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Many plasma physics experiments require the use of
fast-rising magnetic fields. The rise time of these fields
is determined by the circuit inductance and the capacity
of the energy storage bank. In ultra-low inductance
systems, the rise time of the circuit current is a direct
function of the capacitor and switch inductance. This
specification describes one means for obtaining a very
low inductance capacitor and switch assembly.

In prior designs the mating of an ignitron and a capaci-
tor utilized air as the insulating component between points
of varying charge resulting in large spacing and conse-
quently, large inductances. The capacitor center elec-
trode diameter was very small and the distance between
the electrode and the ground return ring was large. In
addition, a very large parasitic inductance was found at
the output cable as a result of the large amount of skin-
back on the load cables.

The present invention is a low inductance capacitor
and switch assembly comprising a capacitor, a centrally-
located electrode at the top of said capacitor, an ignitron
mounted on said electrode, said electrode and at least a
part of said ignitron being immersed in oil, the anode
potential of said ignitron following a path through the
ignitron housing and oil to a plurality of load cables.

It is an object of this invention to provide a capacitor-
switoh geometry having a very low inductance.

It is a further object of this invention to provide a
capacitor-ignitron assembly utilizing insulating oil as the
dielectric medium.

The manner in which these objectives are obtained, and
other objectives and advantages flowing from this inven-
tion will become apparent from the following description.

The drawing is a diagrammatic cross section of the
device in accordance with this invention.

Referring to the drawing, a capacitor header 1 ia
mounted on a conventional industrial energy storage ca-
pacitor. This header contains an epoxy capacitor insu-
lator 1A. Seals 2 are provided between the insulator 1A
and the capacitor center electrode 3 to avoid the leakage
of oil into the capacitor body. A cup 4 is mounted and
secured on top of the capacitor center electrode 3. This
cup serves as a clamp socket for an ignitron 5. Screw
6 secures the ignitron and cup to the capacitor center
electrode. Following the path of charge through the
device, the charge flows through capacitor center elec-
trode 3 to the cathode portion 7 of ignitron 5. The
charge from anode 8 flows through flexible mount 9 down
a folded return 10 of the ignitron housing. Thus, the
anode potential is taken back down the outside of the
ignitron to flange 11, The charge is taken from this
flange through the center conductor of a coaxial cable
through pipe adapters 12. Set screws 30 maintain the
center conductor in good electrical connection with flange
11.

This charge is then utilizd as needed in the particular
application. The ground path flows through the outer
braid 13 of the coaxial cable, through structural portions
14 and 15 to the ground return ring 16. Outer braid 13
is connected to adapter 12 by hose clamps 29.

It will be noted that insulator 1A, structural portions
14 and 15, and ground return ring 16 form a cavity 17.
This cavity 17 is filled with standard transformer insu-
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Iating oif. Since the insulating oil is of much greater
dielectric strength than air, it is clear that the distances
between structural portions of the assembly can be mini-
mized, consequently minimizing inductance. The inau-
Iating oil may be loaded into cavity 17 in either of two
ways, i.e., through stand pipe 27 or after raising the igni-
tron assembly (made possible by removal of nut 31) and
screw 25. Although the insulating oil is a great improve.
ment over air, @ order to maintain the voltage hold off in
certain portions of the device, polyethylene cutl’s have
been utilized. For example, polyethylene cutls 21 and
22 and wraps 18, 19, and 20 are provided to maintain
the voltage hold off despite the very small distances be-
tween points of greatly varying potential.

A copper tube 23 provides the modest water cooling
necessary for ignitrons operated at very high voltages,
e.g., 0.1 gal. /min. This tube is appropriately insulated
and sealed against liquid leakage at 24 as they pass
through the outer return. The ignitron lead 32 enters
the assembly in like manner (not shown), while the charg-
ing of the capacitor may be accomplished by using one
of the cooling tubes. Screws 25 maintain a tight fit be-
tween structural portions of the device. O-ring seal 26
prevents escape of the insulating oil from cavity 17.
Stand pipe 27 provides an accurate determination of the
amount of insulating oil present in cavity 17. Stand pipe
27 is provided with a flow path to cavity 17 through tihe
adapter structure 28.

In prior designs, the anode potential had been taken
off at the top of the ignitron. Since the ignitron did not
contain a high dielectric medium material, the outer
braid ground return had to be separated by a rather large
distance from the point where the central conductor was
connected to the anode lead. This large amount of skin-
back resulted in large parasitic inductances. The term
“skin-back” denotes the distance the braid is removed to
provide insulation between the terminals of the conduc-
tors. The present design marks a distinct improvement
over such an arrangement. The folded return concept
permits the amount of skin-back to be greatly decreased
(distance between flange 11 and outer braid 13) thereby
contributing to the lowering of parasitic inductance. In
addition, the present design permits a multitude of out-
put cable connections (in the specitic embodiment,
twelve ).

From the above it will be seen that the present device
embodies several features, each of which mark a distinct
advantage over prior designs.

(1) The use of insulating oil around the external cen-
tral electrode.

(2) The diameter of the center electrode has been in-
creased. For example, in prior designs this diameter had
been of the order of % inch. In the specific embodiment
of the present invention it is 2% inches.

(3) The spacing between the ground return and cen-
tral electrode has been decreased. In prior designs this
distance had been approximately 41A inches, whereas it
has now been decreased to y8 inch.

(4) The improvement of the ignitron housing to ex-
clude objectionable parasitic inductance of the output
cable.

Each of the above features serves to decrease the in-
ductance of the capacitor and switch assembly. The
prior capacitor-switch assemblies have been constructed
in such a manner that they possessed intolerably large
inductances, e.g., approximately 0.16 ph. The present
design has an inductance of about 0.04 ph. thereby rep-
resenting, a four-fold improvement in inductance.

To one skilled in the art a consideration of the above
disclosure and embodiment will make it clear that the
invention is not limited to the specifie device described.
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Accordingly, the invention should only be liniited by the
following appended claims.

WhZt ‘is claimed-is:
1. A low inductance capacitor and ignitron assembly

comprising a capacitor, a centrally-located electrode and
a peripherally located ground ring at the top of said
capacitor, the diameter of said electrode being greater
than the distance between fihe electrode and the ground
return ring, an ignitron mounted on said electrode, said
electrode and at least a ptit of said ignitron being irn-
mers@ in insulating oil.

2. The assembly of claim 1 wherein said ignitron is
contained in an ignitron housing and means are provided
to conduct a potential to the anode of said ignitron
through the ignitron housing.
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3. The assembly of claim 2 wherein a plurality of Ioa?d

cables connected to the, ignitron housing is provided to
minimize the amount of skin-back on the load cables. 4
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