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YACUUM TUBE AND METHOD OF MAKING IT

In general, nuclear reactions are sometimes formed by high
energy ioms colliding with other ions or atoms. Neutrons,
protons, new elements and isotopes, high energy gamma rays,
etc. are the products of a nuclear reaction. For example,
neutrons can be produced in a tube in which tritium atoms are
ionized by a large DC pulse placed across the two terminals of
2 gas tube. One of the terminals having deuterium sorbed
therein is biased negative with respect to the other and forms
the target for the tritium jons to strike and to combine with the
deuterium therein.

In the process just described the time between when the
electrostatic field is formed in the tube and the time when
neutrons are produced is unpredictable because one relies on
the probability of at least one free electron being accelerated
by suitable electrostatic field and forming collisions with gas
molecules whereby more free electrons are produced and'also
ions. One can see that time lapse between when the DC pulse
is placed across the electrodes and when neutrons are
produced can vary from practically no time lag to several
microseconds. This time will be referred to as the * jitter” time
of the gas tube.

The Review of Scientific Instruments, Vo). 31, page 235,

. discloses a gas tube for a pulsed neutron source in which
titanium films were evaporated onto the surface of a dielectric
member, such as quartz and alumina, and were loaded with a
hydrogen isotope. A spark is formed across the dielectric from
one titanium film to another. This spark is regular, and the ion
production repeats well on successive shots whereby the jitter
time is reduced considerably and is about 10 —® seconds. This
tube of the prior art is expensive tc make and cannot be
produced in large quantities with any degree of quality con-
trol. '

An object of this invention is to provide an improved struc-
ture for a pulsed neutron source.

Another object of this invention is to provide an economical
structure for a pulsed neutron source.

Yet another object of this invention is to provide a rugged,
ceramic structure for a pulsed neutron source.

Still another object of this invention is to reduce the
processing and cleaning time of a pulsed neutron source.

A further object of this invention is to provide an improved
structure for a pulsed neutron source whereby the production
process is simplified.

A still further object of this invention is to provide an im-
proved pulsed neutron source.

Broadly, this invention provides a spark source within a
tube envelope where the spark is formed along an inside sur-
face of a dielectric which forms a part of the envelope wall so
that the active metal which forms at least one of the spark ter-

minals may be kept cool and nonactive during tube

processing.

This invention contains other objects and features of ad-
vantage, some of which, with the foregoing, will be set forth in
the following description of the invention. The invention is un-
derstood to be not limited to the disciosed embodiments, as
variant embodiments thereof are contemplated and may be
adopted within the scope of the claim.

Referring to the drawing:

FIG. 1 is a cross section of a gas tube employing the inven-
tion.

FIGS. 2 and 3 are different embodiments of the invention.

Referring to the drawing in greater detail, FIG. 1 shows a
tube 10 with three electrodes 11, 12, and 13 separated from
each other by two ceramic rings 14 and 16. The three elec-
trodes and the two ceramic rings form the envelope of the
tube 18 with electrodes 11 and 13 forming the end walls of the
envelope. Electrode 13 has an opening 17 to which an exhaust
tubulation 18 is fixed; electrode 12 is ring-shaped with ceram-
ic rings 14 and 16 bonded one to each side; and electrode 11
has a cup portion 19 which extends into the envelope to
suitably shape the electrostatic field and has on its inside sur-
face a target 28 made of an active metal such as titanium. The
electrodes 11, 12, and 13 are preferably made of Kovar metal
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2

and brazed to the ends of the ceramic rings which have been
metallized by a suitable molybdenum-manganese metallizing
process to form metallizing layers 21, 22, 23, and 24 between
each electrode and an end of a ceramic ring respectively.

The invention relatés to forming an arc across a surface of a
dielectric which forms a part of the envelope wall. Therefore
on the inside wall of the ceramic ring 16 two metallizing strips
26 and 27 are formed preferably using the molybdenum-mari-
ganese metallizing process. One or both of the metallizing
strips 26 and 27 are coated or preferably electric plated with
active metal strips 28 and 28 respectively. An active metal
such as titanium is used for strips 28 and 29. The strip 26 con-
tacts the electrode 12 and the strip 27 contacts the electrode
13 to form the required electrical contacts,

In order to make the tube 10 a pulsed neutron source, the
tube must be first baked out for outgassing while a vacuum is
maintained within the envelope. Since the active metals within
the tube will getter gases at elevated temperatures the tube
structure of the prior art required bakeout of the tube parts
separately before assembly or required the bakeout tempera-
ture of the assembled tube to be low whereby titanium will not
getter gases. Baking out the tube at a low temperature dictates
that the bakeout time be,increased. The tube structure of this
invention allows one to bake out the tube at very high tem-
peratures thereby reducing the bakeout time and still keep the
active metal below reaction temperature. The active metal is
deposited only on interior surfaces of members which form

- the envelope walls! Since these members are relatively thin

heat is rapidly conducted away from the active metal by apply-
ing a heat sink on the outside surface of the envelope wall
which surface is opposite the active metal. The active metal is
maintained below its critical temperature at which it getters
gases. This critical tempetature for titanium is 200° C.

During tube processing, a tube incorporating the teaching

- of this invention can be placed in a bakeout oven with suitable

heat sinks disposed on the exterior surfaces of the envelope
opposite the target 20 and strips 28 and 29. After the tube is
baked out the target 20 is raised to bakeout temperature by
removing the heat sink from the exterior surface of the cup-
shape 19. Deuterium gas is supplied through tubulation 18 and
the tube is cooled whereby the target 20 sorbs large quantities
of deuterium. The tube is again baked out while a vacuum is
maintained within the tube through the tubulation 18 and the
heat sink is applied as before to the exterior portions of the en-
velope opposite the target and the heat sink is removed from
the exterior surface of the dielectric 16 opposite strips 28 and
29. This drives off any deuterium which may be on strips 28
and 29 and the other envelope parts except the target. Tritium
is now supplied into the tube and the tube cooled. Only the ac-
tive metal strips 28 and 29 sorb the tritium this time while the
target 20 sorbs none. The target 20 does not sorb the tritium
because, as previously mentioned, the heat sink has been
removed only from wall 16 and the cooling of target 20
prevents the target from reaching sorbtion temperature. The
excess tritium is pumped out of the tube. The active metal may
be kept cool and the body of the tube baked out. The tubula-
tion 18 is nipped off leaving a vacuum within the envelope.
Neutrons are produced by the tube when a high potential
difference in the order of'a few hundred kilovolts is applied
between electrodes 11 and 12 by a convenient power supply
31 which makes the target 20 negative with respect to elec-
trode 12. Tritium ions are liberated from the strips 28 and 29
when a spark is formed across the ceramic from strip 28 to 29
by a low voltage source 32 of a few hundred volts potential dif-
ference. The opening in ring electrode 12 is small compared to
the internal diameter of the ceramic 14 so that the spark
across the strips 28 and 29 does not see the ceramic. This
prevents-any metal which is sputtering from the spark from
depositing on the ceramic and shorting electrodes 11 and 12
FIGS. 2 and 3 show alternate embodiments of the invention
wherein like reference numbers are used to define parts which
are the same as in FIG. 1. More specifically, FIG. 2 shows an
electrode 12’ which is cup-shaped and is bonded to one end of
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ceramic ring 14 opposite electrode 11. An aperture 17’ is
formed in the bottom of the cup of electrode 12’ and a ceram-
‘c ring 16’ in the shape of a button is bonded to the electrode

2'. A tubulation 18’ is bonded to the other side of the button-
shape ceramic ring 16’. The ceramic ring 16’ has metallized
active metal strips 28’ and 29'. Strip 28’ is connected to elec-
trode 12’ and strip 29’ is connected to tubulation 18'. Tubula-
tion 18’ also acts as the other electrode and is similar to elec-
trode 13 in FIG. 1.

FIG. 3 shows an electrode 12’ having an aperture 17'’ to
which a ceramic tube 16"' is bonded. Electrode 13"’ is bonded
within the ceramic tube 16’’. Active metal metallizing strips
28'’ and 29’ are formed on the ceramic 16'' with strip 28"
contacting electrode 12’ and strip 29'’ contacting electrode
13", The tubulation in this embodiment can be formed in
another part of the envelope. For example, an exhaust tubula-
“tion can be brazed to member 11 on the annular flat surface
‘between wall 19 and ceramic cylinder 14. ]

A suitable shield must be used with the embodiments shown
in FIGS. 2 and 3 so that the insulator of these tubes will not
have deposited thereon metal sputtering from the spark as
described in FIG. 1. Thus, in FIG. 2 the ceramic wall 14 is
shielded from the spark between 28’, 29’ by means of the
cuplike shield member 30. In FIG. 3, a similar shield is
designated 30",

The ceramic in this invention is preferably a high grade alu-
mina. The invention provides an improved structure for form-
ing an arc across a ceramic whereby the active metals in the
tube can be economically, rapidly, and easily processed. The
various active metals structures in the tube each have sorbed
therein only one of the hydrogen isotopes insuring that a triti-
um-deuterium reaction will occur when the tube is pulsed.

The spark formed across the surface of a ceramic member is
also useful in a gas-filled tube to reduce the jitter time of the
tube. The spark being regular will ionize the gas which fills the
envelope. The ions are then attracted by the target.

I claim:

1. A tube comprising an envelope having a tubular ceramic
wall, a first electrode closing one end of said tubular ceramic
wall, a second electrode disposed coaxially at the other end of
said tubular ceramic wall, a ceramic ring disposed coaxially on
said second electrode, a third electrode disposed on said
ceramic ring closing the aperture thereof, an active-metal strip
bonded to the interior surface of said ceramic ring and con-
tacting one but spaced from the other of the electrodes of the
group consisting of said second electrode and said third elec-
trode, and said active metal strip being loaded with an isotope
of hydrogen.

2. A tube comprising an envelope having a tubular ceramic
wall, a first electrode closing one end of said tubular ceramic
wall, a cup-shaped electrode having an aperture in the bottom
disposed closing the other end of said tubular ceramic wall, a
ceramic ring disposed on said cup-shaped electrode coaxial
with said aperture, a tubulation disposed coaxially on said
ceramic ring opposite said cup-shaped electrode, an active-
metal strip bonded to the interior surface of said ceramic ring,
said strip being electrically connected to said tubulation and
electrically insulated from said cup-shaped electrode, and said
active metal strip being loaded with an isotope of hydrogen.

3. A tube comprising an envelope having a tubular ceramic
wall, a first electrode closing one end of said tubular ceramic
wall, a cup-shaped electrode having an aperture in the bottom
disposed closing the other end of said tubular ceramic wall, a
ceramic tube disposed through said aperture of said cup-
shaped electrode with the periphery of said aperture sealed to
the exterior wall of said ceramic tube, a rod electrode
disposed within said ceramic tube and sealed to the interior
wall thereof, and two active-metal strips spaced from each
other and bonded to the interior surfaces of said ceramic tube,
one of said active-metal strips being electrically connected to
said cup-shaped electrode,.and the other of said active-metal
strips contacting said rod electrode, and said active metal
strips being loaded with an isotope of hydrogen.
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4. A tube comprising an envelope having a ceramic wall, an
electrode disposed within said envelope and comprising an ac-
tive metal loaded with one isotope of hydrogen, a spark source
disposed within said envelope, said spark source comprising
two spaced metal strips bonded to said ceramic wall, the
distance between said metal strips being at least as short along
the inner surface of said ceramic wall as it is anywhere else in
the tube, at least one of said strips being made of an active
metal loaded with another isotope of hydrogen, and terminals
means for said electrode and spark source extending to the
outside of said envelope.

5. A tube comprising a gastight envelope, a first electrode at
one end of said envelope, a first cylindrical ceramic member
forming part of the sidewall of said envelope and bonded at
one end to said first electrode, a second electrode bonded to
the ‘other end of said ceramic cylinder, a second ceramic
member forming another part of the wall of said envelope and
bonded to said second electrode, a third electrode bonded to
said second ceramic member at a position spaced from said
second electrode, terminals for all of said three electrodes ex-
tending to the outside of said envelope in electrically insulated
relation to each other, and a spark source comprising at least
one thin strip-shaped film of metal bonded to the surface of
said second ceramic member inside the tube envelope, said
film being film being electrically connected to one of said
second and third electrodes and spaced from the other of said
second and third electrodes, said first electrode and said film
of metal each comprising active metal loaded with an isotope
of hydrogen. i

6. A tube as claimed in claim § in which said second ceram-
ic member is a cylinder, said second electrode is a disc shaped
member having an-aperture therein, and the solid portion of
said disc shaped member forms a shield between said spark
source and said first ceramic member. .

7. A tube as claimed in claim 5 in which said second elec-
trode has a generally cylindrical sidewall, and a smaller diame-
ter cylinder is positioned within said cylindrical side wall to
shield said first ceramic member from said spark source.

8. A tube comprising an envelope having a ceramic wall, a
first electrode and a second electrode disposed within said en-
velope, terminals for said first and second electrodes extend-
ing to the outside of said envelope, a metallic coating bonded
to the inside surface of said ceramic wall and including an ac-
tive metal, said coating being spaced from said second elec-
trode, a terminal for said coating extending to the outside of
said envelope, with an isotope of hydrogen, and the distance
between said coating and the nearest electrically separate
metal surface in said tube being at least as short along the sur-
face of said ceramic wall inside said tube as it is anywhere in-
side said tube, said active metal coating being loaded.

9. A tube comprising an envelope having a ceramic wall, a
first electrode and a second electrode disposed within said en-
velope, terminals for said first and second electrodes extend-
ing to the outside of said envelope, an active-metal strip
bonded to the inside surface of said ceramic wall and loaded
with an isotope of hydrogen, said strip being positioned closer’
to said second electrode than it is to said first electrode, and
the distance between said second electrode and said strip
being at least as short along the surface of said ceramic wall in-
side the tube as it is anywhere else inside the tube.

19. A hermetically sealed tube comprising a first metallic
electrode at one end of the tube, a first annular dielectric
member having one end thereof sealed to said first electrode
and forming a portion of the envelope of said tube, a second
metallic electrode sealed to the other end of said first dielec-
tric member, a second annular dielectric member sealed to
said second electrode and forming another portion of said en-
velope, said second electrode having an annular portion posi-
tioned between said first and second dielectric members and
forming an annular part of said envelope, said second dielec-
tric member forming along its surface inside the tube the gap
of a spark source having one side thereof electrically integral
inside the tube with said second electrode, a third metallic



5

electrode forming the other side of said spark source, said
spark source gap being at least as short entirely along the in-
side surface of said second dielectric member as it is anywhere
else inside said tube, the distance between said second and
third electrodes outside said tube being greater than the length
of said spark gap, and all three of said electrodes being solid
metal.

11. A tube as claimed in claim 10 further comprising shield
means positioned in said tube between said spark source gap
and said first dielectric wall member.-

12. A tube as claimed in claim 10 in which said first elec-

3,569,755

5

10

15

20

25

30

-35

40

45

50

55

60

65

70

75

1 6

trode and said spark source comprise active metals loaded
with an isotope of hydrogen. )

13. A tube as claimed in claim 10 further comprising an ex-
haust tubulation hermetically sealed to said second dielectric
member and electrically integral with said third electrode.

14. A tube as claimed in claim 10 in which said tube is
evacuated and the material of said spark source is such that
the occurrence of an arc across the spark source evolves gas
from said material during the existence of the arc.



