seal part and
the above described tungsten bar, therefore, the struc-
ture of the power-supplying conductor and the electrode
can be simplified and downsized.
[0027] In the present invention, it is also possible
that the power-supplying conductor and the electrode
are formed individually and the electrode is connected
to the distal end of the halide-resistant part of the
power-supplying conductor.

(Seal Made of Ceramic-Sealing Compound)

[0028] The seal made of ceramic-sealing com-
pound is applied to the end of each small-diameter
cylindrical section, between the seal part and the small-
diameter cylindrical section. While the small-diameter
cylindrical section is melted by heat, ceramic-sealing
compound is flowed into the gap between the seal part
and the small-diameter cylindrical section, and seals
the seal part and the section in airtight fashion. The seal
secures the power-supplying conductor at a predeter-
mined position.
[0029] It is desired that the seal part inserted in the
small-diameter cylindrical section should be completely
covered with the above-mentioned ceramic-sealing
compound. Moreover, the proximal portion of the halide-
resistant part, which is connected to the seal part, may
also be covered with the seal over a short distance. If
so, the seal part will hardly be corroded by halide.

(Discharge Medium)

[0030] The discharge medium contains a metallic
halide. The metal includes at least a light-emitting
metal.
[0031] The halogen forming the metallic halide can

be one or more selected from the group consisting of
iodine, bromine, chlorine and fluorine.

[0032] The halide of light-emitting metal can be
selected from the known metallic halides in accordance
with the size and input power of the light-transmitting
ceramic discharge vessel, so as to acquire desired lumi-
nescent characteristics, such as luminous color, general
color rendering index Ra, luminous efficiency, and the
like. The halide may be one or more selected from the
group of halides of, for example, sodium Na, lithium Li,
scandium Sc, and rare-earth metal.
[0033] Mercury can be contained, as a buffer
medium, in an appropriate amount. Instead of mercury,
a halide of metal such as aluminum, which has a rela-
tively high vapor pressure and which emits a small
amount of light in the visible-light region or does not
emit light at all, may be contained in the vessel.
[0034] Argon, xenon, neon, and the like can be
used as rare gas.

(Other Structure)

[0035] In general, rated electric power consumption
of 35W or less is preferred for the high-pressure dis-
charge lamp according to the present invention. In order
to further downsize the high-pressure discharge lamp,
rated electric power consumption of 20W or less is pref-
erable.

(Effects of the Present Invention)

[0036] In the high-pressure discharge lamp accord-
ing to the present invention, a sufficient space can be
maintained around the distal ends of the electrodes by
using the above described structure. As a result, when
vapor of fillings coheres to the narrow gaps as the cold-
est parts present in the small-diameter cylindrical sec-
tions of the light-transmitting ceramic discharge vessel
while the lamp being lighted, a turbulent flow can be
prevented from occurring around the electrodes. Even if
the turbulent flow is generated, it can be suppressed to
a very low degree. Therefore, the fillings can not easily
adhere to the distal ends of the electrodes, so lowering
of the electric discharging performance of the elec-
trodes is prevented. As a result, deterioration of starting
characteristic caused by the lowering of the electric dis-
charging performance of the electrodes can be pre-
vented.
[0037] In this respect, it has been confirmed by
experimentations that if the distance d1 is less than 1.0
mm, a turbulent flow can be easily generated around
the electrodes when the light is turned off.
[0038] The second high-pressure discharge lamp of
the present invention which depends on the first high-
pressure discharge lamp is characterized in that: the
distance d1 between each of distal ends of the elec-
trodes and the inner surface of the light-transmitting
ceramic discharge vessel on a plane perpendicular to

5 6

5

10

15

20

25

30

35

40

45

50

55



EP 1 041 603 A1

5

an axis of the light-transmitting ceramic discharge ves-
sel including the distal ends of the electrodes is 1.2 mm
or more.

[0039] The second high-pressure discharge lamp
has more appropriate efficiency than the first high-pres-
sure discharge lamp.
[0040] The third high-pressure discharge lamp
according to the present invention is characterized by
comprising: a light-transmitting ceramic discharge ves-
sel having an internal volume of 0.1 cc or less and
including a bulging section and small-diameter cylindri-
cal sections communicating with both ends of the bulg-
ing section, the bulging section having both ends
narrowed by a continuous curved surface, and the
small-diameter cylindrical sections having an inner
diameter smaller than the bulging section; power-sup-
plying conductors each including a seal part and a hal-
ide-resistant section having a proximal end connected
to a distal end of the seal part and inserted respectively
in the small-diameter cylindrical sections of the light-
transmitting ceramic discharge vessel, each of the hal-
ide-resistant sections forming a slight gap to the inner
surface of the small-diameter cylindrical section; a pair
of electrodes respectively arranged at the distal ends of
one halide-resistant parts and having distal ends pro-
jected by 1.2 mm or more into the bulging section of the
light-transmitting ceramic discharge vessel; seals made
of ceramic-sealing compound respectively making seal-
ing between the small-diameter cylindrical sections of
the light-transmitting ceramic discharge vessel and the
seal parts of the power-supplying conductors; and a dis-
charge medium containing metallic halide and filled in
the light-transmitting ceramic discharge vessel.
[0041] In the present invention, the length of the
projection of the electrode projected into the bulging
section is defined as follows. The length of the bulging
section is the distance between cross-points where the
axis of the light-transmitting ceramic discharge vessel
crosses lines which are tangent to inner surfaces of the
small-diameter cylindrical sections in both end sides
and are extended from the center of the inner surface of
the bulging section. Therefore, the length of the small-
diameter cylindrical section is given by measuring the
size from the center of the bulging section to an end sur-
face of a small-diameter cylindrical section and further
subtracting the half of the length of the bulging section
from the size.
[0042] As a result, the projecting length of the distal
end of the electrode is equal to the distance from the
end of the bulging section to the distal end of the elec-
trode.
[0043] In this present invention, by defining the pro-
jecting length of the electrode projected into the bulging
section of the light-transmitting ceramic discharge ves-
sel, a turbulent flow around the electrodes can be sup-
pressed when the lamp is turned off. That is, by defining
the projecting length as described above, a sufficient
space is maintained around the electrodes so that the

turbulent flow can not be generated when turning off the
lamp or can be suppressed to a very low degree even if
a turbulent flow is generated.

[0044] Accordingly, the fillings hardly adheres to the
electrodes and thus the starting characteristic can be
improved.
[0045] In contrast, it has been confirmed by experi-
mentation that if the projecting length of the distal end of
the electrode is less than 1.2 mm, a sufficient space can
not be maintained around the electrodes and the start-
ing characteristic also can not be improved.
[0046] The fourth high-pressure discharge lamp
according to the present invention is characterized by
comprising: a light-transmitting ceramic discharge ves-
sel having an internal volume of 0.1 cc or less and
including a bulging section and small-diameter cylindri-
cal sections communicating with both ends of the bulg-
ing section, the bulging section having both ends
narrowed by a continuous curved surface, and the
small-diameter cylindrical sections having an inner
diameter smaller than the bulging section; power-sup-
plying conductors each including a seal part and a hal-
ide-resistant section having a proximal end connected
to a distal end of the seal part and inserted respectively
in the small-diameter cylindrical sections of the light-
transmitting ceramic discharge vessel, each of the hal-
ide-resistant sections forming a slight gap to the inner
surface of the small-diameter cylindrical section; a pair
of electrodes respectively arranged at the distal ends of
one halide-resistant parts and having distal ends pro-
jected by 1.2 mm or more into the bulging section of the
light-transmitting ceramic discharge vessel, with a dis-
tance d1 of 1.0 mm or more maintained between each
of distal ends of the electrodes and the inner surface of
the light-transmitting ceramic discharge vessel on a
plane perpendicular to an axis of the light-transmitting
ceramic discharge vessel including the distal ends of
the electrodes; seals made of ceramic-sealing com-
pound respectively making sealing between the small-
diameter cylindrical sections of the light-transmitting
ceramic discharge vessel and the seal parts of the
power-supplying conductors; and a discharge medium
containing metallic halide and filled in the light-transmit-
ting ceramic discharge vessel.
[0047] This invention defines the length of the pro-
jection of the distal end of the electrode projected into
the bulging section and the distance between the distal
end of the electrode and the inner surface of the dis-
charge vessel in the plane perpendicular to the axis of
the light-transmitting ceramic discharge vessel, as
above described, thereby to maintain a space around
the electrodes.
[0048] The fifth high-pressure discharge lamp of the
present invention, according to any one of the first to
third high-pressure discharge lamps, is characterized in
that the light-transmitting ceramic discharge vessel has
an inner volume of 0.05 cc or less.
[0049] The present invention provides a more
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remarkable effect in case of a small, high-pressure dis-
charge lamp in which the light-transmitting ceramic dis-
charge vessel has an inner volume of 0.05 or less. The
inner volume can be reduced to less than 0.04 cc.

[0050] Further, it is effective if the rated lamp power
of the high-pressure discharge lamp is set to of 20W or
less.
[0051] A lighting apparatus according to the present
invention is characterized by comprising: a main body;
and any one of the first to fifth high-pressure discharge
lamps, supported by the main body.
[0052] In the present invention, the lighting appara-
tus conceptually covers all apparatuses that apply light
emission of a high-pressure discharge lamp for any pur-
poses. For example, the present invention is applicable
to lighting apparatuses, headlights for mobiles, light
sources for optical fibers, image projection apparatuses,
photochemical apparatuses, fingerprint identification
apparatuses, and the like.
[0053] The main body means the other part of the
lighting apparatus than the high-pressure discharge
lamp.
[0054] A preferred example of application of the
present invention in addition to the above cases is a
bulb type high-pressure lamp. In the present invention,
"bulb type high-pressure discharge lamp" means a light-
ing device which integrally comprises a high-pressure
discharge lamp, a discharge lamp lighting device, and a
power-receiver means such as a base and which can be
turned on by merely setting it in a lamp socket for an
incandescent lamp, like a bulb-type fluorescent lamp.
[0055] Since the present invention uses a small,
high-pressure discharge lamp which has a small light-
emitting section and can easily control light, a reflector
should preferably be comprised integrally when forming
a bulb-type discharge lamp.
[0056] In this case, it is possible to attain a down
light which can be directly attached to a lighting tool for
a down light or so with an excellent light-distribution
characteristic and which provides a high color tempera-
ture.

Brief Description of Drawings

[0057]

FIG. 1 is a sectional view showing a first embodi-
ment of the high-pressure discharge lamp accord-
ing to the present invention.
FIG. 2 is an enlarged sectional view of a main part,
showing measurement references of respective
sections of the light-transmitting ceramic discharge
vessel.
FIG. 3 is a sectional view showing a second
embodiment of the high-pressure discharge lamp
according to the present invention.
FIG. 4 is a sectional view showing a third embodi-
ment of the high-pressure discharge lamp accord-

ing to the present invention.

FIG. 5 is a front view of a bulb type high-pressure
discharge lamp as an embodiment of the lighting
apparatus according to the present invention, par-
tially showing a cross-section thereof.

Best Mode for Carrying Out the Invention

[0058] A first embodiment of the high-pressure dis-
charge lamp according to the present invention will be
explained with reference to FIGS. 1 and 2.
[0059] In FIGS. 1 and 2, the reference numeral 1
denotes a light-transmitting ceramic discharge vessel.
The reference numeral 2 denotes power-supplying con-
ductors. The reference numeral 3 denotes electrodes.
The reference numeral 4 denotes seals. The light-trans-
mitting ceramic discharge vessel includes a bulging
section 1a and small-diameter cylindrical sections. The
both ends of the bulging section 1a are narrowed by
continuous curved surfaces and the bulging section 1a
is formed into a hollow and substantially elliptic spheri-
cal shape. The small-diameter cylindrical section 1b is
connected to the bulging section through the continuous
curved surface, and forms the light-transmitting ceramic
discharge vessel 2 by integral molding.
[0060] Next, a measurement reference for the bulg-
ing section of the light-transmitting ceramic discharge
vessel and the small-diameter cylindrical section will be
explained with reference to FIG. 2.
[0061] Suppose that the length rL of the bulging
section 1a is the distance between cross-points P1 and
P2 where lines s1 and s2 are respectively drawn in the
lateral directions from the center of the inner surface of
the bulging section 1a to be tangent to the inner surface
of the bulging section 1a in the small-diameter sides.
[0062] Meanwhile, the length of the small-diameter
section 1b in the left side in the figure is defined as the
distance lT1 between the end portion of the length rL of
the bulging section 1a which is the cross-point P1 and
the left end surface of the small-diameter cylindrical
section (omitted from FIG. 2). Likewise, the length of the
small-diameter cylindrical section in the right side in the
figure is defined as the distance lT2 between the cross-
point P2 and the right end surface of the small-diameter
cylindrical section.
[0063] Accordingly, the total length of the light-
transmitting ceramic discharge vessel can be obtained
found by the following equation.

[0064] The explanation will further be continued
with reference to FIG. 1.
[0065] The power-supplying conductor 2 includes a
seal part 2a and a halide-resistant part 2b.
[0066] The seal part 2a functions when sealing the
light-transmitting ceramic discharge vessel 1 between
the power-supplying conductor 2 and the small-diame-

lL = rL + lT1 + lT2
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ter cylindrical section 1b. The halide-resistant part 2b
has a proximal end welded to the tip of the seal part 2a
and a distal end projected into the bulging section 1a.
Further, a small gap is formed between the part 2b and
the inner surface of the small-diameter cylindrical sec-
tion as shown in FIG. 2. The electrode 3 is connected to
the halide-resistant part 2b and is constructed to be
integral with the power-supplying conductor 2.

[0067] The dimensional relation between the distal
end of the electrode 3 and the inner surface of the bulg-
ing section 1a will be explained again with reference to
FIG. 2.
[0068] Where d1 is the distance between the distal
end of the electrode 3 and the inner surface of the light-
transmitting ceramic discharge vessel 1 on a plane per-
pendicular to the axis c of the light-transmitting ceramic
discharge vessel 1 including the distal end, this d1 is set
to 1.0 mm or above.
[0069] In addition, the projection length d2 by which
the electrode 3 projects from the bulging section 1a of
the light-transmitting ceramic discharge vessel 1 is set
to 1.2 mm or above.
[0070] A seal 4 is inserted between the small-diam-
eter cylindrical section 1b and the seal part 2a to seal
airtightly the light-transmitting ceramic discharge vessel
1 and fixes the power-supplying conductor 2 to a prede-
termined position. To form the seal 4, a ceramic-sealing
compound is applied around the seal part 2a of the
power-supplying conductor 2 and is heated and melted
to enter into the narrow gap between the seal part 2a
and the inner surface of the small-diameter cylindrical
section 1b. Further, the whole of the seal part 2a
inserted in the small-diameter cylindrical section 1b is
covered with the ceramic-sealing compound, and the
proximal end of the halide-resistant section 2b is further
covered as well.
[0071] A discharge medium containing a metallic
halide of light-emitting metal and a rare gas is filled in
the light-transmitting ceramic discharge vessel.
[0072] The high-pressure discharge lamp shown in
FIG. 1 is specified as follows.
[0073] The light-transmitting ceramic discharge
vessel is made of YAG and has the bulging section 1a
having a length of 6 mm long and thickness of 0.5 mm,
and the small-diameter cylindrical section 1b having an
outer diameter of 1.8 mm and a total length being 35
mm.
[0074] In the power-supplying conductor, the seal
part 2a is a niobium bar having an outer diameter of
0.64 mm, and the halide-resistant section 2b (the elec-
trode as well) is a tungsten bar having an outer diameter
of 0.3 mm.
[0075] The discharge medium contains 0.6 mg of,
0.6 mg of TlI, 0.4 mg InI and mercury 5 mg, and approx-
imately 20 kPa of argon is filled as a relaxation gas.
[0076] Next, the length of the projection d2 of the
electrode projected into the bulging section of the light-
transmitting ceramic discharge vessel is set to 2 mm,

and twenty high-pressure discharge lamps are manu-
factured, wherein the distance d1 between the distal of
the electrode and the inner surface of the light-transmit-
ting ceramic discharge vessel is changed within and
beyond the scope of the present invention. The follow-
ing Table 1 shows a result of comparing the probabilities
of starting errors thereof using a discharge lamp lighting
circuit (non-loaded secondary voltage: 4.5 kV).

[0077] FIG. 3 is a sectional view showing a second
embodiment of the high-pressure discharge lamp
according to the present invention. In FIG. 3, the same
parts as those in FIG. 1 are designated at the same ref-
erence numerals as those used to designate the same
parts, and detailed description of those parts will be
omitted herefrom.
[0078] The present embodiment differs from the
first embodiment in that the bulging section 1a of the
light-transmitting ceramic discharge vessel 1 is formed
into an elliptical spherical shape to enlarge the distance
between the electrodes relatively.
[0079] FIG. 4 is a sectional view showing a third
embodiment of the high-pressure discharge lamp
according to the present invention. In the figure, the
same parts as those in FIG. 1 are designated at the
same reference numerals as those in FIG. 1, and
detailed description of those parts will be omitted here-
from.
[0080] The present embodiment is different in that
the high-pressure discharge lamp is not sealed in an
outer tube but is constructed in a structure suitable for
lighting.
[0081] That is, the seal part 2a of the power-supply-
ing conductor is not structured to be exposed in the air,
because the seal part 2a of the power-supplying con-
ductor can be easily oxidized. A platinum bar 5 is
welded to the end of the seal part 2a and the first seal 4
is formed. Thereafter, a ceramic tube 4 is engaged on
the portion of the seal part 2a which is exposed to the
outside from the seal 4. A ceramic-sealing compound is
applied to the end of the ceramic tube 5 and is melted
with heat to form a second seal 7.
[0082] The seal part 1a positioned outside the light-

Table 1

Distance d1 (mm) Starting Error Probability
(%)

0.4 100

0.6 95

0.8 55

1.0 0

1.2 0

1.4 0
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transmitting ceramic discharge vessel 1 is coated air-
tightly by the ceramic tube 6 and the second seal 7 so
that the high-pressure discharge lamp can be lighted in
the air without sealing it air-tightly in the outer tube.

[0083] Further, the length of the small-diameter
cylindrical section differs between the sections 1b and
1b' in the present embodiment.
[0084] FIG. 5 is a partially cutaway central front
view showing a bulb type high-pressure discharge lamp
as an embodiment of a lighting apparatus according to
the present invention. In the figure, the same parts as
those in FIG. 1 are designated at the same reference
numerals, and detailed description of those parts will be
omitted herefrom.
[0085] The bulb type high-pressure discharge lamp
according to the present embodiment comprises a high-
pressure lamp device 11, a discharge lamp lighting
device 12, a power-receiver means 13 and a case 14.
The high-pressure discharge lamp device 11 includes a
high-pressure lamp 11a and a reflector 11b. Although
this high-pressure discharge lamp 11a uses a high-
pressure discharge lamp according to the present
invention, the lamp shown in FIG. 4 is particularly pre-
ferred in this case.
[0086] The reflector 11b includes a light-projection
opening 11b1, a reflecting surface 11b2 and a top open-
ing 11b3. The small-diameter cylindrical section 1b in
the top side is fixed to the top opening 11b3 with an inor-
ganic adhesive 11c, thereby supporting the high-pres-
sure discharge lamp 11a, in a manner that the bulging
section of the high-pressure discharge lamp 11a sub-
stantially corresponds to the focus of the reflector 11b.
Since the small-diameter cylindrical section 1b' of the
light-transmitting ceramic discharge vessel provided in
the high-pressure discharge lamp does not project for-
ward from the light-projection opening 11b1 of the
reflector 11b, light distribution is not disturbed.
[0087] The discharge lamp lighting device 12
includes a high frequency inverter and a current limiter
means, and lights the high-pressure discharge lamp
11a. The discharge lamp lighting device 12 is provided
in the back side of the reflector 11b of the high-pressure
discharge lamp 11a. The heat caused by lighting of the
high-pressure discharge lamp 11a is shielded by the
reflector 11b so that the discharge lamp lighting device
12 operates stably.
[0088] The power-receiver means 13 is formed of a
screw base and receives electricity thereby energizing
the discharge lamp lighting device 12, when the screw
base is attached to a lamp socket (not shown).
[0089] Although the case 14 stores the structural
elements described above to hold them at predeter-
mined positions, the case 14 has a streamlined part
which increases its applicability to lighting devices such
as a down light and the like.

Industrial Applicability

[0090] According to the present invention, there is
provided a small, high-pressure discharge lamp which
starts operation easily, allows easy transition from glow
discharge to arc discharge, and prevents blackening of
the light-transmitting ceramic discharge vessel caused
by sputtering.

Claims

1. A high-pressure discharge lamp characterized by
comprising:

a light-transmitting ceramic discharge vessel
having an internal volume of 0.1 cc or less and
including a bulging section and small-diameter
cylindrical sections communicating with both
ends of the bulging section, said bulging sec-
tion having both ends narrowed by a continu-
ous curved surface, and said small-diameter
cylindrical sections having an inner diameter
smaller than the bulging section;
power-supplying conductors each including a
seal part and a halide-resistant section having
a proximal end connected to a distal end of the
seal part and inserted respectively in the small-
diameter cylindrical sections of the light-trans-
mitting ceramic discharge vessel, each of the
halide-resistant sections forming a slight gap to
the inner surface of the small-diameter cylindri-
cal section;
a pair of electrodes respectively arranged at
the distal ends of one halide-resistant parts
and located in the bulging section of the light-
transmitting ceramic discharge vessel, with a
distance d1 of 1.0 mm or above maintained
between each of distal ends of the electrodes
and the inner surface of the light-transmitting
ceramic discharge vessel on a plane perpen-
dicular to an axis of the light-transmitting
ceramic discharge vessel including the distal
ends of the electrodes;
seals made of ceramic-sealing compound
respectively making sealing between the small-
diameter cylindrical sections of the light-trans-
mitting ceramic discharge vessel and the seal
parts of the power-supplying conductors; and
a discharge medium containing metallic halide
and filled in the light-transmitting ceramic dis-
charge vessel.

2. A high-pressure discharge lamp according to claim
1, characterized in that the distance dl between
each of distal ends of the electrodes and the inner
surface of the light-transmitting ceramic discharge
vessel on a plane perpendicular to an axis of the
light-transmitting ceramic discharge vessel includ-
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ing the distal ends of the electrodes is 1.2 mm or
more.

3. A high-pressure discharge lamp characterized by
comprising:

a light-transmitting ceramic discharge vessel
having an internal volume of 0.1 cc or less and
including a bulging section and small-diameter
cylindrical sections communicating with both
ends of the bulging section, said bulging sec-
tion having both ends narrowed by a continu-
ous curved surface, and said small-diameter
cylindrical sections having an inner diameter
smaller than the bulging section;
power-supplying conductors each including a
seal part and a halide-resistant section having
a proximal end connected to a distal end of the
seal part and inserted respectively in the small-
diameter cylindrical sections of the light-trans-
mitting ceramic discharge vessel, each of the
halide-resistant sections forming a slight gap to
the inner surface of the small-diameter cylindri-
cal section;
a pair of electrodes respectively arranged at
the distal ends of one halide-resistant parts
and having distal ends projected by 1.2 mm or
more into the bulging section of the light-trans-
mitting ceramic discharge vessel;
seals made of ceramic-sealing compound
respectively making sealing between the small-
diameter cylindrical sections of the light-trans-
mitting ceramic discharge vessel and the seal
parts of the power-supplying conductors; and
a discharge medium containing metallic halide
and filled in the light-transmitting ceramic dis-
charge vessel.

4. A high-pressure discharge lamp characterized by
comprising:

a light-transmitting ceramic discharge vessel
having an internal volume of 0.1 cc or less and
including a bulging section and small-diameter
cylindrical sections communicating with both
ends of the bulging section, said bulging sec-
tion having both ends narrowed by a continu-
ous curved surface, and said small-diameter
cylindrical sections having an inner diameter
smaller than the bulging section;
power-supplying conductors each including a
seal part and a halide-resistant section having
a proximal end connected to a distal end of the
seal part and inserted respectively in the small-
diameter cylindrical sections of the light-trans-
mitting ceramic discharge vessel, each of the
halide-resistant sections forming a slight gap to
the inner surface of the small-diameter cylindri-

cal section;

a pair of electrodes respectively arranged at
the distal ends of one halide-resistant parts
and having distal ends projected by 1.2 mm or
more into the bulging section of the light-trans-
mitting ceramic discharge vessel, with a dis-
tance d1 of 1.0 mm or more maintained
between each of distal ends of the electrodes
and the inner surface of the light-transmitting
ceramic discharge vessel on a plane perpen-
dicular to an axis of the light-transmitting
ceramic discharge vessel including the distal
ends of the electrodes;
seals made of ceramic-sealing compound
respectively making sealing between the small-
diameter cylindrical sections of the light-trans-
mitting ceramic discharge vessel and the seal
parts of the power-supplying conductors; and
a discharge medium containing metallic halide
and filled in the light-transmitting ceramic dis-
charge vessel.

5. A high-pressure discharge lamp according to any
one of claims 1 to 4, characterized in that the light-
transmitting ceramic discharge vessel having an
internal volume of 0.05 cc or less.

6. A lighting apparatus characterized by comprising:

a main body; and
the high-pressure discharge lamp supported
by the main body, according to any one of claim
1 to 5.
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