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gases in laser systems to facilitate the ionization of such
gases by electrical discharge pulses introduced to the lasers.
More particularly, this invention provides apparatus which
operates with greater precision and reliability than in the
prior art to pre-ionize the gases in laser systems.

Background of the Invention

Lasers are used in a wide and expanding variety of

applications. For example, lasers are used in various medical

applications such as to repair torn or detached retinas in
eyes or to eliminate plaque from arteries. Lasers are also
used in the manufacture of semiconductors to produce patterns
of electrical circuits on the surfaces of the semiconductor
layers and to drill holes at precise positiohs in the
semiconductors. Lasers are advantageous in these and other
applications because they generate coherent radiation of high
intensity in a narrow band of wavelengths.

Laser systems generally include a sub-system which pre-
ionizes the gas in the laser to facilitate the ionization and
chemical reaction of the gases in the cavity when an
electrical discharge is produced between an anode and a
cathode in the laser. The pre-ionizer may include at least
one tube from which a corona discharge is directed to the
gases in the cavity. The corona discharge occurs when a
voltage pulse is preferably applied between a conductor inside
the tubes and at least one conductor outside the tube.
Bushings are disposed near the ends of the tubes to maintain
the tubes in an insulated relationship. Members are
associated with the tubes to position the tubes at a
particular position in the laser.

The pre-ionizers now in use have certain inherent
disadvantages. One disadvantage is that the bushings are not
homogeneous with the tube, thus requiring that the bushings
be attached to the tube as by an adhesive. This has limited
the utility of the pre-ionizer, particularly over extended
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between the capacitor plates. Another disadvantage is that

the tube has not been positioned precisely in the laser

cavity. A further disadvantage is that the conductor at the

10 periphery of the tube has not always made a positive contact

with the tube. Various attempts have been made to resolve
these disadvantages. In spite of such attempts, such
disadvantages have persisted.

Brief Description of the Invention
15 This invention provides an embodiment which overcomes the

disadvantages discussed in the previous paragraph. In one
embodiment of the invention, an anode and a cathode in a laser
are spaced in a first direction. A voltage difference between
the anode and the cathode produces an electrical discharge

20 which ionizes gases in the laser to react chemically and
produce coherent radiation. First and second tubes made from
a dielectric material are spaced in the laser in a second
direction transverse (preferably perpendicular) to the first
difection. The anode, the cathode and the tubes extend

25 through the laser in a direction transverse (preferably
perpendicular) to the first and second directions.

The tubes are preferably at least a 99.9% pure polycrystalline
aluminum oxide ceramic with traces of other metallic elements
than aluminum.

30 Bushings made from a material homogeneous (preferably
identical to) with the tube material are integral with the.
tube at positions near the opposite tube ends. First
electrical conductors extend through the tubes. Second
electrical conductors (preferably resilient) contact the

35 external surfaces of the tubes to define capacitors with the
first conductors and the tube material. The second conductors
preferably make line contact with the external tube surfaces.
Electrical conductors movably engage the <tube external
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for positioning the tubes prec1sely in the cavity.

When a voltage pulse is applied between the first

5 conductor inside each tube and the second conductor outside

such tube, the resultant corona discharge from the external

surface of such tube produces ultraviolet light which pre-

ionizes the gases in the cavity. This facilitates the
ionization of the gases in the cavity when an electrical
10 discharge is produced between the anode and the cathode. |

Brief Description of the Figures

Figure 1 is a schematic end elevational drawing of
members in a laser ihcluding a pre-ionizer constituting one
embodiment of the invention;

15 Figure 2 is an enlargéd fragmentary end elevational view
(in exploded form) of certain members in the pre-ionizer shown
in Figure 1; |

Figure 3 is an enlarged fragmentary end elevational view
of certain of the members shown in Figure 2 and shows these

20 members in an assembled relationship; '

Figure 4 is a side elevational view of a tube and
bushings included in the pre-ionizer shown in Figures 1-3; and
Figure 5 is an enlarged fragmentary sectional view of the
tube and the bushing shown in Figqure 4 and is taken
25 substantially on the line 5-5 of Figure 4.

Detailed description
In one embodiment of the invention, a laser generally

indicated at 10 is disp_osed within a cavity indicated in
brokeh lines at 12 in Figure 1. The laser 10 includes an
30 anode 14 and a cathode 16 which are disposed in the cavity 12
and which are separated from each other in a first direction.
The anode 14 may be electrically grounded. Electrically
conductive members 17 provide electrical continuity from the
cathode 16 to an electrically conductive block 21. Gases are
35 disposed in the cavity. In one type of system, the gases may
be krypton (Kr) and fluorine (Fg. Alternatiﬁely, other gases
may be used. The gases are indicated schematically at 18 by
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between the anode and the cathode. This electrical discharge

ionizes the gases 18 in the cavity 12 and causes a chemical

reaction to be produced between the gases. For example,

krypton (Kr) and fluorine (F,) in the cavity 12 react -

10 chemically to produce krypton fluoride (KrF). When this

chemical reaction occurs, energy as in the form of light is

produced at a particular wavelength in the cavity 12. The
coherent energy is produced with high intensity and in a
narrow beam. It is directed from the cavity through a window
15 (not shown). _
Pre-ionizers generally indicated at 20 may be disposed
in the cavity 12 to facilitate the ionization of the gases 18
by introducing ultraviolet 1light produced by a corona
discharge to the gases just before each voltage pulse is
20 applied between the anode 14 and the cathode 16. The
direction of the radiation emitted by the corona discharge is
indicated schematically in Figure 1 by wavy lines 23 with
arrows at the upper ends of the lines to indicate the
direction of the radiation.
25 The pre—ionizers 20 may be disposed between the
electrodes 14 and 16 and may be separated from each other in
a second direction transverse (preferably perpendicular)  to
the first direction. The pré-ionizers 20 extend in the cavity
12 in a third direction transverse (preferably perpendicular)
30 to the first and second directions. The electrodes 14 and 16
also extend in the cavity in the third direction. This third
direction may be considered to be into the plane of the paper
in Figure 1 and is the direction shown in Figure 4. _
Each of the pre-ionizers 20 includes a hollow tube 22
35 made from a suitable material providim; a high dielectric.
constant and a high dielectric strength. Preferably the tubes
20 are made from a ceramic material such as that manufactured
and sold by the General Electric Company under the trademark.
"Lucalox". This material constitutes a polycrystalline
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Metallic Element Number of Detected arts per Million
Silicon (Si) 50
Iron (Fe) 4
Calcium (cCa) ' 7
Magnesium (Mg) | 180
Potassium (K) 50
Sodium (Na) : 80
Lithium (Li) <1
Molybdenum {Mo) 10
Chromium (Cr)

Copper (Cu) : . 4

This material prevents any corcna discharge on the external
surfaces of the tubes 22 from entering into the tubes.
"Lucalox" ceramic is essentially a single phase material
manufactured by bonding aluminum oxide grains (grain size =
30 microns average) directly to one another. The fine-grain,
high purity aluminum oxide is processed at room tefnperature
and then fired at temperatures higher than usual for ceramics.
The resulting glass—-free structure provides a high density (at
least 3.97 gm/cm’) and a high temperature stability (melting
point = 2040°C) not found with most conventional ceramics.
Mechanically, "Lucalox" ceramic is very hard and exhibits
a high compressive strength (2.24 x10°Pa) and a high modulus
of rupture (2.75 x 10%Pa). It is capable of withstanding up

. to 25,000 psi at 1800°C. in uniaxial compression.

Electrically, "Lucalox" ceramic demonstrates a high dielectric
strength (1700 volts/mil), a high dielectric constant (10.1
at 1 gigahertz) low dissipation (7.5 x 10*_ and low 1loss
factor (7.6 x 103%). All of these electrical characteristics

-are'at 20°C. with a thickness of 0.020". The material

transmits wavelengths from the near ultraviolet spectrum
through the visible spectrum and into the infrared spectrum.

Bushings 24 (Figures 4 and 5) are disposed on the tubes
22 near the opposite'ends of the tubes. The material of the
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bushings 24 and the tubes 22 are made from the "Lucalox"
5 ceramic, the bushings 24 and the tubes 22 are preferably made
as by machining from a single integral piece of material.
This eliminates the need for any adhesive between the bushings
24 and the tubes 22 and provides the combination of the
bushings and the tubes with the same high dielectric
10 properties individual to the material of the bushings and the
tubes when the bushings and the tubes are separate. The
bushings 24 and the tubes 22 can also be fabricated from
multiple parts in a forming and firing operation where the
resultant combination of a tube and bushings becomes one
15 homogeneous monolithic structure with no boundary and no
" sealing component as by solid state diffusion bonding.

An electrical conductor 30 is disposed within each of the
tubes 22 along the length of the tube. The electrical
conductor 30 is preferably attached to a housing 31 (Figure

20 4) for the laser 10 to ground the electrical conductor
electrically. An electrical conductor 32 is disposed on the
surface of the tube 22 in a line contact with the external
surface of each of the tubes 22 along the length of the tube.
The electrical conductor 32 may be in the form of a resilient

25 spring constrained to be disposed against the surface of the
associated tube 22 with a moderate force. The electrical

conductor 32 extends between the bushings on the tubes as
shown in Figure 4. The electrical conductor 32 may be made
from a suitable material such as brass.

30 - Positioning members 36 contact the external surfaces of
the tubes 22 as at 38 and 39 at the ends of the tubes at a
pair of spaced line positions around the peripheries of the
tubes. The positioning members 36 co-operate with the
electrical conductors 32 to establish a three (3)-line contact

" 35 with the associated tubes 22 around the peripheries of the
tubes. The positioning members 36 may be preferably made from
a suitable material such as brass. Alternatively, the.
positioning members 36 may be made from an electrical
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surfaces of the tubes 22. This assures that uniform forces
are established against the tubes 22 by the 3-line contacts
defined the conductors 32 and the positioning members 36. The

10 positioning members 36 are preférably disposed at spaced
positions between the bushings 24. However, they may extend
along the full distance between the bushings 24. Preferably
the conductors 32 and the positioning members 36 receive the
same high voltage as are provided on the cathode 16.

15 The electrical conductors 30 define first plates of
capacitors and the electrical conductors 32 and the
positioning member 36 define opposite plates of capacitors.
The tubes 22 serve as the dielectric material between the
plates of the capacitors. Preferably a high voltage is

20 applied to the electrical conductors 32 and the positioning
members 36 and the electrical conductors 30 are grounded. The
dielectric material of the tube 22 has properties to support
a capacitive corona discharge without dielectric breakdown.

When a voltage pulse from the source 19 is applied

25 between the electrical conductors 30 as one capacitor plate
and the electrical conductors 32 and the positioning member
36 as a Second capacitor plate, the electrical charges
produced in such capacitors cause corona discharges (indicated
by the wavy lines 23 in Figure 1) to be produced from the

30 surfaces of the tubes. These corona discharges emit radiation

' which travel to the space where the gases 18 are located. The
.fadiations pre—ionize the gases 18 in the space between the
anodes 14 and the cathode 16 so that the ionization of the
gases is facilitated when a voltage pulse is produced between

35 the anode 14 and the cathode 16. '

As shown in Figure 4, the electrical conductors 32 are
disposed on one side of the bushings 24 and the ground'of the
electrical conductors 30 to the housing 31 is disposed on the
other side of the bushings. The bushings 24 accordingly act
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5 positioning members 36. The integral relationship between the

tubes 22 and the bushings 24 facilitate this electrical

isolation. This is in contrast to the prior art since there

tended to be an electrical discharge through the adhesive

between the tubes and the bushings in the prior art,

10 particularly as the adhesive deteriorated.

The pre-ionizers 20 constituting this invention have
certain important advantages. Since the tubes 22 and the
bushings 24 are homogeneous and are integral, the tubes and-
the bushings are able to withstand greater voltages than in

15 the prior art. This integral relationship also prevents the
gases in the laser from beiﬁg poisoned by any adhesive between
the tubes and the bushings as in the prior art. Furthermore,
the use of resilient members as the electrical conductors 32
assures that proper contacts will be made between the

20 electrical conductors and the tubes 22. The cooperation of
the resilient electrical conductors 32 and the positioning
members 36 in establishing three (3)-line contacts with the
tubes 22 assures that the tubes will be'prbperly positioned,
and will be maintained in this proper position, without any

25 undue force on the tubes. The movement of the positioning
members 36 to the position for establishing the desired three
(3)-point contact with the tubes 22 in co-operation with the
resilient electrical conductors 32 is also assured by the
detent co-operation between the slots 40 and the pins 42.

30 Although this invention has been disclosed and
illustrated with reference to particular embodiments, the
principles involved are susceptible for use in numerous other
embodiments which will be apparent to persons skilled in the
art. The invention is, therefore, to be 1limited only as

35 indicated by the scope of the appended claims. '



substantially on thg line 5-5 of Figure 4. HEa—HEST 7.1 n one
enbodi irent of the i ]ﬁl gener al Il THIRBREGAABERY | s di sposed

Wi t hiwo®4009836 y i ndi 1 1ines at ({12 i nREP§GFEPCT/USIB09408er 10
i ncl udes an anode 14 _ 16 whi ¢h are disposed in the cavity 12
and ‘which are separated fromeach other in a first direction. The anode 14
may be electrically grounded. El ectricdl 1A IcdhdBicti ve nmenbers 17 provide
el ectrical continuity fromthe cathode 16 to an electrically conductive

bl ock 21. Gases are disposed in the cavity. In one type of system the-
gases may bé-kPpPaFrtus fandi$e bR AclpEPF) . CRMPEASANS el y, ot her gases
may be useda TRRiM@SaSormé€rustedat ggomchamtd el éytPic 18mA¥erial having

properties to support a capacitive corona discharge without

dielectric breakdown,

means disposed within the tube to define a first
capacitor plate, '

means disposed outside of the tube in engagemenf with the
tube for defining a second capacitor plate,

bushings disposed near the end of the tube and integral
with the tube, and

means for introducing a voltage between the means
defining the first and second capacitor plates to charge the

| capacitor and obtain a corona discharge from the corona

discharge from the tube. '

2. The apparatus of claim 1, further including:
" an anode in the laser, : '

a cathode in the lasér,

a cavity including the anode and the cathode,

a gas in the cavity, _

the radiation emitted by the corona discharge occurring
in the space in the cavity between the anode and the cathode
to facilitate the ionization of the gas in the cavity when
there is an electrical discharge between the anode and the
cathode. '

3. The appafatus-of claim 1, wherein:

the means defining the second capacitor plate includes
a resilient element disposed against the exterior of
the tube and extends along the tube and defining a 1line
contact with the tube.

4. The apparatus of claim 3, further includes:

means disposed in co-operative relationship with the
resilient element for holding the tube in fixed relationship

along the length of the tube.
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dielectric breakdown,

a first electrical conductor disposed in the tube and
extending along the length of the tube to define a first plate
of a capacitor,

the tube serving as the dielectric of the capacitor,

a resilient element made from an electrically conductive
material and disposed externally of the tube and (extending
to) engaging the tube along substantially the tube to provide
a line contact with the tube and to define a second plate of
the capacitor,

means disposed along the length of the tube for co-
operating with the resilient element in providing support for
the tube to maintain the tube in a fixed position in
engagement with the resilient element.

means for introducing a voltage between the first
electrical conductor and the resilient element to produce
radiation emitted by a corona discharge from the outer surface
of the tube,

an anode,

a cathode, _

means defining a laser cavity enclosing the anode and the
cathode, '

there being gases in the laser cavity,

the tube being disposed relative to the laser cavity to
introduce the radiation emitted by corona discharge into the
laser cavity for ionizing the gases in the laser cavity.

6. The apparatus of claim 5, wherein:

the support means for the tube is shaped to provide
contacts on the periphery of the tube to provide a precise
positioning of the tube in cooperation with the line contact
provided by the resilient element,

the resilient element is electrically conductive and
belng at a voltage different from the voltage on the first
electrical conductor. '
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8. The apparatus of claim 6, further includes:

means disposed in co-operative relationship with the
support means and the resilient element for maintaining the
support means and the resilient element in fixed position
relative to the tube, and

a pair of dielectric members disposed on the tube near
the ends of the tube and integral with the tube and made from
a material homogeneous with the material of the tube.

9. Apparatus for use in a laser, said apparatus comprising:

a tube made from a dielectric material constituting a
polycrystalline aluminum oxide ceramic with traces of other
metallic elements than aluminum, the aluminum oxide having a
purity greater than ninety nine percent (99%) in the
dielectric material,

a first electrical conductor dlsposed'w1th1n the tube and
defining a first capacitor plate,

a second electrical conductor disposed on the external
surface of the tube and defining a second capacitor plate, and

means for introducing a voltage between the first and
second capacitor plates to produce radiation emitted by a
corona discharge from the surface of the tube without any:
penetration of the corona discharge into the tube.

10. Apparatus as set forth in claim 9, further includes:

dielectric members disposed on the tube near the opposite
ends of the tube and integral with the tube and having
properties homogeneous with those of the tube.

11. Apparatus as set forth in claim 10, wherein:
the dielectric members are made from the same material

as the material of the tube.

12. Apparatus as set forth in claim 10, further including:

] D A I
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discharge between the anode and the cathode, and wherein
the radiation emitted by the corona discharge from the
tube extending into the cavity to pre-ionize the gases in the

cavity.

13. Apparatus for use in a laser, and comprising:

a first tube made from a dielectric material having high
dielectric properties, '

a first pair of bushings each made from a dielectric
material homogeneous with the dielectric material of the first
tube and disposed on the first tube near an individual end of
the tube and integral with the external surface of the tube,

first electrically conductive means disposed within the
first tube and defining a first plate of a first capacitor,

second electrically conductive means disposed on the
second tube externally of the first tube and defining a second
plate of the first capacitor, _ |

a second tube made from the same material as the first
tube and spaced in a first direction from the first tube,

a second pair of bushings corresponding to the first pair
of bushings and disposed on the second tube near an individual
end of the second tube and integral with the second tube,

third electrically conductive means disposed within the
second tube and defining a first plate of a second capacitor,

fourth electrically conductive means disposed on the
second tube externally of the second tube and deflnlng a
second plate of the second capacitor,

means defining a cavity for holdlnq the laser,

an anode in the cavity,

a cathode disposed in the cavity and spaced in a first
direction from the anode, _

‘there being in the cavity gases ionized by an electrical
discharge between the anode and the cathode, .

the first and second tubes being spaced from each other
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ionizing the gases in the cavity in accordance with radiation
emitted by the corona discharges from the external peripheries
of the tubes.

14. Appafatus as set forth in claim 13, wherein: :
the means defining the cavity extends in a third f
direction transverse to the first and second directions, and %
the first and second tubes and the anode and the cathode ?
extends in the third direction.

15. Apparatus as set forth in claim 13, wherein:

each of the second and fourth electrically conductive
means includes a resilieqt element disposed to contact the
associated one of the first and second tubes in a line on the
tube in the third direction.

16. Apparatus as set forth in claim 13, further includes:

means disposed on the first tube near the opposite ends
of the first tube for engaging the first tube at a pair of
spaced positions around the tube in an annular direction for
co-operating with the second electrically conductive means in
fixedly positioning the first tube, and

means disposed on the second tube near the opposite ends
of the second tube for engaging the second tube at a pair of
spaced positions around the tube in an annular direction for
co-operating with the fourth electrically conductive means in
fixedly positioning the second tube.

17. Apparatus as set forth in claim 16, wherein:

each of the second and fourth electrically conductive
means includes a resilient element disposed to contact the
associated one of the first and second tubes at a line on such
tube, and further including:

means disposed in a locking relationship with the
engaging means for the first tube for locking such engaging
means in a fixed position when the engaging means has a
particular relationship with the second conductive means, and
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18. Apparatus for use in a laser,

a first tube made from a polycrystalline aluminum oxide
ceramic with a 99.9% purity and with traces of other metallic
elements than aluminum,

a second tube made from a polycrystalline aluminum oxide
ceramic with a 99.9% purity and with traces of other metallic
elements than aluminum,

means associated with the first tube for producing a
corona discharge from such tube,

means associated with the second tube’ for producing a
corona discharge from such tube,

means defining a cavity for the laser,

an anode in the cavity, and

a cathode disposed in the cavity and displaced from the
anode in a first direction,

there being gases in the cavity for ionization and
chemical reaction upon an electrical discharge between the
first and second electrodes,

the first and second tubes being spaced from each other

- in a second direction transverse to the first direction to
produce the corona discharges in the cavity for a pre- -
ionization of the gases in the cavity by radiation emitted
from the corona discharges'and'for chemical reaction of the
gases in the cavity.

19. Apparatus as set forth in claim 18, further including:
first bushing means integral with the external surface
of the first tube near the opposite’ ends of the first tube and
made from the same material as the first tube, and
second buéhing means integral with the external surface
of the second tube near the opposite ends of the second tube
and made from the same material as the second tube.

20. Apparatus as set forth in claim 18, wherein:
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the corona discharge means for the second tube includes
a second electrically conductive resilient element constructed
and disposed to engage the external surface of the second tube
at a line on such surface.

21. Apparatus as set forth in claim 20, further includes:

means associated with the first electrically conductive
resilient element for establishing a three 1line contact,
including the contact of the first resilient element, to
position the first tube in a particular relationship to the
anode and the cathode, and '

means associated with the second electricaily conductive
resilient element for establishing a three line contact,
including the contact of the second resilient element, to
position the second tube in a particular relationship to the
anode and the cathode.

22. Apparatus comprising:

means for defining a cavity for a laser,

an anode in the laser,

a cathode spaced in the cavity from the anode in a first
direction,

there being gases in the cavity,

means for energizing the anode and the cathode to produce
an electrical discharge between the anode and the cathode and
to produce an ionization and chemical reaction of the gases
‘in the cavity in accordance with such electrical discharge,

a first tube' disposed in the cavity and made from a
dielectric material, i

a first electrical conductor dlsposed in the first tube,

a first resilient electrically conductive member disposed
externally to the first tube in line engagement with the first
tube,

. first means associated with the first tube and the first
resilient electrlcally conductive member for establishing an
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first tube in a second direction substantially perpendicular
to the first direction and made from the dielectric material,

a second electrically conductive member disposed in the
second tube,

a second resilient electrically conductive member
disposed externally to the second tube in line engagement with
the second tube, '

second means associated with the second tube and the
second electrically conductive member for establishing an
engagement between the second resilient conductive member and
the second tube, and

means for introducing. a voltage between <the first
electrical conductor and the first resilient electrically
conductive member and between the second electrical conductor
and the second resilient electrically conductive member to
produce a corona discharge from the external surfaces of the
first and second tubés for pre-ionizing the gas in the cavity.

23. Apparatus as set forth in claim 22, further includes:
first bushings integral with the external surface of the
first tube near the ends of the first tube and made from a
. material homogeneous with the material of the first tube, and
second bushings integral with the external surface of the
second tube near the ends of the second tube and made from the
same material as the first bushings. '

24. Apparatus as set forth in claim 23, wherein:
the first and second tubes are made from a 99.9% pure
polycrystalline aluminum oxide with traces of other metallic
elements than aluminum, and _ ' '
the first and second bushings being made from the same
material as the tubes. '

25. Apparatus as set forth in claim 24, wherein:
the anode and the cathode and the first and second tubes-
and the first and second electrical conductors and the first
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26. Apparatus comprising:

a housing, _ _

a tube disposed in the housing and made from a material
having a high dielectric constant, .

' a first electrical conductor disposed in the tube and
connected to the housing,

a bushing made from a material having a high dielectric
constant and having properties homogeneous to the tube, the
bushing being integral with the external surface of the tube
near one end of the tube, _

a second electrical conductor'disposed on the external
surface of the tube at a position further removed from the
housing than the bushing,

means for retaining the second electrical conductor in
a fixed position on the housing, and _

means for producing a voltage -difference between the
first and second electrical conductors to produce a corona
discharge from the tube.

27.'Apparatus as set forth in claim 26, wherein:
the tube and the bushing being made from the same

material.

28. Apparatus as set forth in claim 27, wherein:
the second electrical conductor includes a resilient
member, and '
the retaining means cooperates with the resilient member
to provide a three (3)-line contact against the external
surface of the tube.

29. Apparatus as set forth in claim 26, wherein:

the tube is made from a dielectric material constltutlng
a polycrystalline alumlnum oxide ceramic with traces of other
metallic elements than aluminum, the aluminum oxide having a
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the retaining means includes a positioning member shaped
to engage the external surface of the tube and to co-operate
with the resilient element in establishing a three (3)-line
contact with the tube,

the positioning member on the retaining means has a
detent, and

electrically conductive means has a detent co-operative
with the positioning member on the retaining means to position
the positioning member in the relétionship wiﬁh the tube and
the resilient element to éstablish the three-line contact.

31. Apparatus for use in a laser and comprising:

a cathode, '

an anode disposed in spaced relationship to the cathode
in a first direction,

a first tube made from a dielectric matetial,

a second tube made from the dielectric material and
spaced from the first tube in a second direction transverse
to the first direction, o

a first electrical conductor disposed in the first tube,

a second electrical conductor disposed in the second
tube,

a first resilient element disposed on the first tube,

a second resilient element disposed on the second tube,

the first and second resilient elements being
electrically conductive, ,

first means disposed on the first tube and co-operativé
with the first resilient element to establish a three (3)-line
contact with the first tube in cooperation with the first
resilient element, '

second means disposed in the second tube and cooperative
with the second resilient element to establish a three (3)~
line contact with the second tube in cooperation with the
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hird means dlsposed relative to the first means for

establishing a detent relationship with the first means to
provide the three (3)-line contact against the first tube in
cooperation with the first resilient element, and

fourth means disposed relative to the second means for
establishinq a detent relationship with the second means to
provide the three (3)-line contact against the second tube in
cooperation with the second resilient element.

32. Apparatus as set forth in claim 31, wherein:

the first, second, ﬁhird and fourth means are-
eiectrically conductive and the third means provides an
electrical conductivity with the first means and the first
resilient element and the fourth means provides an electrical
conductivity with the second means and the second resilient
element.

33. Apparatus as set forth in claim 31, further includes:

a first pair of bushings disposed on the first tube near
the ends of the first tube and integral with the first tube
and made from a material having substantially the same
properties as the first tube, and

a second pair of bushings disposed on the seéond tube
near the éhds of the second tube and integral with the second
tube and made from a material having substantially the same .

properties as the second tube.

34. Apparatus as set forth in claim 32, further includes:

a first pair of bushings made from the same material as
the first tube near the opposite ends of the first tube and
dlsposed on the first tube and integral with the first tube,

a second pair of bushings made from the same material as
the second tube and dlsposed on the second tube near the
opposite ends of the second tube and fused to the second tube,

a housing made from an electrically conductive material,

the first and second tubes and the anode and the cathode
being disposed in the housing, and

‘the first and second electrical conductors extending to -
I
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conductors 30 dpkoperitiled tY d@Sps¥t a capacitive corona discharge without
dielectric breakdown and having a laser cavity,

a first electrical conductor disposed in the tube and
extending along the length of the tube to define a first plate
of a capacitor,

the tube serving as the dielectric of ‘the capacxtor,

a resilient element made from an electrlcally conductive

" material and disposed in the tube and engaging the tube along
substantially the length of the tube to provide a line contact
with the tube and to define a second plate of the capacitor,

means disposed along the 1length of the tube for

cooperating with the resilient element in providing support
for the tube to maintain the tube in a fixed position in
engagement with the resilient element.

means for introducing a 901tage between the first
electrical conductor and the resilient element to produce
radiation emitted by a corona discharge from the outer surface
of the tube,

there being gases in the laser cavity, .

the tube being disposed relative to the laser cavity to
introduce the radiation emitted by the corona discharge into
the laser cavity for ionizing the gases in the laser cavity.

36. Apparatus as set forth in claim 35, wherein:

the support means for the tube is shaped to provide
contacts on the periphery of the tube to provide a precise
positioning of the tube in cooperation with the line contact
provided by the resilient element,

the resxllent element is electrically conductlve and'

being at a voltage different from the voltage on the first
electrical conductor.

37. Apparatus as set forth in claim 35, further includes:

a pair of dielectric members disposed on the tube near.

the ends of the tube and integral with the tube and made from
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between the electrical conductors 30 as one capacitor plate and the
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corona di scharges (|nd|cate3
support means and the resilient element for maintaining the
support means and the resilient element in fixed position
relative to the tube, and
a pair of dielectric members disposed on the tube near
the ends of the tube and integral with the tube and made from

a material homogeneous with the material of the tube.
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bushi ngs 24 are honbgeneous and are integral, the tubes and the bushings
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(54) Title: PRE-IONIZER FOR A LASER

"(57) Abstract

An anode (14) and a cathode (16) in a laser (10)
are spaced in a first direction. A voltage difference be-
tween these members produces an electrical discharge
which ionizes gases (18) in the laser (10) to react chemi-
cally and produce coherent radiation. First and second
tubes (22) made from a dielectric material are spaced in
the laser (10) in a second direction transverse (preferably
perpendicular) to the first direction. The anode (14), the
cathode (16) and the tubes (22) extend through the laser
(10) in a direction transverse (preferably perpendicular)
to the first and second directions. The tubes (12) are
preferably at least a 99.9 % pure polycrystalline alumi-
num oxide ceramic with traces of other metallic elements
than aluminum. Bushings (24) made from a material
homogenous (preferably identical) to the tube material
are integral with the tube (22) near the opposite tube
ends. First electrical conductors (30) extend through the
tubes (22). Second electrical conductors (32) (preferably
resilient) contact (preferably line contact) the external
tube surfaces to define capacitors with the {irst conduc-
tors (30) and the tube material. Positioning members
(36) movably engage the tube external surfaces near the
tube ends in co-operation with the resilient members es-
tablishing three (3) - line contacts with the tubes (22) for positioning the tubes (22) precisely in the cavity (1). When 2 voltagt
pulse is applied between the lirst conductor (30) inside each tube (22) and the conductors (32) on such tube (22), the resulxam. cor
ona discharge from the external tube surface produces ultraviolet light which pre-ionizes the gases (18) in the cavity (12). This {3
cilitates the ionization of the gases (18) in the cavity (12) when an anode (14)-cathode (16) electrical discharge is produced.
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menbers 36 to the position for establishing the desired three (3)-point
contact with the tubes 22 in co-operation with the resilient electrical
conductors 32 is also assured by the detent co-operation between the slots

40 and the pins 42. Although this invention has ghfg ' S
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be limted only as indicated by the scope of the appenped cl aj 3
. . Date a‘KBAUG\g%
Technical Field

This invention relates to apparatus for pre-ionizing the
gases in laser systems to facilitate the ionization of such
gases by electrical discharge pulses introduced to the lasers.
More particularly, this invention provides apparatus which
operates with greater precision and reliability than in the
prior art to pre-ionize the gases in laser systems.

Background ¢f the Invention

Lasers are used in a wide and expanding variety of
applications. For example, lasers are used in various medical
applications such as to repair'torn or detached retinas in
eyes or to eliminate plague from arteries. Lasers are also
used in the manufacture of semiconductors to produce patterns
of electrical circuits on the surfaces of the semiconductor

layers and to drill holes at precise positions in <the
semiconductors. Lasers are advantageous in these and other
applications because they'generate coherent radiation of high
intensity in a narrow band of wavelengths.

Laser systems generally include a sub-system which pre-
ionizes the gas in the laser to facilitate the ionization and’
chemical reaction of the gases in the cavity when an
electrical discharge is produced between an anode and a
cathode in the laser. The pre-ionizer may include at least
one tube from which a corona discharge is directed to the
gases in the cavity. The corona diéchargefoccurs when a
voltage pulse is preferably applied between a conductor inside
the tubes and at least one conductor outside the tube.
Bushings are disposed near the ends of the tubes to maintain
the tubes in an insulated relationship. 'Members are
associated with the tubes to position the tubes at a

particular position in the laser.
The pre-ionizers now in use have certain inherent

disadvantages. One disadvantage is that the bushings are not
homogeneous with the tube, thus requiring that the bushings
be attached to the tube as by an adhesive. This has limited
the utility of the pre-ionizer, particularly over extended
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The adhesive has also

deterioration of the
requiring more freguent gas changes..
limited the voltage which can be applied between  -the plates
of a capacitor which includes the tube as the dielectric

between the capacitor plates. Another disadvantage is that

the tube has not been positioned precisely in the laser
cavity. A further disadvantage is that the conductor at the
periphery of the tube has not aiWays made a positive contact
Various attempts have been made to resolve

with the tube.
In spite of such attempts, such

these disadvantages.
disadvantages have persisted.

Bri Descripti f _the nventlo

This :.nvent:.on prov:Ldes an embodiment which overcomes the .
disadvantages discussed in the previous paragraph. In one
embodiment of the invention, an anode and a cathode in a laser
are spaced in a first direction. A voltage difference between
the anode and the cathode produces an electrical discharge

which ionizes gases in the laser to react chemically and

produce coherent radiation. First and second tubes made from

a dielectric material are spaced in the laser in a second
direction transverse (preferably perpendicular) to the first
difection. The anode, the cathode and the tubes extend
through the laser in a direction transverse (preferably
perpendicular) to the first and second directions.

The tubes are preferably at least a 99.9% pure polycrystalline
aluminum oxide ceramic with traces of other metallic elements
than aluminum.

Bushings made from a material homogeneous (preferably
identical to) with the tube material are integral with the
tube at positions near 'thé opposité tube ends. First
electrical conductors extend through the tubes. Secaond
electrical conductors (preferably resilient) contact the
external surfaces of the tubes to define capacitors with the-
first conductors and the tube material. The second conductors
preferably make line contact with the external tube surfaces.

Electrical conductors movably engage the tube external
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for positioning the tubes precisely in the cavity.

When a voltage pulse is applied between the first
conductor inside each tube and the second. conductor outside
such tube, the resultant corona discharge from the external
surface of such tube produces ultravioclet light which pre-
ionizes the gases in the cavity. This facilitates the
ionization of the gases in the -cavity when an electrical
discharge is produced between the anode and the cathode.

D

Brief Description of the Figures

Figure 1 is a schematic end elevational drawimj of
members in a laser including a pre-ionizer constituting one
embodiment of the invention;

Figure 2 is an enlargéd fragmentary end elevational view
(in exploded form) of certain members in the pre-ionizer shown
in Pigure 1;

Figure 3 is an enlarged fragmentary end elevational view
of certain of the members shown in Figure 2 and shows these
members in an assembled relationship;

Figure 4 is a side elevational view of a tube and
bushings included in the pre-ionizer shown in Figures 1-3; and

Figure 5 is an enlarged fragmentary sectional view of the
tube and the bushing shown in Figure 4 and is taken
substantially on the line 5-5 of Figure 4.

Detailed description

In one embodiment of the invention, a laser generally
indicated at 10 is disposed within a cavity indicated in
broken lines at 12 in Figure 1. The laser 10 includes an
anode 14 and a cathode 16 which are disposed in the cavity 12
and which are separated from each other in a first direction.
The anode 1¢ may be electrically grounded. Electrically
conductive members 17 provide electrical continuity from the
cathode 16 to an electrically conductive block 21. Gases are
disposed in the cavity. In one type of system, the gases may
‘be krypton (Kr) and fluorine (F,). Alternatively, other gases
may be used. The gases are indicated schematically at 18 by
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and may be purified during such recirculation.

When a voltage pulse is applied from a source 19 betweaen
the anocde 14 and the cathode 16'(preferably with the high
voltage on the cathode), an electrical discharge is produced
between the anode and the cathode. This electrical discharge
ionizes the gases 18 in the cavity 12 and causes a chemical
reaction to be produced between the gases. For example,
krypton (Kr) and fluorine (F;)’ in the cavity 12 react

chemically to produce krypton fluoride (KrF). When this
chemical reaction occurs, energy as in the form of light is

produced at a particular wavelength in the caVity 12. The
coherent energy is produced with high intensity and in a
narrow beam. It is directed from the cavity through a window
(not shown). i

Pre-ionizers generally indicated at 20 may be disposed
in the cavity 12 to facilitate the ionization of the gases 18
by dintroducing ultraviolet light produéed' by a corona
discharge to the gases Jjust before each voltage pulse is
applied between the anode 14 and the cathode 16. The
direction of the radiation emitted by the corona discharge is
indicated schematically in Fiqure 1 by wavy lines 23 with
arrows at the upper ends of the lines to indicate the
direction of the radiation. ‘

The pre-ionizers 20 may be disposed between the
.electrodes 14 and 16 and may be separated from each other in .
a second direction transverse (preferably perpendicular) to
the first direction. The pre-ionizers 20 extend in the cavity
12 in 2 third direction transverse (preferably perpendicular)
to the first and second directions. The electrodes 14 and 16
also extend in the cavity in the third direction. This third
direction may be considered to be into the plane of the paper
in Figure 1 and is the direction shown in Figure 4.

Each of the pre-ionizers 20 includes a hollow tube 22
made from a suitable material providing a high dielectric
constant and a high dielectric strength. Preferably the tubes
20 are made from a ceramic material such as that manufactured
and sold by the General Electric Company under the trademark.
"Lucalox". This material constitutes a polycrystalline
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Metallic Element Mumber of Detected parts
Silicon (Si) - 50
Iron (Fe) 4
Calcium (Ca) 7
Magnesium (Mg) 180
Potassium (K) S0
Sodium (Na) 80 -
Lithium (Li) <1

10

Molybdenum (Mo)
Chromium (Cr)
Copper (Cu)

This material prevents any corona discharge on the external
surfaces of the tubes 22 from entering into the tubes.
"Lucalox" ceramic is esséntially a single phase material
manufactured by bonding aluminum oxide grains (grain size =
30 microns average) directly to one another. The_fine-grain,
high purity aluminum oxide is processed at room teﬁperature
and then fired at temperatures higher than usual for ceramics.
The resulting glass-free structure provides a high density (at
least 3.97 gm/cm’) and a high temperature stability (melting
point = 2040°C) not found with most conventional ceramics.
Mechanically, "Lucalox" ceramic is very hard and exhibits

a high compressive strength (2.24 x10°Pa) and a high modulus

It is capable of withstanding up
compression.

of rupture (2.75 x 1i0'pa).
to 25,000 psi at 1800°cC.
Electrically, "Lucalox" ceramic demonstrates a high dielectric
strength (1700 volts/mil), a high dielectric constant (10.1
low dissipation (7.5 x 10®_ and low loss
All of these electrical characteristics
The material

in uniaxial

at 1 gigahertz)

are at 20°C. with a thickness of 0.020%.
transmits wavelengths from the near ultraviolet spectrum
through the visible spectrum and into the infrared spectrum.

Bushings 24 (Figures 4 and S5) are disposed on the tubes

22 near the opposite ends of the tubes. The material of the

e a second plate of the capacitor,
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combi nati on fgr ugg. rkven mgre preferably, the material of the bushings
24 is identical to the material of the tubes 22. When the
bushings 24 and the tubes 22 are made from the "Lucalox"
ceramic, the bushings 24 and the tubes 22 are preferably made
as by machining from a single integral piece of material.
This eliminates the need for any adhesive between the bushings
24 and the tubes 22 and provides the combination of the
bushings and the tubes with the same high dielectric
properties individual to the material of the bushings and the
tubes when the bushings and the tubes are separate. The
bushings 24 and the tubes 22 can also be fabricated from
multiple parts in a forming and firing operation whers the
rasultant combination of a tube and bushings becomes one
homogeneous monolithic structure with no boundary and no
sealing component as by solid state diffusion bonding.

An electrical conductor 30 is disposed within each of the
tubes 22 along the length of the tube. The electrical
conductor 30 is preferably attached to a housing 31 (Figure
4) for the laser 10 to ground the electrical conductér
electrically. An electrical conductor 32 is disposed on the
surface of the tube 22 in a line contact with the external
‘surface of each of the tubes 22 alonq the length of the tube.
The electrical conductor 32 may be in the form of a resilient
spring constrained to be disposed against the surface of the
associated tube 22 with a moderate force. The electrical
conductor 32 extends between the bushings on the tubes as
shown in Figure 4. The electrical conductor 32 may be made
from a suitable material such as brass.

I

Positioning members 36 contact the external surfaces of
the tubes 22 as at 38 and 39 at the ends of the tubes at a
pair of spaced line positions around the periph;ries of the
tubes. The positioning members 36 co-operate with the
electrical conductors 32 to establish a three (3)~-line contact
with the associated tubes 22 around the peripheries of the
tubes. The positioning members 36 may be preferably made from
a suitable material such as brass. Alternatively, -the.

positioning members 36 may be made from an electrical
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el ectrically conductive material and di sposed externally of the tube and
engagi ng tiisulating material. .

The positioning members 36 are provided with slots 40
which rest in pins 42 in the block 21 when the positioning
members are properly positioned ix:\ contact with the tubes 22.
The pins 42 also hold the electrical conductors 32 in a fixed
position so that the conductors can contact the external
surfaces of the tubes 22. This assures that uniform forces
are established against the tubes -22 by the 3-line contacts
defined the conductors 32 and the positioning members 36. The
positioning members 36 are preferably disposed at spaced
positions between the bushings.z‘t. However, they may extend
along the full distance between the bushings 24. Preferably
the conductors 32 and the positioning members 36 receive the
same high voltagé as are provided on the cathode 16.

The electrical condugtors 30 define first plates of
c_apacitors and the electrical conductors 32 -and the
positioning member 36 define opposite plates of capacitors.
The tubes 22 serve as the dielectric material between the
plates of the capacitors.  Preferably a high voltage is
applied to the electrical conductors 32 and the positioning
members 36 and the electrical conductors 30 are grounded. The
dielectric material of the tube 22 has properties to support
a capacitive corona discharge without dielectric breakdown.

When a voltage pulse from the source 19 is applied
between the electrical conductors 30 as one capacitor_ plate
and the electrical conductors 32 and the positioning member
36 as a second capacitor plate, the electrical charges
produced in such capacitors cause corona discharges (indicated
by the wavy lines 23 in Figure 1) to be produced from the
surfaces of the tubes. These corona discharges emit radiation
which travel to the space where the gases 18 are located. The
radiations pregionize the gases 18 in the space between the
anodes 14 and the cathode 16 so that the ionization of the
gases is facilitated when a voltage pulse is produced between
the anode 14 and the cathode 16. ,

As shown in Figure 4, the electrical conductors 32 are
disposed on one side of the bushings 24 and the ground of the
electrical conductors 30 to the housing 31 is disposed on the
other side of thé bushings. The bushings 24 accordingly act
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to considerably lengthen’the distance between the high voltage
applied to ground from the electrical conductors 32 and the

positioning members 36. This prevents any electrical

discharge to ground from the'electf;Cal canductors 32 and the

positioning members 36. The integral relationship between the

tubes 22 and the bushings 24 facilitate this electrical
isolation. This is in contrast to the prior art since there

tended to be an electrical discharge through the adhesive

between the tubes and the bushings in the prior art,

particularly as the adhesive deterioratead.

The pre-ionizers 20 constifutinq_this invention have

certain important advantages. Since the tubes 22 and the

bushings 24 are homogeneous and are integral, the tubes and
-the bushings are able to. withstand greater voltages than in
the prior art. This integral relationship also prevents the
gases in the laser from beiﬁg poisoned by any adhesive between
the tubes and the bushings as in the prior art. Furthermore,
the use of resilient members as the electrical conductors 32 .
assures that propér contacts will be made between the
electrical conductors and the tubes 22. The cooperation of

the resilient electrical'conductors 32 and the positioning
members 36 in establishing three (3)-line contacts with the
tubes 22 assures that the tubes will be properly positicned,
and will be'maintained in this proper position, without any
undue force on the tubes. The movement of the positioning
members 36 to the position for establishing the desired three
(3)=~point contact with the tubes 22 in co-operation with the
resilient electrical conductors 32 is also assured by the
detent co-operation between the slots 40 and the pins 42.
Although this invention has been disclosed and

illustrated with reference to particular embodiments, the
pPrinciples involved are susceptible for use in numerous other

embodiments which will be appareﬁt to persons skilled in the
art. The invention is, therefore, to be limited only as

indicated by the scope of the appended claims.
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conmbination for use in a laser, a tube.made from a drerectrt | and
havi ng proggrkbsgratus for use in a laser, comprising:

a tube constructed from a dielectric material having
properties to support a capacitive corona discharge without
dielectric breakdown,

means disposed within the tube to define a first
capacitor plate, |

means disposed outside of the tube in engagement with the
tube for defining a second capacitor plate,

bushings disposed near the end of the tube and integral
with the tube, and

means for introducing a- voltage between the means
defining the first and second capacitor plates to charge the
capacitor and obtain a corona discharge from the corona
discharge from the tube.
2. The apparatus of claim 1, further anludlng-

an anode in the laser, )

a cathode in the laser,

a cavity including the anode and the cathode,

2 gas in the cavity,

the radiation emitted by the corona discharge occurring
in the space in the cavity between the anode and the cathode
to facilitate the ionization of the gas in the cavity when
there is an electrical discharge between the anode and the
cathode.
3. The apparatus of claim 1, wherein:

the means defining the second capacitor plate includes
a resilient element disposed against the exterior of
the tube and extends along the tube and defihing a line
contact with the tube.
4. The apparatus of claim 3, further includes:

means disposed in co-operative relationship with the
resilient element for holding the tube in fixed relationship
along the length of the tube.
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S. An apparatus for use in a lager, said apparatus comprising:
a tube made from a dielectric material and having
properties to support a capacitive corona discharge without

dielectric breakdown,
a first electrical conductor disposed in the tube and

extending along the length of the tube to define a first plate
of a capacitor,

the tube serving as the dxelectrlc of the capacitor,

a resilient element made from an electrically conductive
material and disposed externally of the tube and (extending
to) engaging the tube along substantially the tube to provide
a line contact with the tube and to define a second plate of
the capacitor, _ '

means disposed along the length of the tube for co-
operating with the resilient element in providing support for
the tube to maintain the tube in a fixed position in
engagement with the resilient element.

means for introducing a voltage between the first
electrical conductor and the resilient element to produce
radiation emitted by a corona discharge from the outer surface
of the tube, '

an anode,

a cathode, .

means defining a laser cavity enclosing the anode and the
cathode, _

there being gases in the laser cavity,

_ the tube being dispoéed relative to the laser cavity to
introduce the radiation emitted by corona discharge into the
laser cavity for ionizing the gases in the laser cavity.

§. The apparatus of claim 5, wherein:

the support means for the tube is shaped to provide
contacts on the periphery of the tube to provide a precise
positioning of the tube in cooperation with the line contact
provided by the resilient element,

the resilient element is electrically conductive and
being at a voltage different from the voltage on the first

electrical conductor.
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the cathode, thgrg,bgi B §28EScifid NRehBEPE &8¥pdYed on the tube near
the ends of the tube and integral with the tube and made from
a material homogeneous with the material of the tube.

8. The apparatus of claim 6, further includes:

means disposed in co-operative relationship with the '
support means and the resilient element for maintaining the
support means and the resilient element in fixed position
relative to the tube, and

a palr of dielectric members dlsposed on the tube near-
the ends of the tube and integral with the tube and made from
a material homogeneous with the material of the tube.

9. Apparatus for use in a laser, said apparatus comprising:
a tube made from a dielectric material constituting a
polycrystalline aluminum oxide ceramic with traces of other
metallic elements than aluminum, the aluminum oxide having a
purity greater than ninety nine percent (99%) in the

dielectric material,
a first electrical conductor disposed Wluhln the tube and

defining a first capacitor plate,
a second electrical conductor d;sposed ocn the external '
surface of the tube and defining a second capacitor plate, and
means for introducing a voltage between the first and
second capacitor plates to'produce radiation emitted by a:
corona discharge from the surface of the tube without any
penetration of the corona discharge into the tube.

10. Apparatus as set forth in claim 9, further includes:

dielectric members disposed on the tube near the opposi;e
ends of the tube and integral with the tube and having
properties homogeheous with those of the tube.

11. Apparatus as set forth in claim 10, wherein:
the dielectric members are made from the same material

as the material of the tube.

12. Apparatus as set forth in claim 10, further including:
R
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gases in the cavity for ionization upon an electrical

discharge between the anode and the cathode, and wherein
'tbe radiation emitted by the corona discharge from the
tube extending into the cavity to pre-ionize the gases in the

cavity.

13. Apparatus for use in a laser, and comprising:
a first tube made from a dielectric material having high
dielectric properties,

' a first pair of bushlngs each ‘made from a dielectric
material homogeneous with the dielectric material of the first
tube and disposed on the £irst tube near an individual end of
the tube and integral with the external surface of the tube,

first electrically conductive means disposed within the
first tube and defining a first plate of a first capacitor,

second electrically conductive means disposed on the
second tube externally of the first tube and defining a second
plate of the first capacitor,

a second tube made from the same material as the flrst
tube and spaced in a first direction from the first tube,

a second pair of bushings corresponding to the first pair
of bushings and disposed on-"the second tube near an individual _

- end of the second tube and integral with the second tube,

third electrically conductive means disposed within the
second tube and defining a first plate of a second capacitor,

fourth electrically conductive means disposed on the
second tube externally of the second tube and defining a
second plate of the second capacitor, '

means defining a cavity for holding the laser,

an anode in the cavity, :

a cathode disposed in the cavity and spaced in a first
direction from the anode,

there being in the cavity gases ionized by an electrical
discharge between the anode and the cathade,

the first and second tubes being spaced from each other

) W) 0
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el ectrical conductor disposed within the tube and defining a first
capaci t or pimtae,second detection transverse to the first direction and

being disposed relative to the gases in the cavity for pre-
ionizing the gases in the cavity in accordance with radiation
emitted by the corona discharges from the external peripheries

n

of the tubes.

14. Apparatus as set forth in claim 13, wherein:
the means defining the cavity extends in a third
direction transverse to the first and second directions, and
the first and second tubes and the anode and the cathode

extends in the third direction.

15. Apparatus as set forth in claim 13, wherein:

each of the second and fourth electrically conductive
means includes a resilieqt element disposed to contact the
associated one of the first and second tubes in a line on the

tube in the third direction.

16. Apparatus as set forth in claim 13, further includes:
means disposed on the first tube near the opposite ends
of the first tube for engaging the first tube at a pair of
spaced positions'around the tube in an annular direction for
co-operating with the second electrically conductive means in
fixedly positioning the first tube, and '
means disposed on the second tube near the opposite ends
of the second tube for engaging the second tube at a pair of
spaced positions around the tube in an annular direction for
co-oéerating with the fourth electrically conductive means in

fixedly positioning the second tube.

17. Apparatus as set forth in claim 16, wherein:

each of the second and fourth electrically conductive
means includes a resilient element disposed to contact the
associated one of the first and second tubes at a line on such
tube, and further including:

means disposed in a locking relationship with the
engaging means for the first tube for locking such engaging
means in a fixed position when the engaging means has a
particular relationship with the second conductive means, and

-
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18. Apparatus for use in a laser,
a first tube made from a pelycrystalline aluminum oxide

ceramic with a 99.9% purity and with traces of other metallic
elements than aluminum, ’

a second tube made from a polycrystalline aluminum oxide
ceramic with a 99.9% purity and with traces of other metallic

elements than aluminum,
means associated with the first tube for produc;nq a

corona discharge from such tube,
means associated w1th_the second tube for producinq a
corona discharge from such tube,
' means defining a cavity for the laser,
an anode in the cavity, and
a. cathode disposed in the cavity and displaced from the
anode in a first direction,
there being gases in the cavity for ionization and
chemical reaction upon an electrical dlscharge between the
first and second electrodes, )
the first and second tubes being spaced from each other
in a second direction transverse to the first direction to
produce the corona discharges in the cavity for a pre-
ionization of the gases in the cavity'by radiation emitted
from the corona discharges and for chemical reaction of the

gases in the cavity.

19. Apparatus as set forth in claim 18, further including:

- first bushing means integral with the external surface
of the first tube hear the opposite ends of the first tube and
made from the same material as the first tube, and

second bushing means integral with the external surface
of the second tube near the opposite ends of the second tube
and made from the same material as the second tube.

20. Apparatus as set forth in claim 18, wherein:

* [ L L} S *
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and disposed to engage the external surface of the first tube
at a line on such surface, and '

the corona discharge means for the second tube includes
a second eiectrically conductive resilient element constructed
and disposed to engage the external surface of the second tube

at a line on such surface.

21. Apparatus as set forth in claim 20, further includes:

means associated with the first electrically conductive
resilient element for establishing a three line contact,
including the contact of the first resilient element, to
position the first tube in a particular relationship to the
anode and the cathode, and,

means associated with the second eléctrically conductive
resilient element for establishing a three line contact,
including the contact of the second resilient element, to
position the second tube in a particular relationship to the
anode and the cathode. '

22. Apparatus comprising:

means for defining a cavity for a laser,

an anode in the laser,

a cathode'space§ in the cavity from the anode in a first
direction,

| there being gases in the cavity,

means for energizing the anode and the cathode to produce
an electrical discharge between the anode and the cathode and
to produce an ionization and chemical reaction of the gases
"in the cavity in accordance with such electrical discharge,

a first tube disposed in the cavity and made from a
dielectric material,

a first electrical conductor disposed in the first tube,

a first resilient electrically conductive member disposed
externally to the first tube in line engagement with the first
tube,

first means associated with the first tube and the first
resilient electrically conductive member for establishing an

e
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the first tube,

a second tube displaced in the cavity and spaced from the
first tube in a second direction substantially perpendicular
to the first direction and made from the dielectric material,

a second electrically conductive member disposed in the
second tube,

a second resilient electrically conductive member
disposed externally to the second tube in line engagement with
the second tube,

second means associated with the second tube and the
second electrically conductive member for establishing an
engagement between the second res;l;ent conductive member and
the second tube, and

means for -introducing a voltage between the first
electrical conductor and the first resilient electrically
conductive member and between the second electrical conductor
and the second resilient electrically conductive member to
produce a corona discharge from the external surfaces of the
first and second tubes for pre-ionizing the gas in the cavity.

23. Apparatus as set forth in claim 22, further includes:

first bushings integral with the external surface of the
first tube near the ends of the first tube and made from a
material homogeneous with the material of the first tube, and
second bushings integral with the external surface of the
second tube 'near the ends of the second tube and made from the
same material as the first bushings.

24. Apparatus as set forth in claim 23, wherein:
the first and second tubes are made from a 99.9% pure
polycrystalline aluminum oxide with traces of other metallic

elements than aluminum, and
the first and second bushings being made from the same

material as the tubes.

25. Apparatus as set forth in claim 24, wherein:
the anode and the cathode and the first and second tubes:
and the first and second electrical conductors and the first

[
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a thlrd direction substantially pqrpendlcular to the flrst and

second directions.

26. Apparatus comprising:

a housing, _

a tube disposed in the housing and made from a material
having a high dielectric constant,

a first electrical conductor disposed in the tube and

connected to the housing,

a bushing made from a material having a high dielectric
constant and having properties homogeneous to the tube,'the
bushing being integral with the external surface of the tube
near one end of the tube,

a second electrical conductor disposed on the external
surface of the tube at a position further removed from the

housing than the bushing,
means for retaining the second electrical conductor in

a fixed position on the housing, and
means for producing a voltage difference between the

. £first and second electrical conductors to produce a corona
discharge from the tube.

27. Apparatus as set forth in claim 26, wherein:
the tube and the bushing being made from <the same

material.

28. Apparatus as set forth in claim 27, wherein:
' the second electrical conductor includes a resilient
member, and
the retaining means cooperates with the resilient member
to provide a three (3)-line contact against the external

surface of the tube.

29. Apparaﬁus as set forth in claim.zs, wherein:

the tube is made from a dielectric material constituting
a polycrystalline aluminum oxide ceramic with traces of other
metallic elements than aluminum, the aluminum oxide having a
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30. Apparatus as set forth in claim 29, wherein:
the second electrical conductor constitutes a resilient

element,

the retaining means includes a positioning member shaped
to engage the external surface of the tube and to co-operate
with the resilient element in establishing a three (3)-line
contact with the tube, :
' the positioning member on the retaining means has a
detent, and

electrically conductive means has a detent co¥opera£ive
with the positioning member on the retaining means to position
the positioning member in the relationship with the tube and
the resilient element to establish the three-line contact.

31. Apparatus for use in a laser and comprising:

a cathode, '

an anode disposed in spaced relationship to the cathode
in a first direcﬁion, |

a first tube made from a dielectric material,

a second tube made from the dielectric material and-

spaced from the first tube in a second direction transverse
to the first direction, :

a first electrical conductor disposed in the first tube,

a second electrical conductor disposed in the second
tube, _ '

a first resilient element disposed on the first tube,

a second resilient element disposed on the second tube,

the first and second resilient elements being
electrically conductive, o

first means disposed on the first tube and co-operative
with the first resilient element to establish a three (3)~line
contact with ‘the first tube in cooperation with the first
resilient element,

second means disposed in the second tube and cooperative
with the second resilient element to establish a three (3)-
line contact with the second tube in cooperation with the

13.
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of *the*first tube for engaglng the first9 tube at a pair of spaced positions

around the tube in an_annul ar direction for co-

el ectri cal $§ceBAdresilienkplenent,

operating with the second

third means disposed relative to the first means for
establishing a detent relationship with the first means tc
provide the three (3)~line contact against the first tube ir
cooperation with the first resilient element, and

fourth means disposed relative to the second means for
establishing a detent relationship with the second means tc
provide the three (3)-line contact against the second tube in
cooperation with the second resilient element.

32. Apparatus as set forth in claim 31, wherein:

the first, second, third and fourth
electrically conductive and the third means provides an
electrical conductivity with the first means and the first
resilient element and'the.fourth means provides an electrical
conductivity with the second .means and the second resilient

means are

element.

33. Apparatus as set forth in claim 31, further includes:

a first pair of bushings disposed on the first tube near
the ends of the first tube and integral with the first tube
and made from a material having substantially the same
properties as the first tube, and

a2 second pair of bushings disposed on the second tube
near the ends of the second tube and integral with the second
tube and made from a material having substantially the same

properties -as the second tube.

34. Apparatus as set forth in claim 32, further includes:
a first pair of bushings made from the same material as
the first tube near the opposite ends of the first tube and
disposed on the first tube and integral with the first tube,
a second pair of bushings made from the same material as
the second tube and disposed on the second tube near the
opposite ends of the second tube and fused to the second tube,
a housing made from an electrically conductive material,
the first and second tubes and the anode and the cathode
being disposed in the housing, and
the first and second electrical conductors extending to

I
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tube for
a tube made from a dielectric material and having

properties to support a capacitive corona discharge without
dielectric breakdown and having a laser cavity,

a first electrical conductor disposed in the tube and

- extending along the length of the tube to define a first plate
of a capacitor, .

the tube serving as the dielectric of the capacitor,

a resilient element made from an electrically conductive
material and disposed in the tube and engaging the tube along
substantially the length of the tube to provide a line contact
with the tube and to define a second plate of the capacitor,

means disposed along the length of the tube for
cooperating with the resilient element in providing support
for the tube to maintain the tube in a fixed position in
engagement with the resilient element.

means for introducing a voltage between <the. first
electrical conductor and the resilient element to produce
radiation emitted by a .corena dischéfge from the outer surface
of the tube, |

there being gases in the laser cavity,

the tube being disposed relative to the laser cavity to
introduce the radiation emitted by the corona discharge into
the laser cavity for ionizing the gases in the laser cavity. .

36. Apparatus as set forth in.claim 35, wherein:

the support means for thé tube is shaped to provide
contacts on the periphery of the tube to provide a precise
positioning of the tube in cooperation with the line contact -
provided by the resilient element,

the resilient element is "electrically conductive -and.
being at a voltage different from the voltage on the first
electrical conductor.

37. Apparatus as set forth in claim 35, further includes:

a2 pair of dielectric members disposed on the tube near
the ends of the tube and integral with the tube and made from
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21

a material homogeneocus with the material of the tube.

38. Apparatus as set forth in claiﬁ 36, further includes:

means disposed in co-operative relationship with the
support means and the resilient element for maintaining the
support means and the resilient element in fixed pasition
relative to the tube, and )

a pair of dielectric members dxsposed on the tube near
the ends of the tube and integral with the tube and made from
a material homogeneous with the material of the tube.
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PRE-IONIZER FOR A LASER

An anode (14) and a cathode (16) in a laser (10) are spaced in a first direction. A
voltage difference between these members produces an electrical discharge which

ionizes gases (18) in the laser (10) to react chemically and produce coherent

radiation. First and second tubes (22) made from a dielectric material are spaced in

the laser (10) in a second direction transverse (preferably perpendicular) to the first
direction. The anode (14), the cathode (16) and the tubes (22) extend through the
laser (10) in a direction transverse (preferably perpendicular) to the first and second
directions. The tubes (22) are preferably at least a 99.9% pure polycrystalline
aluminum oxide ceramic with traces of other metallic elements than aluminum.
Bushings (24) made from a material homogenous (preferably identical) to the tube
material are integral with the tube (22) near the opposité tube ends. First electrical
conductors (30) extend through the tubes (22). Second electrical conductors (32)
preferably resilient) contact (preferably line contact) the external tube surfaces to
define capacitors with the first conductors (30) and the tube material. Positioning

members (36) movably engage the tube external surfaces near the tube ends in co-

operation with the resilient mémbers establishing three (3) . line contacts with the
tubes (Zi) "fc.)r positioning the tubes (22) precisely in the cavity (1). When a voltage
pulse is applied between the first conductor (30) inside each tube (22) and the
conductors (32) on such tube (22), the resultant corona discharge from the external
tube surface prodﬁces ultraviolet light which pre-ionizes the gases (18) in the cavity
(12). This facilitates the ionization of the gases (18) in the cavity (12) when an
anode (14) cathode (16) electrical discharge is produced.
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an anode in the cavity, and 17 a cat hode disposed in rhp cavity_and

displaced fromthe anode in a first direction, there be é éﬁQET
cavity for ionization and chem cal reaction upon an ele trlc ﬁE
between the first and second el ectrodes, the first and esaL b@&

spaced firom each other in a second dlrectlon transverse

direction to produce the corona di schirges in the cavity for a
pre-ionization of the gases in the cavity by radiation emtted fromthe

corona 1. Apparatus for use in a laser, comprising:

a tube constructed from a dielectric material having
properties to support- a capacitive corona discharge without
dielectric breakdown,

means disposed within the tube to define a first capacitor
plate,

means disposed outside of the tube in engagement with the
tube for defining a second capacitor plate,

bushings disposed near the end of the tube and integral with
the tube, and

means for introducing a voltage between the means defining
the first and second capacitor plates to charge the capacitor and
obtain a corona discharge from the corona discharge from the
tube.

2. The apparatus of claim 1, further including:

an anode in the laser,

a cathode in the laser,

a. cavity including the anode and the cathode

a gas in the cavity,

the radiation emitted by the corona discharge occurring in
the space in the cavity between the anode and the cathode to
facilitate the ionization of the gas in the cavity when there is
an electrical discharge between the anode and the cathode.

3. The apparatus of claim 1, wherein: :

the means’ defining the second capacitor plate includes a
resilient element disposed against the exterior of the tube and
extends along the tube and defining a line contact with the tube.

4. The apparatus of claim 3, further including:

means disposed in co-operative relationship with the
resilient element for holding the -tube in fixed relationship
along the length of the tube.
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breakdown,

a first electrical conductor disposed in the tube and
extending along the length of the tube to define a first plate
of a capacitor,

the tube serving as the dielectric of the capacitor,

a resilient element made from an electrically conductive
material and disposed externally of the tube and engaging the
tube along substantially the length of the tube to provide a line
contact with the tube and to define a second plate of the
capacitor,

means disposed along the length of the tube for co-operating
with the resilient element in providing a support for the tube
at a plurality of positions around the periphery of the tube to
maintain the tube in a particular relationship in engagement with
the resilient element, '

means for introducing a voltage between the first electrical
conductor and the resilient element to produce radiation emitted
by a corona discharge from the outer surface of the tube,

-an anode,

a cathode, _ _
- means defining a laser cavity enclosing the anode and the
cathode, ’

there being gases in the laser cavity, _

the tube being disposed relative to the laser cavity to
introduce the radiation emitted by corona discharge into the
laser cavity for ionizing the gases in the laser cavity.

6. In combination for use in a laser,
a tube made from a dielectric material and having properties
to support a capacitive corona discharge without dielectric

breakdown,
a first electrical conductor disposed in the tube andé

extending along the length of the tube to define a first plate

of a capacitor,
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the tube serving as the dielectric of the capacitor,

a resilient element made from an electrically conductive
material and disposed externally of the tube and engaging the
tube along substantially the tube to provide a line contact with
the tube and to define a second plate of the capacitor,

means disposed along the length of the tube for co-operating
with the resilient element in providing support for the tube to
maintain the tube in a fixed position in engagement with the
resilient element,

means for introducing a voltage between the first electrical
conductor and the resilient element to produce radiation emitted
by a corona discharge from the outer surface of the tube,.

an anode,

a cathode,

means defining a laser cavity enclosing the anode and the

cathode,

there being gases in the laser cavity,

the tube being disposed relative to the laser cavity to
introduce the radiation emitted by corona discharge into the
laser cavity for ionizing the gases in the laser cavity,

the support means for the tube being shaped to provide
contacts on the periphery of the tube to provide a precise
positioning of the tube in cooperation with the line contact
provided by the resilient element, ' .

the resilient element being electrically conductive and
being at a voltage different from the wvoltage on the first
electrical conductor.

7. In combination for use in a laser,

a tube made from a dielectric material and having properties
to support a capacitive corona discharge without dielectric
breakdown, T

a first electrical conductor disposed in the tube and
extending along the length of the tube to define a first plate
of a capacitor, . '

the tube serving as the dielectric of the capacitor,

|

contact, including the contact of the first resilient elenent, to position
tthe first tube in a particular relationship to the angde—and-=th

and nmeans associated with the second electrically confliRERLDACEMENT SHEET
el ement for establishing a three line contact, inc|uding thﬁ %qg“pqﬁﬂof
second resilient element, to position the second nindparti-c
relationship to the anode and the cat hode. 20. Apparat .
for defining a cavity for a |laser, an anode in the |laser, a cathode spaced
in the cavity fromthe anode in a first direction



there being gases in the cavity, means for energizing t
cat hode to produce an el ectrical discharge between the
cat hode and to produce an ionization and chem cal reacti
the cavity in accordance with such electrical discharge,
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di sposed in the cavity and nade froma xb el ectric materi
el ectrical conductor disposed in the first

a resilient element made from an electrically conductive
material and disposed externally of the tube and engaging the
tube along substantially the tube to provide a line contact with
the tube and to define a second plate of the capacitor,

means disposed along the length of the tube for co-operating
with the resilient element in providing support for the tube to
maintain the tube in a fixed position in engagement with the
resilient element, '

means for introducing a voltage between the first electrical
conductor and the resilient element to produce radiation emitted
by a corona discharge from the outer surface of the tube,

an anode, |

a cathode,

means defining a laser cavity enclosing the anode and the
cathode, '

there being gases in the laser cavity,

the tube being disposed relative to the laser cavity to
introduce the radiation emitted by corona discharge into the
laser cavity for ionizing the gases in the laser cavity, a pair
of dielectric members disposed on the tube near the ends of the
tube and integral with the tube and made from a material
homogeneous with the material of the tube.

8. The apparatus of claim 6, further including:

means disposed in co-operative relationship with the support
means and the resilient element for maintaining the support means
and the resilient element in fixed position relative to the tube,
and

a pair of dielectric members disposed on the tube near the
ends of the tube and integral with the tube and made from a
material homogeneous with the material of the tube.

9. Apparatus for use in a laser, said apparatus comprising:

a tube made from a dielectric material constituting a
polycrystalline aluminum oxide ceramic with traces of other
metallic elements than aluminum, the aluminum oxide having a
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resilient conductive nmenber and the fi#3t tube, a second tube di splaced In
the cavity and spaced fromthe first tube in a second direction
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dielectric ma ggag a second electrically conductive nmenber disposed in

a first electrical conductor disposed within the tube and
' defining a first capacitor plate,

a second electrical conductor disposed on the external
surface of the tube and defining a second capacitor plate, and-

means for introducing a voltage between the first and second
capacitor plates to produce radiation emitted by a corona
discharge from the surface of the tube without any penetration
of the corona discharge into the tube. ’

10. Apparatus as set forth in claim 9, further inciuding:

dielectric members disposed on the tube near the opposite
ends of the tube and integral with the tube and having properties
homogeneous with those of the tube.

11. Apparatus as set forth in claim 10; wherein:
the dielectric members are made from the same material as
the material of the tube.

12. Apparatus as set forth in claim 10, further including:

means defining a cavity for holding the laser,
an anode in the cavity,

a cathode in the cavity in a spaced relationship with the
anode, and '

gases in the cavity for ionization upon an electrical
discharge between the anode and the cathode, and wherein

the radiation emitted by the corona discharge from the tube
extending into the cavity to pre-ionize the gases in the cavity.

13. Apparatus for use in a laser, comprising:

a first tube made from a dielectric material having high
dielectric properties, |

a first pair of bushings each made from a dielectric
material homogeneous with the dielectric material of the first
tube and disposed on the first tube near an individual end of the
tube and integral with the external surface of the tube,
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t he second tube, a secon i ' i ally.ConduqtﬁEﬁLN@gMENTS“@@pTEd
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second nmeans associated wit be and the sgqnausl-(HeNUNi lF |
conductive menber for establ H genent bet weka=the
resilient conductive nenber t ube, and neans for introducing

a voltage between the first electrical conductor and the first resilient

el ectrically conductive nenber and between the second el ectrical conductor
and the second resilient electrically conductive nenber to produce a corona
di scharge fromthe external surfaces of ighe

first electrically conductive means disposed within the
first tube and defining a first plate of a first capacitor,

second electrically conductive means disposed on the first
tube externally of the first tube and defining a second plate of
the first capacitor, ' '

a second tube made from the same material as the first tube
and spaced in a first direction from the first tdbe,

a second pair of bushings corresponding to the first pair
of bushings and disposed on the second tube near an individual
end of the second tube and integral with the second tube,

third electrically conductive means disposed within the
second tube and defining a first plate of a second capacitor,

fourth electrically conductive means disposed on the second
tube externally of the second tube and defining a second plate
of the second capacitor, '

means defining a cavity for holding thellaser,

an anode in the cavity,

a cathode disposed in the cavity and spaced in a first
direction from the anode, '

there being in the cavity gases ionized by an electrical
discharge between the anode.and the cathode,

‘the first and second tubes being spaced from each other in

a second direction transverse to the first direction and being

disposed relative to the gases in the cavity for pre-ionizing the

gases in the cavity in accordance with radiation emitted by the
'corona discharges from the external peripheries of the tubes.

14. Apparatus as set forth in claim 13, wherein:
the means defining the cavity extends in a third direction
transverse to the first and second directions, and:
~ the first and second tubes and the anode and the cathode

extend in the third direction.

15. Apparatus as set forth in claim 13, wherein:
each of the second and fourth electrically conductive means
includes a resilient element disposed to contact the associated

-
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first-'and second tubes for pre-ionizing the gas in the c
Apparatus as set forth iin claim?20, further includes: fi
integral with the 'HiHShEdﬁHhsB}.errli eedof the first tube ne

Pt ey
e or e
P&teerlf.g}fiﬂﬂ...&é...

first tube and nade honbgeneous wi.th th
first twube, and ngs integral with the
t he second tube near e en t he second tube and made from the sane

material as the first bushlngs.
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one of the first and second tubes in a line on the tube in the
third direction.

16. Apparatus as set forth in claim 13, further including:

means disposed on the first tube near the opposite ends of
the first tube for engaging the first tube at a pair of spaced
positions around the tube in an annular direction for co-
operating with the second electrically conductive means in
fixedly positioning the first tube, and '

means disposed on the second tube near the opposite ends of
the second tube for engaging'the second tube at a pair of spaced
positions around the tube in an annular direction for co-
operating with the fourth electrically conductive means in
fixedly positioning the second tube.
17. Apparatus as set forth in claim 16, wherein:

each of the second and fourth electrically conductive means
includes a resilient element disposed to contact the associated
one of the first and second tubes at a line on such tube, and
further including:

means disposed in a locking relationship with the engaging -
means for- -the first tube for locking such engaging means in a
fixed position when the engaging means has a particular
relationship with the second conductive means, and

means disposed in locking relationship with the engaging
means for the second tube for locking such engaging means in a
fixed position when the "engaging means has the particular
relationship with the fourth electrically conductive means.

18. Apparatus for use in a laser, comprising:

a first tube made from a polycrystalline aluminum oxide
ceramic with a 99.9% purity and with traces of other metallic
elements than aluminum,

a second tube made from a polycrystalline aluminum oxide
ceramic with a 99.9% purity and with traces of other metallic
elements than aluminum, | '
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22. Apparatus as set forth in claim?21, wherein: the fitst—an

are made froma 99 9% pure pol ycrystalline aluninumo mEPWACEMENmﬁﬂiﬁﬁ

ot her nmetal lic el enmisShect HasBeer m and the first f@ggh! '
m@m et ert

bei ng made fromthe i s the tubes. 23.
in claim22, wherein t he cat hode and th
secon

tubes and the first el ectrical _.conductors and the first and
second resilient electrically conductive nbers and the first.and second
engagi ng neans are disposed in the cavity in a third direction

substantially perpendi Cubhédnd AsBei1hted vl tHRCEILsE £86L | AUXS producing
a corona discharge from such tube,

means associated with the second tube for producing
a corona discharge from such tube,

means defining a cavity for the laser,

an anode in the cavity,

a cathode disposed in the cavity and displaced from
the anode in a first direction, there being gases in the
cavity for ionization and chemical reaction upon an electrical
discharge between the first and second electrodes, the first
and second tubes being spaced from each other in a second
airection transverse to the first direction to produce the
corona discharges in the cavity for a pre-ionization of the
gases in the cavity by radiation emitted from the corona
discharges and for chemical reaction of the gases in the
cavity,

first bushing means integral with the external
surface of the first tube near the opposite ends of the first
tube and made from the same material as the first tube, and

second bushing means integral with the external
surface of the second tube near the opposite ends of the
second tube and made from the same material as the second
tube. '

19. Apparatus for use in a laser,

- a first tube made from a polycrystalline aluminum
oxide ceramic with a 99.9% purity and with traces of other
metallic elements than aluminum, o

a second tube made from a-polycrystalline aluminum
oxide ceramic with a'99.9% purity and with traces of other
metallic elements than aluminum,

{ TWeans assoc1ated with the flrst tube for producing
a corona discharge from such tube,

means associated with the second tube for producing
a corona discharge from such tube,

means defining a cavity for the laSer,

an anode in the cavity, and
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24. Apparatus COﬁﬁF#SFHg—ﬁ&4mm£H4%} a tube disposed i

hade from a rrater

conduct or dlspose
froma materi al

honbgeneous to the
surface of the tube near
di sposed on the external

from the housing than bheabsdd R sposed in the cavity and displaced from

the anode in a first direction, there being gases in. the
cavity for ionization and chemical reaction upon an electrical
discharge between the first and second electrodes, the first
and second tubes being spaced from each other in a second
direction transverse to the first direction to produce the
corona discharges in the cavity for a pre-ionization of the
gases in the cavity by radiation emitted from the corona
discharges and for chemical reaction of the gases in the
cavity, wherein:

the corona discharge means for the first tube
includes a first glectrically conductive resilient element
constructed and disposed to engage the external surface of the
rirst tube at a line on such surface, and

the corona discharge means for the second tube
includes a second electrically conductive resilient element
constructed and disposed to engage the external surface of the

second tube at a line on such surface.

20. Apparatus as set forth in claim 19, further includes:
with the first electrically
cdnductive resilient element for establishing a three line
contact, including the contact of the first resilient element,
to position the first tube in a particular relationship to the
anode and the cathode, and , '
means associated with the second electrically
conductive resilient element for establishing a three line
contact,

means associated

including the- contact of the second resilient
second tube
relationship to the anode and the cathode.

element, to position the

in a particular

21. Apparatus comprising:

means for defining a cavity for a laser,

an anode in the laser,

a cathode spaced.in the cavity from the anode in a
first direction,

there being gases in the cavity,

means for energizing the anode and the cathode to
produce an electrical discharge between the anode and the

- —

) O N DA

L shiaviLD gh, diel ectric constant REPLACEME&WQ#E@&CH
8iconnected to the hdpsing nfde
Iﬂnm @RHI ectric constant .and h@emeng % Mes
I ng bEqu I ntegral w
one end of the t a second el ectrical conductor
surface of the tube at a position further renoved



means' for retaini ng the secomd—etectrical conductor i
t he housi ng, ﬂbﬁﬁbaﬁ&mb&m7¥M&WCinga voltage differ

and second el ect rs to produce a corona
tube. 25. Appar
bushi ng bei ng made trom

th in claim24, wherein:
claim 25, wherein: the second el ectrical conductor includes a resilient

ﬁEﬁBﬂﬁﬂWEﬁ?b&
nce betwee
' D e

me materijgl. 26. Apparatus as set forth in

cathode and to produce an ionization and chemical reaction of
the gases in the cavity in accordance with such electrical
discharge, .

a first tube disposed in the cavity and made from
a dielectric material, '

a first electrical conductor disposed in the first
tube,

a first resilient electrically conductive member
disposed externally to the first tube in line engagement with
the first tube,

first means associated with the first tube and the
first resilient electrically conductive member for
establishing an engagement between the first resilient
conductive member and the first tube,

a second tube displaced in the cavity and spaced
from the first tube in a second direction substantially
pérpendicular to the first direction and made from the
dielectric material,

a second electrically conductive member disposed in
the second tube, _

a second resilient electrically conductive member
disposed externally to the second tube in line engagement with
the second tube, -

second means associated with the second tube and the
second electrically conductive member for establishing an
engagement between the second resilient conductive member and
the second tube, and ' '

" means for introducing a voltage between the first
electrical conductor and the first resilient electrically
conductive member and between the second electrical conductor
énd the second resilient electrically conductive member to
produce a corona discharge from the external surfaces of the
first and second tubes for pre-ionizing the gas in the cavity.

22. Apparatus as set forth in claim 21, further includes:

- first bushings integral with the external surface
of the first tube near the ends of the first tube and made
from a material homogeneous with the material of the first

(I IIIIIJ A

tube, and




menber, and the_LﬁLaLﬂLﬂg;QE?ﬂgrfOoperates with the r
provi de a thre§§&3 -line conta agai nst the external
27. Apparat us edn Replaced ai m 24, wherein: the
dielectric natejd I ng a polycrystalline al
with traces of el enents_ than al umi num the al uni num oxi de
having a purity greater t I nety e percent (99% in the dielectric
material. 2a. Apparatus as set forth in claim27, wherein: the second

el ectrical conductor constitutes a,resilient elene t,
second bushings integral 'with the external surface

of the second tube near the -ends of the second tube and made
from the same material as the first bushings.

23. Apparatus as set forth in claim 22, wherein:

the first and second tubes. are made from a 99.9%
pure polycrystalline aluminum oxide with traces of other
metallic elements than aluminum, and

the first and second bushings being made from the
same material as the tubes.

24, Apparatus as set forth in claim 23, wherein:

the anode and the cathode and the first and second
tubes and the first and second electrical conductors and the
first and second resilient electrically conductive members and
the first.and second engaging means are disposed in the cavity
in a third direction substantially perpendicular to the first
and second directions.

25. Apparatus comprising:

a housing,

a tube disposed in the housing and made from a
material having a high dielectric constant,

a first electrical conductor disposed in the tube
and connected to the hou51ng,

a bushing made from a mater1a1 hav1ng a high
dielectric constant and having properties homogeneous to the
tube, the bushing being integral with the external surface of
the tube near one end of the tube,

a second electrical conductor disposed on the
external surface of the tube at a position further removed
from the housing than the bushing,

means for retaining the second electr1cal conductor
in a fixed position on the housing, and _

‘means for producing a voltage difference between the
first and second electrical conductors to produce a corona
discharge from the tube. -

26. Apparatus as set forth in claim 25, wherein:

‘A 0 O



t he reta|n|ng—ﬂeaﬂs—+ﬂe¥ﬂdes—a—p05|t|on|ng menber. shapec

‘ext er nal surfa s R 4ﬁ§ to co- operate wt
in establlshlng ne contact with the tyb
menber on the re Ihas a detent, and el egtDgdcall

means has a dete ve wi th jghe p05|t|on| 2 els
retaining neans to p05|t|on the positioning nmenber in the relafi©
the tube and the resilient el enment to establish the three-Iine contact 29.

Apparatus for use inggel 886 ﬂwtﬁemﬁhﬁiﬁ@ bélﬁ@tmﬁe from the same
material.

27. Apparatus as set forth in claim 26, wherein:
" the second electrical conductor includes a resilient
member, and _
the retaining means cooperates with the resilient
member to provide a three (3)-line contact against the
external surface of the tube. '

28. Apparatus as set forth in claim 25, wherein:

the tube is made from a dielectric material
constituting a polycrystalline aluminum oxide ceramic with
traces of other metallic elements than aluminum, the aluminum
oxide having a purity greater than ninety nine percent (99%)
in the dielectric material.

29. Apparatus as set forth in claim 28, wherein:
the second electrical conductor constitutes a
resilient element,
| the retaining means includes a positioning member
shaped to engage the external surface of the tube and to co-
operate with the resilient element in establishing a three
(3)~line contact with the tube, "
the positioning member on the retaining means has
a detent, and ' ' '
electrically conduct1Ve means has a detent co-
operativé with the positioning member on the retaining means
to position the pbsitioning_member in the relationship with
~ the tube and the resilient element to establish the three-line
contact. -

30. Apparatus for use in a-laser and comprising:

a cathode, |
_ an anode disposed in spaced relationship to the
cathode in a first direction,

a first tube made from a-dielectric material,

a second tube made from the dielectric material an:
spaced from the first tube in a second direction transver.:
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an arode di Sposed i n spaced relatlonshlp to the cat
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direction, -a ThisSheetHa ¢dr om a di el ectric mater
fromthe dlele and spaced fromthe firjst tu Egpon.
direction trans E mt o the first direction, E?Wrgf ﬂ%gtVJCa

conductor disposed 1n the first tubtea second electrlcal conauct ot

dlsposed in the second

to the first direction,
a first electrical conductor disposed in the first

tube, _

a second electrical conductor disposed in the éecond
tube,

a first resilient element disposed on the first
tube, _

a second resilient element disposed on the second
tube,

the first and second resilient elements being
electrically conductive,

f:Lrst means disposed on the first tube and co-
operatlve with the first resilient element to establish a
three (3)-line contact with the first tube in cooperatlon with
the first resilient element,

second means disposed in the second tube and
cooperative with the second resilient element to establish a
three (3)-line contact with the second tube in cooperation
with the second resilient element, .

third means disposed relative to the first means for
establishing a detent relationship with the first means to
provide the three (3)-line contact against the first tube in
cooperation with the first resilient element, and o

fourth means disposed relative to the second means
for establishing a detent relationship with the second means
to provide the three (3)-line contact against the second tube
in cooperation with the second resilient element.

31. Apparaﬁus as set forth in claim 30, wherein:

_ the first, sécond, third and fourth means are
electrically"conductive and the third means provides  an
electrical conductivity with the first wmeans and the first
resilient element and the fourth means provides an electrical
conductivity with the second means and the second resilient
elenment.

32. Apparatus as set forth in claim 30, further includes:
' a first pair of bushings disposed on the first tube
near the ends of the first tube and integral with the first

made
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tube,” a first resttient—etenent—di sposed on the firs ; e oneer |
resilient eIenqum@m§gg§ggqui&Q@ second tube, the f

resilient el enent ically conductive, fi
the first tube an
establ ish a three act withothe first tu ooperation with

e with the first FESI|I@ﬁgE@
the first resilient elenment, second neans disposed in the second tube and
cooperative with the second resilient elenent to establish a :

tube and made from a material. having substantially the same
properties.as the first tube, and '

a second pair of bushings disposed on the second
tube near the ends of the second tube and integral with the
second tube and made from a material having substantially the
same properties as the second tube.

33. Apparatus as set forth in claim 31, further includes:

a first pair of bushings made from the same material
as the first tube near the opposite ends of the first tube and
disposed on the first tube and integral with the first tube,

a second pair of bushings made from the same
material as the second tube.and disposed on the second tube
near the opposite ends of the second tube and fused to the
second tube,

a housing made, from an electrically conductive
material,

the first and second tubes and the anode and the
cathode being disposed in the housing, and

the first and second electrical conductors extending
to the housing and being connected to the housing.

34. Apparatus for use in a laser, the apparatus comprising:
| a tube made from a dielectric material and having
'propertles to support a capacitive corona discharge without
dielectric breakdown and having a laser cavity,
' a first electrical conductor disposed in the tube
.and extending along the length-of the tube to define a first
plate of a capacitor, ;
the tube serving as the dielectric of the capacitor,
a vresilient element made from an electrically
conductive material and disposed in the tube and engaging the
tube along substantially the length of the tube to provide a
line contact with the tube and to define a second plate of the
capacitor, _
' means'disposed along the length of the tube for
cooperating with the resilient element in providing support
for the tube to maintain the tube in a fixed position in
engagement with the resilient element.
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t hree (3)-I|ne cenl ct with the second tube in cooperation mnth the second
resilient el enment th|rd neans I'sSposed relative to thg - -

establ i shing a de tgd With the first meang
three (3)-line con e first tube in coope
resili-ent el enent, ns di sposed rel ative

for establishing a detent rela lonship with the second
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~three (3)-line contact against the second tube in cooperation mnth the

second resilient elenent. 30. Apparata as set forth in claim 29, wherein:

the first, second, third and fourth nmeans are electrically conductive and
the third neans provhggﬁs

APor introduéiﬁﬁ a voltage between the first
electrical. conductor and the resilient element to produce
radiation emitted by a corona discharge from the outer surface
of the tube, . '

there being gases in the laser cavity,

the tube being disposed'relative to the laser cavity
to introduce the radiation emitted by thé corona discharge
into the laser cavity for ionizing the gases in the laser
cavity.

35. Apparatus as set forth in claim 34, wherein:

the support means for the tube is shaped to provide
contacts on the periphery of the tube to provide a precise
positioning of the tube in cooperation with the line contact
'provided by the resilient element,

the resilient element is electrically conductive and
being at a voltage different from the voltage on the flrst
electrical conductor.

36. Apparatﬁs as set forth in claim 34, further includes:

a pair of dielectric members diéposed on the tube
near the ends of the tube and integral with the tube and made
from a material homogeneous with the material of the tube.

37. Apparatus as set forth in claim 35, further includes:

means disposed in co—operative relationship with the
support means and the resilient element for maintaining the
support means and the resilient element in fixed position
relative to the tube, and _

a pair of dielectric members disposed on the tube
near the ends of the tube and integral with the tube and made
from a material homogeneous with the material of the tube.

\
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electrical conductivity with the first neans and the first resilient

“el enent and the fourth neans provi des an electrical c getT VIt et
second neans and the second resilient elenent. 31. Ap aﬂﬁﬁkﬁpgﬂyﬁgﬁ%hg [t

in claim?29, further includes: a first pair of bushings di S 0, e ||
fi Fst tube near the ends of the first_tube and integr IDwai&ﬁgRT%?"

22 tube and nmade froma materi al haV|Hb substantial | y THe sane properties
as the first tube, and
purity greater than ninety nine percent (99%) in the dielectric

materxial,

a first electrical conductor disposed within the tube andg
defihing a first capacitor plate, _

a second electrical conductor disposed on the external
surface of the tube and defining a second capacitor plate,

means for introducing a voltage between the first and second
capacitor plates to produce radiation emitted by a corona
discharge from the surface of the tube without any penetration
of the corona discharge into the tube, and dielectric menbers

disposed on the tube néar_the opposite ends of the tube and
integral with the_tube and having properties homogenous with
those of the tube.

10. Apparatus as set forth in clainm 9;‘vhereih:
the dielectric members are made from the same material as
the material of the tube. :

11, Apparatus as set forth in claim 9, further including:

means defining a cavity for holding the laser,
an anode in the cavity,

a cathode in the cavity in a spaced relationship with the
anode, and

gases in the cavity for ionization upon an electrical
discharge between the anode and the cathode, and wherein

the radiation emitted by the corona discharge from the tube
extending into the cavity to pre-ionize the gases in the cavity.

12. Apparatus for use in a laser, comprising:

a first tube made from a dielectric material having high
dielectric properties,

a first pair of bushings each made from a dielectric
material homogeneous with the dielectric material of the first
tube and disposed on the first tube near an individual end of the
tube and intégral with the external surface of the tube,
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a second pair of bushings di sposed on the second tube near the ends of the
‘second tube and integral with the second tube and mpde—from—s—rer a

havi ng substantially the sanme properties as the sec QEPUAGEMEETSW& tus
as set forth in claim30, further includes: a first |pair gééeééhlngs ide
fremthe same material as the first tube near the oppaaid:e® Ro

first tube and disposed on the first tube and integr ube,
a second pair of bushings nade fromthel%ame material as the second tube
and di sposed on the second tube near the opposite ends of the second tube
and fused to theisstord dathelcad lyousimipdtdse fremandgbpsidd cabtyin the

CondUCtlvefirst tube and defining a first plate of a first capacitor,

second electrically conductive means disposed on the first
tube externally of the first tube and defining a second plate of
the first capacitor,

' a second tube made from the same material as the flrst tube
and spaced in a first direction from the first tube,

a second pair of bushlngs corresponding to the first pair
of bushings and disposed on the second tube near an individual
end of the second tube and integral with the second tube,

third electrically conductive means disposed within the
second tube and defining a first plate of a second capacitor,

fourth electrically conductive means disposed on the second
tube externally of the second tube and defining’a second plate
of the second capacitor,

means defining a cavity for holding the laser,

an anode in the cavity,

a cathode disposed in the cavity and spaced in a first
direction from the anode,

there being in the cavity gases ionized by an electrical
discharge between the anode and the cathodde,

the first and second tubes being spaced from each other in
a second direction transverse to the first direction and being
disposed relative to the gases in the cavity for pre-ionizing the
gases in the cavity in accordance with radiation emitted by the
corona discharges from the external peripheries of the tubes.

13. Apparatus as set forth in claim 12, wherein:

the means defining the cavity extends in a third direction
transverse to the first and second directions, and

the first and second tubes and the anode and the cathode

extend in the third direction.

14. Apparatus as set forth in claim 12, wherein:
each of the second and fourth electrically conductive means
includes a resilient element disposed to contact the associated

A




mat eri al ,

"di sposed in the housing, and the first and second el eq EeaACEM9ﬂﬂgp§§§ “

extending to the housing and being connected to the hq

for use in a laser, the apparatus conprising: a tube felatet®&Qln’s Wixee

material and having properties to support a capacitive
w t hout dielectric breakdown and having a | aser cavity,

a flrst electrlcal

conductor disposed in the tube and extasding along the length of the tube

to define a first plate of a capacitor

of the capacitor,

" elements than aluminum,

one of the first and second tubes in a line on the tube in the

third direction.

15. Apparatus as set forth in claim 12, further including:

means disposed on the first tube near the opposite ends of
the first tube for engaging the first tube at a pair of spaced
positions around the tube in an annular direction for co-
operating with the second electrically conductive means in
fixedly positioning the first tube, and

means disposed on the second tube near the opposite ends of
the second tube for engaging the second tube at a pair of spaced
positions around the tube in an annular direction for co-
operating with the fourth electrically conductive means in
fixedly'positioning the second tube.

16. Apparatus as set forth in claim'lS, wherein:

each of the second and fourth electrically conductive means
includes a resilient element disposed to. contact the associated
one of the first and second tubes at a line on such tube, and
further including:

means disposed in a locking relationship with the engaging
nmeans for-the first tube for locking such engaging means in a
fixed position when the engaging means has a particular
relationship with the second conductive means, and

means disposed in locking relationship with the  engaging
means for the second tube for locking such engaging means in a
fixed position when the engaging means has the particular
relationship with the fourth electrically conductive neans.

17; Apparatus for use in a laser, comprising:

' a first tube made from a polycrystalline aluminum oxide
ceramic with a 99.9% purity and with traces of other metallic
elements than aluminum,

a second tube made from a polycrystalline aluminum oxide
ceramic with a 99.9% purity and with traces of other metallic

NN

the tube serving as the dielectric



a resilient elenent nmade froman electrically conductive_material .and, __.
"di sposed in the tube and engagi ng the tube al ong substeunggﬂﬂgtEhng-4§%§g{1n
of the tube to prOV|de a line contact with the tube and‘to defi ne g secon
plate of the capacitor, nmeans disposed al ong the |engt hi Pard He. & NP "0
coeperating with the resilient el enent 34 n provi di ng supk

mai ntain the tube in a fixed position in engagenent with the resilient
el ement . 23

rneans associated with the first tube for producing
a corona discharge from such tube,

means associated with the second tube for producing
a corona discharge from such tube,

means defining a cavity for the laser,

an anode in the cavity, _ _

a cathode disposed in the cavity and displaced from

- the anode in a first direction, there being gases in the
cavity for ionization and chemical reaction upon an electrical
discharge between the first and second electrodes} the first
and second tubes being spaced from each other in a second
cirection transverse to the first direction to produce the
corona discharges in the cavity for a pre-ionization of the
gases in the cavity by radiation emitted from the corona
discharges and for chemical reaction of the gases in the
cavity,

_ first bushing means integral with the external
surface of the first tube near the opposite ends of the first
tube and made from the same material as the first tube, and

second bushing means integral with the external
surface of the second tube near the opposite ends of the
second tube and made from the same material as the second
tube. '

18.. Apparatus for use in a laser,

' a first tube made from a polycrystalline aluminum
oxide ceramic with a 99.9% purity and with traces of other
metallic elements than aluminum,

a second tube made from a-polycrystalline aluminum
oxide ceramic with a 99.9% purity and w1th traces of other
metalllc elements than aluminum, .

means associated with the first tube for producing
a corona discharge from such tube,

means associated with the second tube for producing
a corona discharge from such tube,

reans defining a cavity for the laser,

an anode in the cavity, and
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rrea'ns for introducing a voltage between the first elec
the resilient element to produce radiation enitted by i REBLQGENMmﬁqnﬁﬁge

fromthe outer surface of the tube, there being gases ln thegb p gﬂat
t he tube being disposed relative to the |aser cavity tp Detet:r. &Qg..{h

radiation emtted by the corona dischange into the Ia =t
i oni zing the gases i@ I:Q@hé&é%&s%egéa)’m ?Ane &D&t?téﬂﬁd @S.s§§£céd)rffrbn' n C' aim

33, wherei t he support neans f .tube is ed to_provi,de contacts

on the perﬂﬁﬁ% %¥£ ﬁ% puderch %ﬁG@F °8'pr F?e%%8§ﬁtSBEFﬁglﬂf fie tube

i n cooper atcamibyl fortimnizatdonomdchenical reaction upon an electrical
discharge between the first and second electrodes, the first

............

and second tubes being spaced from each other in a second
direction transverse to the first direction to produce the
corona discharges in the cavity for a pre-ionization of the
gases in the cavity by radiation emitted from the corona
discharges and for chemical reaction of the gadses in the
cavity, wherein:

the corona discharge means for the first tube
includes a first electrically conductive resilient element
constructed and disposed to éngage the external surface of the
rirst tube at a line on such surface, and

the corona discharge means for the second tube
includes a second electrically conductive resilient element
constructed and disposed to engage. the external surface of the
second tube at-a line on such surface. '

19. Apparatus as set forth in claim 18, further includes:

' means associated with the first electrically
conductive resilient element for establishing a three line
contact, including the contact of the first resilient elenment,
to position the first tube in a particular relationship to the
anode and the cathode, and _

- means associated with the second electrically
conductive resilient element for establishing a three line
contact, including the contact of the second resilient
element, to Iposition the second tube in a particular
relationship to the anode and the cathode.

20. Apparatus comprising:

means for defining a cavity for a laser,

an anode in the laser, _

a cathode spaced in the cavity from the anode in a
first direction, _

there being gases in the cavity,

means for energizing the anode and the cathode to
produce an electrical discharge between the anode and the
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provided by the resilient elenent, the resilient ele a«gﬁ¥§{é._ v Y
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the tube and integral with the tube apgl made from a nuaterial honpbgeneous
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and the resiilschargelenent in fixed position relative to.the tube, and

a first tube disposed in the cavity and made from

a dielectric material, _
- a first electrical conductor disposed in the first
tube,

a first resilient electrically conductive member
disposed externally to the first tube in line engagement with
the first tube,

first means associated with the first tube and the
first resilient electrically «conductive member for
establishing an engagement between the first resilient
conductive member and the first tube,

a second tube displaced in the cavity and spaced
from the first tube in a second direction substantially
perpendicular to the first direction and made from the
dielectric material,

a second electrically conductive member disposed in
the second tube,

a second resilient electrically conductive menmber
disposed externally to the second tube in line engagement with
the second tube,

second means associated with the second tube and the
second electrically conductive member for establishing an
engagement between the second resilient conductive member and
the second tﬁbe, and '

means for introducing a voltage between the first
electrical conductor and the first resilient electrically
conductive member and between the second electrical conductor
and the second resilient electrically conductive member to
produce'a corona discharge from the external surfaces of the
first and second tubes for pre-ionizing the gas in the cavity.

2}. Apparatus as set forth in claim .20, further includes:
first bushings integral with the external surface

of the first tube near the ends of the first tube and made

from a material homogeneous with the material of the first
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- second bushings integral with the external surface

of the second tube near the ends of the second tube and made
from the same material as the first bushings.

22. ppparatus as set forth in claim 21, wherein:

the first and second tubes are made from a 99.9%
pure polycrystalline aluminum oxide with traces of other
metallic elements than aluminum, and '

the first and second bushings being made from the
same material as the tubes.

23. Apparatus as set forth in claim 22, wherein:

the anode and the cathode and the first and second
tubes and the first and second electrical conductors and the
first and second resilient electrically conductive members and
the first.and second engaging means are disposed in the cavity
in a third direction substantially perpendicular to the first
and second directions.

24. aApparatus comprising:

a housing,

-a tube disposed in the housing and made from a
material having a high dielectric constant,

a first electrical conductor disposed in the tube
and connected to the housing, '

a bushing made from a material having a high
dielectric constant and having properties homogeneous to the
tube, the bushing being integral with the external surface of
the tube near one end of the tube,

a second electrical conductor disposed on the
external surface of the tube at a position further removed
from the housing than the bushing,

means for retaining the second electrical conductor
in a fixed position on the housing, and

means for producing a voltage difference between the
first and second electrical conductors to produce a corona
discharge from the tube.

25. Apparatus as set forth in claim 24, wherein:
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the tube and the bushing being - made from the same
material. ' :

26. Apparatus as set forth in claim 25, wherein:

the second electrical conductor includes a resilient
member, and

the retaining means cooperates with the resilient
member to provide a three (3)-line contact against the
external surface of the tube.

27. Apparatus as set forth in claim 24, wherein:

the tube is made from a dielectric material
constituting a polycrystalline aluminum oxide ceramic with
traces of other metallic elements than aluminum, the aluminum
oxide having a purity greater than ninety nine percent (99%)
in the dielectric material.

28. Apparatus as set forth in claim'él, wherein:

the second electrical conductor constitutes a
resilient element, _

the retaining means includes a positioning member
shaped to engage the external surface of the tube and to co-
operate with the resilient element in establishing a three
(3)-line contact with the tube,
' the positioning member on the retaining means has
a detent, and

electrically conductive means has a detent co-
operative with the positioning member on the retaining means
to position the positioning member in the relationship with
the tube and the resilient element to establish the three-line
contact. .

29. Apparatus for use in a laser and comprising:

a cathode,

an anode disposed in spaced relationship to the
cathode in a first direction,

a first tube made from a-dielectric material,

a second tube made from the dielectric material an:
spaced from the first tube in a second direction transver..
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to the first direction, _
a first electrical conductor disposed in the first

tube, _ _

a second electrical conductor disposed in the second
tube,

‘a first resilient element disposed on the first
tube, .

a second resilient element disposed on the second
tube,

the first and second resilient elements being
electrically conductive, _

first means disposed on the first tube and co-
operative with the first resilient element to establish a
three (3)-line contact with the first tube in cooperation with
the first resilient element,

' second means disposed in the second tube and
cooperative with the second resilient element to establish a
three (3)~-line contact with the second tube in cooperation
with the second resilient element,

third means disposed relative to the first means for
establishing a detent relationship with the first means to
provide the three (3)-line contact against the first tube in
cooperation with the first resilient element, and

fourth means disposed relative to the second means
for establishing a detent relationship with the second means
to provide the three (3)-line contact .against the second tube
in cooperation with the second resilient element.

30. Apparatus as set forth in claim 29, wherein:

the first, second, third and fourth means are
electrically conductive and the third means provides an
electrical conductivity with the first wmeans and the first
resilient element and the fourth means provides an electrical
conductivity with the second means and the second resilient
element.

31. Apparatus as set forth in claim 22, further includes:
a first pair of bushings disposed on the first tube
near the ends of the first tube and integral with the first
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tube and made from a material having subsgtantially the same
properties as the first tube, and
a second pair of bushings disposed on the second
tube near the'ends of the second tube and integral with the
second tube and made from a material having substantially the
same properties as the second tube.

32, Apparatus as set forth in claim 30, further includes:

a first pair of bushings made from the same material
as the first tube near the opposite ends of the first tube and
disposed on the first tube and integral with the first tube,

a second pair of bushings made from the same
material as the second tube,and disposed on the second tube
near the opposite ends of the second tube and fused to the
second tube, _

a housing made from an electrically conductive
material, ' '

the first and second tubes and the anode and the
cathode being disposed in the housing, and

the first and second electrical conductors extending
to the housing and being connected to the housing.

330 Apparatus for use in a laser, the apparatus comprising:
a tube made from a dielectric material and having

properties to support a capacitive corona discharge without

dielectric breakdown and having a laser cavity, '

a first electrical conductor disposed in the tube
and extending along the length of the tube to define a first
plate of a capacitor,
| the tube serving as the dielectric of the capacitor,

a resilient element made from an electrically
conductive material and disposed in the tube and engaging the
tube along substantially the length of the tube to provide a
line contact with the tube and to define a second plate of the
capacitor,

means disposed along the length of the tube for
cooperating with the resilient element in providing support
for the tube to maintain the tube in a fixed position in
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rneans for introducing a voltage between the first
electrical. conductor and the resilient element to produce
radiation emitted by a corona discharge from the outer surface
of the tube,

there being gases in the laser cavity,

the tube being disposed relative to the laser cavity
to introduce the radiation emitted by the corona discharge
into the laser cavity for jionizing the gases in the laser
cavity. '

34.. Apparatus as set forth in claim 33, wherein:

the support means for the tube is shaped to provide
“__contacts on the periphery of the tube to provide a precise
| positioning of the tube in cooperation with the line contact
provided by the resilient element,

the resilient element is electrically conductive and
being at a voltage different from the voltage on the first
electrical conductor.

35. Apparatus as set forth in claim 33, further includes:

a pair of dielectric members disposed on the tube
near the ends of the tube and integral with the tube and nade
from a material homogeneous with the material of the tube.

36. - Apparatus as set forth in claim 31, further includes:

neans disposed in co~operative relationship with the
support means and the resilient element for maintaining the
support means and the resilient element in fixed position
relative to the tube, and ' .

a pair of dielectric members disposed on the tube
near the ends of the tube and intggral with the tube and made
from a material homogeneous with the material of the tube.
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