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(54) HIGH VOLTAGE, CROSS-FIELD, GAS SWITCH AND METHOD OF OPERATION

(57) A high voltage gas switch includes a gas-tight
housing containing an ionizable gas at a preselected gas
pressure. The gas switch includes a gas-tight housing
containing an ionizable gas at a gas pressure selected
based upon a Paschen curve for the ionizable gas, where
the Paschen curve plots breakdown voltages of the ion-
izable gas as a function of gas pressure multiplied by
grid-to-anode distance, and where values of gas pres-
sure multiplied by grid-to-anode distance increase over
at least a portion of the Paschen curve in conjunction
with increasing breakdown voltages. The gas switch also
includes an anode disposed within the gas-tight housing,
a cathode disposed within the gas-tight housing, and a
control grid positioned between the anode and the cath-
ode, where the control grid is spaced apart from the an-
ode by a grid-to-anode distance selected based upon a
desired operating voltage.
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Description

STATEMENT REGARDING FEDERALLY SPON-
SORED RESEARCH AND DEVELOPMENT

[0001] This invention was made with Government sup-
port under contract number DE-AR0000298 awarded by
the Department of Energy Advanced Research Projects
Agency-Energy. The Government has certain rights in
this invention.

BACKGROUND

[0002] The field of disclosure relates generally to a high
voltage, cross-field, gas switch and, more particularly, to
a cross-field gas switch capable of operation at high volt-
age based upon selection of a grid-to-anode distance
and gas pressure within the switch.
[0003] Cross-field gas switches, such as planar cross-
field gas switches, are known. Conventionally, these
switches include an electrode assembly, such as a cath-
ode spaced apart from an anode, enclosed by a gas-tight
chamber. The gas-tight chamber is filled with an ionizable
gas, and a voltage is applied to a control grid disposed
between the anode and cathode to initiate a plasma path
therebetween. The switch is operable, in the presence
of an input voltage applied to the anode, to conduct a
large electrical current between the anode and the cath-
ode. The plasma conduction path may be terminated by
reverse biasing the control grid, such that the electrical
current flowing from the anode to the cathode is tran-
siently drawn off by the control grid (and accompanying
circuitry), so that the gas once again becomes insulating.
Thus, the device functions as a gas filled switch, or "gas
switch" in the presence of an input voltage and a con-
ducting plasma.
[0004] Drawbacks associated with at least some
known gas switches include operational ceilings around
160 kilovolts (kV). Specifically, many common gas
switches are not designed for operation above 160 kV
and tend not to be feasible for large-scale, long-term,
implementation in high voltage power systems, such as,
for example, electrical distribution systems operating in
the range of hundreds of kilovolts.

BRIEF DESCRIPTION

[0005] In one aspect, a high voltage gas switch is pro-
vided. The gas switch includes a gas-tight housing con-
taining an ionizable gas at a gas pressure selected based
upon a Paschen curve for the ionizable gas, where the
Paschen curve plots breakdown voltages of the ionizable
gas as a function of gas pressure multiplied by grid-to-
anode distance, and where values of gas pressure mul-
tiplied by grid-to-anode distance decrease over at least
a portion of the Paschen curve in conjunction with in-
creasing breakdown voltages. The gas switch also in-
cludes an anode disposed within the gas-tight housing,

a cathode disposed within the gas-tight housing, and a
control grid positioned between the anode and the cath-
ode, where the control grid is spaced apart from the an-
ode by a grid-to-anode distance selected based upon a
desired operating voltage.
[0006] In another aspect, a high voltage, cross-field,
gas switch is provided. The gas switch contains an ion-
izable gas at a preselected gas pressure. The preselect-
ed gas pressure is selected based on a distance between
electrodes of the gas switch, and a Paschen curve for
the ionizable gas, wherein the Paschen curve plots
breakdown voltages of the ionizable gas as a function
distance between electrodes multiplied by gas pressure,
and values of distance between electrodes multiplied by
gas pressure decrease over a portion of the Paschen
curve in conjunction with increasing breakdown voltages.
[0007] In yet another aspect, a high voltage gas switch
is provided. The gas switch includes a gas-tight housing
containing an ionizable gas at a gas pressure in the range
of 0.01-1.0 torr, where the gas pressure is selected based
upon a Paschen curve for the ionizable gas. The gas
switch also includes an anode disposed within the gas-
tight housing, a cathode disposed within the gas-tight
housing, and a control grid positioned between the anode
and the cathode, where the control grid is spaced apart
from the anode by a grid-to-anode distance in the range
of 2.0-15.0 centimeters (cm), and where the grid-to-an-
ode distance is selected based upon a desired operating
voltage.

DRAWINGS

[0008] These and other features, aspects, and advan-
tages of the present disclosure will become better under-
stood when the following detailed description is read with
reference to the accompanying drawings in which like
characters represent like parts throughout the drawings,
wherein:

FIG. 1 is a cross-sectional view of an exemplary high
voltage, cross-field, gas switch;

FIG. 2 illustrates a plurality of exemplary Paschen
curves for a plurality of ionizable gasses, in which
each Paschen curve terminates at 160 kilovolts;

FIG. 3 illustrates an exemplary Paschen curve for
helium gas, in which the Paschen curve extends to
1,000 kilovolts; and

FIG. 4 is a flowchart illustrating an exemplary proc-
ess of manufacturing the gas switch shown at FIG. 1.

[0009] Unless otherwise indicated, the drawings pro-
vided herein are meant to illustrate features of embodi-
ments of the disclosure. These features are believed to
be applicable in a wide variety of systems comprising
one or more embodiments of the disclosure. As such,
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the drawings are not meant to include all conventional
features known by those of ordinary skill in the art to be
required for the practice of the embodiments disclosed
herein.

DETAILED DESCRIPTION

[0010] In the following specification and the claims, ref-
erence will be made to a number of terms, which shall
be defined to have the following meanings.
[0011] The singular forms "a", "an", and "the" include
plural references unless the context clearly dictates oth-
erwise.
[0012] "Optional" or "optionally" means that the sub-
sequently described event or circumstance may or may
not occur, and that the description includes instances
where the event occurs and instances where it does not.
[0013] Approximating language, as used herein
throughout the specification and claims, may be applied
to modify any quantitative representation that could per-
missibly vary without resulting in a change in the basic
function to which it is related. Accordingly, a value mod-
ified by a term or terms, such as "about" and "substan-
tially", are not to be limited to the precise value specified.
In at least some instances, the approximating language
may correspond to the precision of an instrument for
measuring the value. Here and throughout the specifica-
tion and claims, range limitations may be combined
and/or interchanged; such ranges are identified and in-
clude all the sub-ranges contained therein unless context
or language indicates otherwise.
[0014] As used herein, spatially relative terms, such
as "beneath," "below," "under," "lower," "higher,"
"above," "over," and the like, may be used to describe
one element or feature’s relationship to one or more other
elements or features as illustrated in the figures. It will
be understood that such spatially relative terms are in-
tended to encompass different orientations of the ele-
ments and features described herein both in operation
as well as in addition to the orientations depicted in the
figures. For example, if an element or feature in the fig-
ures is turned over, elements described as being "below"
one or more other elements or features may be regarded
as being "above" those elements or features. Thus, ex-
emplary terms such as "below," "under," or "beneath"
may encompass both an orientation of above and below,
depending, for example, upon a relative orientation be-
tween such elements or features and one or more other
elements or features.
[0015] As used herein, "vacuum breakdown" refers to
a condition within a gas switch, in which electrons are
emitted from a surface of a negative electrode, such as
a cathode and/or control grid, of the gas switch under the
influence of an electrostatic field generated by a positive
electrode, such as an anode, of the gas switch. Specifi-
cally, vacuum breakdown occurs as a result of field emis-
sion of electrons by the negative electrode under the in-
fluence of a sufficiently strong electrostatic field gener-

ated by the application of an operating voltage on a pos-
itive electrode. As described herein, vacuum breakdown
may be reduced or eliminated by separating the positive
electrode (or anode) from the negative electrode (such
as the control grid) by a preselected grid-to-anode dis-
tance.
[0016] As used herein "gas breakdown" refers to a con-
dition within a gas switch, in which an operating voltage
applied on an anode of the gas switch exceeds a break-
down voltage of an ionizable gas separating the anode
from a control grid of the gas switch. As described herein,
gas breakdown may be reduced or eliminated by select-
ing an appropriate gas pressure, in combination with the
selected grid-to-anode distance, within the gas switch.
[0017] Embodiments of the present disclosure relate
to a gas switch that operates at high voltage, such as,
for example, a voltage in the range of 50-1,000 kilovolts
(kV). The gas switch includes an anode and a control
grid disposed between the anode and the cathode and
spaced apart from the anode by a preselected grid-to-
anode distance. Specifically, the grid-to-anode distance
is selected based upon a desired operating or breakdown
voltage to prevent vacuum breakdown between the an-
ode and the control grid. The gas switch is also filled with
an ionizable gas, such as helium, and a gas pressure is
preselected based upon a Paschen curve for the ioniz-
able gas. In particular, the Paschen curve plots break-
down voltages of the ionizable gas as a function of grid-
to-anode distance multiplied by gas pressure. The prod-
uct of these values is referred to as a "pressure-distance
product" or "PDP," and the PDP is used in conjunction
with the selected grid-to-anode distance and operating
voltage to identify a suitable gas pressure.
[0018] FIG. 1 is a cross-sectional view of an exemplary
high voltage, cross-field, gas switch 100 (or "gas switch").
Gas switch 100 is generally cylindrical and includes a
cylindrical gas-tight housing 102 that encloses and seals
the various switch components described herein. A
switch axis 104 extends through and is defined with re-
spect to gas-tight housing 102. In the exemplary embod-
iment, gas-tight housing 102 includes an insulating ma-
terial, such as a ceramic insulator. Further, as described
below, a conductive ring 120 may be inserted and/or
sealed between upper and lower portions of gas-tight
housing 102 without affecting the gas-tightness and/or
insulating properties of gas-tight housing 102.
[0019] For example, in some embodiments, gas-tight
housing 102 comprises an upper cylindrical portion 170
and a lower cylindrical portion 172, where upper cylindri-
cal portion 170 and lower cylindrical portion 172 are sep-
arated by and mechanically coupled through conductive
ring 120. Thus, in at least some embodiments, gas-tight
housing 102 is made up of upper cylindrical portion 170
and lower cylindrical portion 172 with conductive ring 120
sandwiched therebetween. In addition, in some embod-
iments, gas-tight housing 102 may include an upper met-
al ring 174 that is welded or otherwise electrically and
mechanically coupled to an anode (as described below)
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and a lower metal ring 176 that is welded or otherwise
electrically and mechanically coupled to a cathode (as
described below). Further, in some embodiments, upper
metal ring 174 may be surrounded by an upper mounting
ring 178, and lower metal ring 176 may be surrounded
by a lower mounting ring 180, each of which may facilitate
a gas tight seal on gas-tight housing 102.
[0020] In the exemplary embodiment, gas switch 100
also includes an anode 106 and a cathode 108. Cathode
108 is axially separated (or spaced apart) from anode
106 and disposed in substantially parallel relation to an-
ode 106. Cathode 108 includes an upper surface, such
as a conduction surface 107, and a lower surface 109.
As described herein, cathode 108 need not be completely
planar. For example, in some embodiments, cathode 108
includes an undulating or corrugated conduction surface
107. In other embodiments, however, conduction surface
107 is a smooth, planar, surface. Similarly, in the exem-
plary embodiment, anode 106 includes at least one pla-
nar and/or substantially planar surface; however, in other
embodiments, anode 106 may include one or more non-
planar surfaces as well. Further, some embodiments of
gas switch 100 substitutes a concentrically arranged an-
ode-cathode pair for the planar anode and cathode de-
picted at FIG. 1. In some embodiments, cathode 108 may
include any suitable material composition, such as, for
example, and without limitation, any of i) gallium, ii) an
alloy of gallium, iii) indium, iv) tin, v) aluminum, vi) tung-
sten, vii) molybdenum, and vii) tantalum.
[0021] A keep-alive grid 110 ("KA grid" or "first grid")
is positioned between cathode 108 and anode 106 and
defines a grid-to-cathode gap 112, which may be filled
with an ionizable gas having a low atomic mass, such as
helium gas, hydrogen gas, or mixtures of hydrogen and
helium, such as to a preselected gas pressure in the
range of 0.01-1.0 torr (as described below). For example,
grid-to-cathode gap 112 may be filled from a gas storage
reservoir, such as a helium storage reservoir (not shown).
In various embodiments, there is only one interior gas
volume within gas-tight housing 102, such that gas in
grid-to-cathode gap 112 is in full communication with gas
in a grid-to-anode gap 116 (described below). Specifical-
ly, the entire interior volume of gas-tight housing 102 may
be filled with an ionizable gas to the preselected gas pres-
sure.
[0022] Further, in the exemplary embodiment, KA grid
110 is a substantially planar, electrically conductive, per-
forated structure. Specifically, KA grid 110 includes a plu-
rality of perforations, apertures, or holes, sized to permit
the flow of ionized gas (e.g., plasma) and electrons there-
through.
[0023] A control grid 114 (or "second grid") is also in-
cluded in gas switch 100. Specifically, control grid 114 is
positioned between KA grid 110 and anode 106 and de-
fines grid-to-anode gap 116 (or "high voltage gap"). As
shown, grid-to-anode gap 116 includes a preselected
gap length or "grid-to-anode distance" 190, which may
be selected (as described herein) based upon a desired

operating or breakdown voltage of gas switch 100. In
particular, a preselected grid-to-anode distance 190 may
be selected to prevent vacuum breakdown between con-
trol grid 114 and anode 106 at a particular operating volt-
age while gas switch 100 is in an open state. In various
embodiments, preselected grid-to-anode distance 190 is
in the range of 2-15 centimeters (cm). In addition, in at
least some embodiments, preselected grid-to-anode dis-
tance 190 is in the range of 3-10 cm.
[0024] Like KA grid 110, control grid 114 is a substan-
tially planar, electrically conductive, perforated structure.
Specifically, control grid 114 includes a substantially pla-
nar central region 192 that includes a plurality of perfo-
rations, apertures, or holes, sized to permit the flow of
ionized gas (e.g., plasma) and electrons therethrough.
[0025] Further, in at least some embodiments, control
grid 114 includes a contoured or shaped perimeter 194.
For example, perimeter 194 may substantially follow or
conform to a shape of anode 106 (e.g., a perimeter of
anode 106). The shape of perimeter 194 is chosen so as
to obstruct the transport of material that can be sputtered
from the surface of the control grid during switch opening
from depositing on the insulator and degrading insulator
performance. The shape is further selected to maximize
a diameter and/or surface area of central region 192,
such as, for example, to maximize electrical current flow
within gas switch 100.
[0026] A wire lead 118 extends through gas-tight hous-
ing 102 and is electrically and mechanically connected
between KA grid 110 and a bias voltage supply 150 (or
"power supply") arranged to provide a bias voltage to KA
grid 110. Similarly, conductive ring 120 is mounted within
gas-tight housing 102 (e.g., as described above) and is
electrically and mechanically connected between control
grid 114 and bias voltage supply 150, such that conduc-
tive ring 120 is arranged to provide a bias voltage to con-
trol grid 114.
[0027] In operation, an operating voltage in the range
of 50-1,000 kilovolts (kV) is applied on anode 106. In the
presence of the operating voltage, gas switch 100 is ca-
pable of "opening" and "closing" to selectively permit the
flow of electrical current between anode 106 and cathode
108. More particularly, in an "open" state, electrical cur-
rent is prevented from flowing between anode 106 and
cathode 108, and in a "closed" state, electrical current
flows from anode 106 to cathode 108. To open gas switch
100, a reverse bias voltage, such as a reverse bias volt-
age in the range of -100 to -3,000 volts, is applied on
control grid 114. Similarly, to close gas switch 100, a
forward bias voltage, such as a forward bias voltage in
the range of +100 to +3,000 volts, is applied on control
grid 114. In other embodiments, however, any forward
bias voltage above an electron temperature of several
volts may be sufficient to close gas switch 100.
[0028] When gas switch 100 is closed, the ionizable
gas contained within the switch 100 ionizes to form a
conducting plasma between anode 106 and cathode 108,
where the conducting plasma facilitates conduction of
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electrical current between anode 106 and cathode 108.
Moreover, in a closed state, gas switch 100 may operate
in a variety of modes, such as, for example, a low forward
voltage drop mode. However, the physical processes re-
lated to formation of the conducting plasma as well as
the low forward voltage drop mode are not central to an
understanding of the present disclosure; notwithstand-
ing, additional detail may be obtained with reference to
U.S. Patent Application No. 15/860,225, filed January 2,
2018, and entitled LOW VOLTAGE DROP, CROSS-
FIELD, GAS SWITCH AND METHOD OF OPERATION,
which is hereby incorporated by reference in its entirety.
[0029] Conversely, in an open state, gas switch 100
must maintain, or "stand-off," all of the operating voltage
on anode 106. As used herein, a "stand-off’ voltage is a
maximum voltage that can be applied on anode 106 be-
fore the dielectric barrier between anode 106 and control
grid 114 breaks down, and gas switch 100 may be re-
ferred to as being able to "stand-off’ any operating volt-
age that is less than the stand-off or breakdown voltage.
In other words, the term "stand-off voltage" is synony-
mous with the term "breakdown voltage" and refers to a
maximum voltage that can be maintained on anode 106
while gas switch 100 is open (i.e., without causing elec-
trical arc-over from anode 106 to cathode 108). In addi-
tion, when gas switch 100 is opened, any conducting
plasma formed between anode 106 and cathode 108 is
terminated (or prevented from forming), such that elec-
trical current is prevented from flowing between anode
106 and cathode 108.
[0030] Gas switch 100 is therefore generally capable
of standing-off any voltage on anode 106 that does not
result in dielectric breakdown between anode 106 and
control grid 114. More particularly, gas switch 100 is ca-
pable of standing off operating voltages that do not result
in vacuum breakdown and/or gas breakdown between
anode 106 and control grid 114 (as described above).
[0031] To prevent vacuum breakdown, grid-to-anode
distance 190 may be selected (or "preselected") as a
function of a desired operating voltage. Specifically, a
suitable grid-to-anode distance 190 is selected to prevent
vacuum breakdown between anode 106 and control grid
114 at the desired operating voltage. More particularly,
larger operating voltages require larger grid-to-anode
distances 190 for the prevention of vacuum breakdown
(e.g., because larger voltages can arc over larger dis-
tances). As such, grid-to-anode distance 190 may be in-
creased and/or decreased to increase and/or decrease
the stand-off or breakdown voltage of gas switch 100,
respectively.
[0032] Similarly, gas breakdown may be prevented by
selecting (or "preselecting") an appropriate gas pressure
for the ionizable gas contained within gas switch 100.
Specifically, a suitable gas pressure is selected to pre-
vent gas breakdown between anode 106 and control grid
114 at the desired operating voltage. In addition, the se-
lected gas pressure may be decreased to stand-off high-
er voltages and increased to stand-off lower voltages.

Physically, lower gas pressures permit gas switch 100
to stand-off higher operating voltages, because the con-
duction medium (i.e., the ionizable gas) is less dense at
lower gas pressures.
[0033] Accordingly, the breakdown or stand-off voltage
of gas switch 100 is a function of two parameters gas
pressure and grid-to-anode distance 190. Specifically,
breakdown voltages are a function of gas pressure (Pg)
multiplied by grid-to-anode distance 190 (dGA). The prod-
uct of this multiplication (Pg x dGA) may be referred to as
a "pressure-distance product" or "PDP." Breakdown volt-
ages of gas switch 100 may be plotted as a function of
PDP on a so-called "Paschen curve."
[0034] FIG. 2 illustrates a plurality of known Paschen
curves for a plurality of ionizable gasses. In particular, a
first Paschen curve 202 is shown for carbon dioxide gas
(CO2), a second Paschen curve 204 is shown for oxygen
gas (O2), a third Paschen curve 206 is shown for air, and
a fourth Paschen curve 208 is shown for nitrogen gas
(N2). A Paschen curve for helium is not shown at FIG. 2;
however, as described in detail below with reference to
FIG. 3, the Paschen curve for helium is similar to the
Paschen curves for carbon dioxide, oxygen, air, and ni-
trogen, in that the curve for helium increases monotoni-
cally for decreasing values of PDP below approximately
160 kV.
[0035] As shown, a range of breakdown voltages are
plotted on the y-axis, and a range of pressure-distance
products are plotted on the x-axis. Regions to the left of
each Paschen curve 202-208 are associated with nom-
inal operating voltages (or non-breakdown voltages), and
regions to the right of each Paschen curve 202-208 are
associated with breakdown voltages. Thus, any combi-
nation of PDP and operating voltage to the left of (or
"under") a Paschen curve 202-208 may be selected to
prevent dielectric breakdown (e.g., vacuum and gas
breakdown) within gas switch 100.
[0036] The Paschen curves depicted at FIG. 2 do not
extend beyond 160 kV. Broadly, this is because the
shape of each curve 202-208 in the range 0-160 kV (e.g.,
monotonically increasing as PDP decreases) suggests
that PDP values only decrease as breakdown voltage
increases beyond 160 kV, and on that assumption, pre-
vious efforts to develop a high voltage gas switch have
failed. Specifically, previous efforts have failed, because
higher breakdown voltages always require a larger grid-
to-anode gap 190 (dGA), which means, based on the PDP
equation above (i.e., PDP = Pg x dGA), that gas pressure
(Pg) must decrease to accommodate higher stand-off
voltages. However, a pressure floor occurs near break-
down voltages in the range of 160 kV, beyond which the
gas pressure within gas switch 100 is simply insufficient
to close switch 100, even when desired. As a result,
Paschen curves have not conventionally been plotted for
ionizable gasses (including helium) at operating voltages
greater than approximately 160 kV (e.g., because it was
thought that gas pressures necessary to satisfy the PDP
equation would be unfeasibly low at voltages greater than

7 8 



EP 3 772 744 A1

6

5

10

15

20

25

30

35

40

45

50

55

160 kV).
[0037] However, as shown with reference now to FIG.
3, the inventors have determined that the shape of the
Paschen curve 302 for helium only increases monoton-
ically to a threshold breakdown voltage 304, VT, of ap-
proximately 300 kV. Beyond threshold breakdown volt-
age 304, the Paschen curve turns to the right and PDP
values increase in conjunction with increasing break-
down voltages. In other words, the inventors have deter-
mined that PDP values can, in fact, be selected for op-
eration of gas switch 100 at operating voltages exceeding
160 kV, because PDP values unexpectedly increase
above approximately 300 kV.
[0038] Specifically, Paschen curve 302 indicates the
existence of PDP values large enough for reliable imple-
mentation of gas switch 100 over an expanded range of
operating voltages, such as, for example, over a range
of 50-1,000 kV. Although Paschen curves for other ion-
izable gasses (e.g., hydrogen) are not shown, the inven-
tors believe that at least some of these other Paschen
curves (e.g., curves 202-208, the curve for hydrogen,
etc.) may behave in a manner similar to Paschen curve
302 for helium.
[0039] Accordingly, FIG. 4 is a flowchart illustrating an
exemplary process 400 of manufacturing gas switch 100
(shown at FIG. 1). In the exemplary embodiment, gas-
tight housing 102 is provided (step 402), anode 106 is
positioned within gas-tight housing (step 404), and cath-
ode 108 is positioned within gas-tight housing 102 (step
406). In addition, control grid 114 is positioned within gas-
tight housing 102. Specifically, control grid 114 is posi-
tioned by preselected grid-to-anode distance 190 from
anode 106 (step 408). As described herein, preselected
grid-to-anode distance 190 is selected based upon a de-
sired operating voltage, such that gas switch 100 is ca-
pable of standing-off the desired operating voltage in an
open state. The grid-to-anode distance is set sufficiently
large so as to avoid vacuum breakdown.
[0040] Once the desired operating voltage and grid-to-
anode distance 190 are selected (or preselected), gas-
tight housing 102 is filled to a preselected gas pressure
with an ionizable gas, such as helium (step 410). The
gas pressure is selected based upon Paschen curve 302
(or an expanded Paschen curve for another ionizable
gas). More particularly, the gas pressure is selected by
identifying a desired operating and/or breakdown voltage
on Paschen curve 302. The identified voltage corre-
sponds to a PDP value, and the gas pressure may be
calculated from the PDP value and preselected grid-to-
anode distance 190 identified at step 408. Specifically,
the PDP equation described above (i.e., PDP = Pg x dGA)
may be rearranged as follows to give a requisite gas pres-
sure at a selected breakdown voltage and grid-to-anode
distance 190 : Pg = PDP/dGA. To summarize, and in gen-
eral, after setting grid-to-anode distance 190 large
enough to avoid vacuum breakdown, and the preselected
gas pressure low enough to avoid gas breakdown, gas-
tight housing 102 is filled to the preselected gas pressure

with the selected ionizable gas, ensuring, however, that
there a sufficient quantity of ionizable gas is present to
allow gas switch 100 to close, as described above. In
other words, it is necessary to ensure that the preselected
gas pressure is not so low that an insufficient quantity of
ionizable gas is utilized.
[0041] Embodiments of the present disclosure thus re-
late to a gas switch capable of operating at high voltage,
such as, for example, a voltage in the range of 50-1,000
kilovolts (kV). The gas switch includes an anode, a cath-
ode spaced apart from the anode, and a control grid dis-
posed between the anode and the cathode and spaced
apart from the anode by a preselected grid-to-anode dis-
tance. Specifically, the grid-to-anode distance is selected
based upon a desired operating and/or breakdown volt-
age to prevent vacuum breakdown between the anode
and the control grid. The gas switch is also filled with an
ionizable gas, such as helium, and a gas pressure is
preselected based upon a Paschen curve for the ioniz-
able gas. In particular, the Paschen curve plots break-
down voltages of the ionizable gas as a function of grid-
to-anode distance multiplied by gas pressure. The prod-
uct of these values is referred to as a "pressure-distance
product" or "PDP," and the PDP is used in conjunction
with the selected grid-to-anode distance and operating
voltage to identify a suitable gas pressure.
[0042] Exemplary technical effects of the gas switch
described herein include, for example: (a) operation at
high voltages, such as voltages ranging from 50kV to
1,000 kV; (b) selection of grid-to-anode distances based
upon desired operating voltage; and (c) selection of gas
pressures that are not so low as to be unfeasible to im-
plement.
[0043] Exemplary embodiments of a gas switch and
related components are described above in detail. The
system is not limited to the specific embodiments de-
scribed herein, but rather, components of systems and/or
steps of the methods may be utilized independently and
separately from other components and/or steps de-
scribed herein. For example, the configuration of com-
ponents described herein may also be used in combina-
tion with other processes, and is not limited to practice
with the systems and related methods as described here-
in. Rather, the exemplary embodiment can be imple-
mented and utilized in connection with many applications
where a gas switch is desired.
[0044] Although specific features of various embodi-
ments of the present disclosure may be shown in some
drawings and not in others, this is for convenience only.
In accordance with the principles of the present disclo-
sure, any feature of a drawing may be referenced and/or
claimed in combination with any feature of any other
drawing.
[0045] This written description uses examples to dis-
close the embodiments of the present disclosure, includ-
ing the best mode, and also to enable any person skilled
in the art to practice the disclosure, including making and
using any devices or systems and performing any incor-
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porated methods. The patentable scope of the embodi-
ments described herein is defined by the claims, and may
include other examples that occur to those skilled in the
art. Such other examples are intended to be within the
scope of the claims if they have structural elements that
do not differ from the literal language of the claims, or if
they include equivalent structural elements with insub-
stantial differences from the literal language of the claims.

Claims

1. A high voltage gas switch comprising:

a gas-tight housing containing an ionizable gas
at a gas pressure selected based upon a
Paschen curve for the ionizable gas, wherein
the Paschen curve plots breakdown voltages of
the ionizable gas as a function of gas pressure
multiplied by grid-to-anode distance, and where-
in values of gas pressure multiplied by grid-to-
anode distance increase over at least a portion
of the Paschen curve in conjunction with in-

FINAL PARTS LIST
gas switch 100
gas-tight housing 102
switch axis 104
anode 106
conduction surface 107
Cathode 108
lower surface 109
keep-alive grid 110
grid-to-cathode gap 112
control grid 114
grid-to-anode gap 116
wire lead 118
conductive ring 120
bias voltage supply 150
upper cylindrical portion 170
lower cylindrical portion 172
upper metal ring 174
lower metal ring 176
upper mounting ring 178
lower mounting ring 180
grid-to-anode distance 190
central region 192
perimeter 194
first Paschen curve 202
second Paschen curve 204
third Paschen curve 206
fourth Paschen curve 208
Paschen curve 302
threshold breakdown voltage 304

creasing breakdown voltages;
an anode disposed within said gas-tight hous-
ing;
a cathode disposed within said gas-tight hous-
ing; and
a control grid positioned between said anode
and said cathode, said control grid spaced apart
from said anode by a grid-to-anode distance se-
lected based upon a desired operating voltage.

2. The gas switch of Claim 1, wherein values of gas
pressure multiplied by grid-to-anode distance in-
crease over a portion of the Paschen curve beyond
a threshold breakdown voltage.

3. The gas switch of Claim 2, wherein the threshold
breakdown voltage is approximately 300 kilovolts
(kV).

4. The gas switch of Claim 1, wherein the grid-to-anode
distance is in the range of 2-15 centimeters (cm).

5. The gas switch of Claim 1, said gas-tight housing
contains helium.

6. The gas switch of Claim 1, wherein the grid-to-anode
distance is selected to prevent vacuum breakdown
between said anode and said control grid at the de-
sired operating voltage.

7. The gas switch of Claim 1, wherein the gas pressure
is selected to prevent gas breakdown between said
anode and said control grid at the desired operating
voltage.

8. The gas switch of Claim 1, wherein said control grid
comprises a perforated electrically conductive sur-
face.

9. The gas switch of Claim 1, wherein said cathode
comprises at least one of i) gallium, ii) an alloy of
gallium, iii) indium, iv) tin, v) aluminum, tungsten, mo-
lybdenum, and tantalum

10. The gas switch of Claim 1, wherein said gas switch
is operable in the range of 50-1,000 kilovolts (kV).

11. A high voltage, cross-field, gas switch containing an
ionizable gas at a gas pressure selected based upon:

a distance between electrodes of said gas
switch; and
a Paschen curve for the ionizable gas, wherein
the Paschen curve plots breakdown voltages of
the ionizable gas as a function distance between
electrodes multiplied by gas pressure, and
wherein values of distance between electrodes
multiplied by gas pressure increase over a por-
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tion of the Paschen curve in conjunction with
increasing breakdown voltages.

12. The gas switch of Claim 11, wherein the distance
between electrodes is a distance between an anode
and a control grid spaced apart from the anode.

13. The gas switch of Claim 11, wherein values of gas
pressure multiplied by distance between electrodes
increase over a portion of the Paschen curve beyond
a threshold breakdown voltage.

14. The gas switch of Claim 13, wherein the threshold
breakdown voltage is approximately 300 kilovolts
(kV).

15. The gas switch of Claim 11, wherein the distance
between electrodes is in the range of 2-15 centime-
ters (cm).

16. The gas switch of Claim 11, wherein the ionizable
gas is helium.

17. The gas switch of Claim 11, wherein the distance
between electrodes is selected to prevent vacuum
breakdown between a first electrode and a second
electrode at the desired operating voltage.

18. The gas switch of Claim 11, wherein the preselected
gas pressure is selected to prevent gas breakdown
between a first electrode and a second electrode at
the desired operating voltage.

19. The gas switch of Claim 11, wherein said gas switch
is operable in the range of 50-1,000 kilovolts (kV).

20. A high voltage gas switch comprising:

a gas-tight housing containing an ionizable gas
at a gas pressure in the range of 0.01-1.0 torr,
the gas pressure selected based upon a
Paschen curve for the ionizable gas;
an anode disposed within said gas-tight hous-
ing;
a cathode disposed within said gas-tight hous-
ing; and
a control grid positioned between said anode
and said cathode, said control grid spaced apart
from said anode by a grid-to-anode distance in
the range of 2-15 centimeters (cm), the grid-to-
anode distance selected based upon a desired
operating voltage.
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