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VACUUM GAP DISCHARGE DEVICE HAVING

GROOVED ELECTRODES FOR THERMAL

INSULATION | ) ) D .
James M. Lafferty, Schenectady, N.Y., assignor to

General Electric Company, a corporation of New

York ‘
Contiruation-in-part of application Ser. No. 422,373,

Dec. 30, 1964. This application July 11, 1966, Ser.

No. 564,132 :

: - 13 Claims.. (CL. 313—217) -

ABSTRACT OF THE DISCLOSURE

Vacuum arc devices 'including a pair of primary arc
electrodes adapted to sustain ‘an arc therebetween. Im-
proved current carrying capacity results from arc dis-
persal means at the periphery of one ar¢ electrode, in-
cluding an annular slot at 'the eléctrode periphery defin-
ing a peripheral ridge which is‘uniformly Leated to vapor
emission temperature to' avoid formation of anode spots.

The present invention is a continuation-in-part of my
copending application, Ser. No. 422,373, filed Dec. 30,
1964 and assigned to-the present assignee, now aban-
doned. '

This invention relates to improved vacuum gap devices
and particularly those of the triggered vacuum gap and
triggered vacuum switch type and to improved électrode
configuration therefor. o ‘ B

Vacuum switches and vacuum gaps, particularly trig-
gered vacuum gaps have recently undergone great im-
provements. A number of such ‘devices generally referred
to as vacuum gap devices are presently of important com-
mercial considerations. In most of these vacuim gap de-
vices a limiting factor as to the current carrying capacity
lies in- the ability of the anode to withstand destructive
melting caused by the formation of intense anode spots.
Similar- destructive melting also occurs ‘at the cathode
eletcrode, although the anode destruction is the most ex-
tensive. ‘ e
" Accordingly, it is an object of the present invention
to' provide improved vacuum gap' devices having elec-
trode configurations which facilitate the carrying ‘of ex-

10

15

20

25

30

35

40

tremely high currents without destructive ‘melting of ‘the -

anodes thereof.

A further object of the invention is to ‘provide trigger-
able vacuum switch and fixed ‘vactum gap devices ‘In
which: the ‘electrodes are adapted to carry high values of

50

current between arc initiation and arc'interruption’ with- -

out destructive melting thereof. :

A further object of the present invention is to provide
improved vacuum gap devices ‘which are’ suitable for
utilization- over a greater number of circuit interruptions
or arc estabilshments than devices of the prior art,

In accord with orne feature of the present invention T
provide a ‘vacuum gap device including a pair of pri-
mary electrodes defining therebetween a vacum gap, These
electrodes are'located within an evacuable envelope which
envelope is composed partially of metal and at least ‘in
part of a high voltage insulating substance so as to pro-
vide electrical isolation between the primary electrodes to
prevent short' circuiting of the gap defined thereby, In
one embodiment of my invention the man gap electrodes
are provided with an annular groove closély adjacent to
the external periphery thereof, which groove provides - a
portion thereof which is, as far ‘as thermal conduction
characteristics are concerned, partially isolated from the
remainder of the main electrode in order that the isolated
portions thereof may achieve a higher temperature caus-
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2 -
ing a substantially -uniform emission -of ‘vapor- therefrom
and the prevention of destructive ‘spots. In accord with~a
further: feature of ‘the present invention the electrodes
of the vacuum devices thereof are so shaped as toprovide
a.central portion at which the gap between the primaty
electrodes is larger than the gap at the periphery thereof
80 as to facilitate the location of the arc discharge between
the peripheral. portions of the ‘electrodes at ‘which the
thermally isolated portions are located, In accord with a
further feature of the presént invention a trigger-electrode
is located within the central portion of at least one of the
electrodes and is-connected so as to cause the. injection of
a highly ionized gaseous plasma into the gap between the
main electrodes to cause the breakdown thereof-upon ‘the
initiation of a -voltage pulse thereto, R o
.The novel features' believed characteristic of the pres-
ent invetnion are set forth'in the appened claims, ‘The
invention itself, together with further objects ‘ and: ad-
vantages thereof ‘may - be’ more readily ‘understood “by a
reference to the appended drawing in which: :
FIGURE 1 is a vertical cross-sectional view of a fixed
gap triggerable vacuum  gap “device: constructed in ac<
cord with the present invention, and :
- FIGURE 2 is a vertical cross-sectional view:-of the trig-
ger electrode utilized in' the device of FIGURE L. = "~
The vacuum gap device of FIGURE -1 includes an
envelope represented ‘generally as 1 containing 'therein
a:pair of primary -arc electrodes 2 and ‘3 defining there-
between: a primary “gap 4. A trigger electrode 6 havirig a
trigger gap 7 is concentrically located: within a. central
aperture 8 of electrode 2 and extends to substantially to
the center of the primary gap 4. R ’
Envelope 1 is comprised of a substantially “cylindrical
metallic member 9-having a central bulbous portion 10
which is symmetrical along the longitudinal axis théreof,

~ a first flanged metallic end. piece 11 having ‘a’central

aperture therein and a second flanged metallic apertured
end plate 12 also having a central aperture therejn. A pair
of substantially cylindrical; centrally apertured insulator
bushings 13-and 14 each of which has a large outside
diameter portion and a smaller cutsider dianteter portion
connected by an:annular shoulder 'serve ‘as ‘insulating
members for the ‘device ‘and ‘are assembled with the
smaller outside" diameter portion thereof ‘extending in-
wardly ‘with ‘the ‘annular shoulder 'resting  against  the
planar exterior surface of ‘apertured end ‘plates‘ 11 -and
12 respectively. The central apertures: within -insulator
bushings 13 and 14 are closed by the insertion therewithin
of annular cylindrical electrode support members 15 and
16 respectivély. The interior ‘of ‘cylindrical electrode sup-
port ‘member’ 15 is hollow and ‘is sealed to ‘vaccuin by
the insertion ‘therein dnd sealing thereto of ‘trigger ‘elec-
trode: assembly ‘6. Each of the central cylindrical aper-
tures in bushings 13 and 14 are slightly larger than the
outside diameter.- of electrode support -members- 15 and
16 for-added insulation properties and. to' provide .an
insulator surface not likely to be short circuited by con-
densed. metal vapor. A vacuum seal is made . between
these members. by the brazing thereto of annular. seal
members .17 and 18 respectively each of which ‘has @

.. larger diameter portion which fits. tightly over the outside
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diameter of the respective insulator bushing and a smaller
diameter portion which fits tightly- over the exterior: por-
tion of the respective electrode support member. .
The - materials - comprising - the: devices - illustrated -in
FIGURE .1 are -substantially- as: follows. Maia envelope
member ‘9 ‘may -be ‘a metal which will withstand high
temperatures and ‘which possesses sufficient’ physical
strength as to constitute the outside ‘body of the-device,
as for example stainless steel. Flanged end plate ‘mem-
bers 11-and 12 and flange seal members 17 and 18 are
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comprised of a material which makes good vaccum-tight
seals to ceramic bushings 13 and 14 and to metallic mem-
bers 9, 15 and 16 respectively and may conveniently be
a Fernico or Kovar alloy generally utilized in electric
discharge devices for this purpose. Bushings 13 and 14
are comprised of a high temperature gas impermeable
ceramic material, as for example high density alumina
(94% or higher or Al,O3). Electrode support members
15 and 16 are preferably composed of a highly conduc-
tive substantially gas-free material, as for example
OFHC copper Premium Grade. No special precautions
need be taken to render this material gas-free, other than
vacuum firing prior to assembly. Primary electrodes 2 and
3 are composed of highly purified copper or other high
vapor pressure material, as for example any of the ma-
trials set forth in Lee and Cobine Patent No. 2,975,256
issued Mar, 14, 1961. This material is rendered substan-
tially free of all gases and gaseous-forming compounds
by vacuum melting, as for example by repeated zone re-
fining steps so as to reduce the concentration of gas and
gas-forming impurities therein to a figure of less than
one part in 108,

Electrodes 2 and 3 are preferably provided with at
least one arc dispersion means 19 although only the anode
need be so provided., Arc dispersion means 19, in the
illustrated embodiment comprises an annular slot which
is cut from the arcing surface 8 of electrode 2, for ex-
ample, so as to provide a vertical surface 20 and a ther-
mally substantially isolated annulus 21 on electrode 2.
The dimensions of arc dispersion slots 19 is related to
the material from which the electrodes are formed and
to the gap distance. In genmeral the slot should be
located far enough in from the periphery so that the
peripheral isolated region so formed is raised to a vapor-
emitting temperature without destructive “boiling” of
vapor at too rapid a rate. The depth of the slot is not
critical but is related to the thickness of the electrode
body. Naturally, the slot depth should be sufficient to
substantially increase the surface-to-volume ratio of the
peripheral region and to so constrict the path of thermal
conduction as to allow for the controlled heating of the
peripheral region as described hereinbefore. For a given
geometry, as the chosén electrode material, the width of
the slot 19 varies indirectly with vapor pressure and di-
rectly with thermal conductivity of the material. As one
example of dimensions, for a 2% diameter, 12" thick
electrode of copper, with a gap width of %" operated
on 60 c.p.s. alternating current voltage, slot 19 was 38"
wide and 74" deep and the width of the peripheral region
21 was ¥8”'. Arc dispersion means may take other forms.
Thus, for éxample, a series of slots may be drilled in
a circular pattern along a radius only slightly less than
the radius of the electrodes. Preferably, such slots should
be interconnected to provide for arc rotation and for
a uniform dispersion of the arc. Alternatively, a plurality
of annulas slots could be cut at different radial distances
from the center of the arc to create several peripheral
vapor emitting ridges. "

The trigger electrode assembly 6 of FIGURE 1 of the
drawing is illustrated in greater detail in vertical cross
section in FIGURE 2 of the drawing. In FIGURE 2 the
trigger is composed of a hollow cylindrical metallized
ceramic base member 22 which has a narrow circum-
ferential groove 23 cut therein, which may be tapered
as shown, near the inward extremity thereof, Means for
sealing the trigger electrode in a vacuum-tight seal to
the interior of electrode support member 15 are pro-
vided in the form of an annular flange member 24 hav-
ing an extended shoulder and an apertured collar mem-
ber 25 which rests thereupon and is sealed thereto, Both
of these members are conveniently constructed of a metal
suitable for imaking metal to ceramic seals, as for ex-
ample one of the general class of metal alloys known
as Fernicos. A first hollow cylindrical shield member 26
having a first counterbore 27 therein and a second coun-
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terbore 28 of greater diameter also therein rests upon
collar member 25. The smallest diameter of cylindrical
member 26 makes electrical contact with metallized
ceramic cylindrical member 22. A first metallic sleeve
member 29, which is beveled at one end thereof to fit
the bevel in the annular groove 23 in ceramic cylinder
member 22, slides over member 22 and is aligned with
the inward or lower bevel of the annular groove therein.
A second cylindrical sleeve 30, which is likewise beveled
at one of its ends to match the groove 23 in cylindrical
member 22, slides over ceramic member 22 and is aligned
with the outward or upward bevel of groove 23 therein.
A metallic cap and shield piece 31 having a re-entrant
portion 32 and a central aperture 33 rests upon the upper
end of ceramic cylindrical member 22 and within the
interior end of second sleeve member 30. A trigger lead
wire 34 centers the central aperture within ceramic trig-
ger support member 22 and is affixed to the re-entrant
end cap 31 at the uppermost portion thereof. This lead
may conveniently be of nickel or any other material con-
ventionally utilized for providing lead wires in electric
discharge devices. Members 24 and 25 are conveniently
selected as a Fernico or equivalent. The remaining me-
tallic members 26, 29, 30 and 31 are conveniently se-
lected as a refractory metal, as for example, tungsten
or molybdenum. Appropriate vacuum-tight seals are made
to the mating surfaces members of all of the ceramic
and metal parts by conventional, well-known techniques.
When assembled, the trigger electrode assembly is low-
ered into the open end of electrode support member 15
and rests upon a counterbore shoulder therein where
flange member 24 is sealed in a vacuum-tight seal there-
to. Prior to final assembly the portions of metallic sleeve
members 29 and 30 which are to be exposed between
the upper portion of cylindrical shield member 26 and
cylindrical end cap and shield member 31 are coated
with a material, as for example a hydride of titanium,
zirconium, hafpium, yttrium, erbium or other rare earth
metals which hydrides serve as a source of ionizable gas
which may be emitted upon the initiation of a voltage
pulse between sleeve members 29 and 30.

The device of the present invention may be fabricated
in accord with standard ceramic and metal tube tech-
nology in which case the device is assembled and the
various members thereof are sealed into assemblies and
sub-assemblies and the device is finally sealed leaving
only plug 35 unsealed. The device is then placed in an
outgassing furnace and raised to a temperature of, for
example, 800° C., and held at this temperature for one
or two hours in order to cause outgassing and the re-
moval of sorbed gases from all of the constituent parts
thereof, After sufficient outgassing, and while the device
is still at an elevated temperature an atmosphere of, for
example, hydrogen is introduced through plug 35 and
the device is sealed. Since, in the case of a titanium hy-
dride coating upon metal sleeves 29 and 30, a large frac-
tion of the hydrogen has been evolved therefrom, hydro-
gen is taken up from the furnace atmosphere to recharge
the trigger electrode and to cause the establishment of
a vacuum within the sealed envelope. In order to enhance
this operation a reservoir for an active gas, as for ex-
ample hydrogen, may be provided in the form of reser-
voir 36 which comprises two larger metallic, preferably

stainless steel annular washers 37 and 38 with an inter-

posed smaller outside diameter washer 39 of the same
material. The assembly of these three washers creates
an annular cavity 40 which is filled with granular active
gas absorbing material, as for example titanium 41, the
opening thereto being covered with a wire mesh 42 which
may conveniently be 200 mesh stainless steel screen.
Since, in the case of titanium hydride used as a gas reser-
voir, the titanium hydride of the reservoir is substantially
exhausted of hydrogen by the outgassing process, after
the device has been sealed by plug 35 and the device cools
to room temperature substantially all of the remaining
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hydrogen gas within the device is taken up by the fti-
tanium to form titanium hydride. Since the maximum
concentration of hydrogen in the titanium hydride at
room temperature is substantially represented by the
formula TiHj 75 a sufficient quantity of titanium is pro-
vided within reservoir 41 to ensure that mot all of the
hydrogen which could be absorbed thereby is present
within the envelope prior to sealing. Thus, a hard vac-
uum of at least 10~ millimeters of mercury is provided
by the absorption of hydrogen by the trigger electrode
and by the reservoir.

An alternative method for fabricating devices in accord
with the present invention is substantially disclosed and
claimed in my copending application Ser. No. 417,562
filed Dec. 11, 1964, now U.S. Patent No. 3,331,961 as-
signed to the assignee of the present invention. In accord
with the method disclosed and claimed in my copending
application, the materials are assembled unsealed and the
charged material utilized for the trigger electrode and the
reservoir are initially supplied within the device. The de-
vice is then placed in an atmosphere of the active gas con-
tained within the reservoir, as for example, hydrogen in
the case of titanium hydride, and the temperature is ele-
vated to a temperature to sufficiently outgas the compo-
nent parts of the device and to simultaneously cause pure
hydrogen to be evolved from the trigger electrode and
from the reservoir to further purge the device of all im-
purities other than pure active gas. The temperature of
the device is then further raised to cause sealing of the
ceramic and metal parts together after which the sealed
device is allowed to cool to room temperature to provide
the requisite vacuum of less than 10~6 millimeters of
mercury.

The operation of a triggered vacuum gap in accord with
the present invention and as illustrated on FIGURE 1 of
the drawing is quite similar to that of the triggered gaps
of the prior art as is disclosed with great particularity in
my Patent No. 3,087,092, issued Apr. 23, 1963. Briefly
stated, this action is substantially as follows. Electrodes
15 and 16 are connected to a source of high voltage, as
for example, a primary power transmission line to be pro-
tected from overvoltages. A high electric field is therefore
established within gap 4 between electrodes 2 and 3.
When, because of a high voltage transient which could
damage the equipment to be protected, a preselected pulse
of voltage is supplied between trigger lead 34 and elec-
trode 2. Since electrode 2 is connected to the lower sleeve
29 abutting the triggered gap and the trigger lead is con-
nected to the upper sleeve 30 abutting the trigger gap, a
transient high voltage is applied across the trigger gap.
Due to the low breakdown potential required at the inter-
face between metal and ceramic, a spark discharge is
initiated between sleeves 29 and 30. The heat of this dis-
charge immediately causes the evolution of an active gas,
as for example hydrogen from an active gas storing sub-
stance, as for example titanium hydride, which comprises
the coating upon these two sleeves. As the hydrogen is
evolved the hydrogen molecules are ionized, thus causing
the arc discharge across the triggered gap to be intensified,
causing the release and ionization of a large quantity of
hydrogen gas. A pulse of a hydrogen ion-electron plasma
is thus injected into the gap between the main electrodes
2 and 3 and the main arc is broken down within a maiter
of microseconds or less.

Since the initia] breakdown between primary electrodes
2 and 3 occurs in the immediate vicinity of the trigger
electrode where the path length between the two elec-
trodes is long and since the vacuum arc is essentially
vapor starved, the natural tendency of the arc s to con-
serve vapor causing a propultion of the arc out into the
smaller gap-length region between the two electrodes.
This operation so far is conventional.

In my experimental work I have determined that the
prime cause of the failure of vacuum gap devices, as for
example the triggered vacuum gap illustrated in FIGURE
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1 of the drawing is the destructive melting of the anode
electrode by virtue of the formation of anode spots. As
used herein an anode spot is intended to indicate the
footpoint of the arc between the primary electrodes where
it is anchored to or terminates at the anode electrode.

Under normal operation of a vacuum arc discharge the
anode electrode is surrounded by a space charge of nega-
tive charge carriers, namely electrons. Electrons which
are attracted to the positive or anode electrode must fall
through the potential represented by the space charge sur-
rounding the anode. At the anode, all of the discharge
current is carried by electrons impinging thereupon. This
electron bombardment of the anode is primarily respon-
sible for anode heating. Anode heating is produced both
by the kinetic energy of the incident electrons correspond-
ing to the anode voltage drop and by the heat of conden-
sation of the electrons. As the arc current between the
primary electrodes is increased the density of the space
charge sheath surrounding the anode increases, thus in-
creasing the anode potential drop. This increases the en-
ergy of electrons impinging upon the anode, causing its
temperature to further increase.

As the current density is increased further, a point is
eventually reached at which a given local area of the
anode, randomly selected because of anode geometry and
other considerations or by instabilities in the arc is suffi-
ciently heated as to cause the release of metal vapor. This
metal vapor is immediately ionized by the high velocity
electrons striking the anode. This is because, in all but the
very shortest of vacuum arcs the anode potential drop
exceeds by several times the ionization potential of the
metal vapor. The jons created by such ionization tend to
neutralize the space charge in the localized area of the
anode emitting metal vapor. This neutralization of the
space charge causes the anode voltage drop at the localized
area to decrease causing more electron current to flow to
the anode in this area. A cyclic reaction thus takes place
with a continued build-up of localized anode current, Te-

_sulting in a hot spot at the localized portion and a con-
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striction of the arc at the anode. This is known as an
anode spot. The intense local heating produced by the
anode spot causes destructive localizing melting of the
anode. If the vacuum discharge device is operating on
unidirectional current, the damage can be great upon the
formation of the spot. Even if the device is operating on
alternating current and only one-half cycle of time elapses
between striking and re-striking of the arc, the anode spot
formed within this time can cause destructive erosion of
the anode electrode.

The utilization of the electrode structure of the present
invention greatly diminishes or eliminates such anode spot
formation. Thus, in accord with the present invention the
anode is caused to emit vapor over an extended area in
a controlled fashion. This is achieved by providing a large
area of the anode electrode (or of both electrodes if there
is some uncertainty as to the electrode which will be the
anode upon striking of an arc) which so emits to prevent
localized spot formation. In the illustrated embodiment
of the invention shown in FIGURE 1 of the drawing,
the entire peripheral region 21 of the electrode is caused
to so emit. As is described hereinbefore, conservation of
vapor principles tend to propagate the arc to the exterior
portions of the electrodes. When the arc located between
the peripheral regions of the main_ gap electrodes, pe-
ripheral region 21 is raised in temperature to a higher
degree than the remainder of the electrode. This is due to
two effects. Firstly, heating is increased because the
surface-to-volume ratio of peripheral portion 21 is larger
than the remaining portion of the electrodes since the im-
pinging electrons may strike the grooved vertical surface,
the top surface, and the vertical outside surface of the
peripheral region of the electrode. Additionally, since the
peripheral region of the anode electrode js connected to
the main body of the electrode only by a restricted cross-
sectional area under the peripheral slot, the conduction of
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heat away from the peripheral portion of the electrode is
less than would be in the absence of slot 19. Accordingly,
peripheral region 21 becomes uniformly heated to a tem-
perature to cause metallic vapors to be emitted at the
edges of the outer ring uniformly around the electrode,
thus preventing the formation of a single anode spot with
destructive melting and destruction of the anode electrode.
Further accentuation of this effect may be achieved by the
location of a radial magupetic field normal to the longi-
tudinal axis of the device of FIGURE 1 which tends to
rotate the arc current conducting path circularly around
the electrode, thus further reducing the probability of
the formation of anode spots.

Although one embodiment, namely a peripheral groove,
has been illustrated and discussed in detail it will be ap-
preciated that other equivalent means to achieve the results
contemplated by the present inveation may be utilized.
The necessary criterion to be met is that the outer pe-
riphery of the electrode be heated to a higher temperature
than the remaining portion of the electrode. This is
achieved by causing increased surface-to-volume ratio for
that portion and by causing a restricted thermal conduc-
tion path between that portion of the electrode and the
main portion of the electrode. As mentioned hereinbefore
this may be achieved by other expedients than the cutting
of a peripheral slot as is illustrated in FIGURE 1.

- Although the vacuum gap device of the present inven-
tion Has been illustrated and described with reference to
the specific embodiment of a fixed gap triggerable device,
the advantages of the present invention may be equally
achieved by the incorporation of the disclosed electrode
structure in a fixed gap device which is not triggerable or
in a vacuum switch of the circuit interrupter or recloser
type in which one electrode is fixed and the other is mov-
able from a circuit closing position to a circuit breaking
position and in such devices whether the discharge is
triggerable or whether the interrupter is of the conven-
tional vacuum type.

‘While the invention has been described in detail herein
in accord with certain preferred embodiments thereof,
many modifications and changes therein may be effected
by those skilled in the art. Accordingly, it is the intention
in the appended claims to cover all such modifications
and changes as fall within the true spirit and scope of
the invention.

What I claim as new and desire to secure by Letters
Patent of the United States is:

1. A vacuum gap device comprising: an envelope evac-
pated to a vacuum of at least 10—5 mm. of mercury and
having at least a portion thereof composed of a high volt-
age insulator; a pair of primary electrodes comstifuting
an anode electrode and a cathode electrode disposed
within said envelope and adapted to define therebetween
a breakdown gap, at least said anode electrode having
arc dispersion means at the periphery thereof sufficient
to inhibit the formation of destructive anode spots, said
peripheral region of said anode electrode being a portion
of the arcing surface thereof, being substantially uniform-
ly in poor thermal contact with the remainder of said
electrode and having a high substantiaily uniform surface-
to-volume ratio, such that said peripheral region under
arcing conditions becomes uniformly heated to a tempera-
ture at which arc sustaining vapor is uniformly emitted;
and means for connecting said electrodes in circuit with
an electrical load.

2. The vacuum gap device of claim 1 wherein both
electrodes are fixed to define a fixed dimension gap.

3. The vacuum gap device of claim 1 wherein at least
one electrode is movable between circuit making position
in contact with said other electrode and a circuit breaking
position out of contact with said other electrode and
defining a gap therewith.

4. A vacuum gap device comprising: an envelope evac-
uated to a vacuum of at least 10—% millimeters of mer-
cury and having at least a portion thereof composed of
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a high voltage insulator; a plurality of primary electrodes
constituting an anode electrode and a cathode electrode
disposed within said envelope and adapted to define there-
with a breakdown gap, at least said anode electrode having
arc-dispersion means at the periphery thereof sufficient to
prohibit the formation of destructive anode spots, said
peripheral region of said electrode being a portion of the
arcing surface thereof, being in poor thermal contact with
the remainder of said electrode and having a high surface-
to-volume ratio, such that said peripheral region under
arcing conditions becomes uniformly heated to a.tempera-
ture at which arc-sustaining vapor is uniformly emitted
therefrom; trigger means associated with one of said elec-
trodes and comprising a trigger electrode having therein
a secondary gap and having located immediately adjacent
said gap a quantity of a material having chemically bound
therein a quantity of an active ionizable gas which is
thermally evolved therefrom upon the initiation of a spark
breakdown across said trigger gap; means for connecting
a primary voltage between said primary electrodes and
means for delivering a pulsed voltage to said trigger
electrode independent of the primary voltage to cause
breakdown of the primary gap.

5. The vacuum device of claim 4 wherein both primary
electrodes are fixed to define a fixed gap.

6. The vacuum device of claim 4 wherein one primary
electrode is fixed and the other primary electrode is mov-
able between a closed, contact-making position and an
open contact breaking position.

7. The vacuum device of claim 4 wherein both primary
electrodes are substantially circular discs with substan-
tially flat arcing surfaces and the arc-dispersion means
comprises a peripheral annular slot in the arcing surface

~ of at least said anode electrode.
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8. A vacuum gap device comprising: an envelope evac-
uated to a vacuum of at least 10— millimeters of mer-
cury and having at least a portion thereof composed of
a high voltage insulator; a pair of primary electrodes con-
stituting an anode electrode and a cathode electrode dis-
posed within said envelope and adapted to define therewith
a breakdown gap, at least said anode electrode having an
annular slot in the arcing surface thereof near the pe-
riphery thereof so as to define a peripheral surface arcing
region of very small radial dimension as compared with
the radial dimension of the entire electrode and having
a high surface-to-volume ratio, said peripheral region un-
der arcing conditions becoming uniformly heated to a
temperature at which arc-sustaining vapor is uniformly
emitted therefrom; means associated with one of said
electrodes to inject a gaseous plasma into said primary
gap upon receipt of a pulsed signal and comprising a trig-
ger electrode having thereon a trigger gap, and a quantity
of a hydride of an active metal immediately adjacent to
such trigger gap so that hydrogen gas is thermally released
therefrom upon the initiation of a spark breakdown across
said trigger gap; and means for connecting said primary
electrodes in circuit with an electrical load; and means
for supplying a source of pulsed voltage to said trigger
electrode to cause the breakdown of the primary gap.

9. The vacuum device of claim & wherein both primary
electrodes are fixed to define a fixed gap.

18. The vacuum device of claim 8 wherein one primary
electrode is fixed and the other primary electrode is mov-
able between a closed, contact-making position and an -
open contact breaking position.

11. The vacuum arc device of claim 8 wherein the
hydride utilized to store hydrogen is titanium hydride.

12. The vacuum arc device of claim 8 wherein the
hydride utilized to store hydrogen is yttrium hydride.

13. A vacuum gap device comprising: an envelope evac-
nated to a vacuum of at least 10—5 mm. of mercury and
having at least a portion thereof composed of a high voit-
age insulator; a pair of primary electrodes constituting
an anode electrode and a cathode electrode having sub-
stantially planar arcing surfaces disposed in closed juxta-
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position within said envelope to define therebetween a References Cited
breakdown gap, at least said anode electrode having an UNITED STATES PATENTS
annular slot in the arcing surface thereof at the periphery
thereof, said slot isolating a peripheral surface arcing 3,163,734 12/1964 Lee.

region of very small radial dimension as compared with 5
the radial dimension of the entire electrode and having FOREIGN PATENTS

a high substantially uniform surface to volume surface 1,306,918 © 9/1962 France.

ratio, said peripheral region under arcing conditions be-

coming uniformly heated to a temperature at which arc- JAMES W. LAWRENCE, Primary Examiner.
sustaining vapor is uniformly emitted therefrom to pre-

vent the formation of anode spots, and means for connect- 10 S. SCHLOSSER, R. JUDD, Assistant Examiners.
ing said electrodes in circuit with an electrical load.



