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(54) SILENT DISCHARGE TUBE AND ITS USE METHOD

(57) The power consumption of a silent discharge
lamp having a structure in which an inner tube is dis-
posed in the interior of an outer tube is reduced. In addi-
tion, the lifetime is extended.

For this purpose, in a silent discharge lamp includ-
ing: a discharge vessel which has an outer tube and an
inner tube, the inner tube being disposed in an interior
of the outer tube, and in which a space that is formed by
being surrounded by an inner face of the outer tube and
an outer face of the inner tube is filled with a discharge

gas; an outside electrode provided on an outer face of
the outer tube; and an inside electrode provided on an
inner face of the inner tube, one of the outside electrode
and the inside electrode is provided over all circumfer-
ence of a tube, and the other one is provided in a part of
a tube circumference, thereby allowing discharge to be
performed in the part of the tube circumference. The
electrode is moved at the end of the lifetime, so that a
face in which discharge is not caused is newly used.



EP 1 059 659 A1

2

Description

Technical Field

[0001] The invention relates to a silent discharge
lamp which is to be used as, for example, an ultraviolet
light source for dry cleaning or modification using ultra-
violet rays.

Background Art

[0002] A silent discharge lamp has a structure in
which electrodes are provided on an outer face of a dis-
charge vessel that is made of a dielectric material such
as quartz and that is filled with a discharge gas such as
argon or xenon. The silent discharge lamp is an excel-
lent light source which emits ultraviolet rays having a
specific wavelength with superior monochromaticity
when a voltage is applied across the electrodes. Espe-
cially, a silent discharge lamp having a structure in
which a discharge vessel wherein an inner tube is dis-
posed in the interior of an outer tube and a space to be
filled with a discharge gas is formed by an inner face of
the outer tube and an outer face of the inner tube is
used, and in which an outside electrode is disposed on
an outer face of the outer tube and an inside electrode
is disposed on an inner face of the inner tube involves
advantages that the structure is simple, and that the
production is easily performed. Among such lamps, a
lamp using a cylindrical tube can be produced at a low
cost by using a quartz tube or the like which is a general
product, and thus such a lamp is superior in this point.
[0003] Figs. 4 and 5 are diagrams showing general
structures of silent discharge lamps using cylindrical
tubes. Both of the silent discharge lamps shown in Figs.
4 and 5 have a structure in which a cylindrical inner tube
2 is coaxially disposed in the interior of a cylindrical
outer tube 1, and a space to be filled with a discharge
gas is formed by closing both ends thereof with covers
5, and have a structure in which an outside electrode 3
is provided on an outer face of the outer tube 1 over all
circumference thereof, and an inside electrode 4 is pro-
vided on an inner face of the inner tube 2 over all cir-
cumference thereof. In the silent discharge lamp shown
in Fig. 4, the outside electrode 3 is a metal net, and the
inside electrode 4 is a cylindrical metal tube. The elec-
trodes are provided so as to be closely in contact with
the outer face of the outer tube 1 and the inner face of
the inner tube 2, respectively. In the silent discharge
lamp shown in Fig. 5, the outside electrode 3 is a metal
net, and the inside electrode 4 is a coil-like metal wire.
The electrodes are provided so as to be closely in con-
tact with the outer face of the outer tube 1 and the inner
face of the inner tube 2, respectively.
[0004] As described above, in a silent discharge
lamp having a structure in which a discharge vessel
wherein an inner tube is disposed in the interior of an
outer tube and a space to be filled with a discharge gas

is formed by an inner face of the outer tube and an outer
face of the inner tube is used, an outside electrode is
provided on an outer face of the outer tube, and an
inside electrode is provided on an inner face of the inner
tube, both of the outer electrode and the inside elec-
trode are provided over all circumferences of the tubes.

[0005] In the case where a silent discharge lamp is
used, also in the case where any other light source is
used, it is preferred that the power consumption is as
small as possible.
[0006] The first object of the invention is the same
as described above, and it is an object of the invention
to decrease a power consumption of a silent discharge
lamp having the above-described structure in which an
inner tube is disposed in the interior of an outer tube.
[0007] As in the case of any other light sources, the
intensity of irradiated light lowers as the use of a silent
discharge lamp is continued. At a stage where the inten-
sity lowers to be equal to or lower than a certain value,
the silent discharge lamp is replaced with a new one.
However, a silent discharge lamp is very expensive as
compared with other light sources, so that it is very
important, for example, in a sense of lowering the run-
ning cost of an apparatus in which the discharge lamp is
used, that the lifetime is extended as long as possible.
Thus, it is a second object of the invention to extend the
lifetime of a silent discharge lamp.

Disclosure of Invention

[0008] The invention has been conducted by paying
attention to a manner of using a silent discharge lamp,
and is characterized in that a discharge region is limited
to a side of a part of a tube side face (a part of a tube cir-
cumference). Specifically, in a conventional silent dis-
charge lamp, the discharge region exists over all
circumference of the tube side face, and uniform dis-
charge is required over all circumference. The inventors
of the invention have become aware of the fact that it is
not necessary to perform uniform discharge over all cir-
cumference, but it is sufficient that the uniform dis-
charge is performed only on a specific side. This is
because, in many using conditions, the illumination face
is positioned in a direction of a side of a part of the tube
side face. In such using conditions, conventionally, light
emission exists in an ineffective portion with respect to
the illumination face, so that an electric power is waste
from the above-mentioned viewpoint, the invention is a
silent discharge lamp in which discharge is performed
on a specific side of a tube side face (a part of a tube cir-
cumference), which comprises: a discharge vessel
which has an outer tube and an inner tube disposed in
an interior of the outer tube, and which is configured by
filling a space formed by being surrounded by an inner
face of the outer tube and an outer face of the inner
tube, with a discharge gas; an outside electrode pro-
vided on an outer face of the outer tube; and an inside
electrode provided on an inner face of the inner tube,
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characterized in that at least one of the outside elec-
trode and the inside electrode is provided in a part of a
tube circumference, and discharge is performed in the
part of the tube circumference, the invention is a silent
discharge lamp comprising: a discharge vessel which
has an outer tube and an inner tube, the inner tube
being disposed in an interior of the outer tube, and in
which a space formed by being surrounded by an inner
face of the outer tube and an outer face of the inner tube
is filled with a discharge gas; an outside electrode pro-
vided on an outer face of the outer tube; and an inside
electrode provided on an inner face of the inner tube,
characterized in that one of the outside electrode and
the inside electrode is disposed over all circumference
of the tube, and the other one is disposed in a part of the
tube circumference, thereby allowing discharge to be
performed in a part of the tube circumference. When
one of the electrodes is provided over all circumference
of the tube as described above, there arises an advan-
tage that stable discharge can be easily maintained.

[0009] The inventors of the invention have found
that, even if, instead of the prior-art configuration in
which both of the electrodes are provided over all cir-
cumferences of the tubes, an electrode is disposed in a
part of the tube circumference as described above, light
irradiation having sufficient intensity and uniform inten-
sity distribution can be obtained. Based on this finding,
the irradiation direction of light is limited to a part of the
tube circumference, so that the substantial power con-
sumption can be reduced.
[0010] In addition, one of causes of the reduction of
the light intensity with the use is the reduction of light
transmittance of the outer tube or the inner tube due to
the irradiated light from the discharge lamp itself. If dis-
charge is performed in a part of the tube circumference,
also the irradiated light is irradiated from the part of the
tube circumference, so that the reduction of light trans-
mittance can be prevented from occurring in a tube cir-
cumference portion from which irradiated light is not
emitted. When the intensity of irradiated light from the
discharge lamp is lowered, therefore, a portion in which
the light transmittance is not reduced can be used by
displacing the position of the electrode, or by other
means. Thus, it is possible to substantially extend the
lifetime of the silent discharge lamp.
[0011] The method of using a silent discharge lamp
of the invention is a using method by which the lifetime
can be substantially extended as described above,
characterized in that, in the case where the light trans-
mittance of the outer tube becomes lower than a prede-
termined value, the discharge region is changed, and
discharge is performed in a tube circumference portion
in which discharge is has not yet performed.

Brief Description of Drawings

[0012]

Fig. 1 is a schematic sectional structural diagram
showing the structure of a silent discharge lamp of
a first embodiment of the invention.
Fig. 2 is a schematic sectional structural diagram
showing the structure of a silent discharge lamp of
a second embodiment of the invention.
Fig. 3 is a section view showing a specific example
of the silent discharge lamp of the invention.
Fig. 4 is a schematic diagram showing a general
structure of a silent discharge lamp using cylindrical
tubes.
Fig. 5 is a schematic diagram showing a general
structure of a silent discharge lamp using cylindrical
tubes.
Fig. 6 is a section view showing another specific
example of the silent discharge lamp of the inven-
tion.
Fig. 7 is a diagram showing an example of a silent
discharge lamp having a regular triangular section
shape.
Fig. 8 is a diagram showing a condition in which five
silent discharge lamps shown in Fig. 7 are dis-
posed.
Fig. 9 is a diagram showing a specific example in
which a section shape perpendicular to the axis is
square.
Fig. 10 is a structural diagram showing the structure
of a silent discharge lamp of a third embodiment of
the silent discharge lamp of the invention.

Best Mode for Carrying Out the Invention

[0013] When the silent discharge lamp of the inven-
tion is to be produced, a dielectric material such as
glass is used as a material for an outer tube and an
inner tube. In the case where discharge is performed in
a part of a tube circumference as in the invention, it is
preferred that irradiated light due to dielectric barrier
discharge is taken out from an outer face of the outer
tube to the outside of a discharge vessel (in order to
prevent a portion of the discharge vessel from which
light is not irradiated, from deteriorating). For this rea-
son, the outer tube is preferably made of a material for
sufficiently transmitting the irradiated light. In the case
where a xenon gas is used as a discharge gas and
ultraviolet rays of 172 nm is irradiated, for example, syn-
thetic quartz is preferred, and synthetic quartz contain-
ing OH groups of 100 ppm or more, and more preferably
200 ppm or more is more preferred.
[0014] As a shape for the outer tube and the inner
tube, it is possible to adopt various shapes in which a
section perpendicular to the tube axial direction is a cir-
cle, a polygon, or the like. In order to uniformalize the
distance between the inside and outside electrodes in a
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discharge space and to obtain irradiated light with uni-
form intensity distribution, it is preferred that the section
shapes of the outer tube and the inner tube which are
perpendicular to the axial direction thereof are similar. It
is preferred that they are disposed coaxially. In view of
the case where the lamp is used while changing the dis-
charge region, it is preferred that the section shape is a
shape having symmetry such as a regular polygon, a
circle, or an ellipse.

[0015] The shape of the outside electrode and the
inside electrode is preferably a shape which is closely in
contact with a tube surface in agreement with the shape
of the discharge vessel. As for the electrode on the side
for taking out the irradiated light, a material and a shape
which allow light to transmit are required. For example,
the electrode is configured by a conductive net made of
an etching metal, a metal net, or the like. In the case of
the invention, especially, it is preferred that the outside
electrode has an optically transparent characteristic
(light emitted by discharge can be easily transmitted
therethrough), and the inside electrode has an optically
opaque characteristic (in order to prevent light irradiated
from an inner face of the inner tube from entering a por-
tion of the discharge vessel which does not emit light).
In this case, for example, it is possible that a conductive
netlike electrode is formed so as to be closely in contact
with an outer face of the outer tube. The inside elec-
trode can be formed by a method in which the inside
electrode is directly formed on an inner face of the inner
tube by vapor deposition, a method in which a metal
plate having a shape in agreement with the shape of the
inner face of the inner tube is inserted, or other meth-
ods.
[0016] In addition, as for the outside electrode and
the inside electrode, both of them may be provided in a
part of the tube circumference, or one of them may be
provided in a part of the tube circumference. If the elec-
trode occupies a larger proportion with respect to the
tube circumference, the whole of the tube circumfer-
ence eventually performs discharge. In view of the case
where the lamp is used while changing the discharge
region, it is preferred that the electrode occupies about
a half proportion or less of the tube circumference.
Especially, in view of the case where the lamp is used
while changing the discharge region, at least one of the
electrodes provided in a part of the tube circumference
is preferably provided so that the length on the tube cir-
cumference is approximately a fraction of a positive
number of the length of the tube circumference. This is
because the tube circumference can be used evenly by
changing the region at times equal to the positive
number.
[0017] On the contrary, if the proportion is too small,
the discharge region is also too small with respect to the
size of the discharge lamp, so that the efficiency is dete-
riorated. Also, it is difficult to obtain the uniformity of the
intensity of irradiated light. Therefore, it is preferred that
the proportion is set to be about one-fourth or more of

the tube circumference.

[0018] The electrode provided in a part of the tube
circumference is preferably disposed so as to be
replaceable. This is because, in the case where the
lamp is used while changing the discharge region, the
position of the electrode is required to be changed in
agreement with the region. The electrode provided in a
part of the tube circumference may be configured by, for
example, two electrodes which are separated along the
tube circumference to be disposed with forming a gap
so as not to be in contact with each other, and only one
of them may be electrically connected to a power
source or the ground. In this case, the other electrode
does not function as an electrode, so that it is substan-
tially regarded as not being provided. Thus, it is possible
to eliminate a labor of removing and changing the elec-
trode when the discharge region is to be changed.
[0019] As the discharge gas with which a space
formed by being surrounded by an inner face of the
outer tube and an outer face of the inner tube is to be
filled, for example, a rare gas such as xenon, argon, or
neon, a halogen gas such as fluorine, or chlorine can be
used singly or in combination.
[0020] The space in the discharge vessel which is
to be filled with such a discharge gas is not necessarily
divided in the tube circumference direction, but it is
effective that a partition wall is provided in the discharge
vessel for dividing the space in the discharge vessel in
the tube circumference direction. For example, by sepa-
rating gases in the discharge region and outside the dis-
charge region from each other, it is possible to prevent
the luminous efficiency from lowering due to the mixing
of a gas in an excited state with a gas not in an excited
state.
[0021] In addition to the above-described function
of the partition wall, or aside from the above-described
function, it is effective that the partition wall is formed as
a light blocking wall having a light blocking function. This
prevents the irradiated light from traveling in the space
in the discharge vessel to enter a tube circumference
face in which discharge is not performed. According to
this configuration, it is possible to prevent the light trans-
mittance from lowering in the tube circumference face in
which discharge is not performed, and it is possible to
effectively extend the lifetime in the case where the
lamp is used while changing the discharge region.
[0022] In the case where a partition wall is provided,
the material preferably has a coefficient of thermal
expansion which is close to a coefficient of thermal
expansion of the outer tube and the inner tube. For
example, the outer tube, the inner tube, and the partition
wall may be configured by quartz of a material through
which light having a wavelength emitted from the dis-
charge lamp is not transmitted. In the case where the
silent discharge lamp irradiates ultraviolet rays of 172
nm, a tube material on the side from which the ultravio-
let rays are taken out may be a synthetic quartz, and
may contain OH groups of 100 ppm or more, and more
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preferably 200 ppm or more. In the case where the par-
tition wall is a light blocking wall, quartz or the like which
is opaque to the irradiated ultraviolet rays may be used.
Especially, in the case where the silent discharge lamp
irradiates ultraviolet rays of 172 nm, it may be made of
quartz such as fused quartz, and especially of a quartz
plate containing 100 ppm or smaller of OH groups. Fig.
3 is a section view of a section perpendicular to the axial
direction of the tube and showing specific examples in
the case where one of the outside electrode and the
inside electrode is provided over all circumference of
the tube, and the other one is provided in a part of the
tube circumference. In the figure, (A) is a view in the
case where the inside electrode is provided over all cir-
cumference of the tube, and the outside electrode is
provided in a part of the tube circumference, and (B) is
a view in the case where the outside electrode is pro-
vided over all circumference of the tube, and the inside
electrode is provided in a part of the tube circumfer-
ence.

[0023] A silent discharge lamp shown in Fig. 3(A)
has a structure in which a cylindrical inner tube 2 is
coaxially disposed in the interior of a cylindrical outer
tube 1, an outside electrode 3 of a metal net is provided
on an outer face of the outer tube 1 over a half of the cir-
cumference, and an inside electrode 4 of a deposited
metal film is provided on an inner face of the inner tube
2 over all circumference. An illumination face is posi-
tioned in a direction indicated by the arrow in the figure.
A silent discharge lamp shown in Fig. 3(B) has a struc-
ture in which a cylindrical inner tube 2 is coaxially dis-
posed in the interior of a cylindrical outer tube 1, an
outside electrode 3 of a metal net is provided on an
outer face of the outer tube 1 over all circumference,
and an inside electrode 4 of a semi-cylindrical metal
plate is closely secured by a coil-like reinforcing mem-
ber inserted into the inner tube 2, so that the inside elec-
trode is provided over a half of the circumference. An
illumination face is positioned in a direction indicated by
the arrow in the figure.
[0024] The electrode provided over all circumfer-
ence of the tube as described above may be one of the
outside electrode and the inside electrode. The elec-
trode provided in a part of the tube circumference may
be closely secured to the tube face in a rotatable man-
ner, and, in the case of a cylindrical tube, preferably pro-
vided over a half of the circumference. This is because
the other portion of the tube face can be used by moving
the electrode provided in a part. Especially, by rotating
by 180°, the opposite side can be easily used for dis-
charge. Thus, the lifetime can be substantially
extended.
[0025] Preferably, the outside electrode may be pro-
vided over all circumference of the tube, and the inside
electrode may be provided in a part of the tube circum-
ference. In this case, it is preferable that the shape of
the inside electrode is a shape which substantially
agrees with the shape of the inner face of the inner tube

formed by cutting the inner tube along the axis thereof,
and the inside electrode is closely secured to the inner
tube by a spring-like conductive reinforcing member. In
addition, as shown in Fig. 3(B), it is more preferable that
a cylindrical outer tube and a cylindrical inner tube are
coaxially disposed, and a semi-cylindrical inside elec-
trode is closely secured by a coil-like electrode inserted
into the inner tube. In this case, the inside electrode may
be closely secured to the inner face of the inner tube in
a rotatable manner. According to this configuration, in
the case where the lifetime of the discharge lamp
expires by the deterioration of the tube, the opposite
side can be used for discharge by rotating the inside
electrode by 180°. Thus, it is possible to substantially
extend the lifetime.

[0026] As described also in the above, in the silent
discharge lamp of the invention, the shapes of the outer
tube and the inner tube are not particularly limited. For
example, it is preferred that a cylindrical tube of quartz
glass or the like is used because it is easily produced at
a low cost. In this case, for example, the outer tube and
the inner tube are coaxially disposed.
[0027] Fig. 6 is a view showing a specific example
in the case where both of the outside electrode and the
inside electrode are provided in a part of the tube cir-
cumference, and a light blocking wall is provided, (A) is
a section view of a section perpendicular to the axial
direction of the tube, and (B) is a section view of a sec-
tion in parallel to the axial direction and in the A-A direc-
tion.
[0028] The silent discharge lamp shown in Fig. 6
has the following structure. A cylindrical inner tube 2 is
coaxially disposed in the interior of a cylindrical outer
tube 1. An outside electrode 3 of a metal net is provided
on an outer face of the outer tube 1 over a half of the cir-
cumference. An inside electrode 4 of a semi-cylindrical
metal plate is closely secured to an inner face of the
inner tube 2 by a coil-like reinforcing member (not
shown in the figure) inserted into the inner tube 2. The
inside electrode is provided over a half of the circumfer-
ence. Light blocking wall stoppers 7 are provided. Two
light blocking walls 8 configured by a fused quartz plate
are inserted into a discharge vessel so as to be sup-
ported by the stoppers. In addition, in order to prevent
the inside electrode 4 from rotating to be displaced, a
rotation stopper 9 is provided. The light blocking wall
stoppers 7 and the rotation stopper 9 are attached by
melting and bonding quartz beads to the tube wall.
[0029] In the silent discharge lamp of the embodi-
ment, since the light blocking wall 7 is provided, the irra-
diated light can not enter the side of the portion of the
tube circumference in which the electrode is not pro-
vided, through the discharge space. Thus, the deterio-
ration on the side of the tube is greatly suppressed. As
in this example, by providing a rotation stopper for the
electrode provided in a part of the tube circumference,
accidental displacement of the electrode can be pre-
vented from occurring, and it is possible to ensure the
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setting accuracy of the illumination intensity on the illu-
mination face because the light is emitted only from a
specific face of the silent discharge lamp. In addition,
the rotation stopper exerts also a function of positioning
the electrode, so that, in the case where the emission
region is changed, a new irradiation face can be easily
and surely set.

[0030] Fig. 7 is a diagram showing an example of a
silent discharge lamp in which a section shape perpen-
dicular to the axis is a regular triangle. The silent dis-
charge lamp shown in Fig. 7 has the following structure.
An inner tube 2 of an angular cylindrical shape having a
regular triangular section is coaxially disposed in the
interior of an outer tube 1 of an angular cylindrical
shape having a regular triangular section. An outside
electrode 3 of a metal net is provided on a face corre-
sponding to a side of an outer face of the outer tube 1.
A plate-like inside electrode 4 is closely secured to a
face corresponding to a side of an inner face of the inner
tube 2 by a spring-like reinforcing member (not shown in
the figure). In addition. three light blocking walls 8 con-
figured by a quartz plate are inserted into the inside of a
discharge vessel. Fig. 8 is a diagram showing a condi-
tion in which five silent discharge lamps shown in Fig. 7
are disposed. As seen from the figure, the section
shape perpendicular to the axial direction is a triangle,
so that an irradiation face on a plane can be configured
by arranging them adjacently. Thus, it is possible to con-
figure a flat light source having a large area without
using a reflection plate or the like. In addition, the dis-
tance from the irradiation face to the sample face is con-
stant, and hence it is possible to eliminate the variation
in illumination intensity which, in the case of a silent dis-
charge lamp having a circular section, may be caused
by the light absorption on its way because the distance
to the sample face is varied depending on the position
of the irradiation face. Therefore, a light source appara-
tus can be produced in which provisions of an expen-
sive irradiation window of synthetic quartz and a lamp
house requiring a supply of inert gas such as N2 are not
required.
[0031] As described above, in the silent discharge
lamp of the invention, when a discharge vessel in which
angular-cylindrical outer and inner tubes having a trian-
gular or quadrangular section shape perpendicular to
the axis are coaxially disposed is used, it is possible to
easily configure a flat light source having a large area.
In addition, it is advantageously possible to eliminate an
expensive irradiation window of synthetic quartz and a
lamp house requiring a supply of an inert gas such as
N2.
[0032] As in this example, when the silent discharge
lamp of the invention having the structure in which the
discharge vessel is configured so that angular-cylindri-
cal outer and inner tubes having an approximately regu-
lar triangular or square section shape perpendicular to
the axis are coaxially disposed is used, a plurality of dis-
charge faces having the same area can be ensured,

and it is practical because the size of a placing region
for the silent discharge lamp is not changed even when
the discharge region is changed. The term "approxi-
mately" used in the approximately triangular or square
section shape means that also a rounded corner is
included because, for example, in the case of the silent
discharge lamps shown in Fig. 7 and shown in Fig. 9
below, anything is not substantially changed even if the
corner is rounded, and especially in the case where the
discharge vessel is produced by working quartz glass or
the like, the corner is usually rounded.

[0033] Fig. 9 is a diagram showing a specific exam-
ple in the case where the section shape perpendicular
to the axis is square, and both of the outside electrode
and the inside electrode are provided in a part of the
tube circumference.
[0034] A silent discharge lamp shown in Fig. 9 has
the following structure. In the interior of an angular-
cylindrical outer tube 1 having a rectangular section
shape perpendicular to the axis, an angular-cylindrical
inner tube 2 having a similar shape is coaxially dis-
posed. An outside electrode 3 of a metal net is disposed
on a face corresponding to a longer side of an outer face
of the outer tube 1. An inside electrode 4 of a metal
plate is closely secured to a face corresponding to a
longer side of an inner face of the inner tube 2 by a
spring-like reinforcing member (not shown in the figure)
inserted into the inner tube 2.
[0035] In the silent discharge lamp of this example,
the angular-cylindrical outer tube 1 and inner tube 2 are
in contact with each other on faces corresponding to the
shorter sides thereof, so that the portion functions as a
partition wall and a light blocking wall. In the use, the
connection between the electrode to be used and an
external power source or the like is switched depending
on the face to be used.

Embodiments

[0036] Fig. 1 is a schematic sectional structural dia-
gram showing the structure of a silent discharge lamp of
a first embodiment of the invention, (A) is a section view
in a direction perpendicular to the axial direction of the
tube, and (B) is a section view along the axis of the tube.
The silent discharge lamp of the embodiment has the
following structure. In the interior of a cylindrical outer
tube 1 of synthetic quartz glass having a whole length of
300 mm and an inner diameter of 26 mm, a cylindrical
inner tube 2 of synthetic quartz glass having a whole
length of 300 mm and an outer diameter of 16 mm is
coaxially disposed. Both ends are closed by a cover 5,
and the interior is filled with a xenon gas. An outside
electrode 3 configured by a stainless metal net is
closely secured to an outer face of the outer tube 1 over
all circumference. An inside electrode 4 configured by a
semi-cylindrical aluminum plate having a whole length
of about 300 mm is closely secured to an inner face of
the inner tube 2 by a coil-like stainless steel electrode 6
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inserted into the inner tube 2. The inside electrode is
provided over a half of the circumference. A conductive
wire for supplying an electric power to the inside elec-
trode 4 is welded to an end portion of the coil-like stain-
less steel electrode, and an electric power is supplied to
the inside electrode via the coil-like stainless steel elec-
trode 6. The conductive wire is directly connected to the
outside electrode 3 at an end portion thereof.

[0037] The lamp is used while an illumination face
is positioned in a direction indicated by the arrow in the
figure. In the case where the tube is clouded as a result
of a use for a long time, the lamp is used while the inside
electrode 4 is rotated by 180° and the opposite side is
turned so as to face the illumination face. In the silent
discharge lamp of the embodiment, ultraviolet rays of
172 nm are irradiated.
Fig. 2 is a schematic sectional structural diagram show-
ing the structure of a silent discharge lamp of a second
embodiment of the invention, (A) is a section view in a
direction perpendicular to the axial direction of the tube,
and (B) is a section view along the axis of the tube. The
silent discharge lamp of this embodiment has the follow-
ing structure. In the interior of a cylindrical outer tube 1
of synthetic quartz glass having a whole length of 1000
mm and an inner diameter of 26 mm, a cylindrical inner
tube 2 of synthetic quartz glass having a whole length of
1000 mm and an outer diameter of 16 mm is coaxially
disposed. An inside electrode 4 configured by three
semi-cylindrical aluminum plates having a whole length
of 330 mm is closely secured to an inner face of the
inner tube 2 by a coil-like stainless steel electrode 6
inserted into the inner tube 2. The other portions are
structured in the same manner as those in the first
embodiment. The lamp is used while an illumination
face is positioned in a direction indicated by the arrow in
the figure.
[0038] As described above, the inner electrode has
the structure in which a plurality of electrode plates are
joined in the axial direction of the tube, so that a long
silent discharge lamp can be easily produced. Thus,
such a structure is preferred in this point.
[0039] Fig. 10 is a structural diagram showing the
structure of a silent discharge lamp of a third embodi-
ment of the invention, (A) is a front view, (B) is a top
view, (C) is an A-A section view, and (D) is a partial sec-
tion view. The silent discharge lamp of the embodiment
has the following structure. In the interior of a cylindrical
outer tube 1 of synthetic quartz glass having a whole
length of 650 mm and an inner diameter of 26 mm, a
cylindrical inner tube 2 of synthetic quartz glass having
a whole length of 650 mm and an outer diameter of 16
mm is coaxially disposed. Both ends thereof are closed,
and the interior is filled with a xenon gas. An outside
electrode 3 configured by a stainless metal net is
closely secured to an outer face of the outer tube 1 over
all circumference by securing both end portions thereof
to the outer face of the outer tube 1 by a clip 10. An
inside electrode 4 configured by a semi-cylindrical alu-

minum plate having a whole length of 550 mm is closely
secured to an inner face of the inner tube 2 by a coil-like
stainless steel electrode 6 inserted into the inner tube 2.
A conductive wire 11 for supplying an electric power to
the inside electrode 4 is welded to an end portion of the
coil-like stainless steel electrode 6, so that an electric
power is supplied to the inside electrode 4 via the coil-
like stainless steel electrode 6. The out-side electrode 3
is connected to the ground via the clip 10. Spot-like
depressions are formed so as to protrude onto the inner
face side by touching the inner tube 2 by an iron at a
high temperature. The depressions function as a rota-
tion stopper 9 for the inside electrode 4.

Industrial Applicability

[0040] According to the silent discharge lamp of the
invention, on the illumination face in a predetermined
direction, a higher illuminance can be obtained at an
electric power which is equal to the prior art, and the
same illuminance can be obtained at a lower electric
power. Since a face on which discharge is not caused
can be newly used, the lamp is economical. In addition,
when the electrode provided in a part of the tube cir-
cumference is closely secured to the tube face in a
rotatable manner, a face in which discharge is not
caused can be newly used by moving the electrode at
the end of the lifetime, or by changing the electrode to a
new one. Thus, it is possible to substantially extend the
lifetime.

Claims

1. A silent discharge lamp comprising: a discharge
vessel which has an outer tube and an inner tube
disposed in an interior of said outer tube, and which
is configured by filling a space formed by being sur-
rounded by an inner face of said outer tube and an
outer face of said inner tube, with a discharge gas;
an outside electrode provided on an outer face of
said outer tube; and an inside electrode provided
on an inner face of said inner tube, characterized in
that at least one of said outside electrode and said
inside electrode is provided in a part of a tube cir-
cumference, and discharge is performed in the part
of said tube circumference.

2. A silent discharge lamp according to claim 1,
wherein at least one of said electrodes provided in
the part of said tube circumference has a length on
said tube circumference which is about an integer
fraction of a length of said tube circumference.

3. A silent discharge lamp according to claim 1 or 2,
wherein said electrode provided in the part of said
tube circumference is provided in a replaceable
manner.
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4. A silent discharge lamp according to claim 1, 2, or
3, wherein a partition wall for dividing said space in
said discharge vessel in a tube circumference
direction is provided in said discharge vessel.

5. A silent discharge lamp according to claim 4,
wherein said partition wall is a light blocking wall.

6. A silent discharge lamp according to claim 4,
wherein said partition wall is configured by a quartz
plate of a material through which light having an
irradiated wavelength is not transmitted.

7. A silent discharge lamp comprising: a discharge
vessel which has an outer tube and an inner tube,
said inner tube being disposed in an interior of said
outer tube, and in which a space that is formed by
being surrounded by an inner face of said outer
tube and an outer face of said inner tube is filled
with a discharge gas; an outside electrode provided
on an outer face of said outer tube; and an inside
electrode provided on an inner face of said inner
tube, characterized in that one of said outside elec-
trode and said inside electrode is provided over all
circumference of said tube, and the other one is
provided in a part of said tube circumference,
thereby allowing discharge to be performed in the
part of said tube circumference.

8. A silent discharge lamp according to claim 7,
wherein said outside electrode is provided over all
circumference of said tube, and said inside elec-
trode is provided in a part of said tube circumfer-
ence.

9. A silent discharge lamp according to claim 8,
wherein said lamp comprises an inside electrode
having a shape which substantially agrees with a
shape of said inner face of said inner tube formed
by cutting said inner tube along an axis, and said
inside electrode is closely secured to said inner
tube by a spring-like conductive reinforcing mem-
ber.

10. A silent discharge lamp according to claim 9,
wherein said outer tube having a cylindrical shape
and said inner tube having a cylindrical shape are
coaxially disposed, and said inside electrode hav-
ing a semi-cylindrical shape is closely secured by a
coil-like electrode inserted into said inner tube.

11. A silent discharge lamp according to claim 7, 8, 9,
or 10, wherein said electrode disposed in the part of
said tube circumference is closely secured to a tube
face in a rotatable manner.

12. A silent discharge lamp according to claim 1, 2, 3,
4, 6, 7, 8, or 9, wherein said discharge vessel is

configured by coaxially arranging angular-cylindri-
cal outer and inner tubes having an approximately
regular triangular or square section shape perpen-
dicular to the axis.

13. A method of using said silent discharge lamp
according to claim 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or 11,
characterized in that, when light transmittance of
said outer tube becomes lower than a predeter-
mined value, a discharge region is changed, and
discharge is performed in a tube circumference por-
tion in which discharge has not yet performed.
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