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[57] S CT 
The hollow cathode gas discharge device is con?gured 
with a maximized cathode-to-anode area ratio to oper 
ate in a low-pressure glow discharge mode to generate 
a plasme of adequate density from which electrons or 
ions can be extracted and accelerated. This permits 
the gas pressure to be kept low to avoid Paschen 
breakdown in the high voltage acceleration region. 
The invention herein described was made in the 
course of or under a Contract or subcontract 
thereunder with the Department of the Navy. 

9 Claims, 3 Drawing Figures 
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HOLLOW CATHODE GAS DISCHARGE DEVICE 

BACKGROUND 

This invention is directed to a hollow cathode gas dis 
charge device having a low-pressure glow discharge 
plasma from which can be extracted electrons or ions 
for high voltage acceleration. ’ 
High energy electron and ion beams are used in a va 

riety of equipment, such as irradiation equipment, TEA 
gas lasers, and ion thrustors. Various electron and ion 
sources are available. Glow discharge plasma contain 
both ions and electrons, are widely used for various 
purposes, and can be used for this purpose. However, 
when they are employed in equipment where accelerat 
ing voltages are required, differential pumping is usu 
ally needed to keep the gas pressure in the accelerating 
region low enough to prevent Paschen breakdowns in 
the beam under high accelerating voltages. 
Among the prior art, attention is called to the thin 

wire anode, hollow cathode discharge described by G. 
W. McClure, AMERICAN PHYSICS LETTERS, Vol 
ume 2, No. 12, page 233, June 15, 1963. 

SUMMARY 

In order to aid in the understanding of this invention, 
it can be stated in essentially summary form that it is 
directed to a hollow cathode gas discharge device 
which has a minimized internal gas pressure resulting 
from a maximized cathode-to-anode area ratio consis 
tent with maintenance of discharge so that maximized 
accelerating voltages can be applied to an extracted 
beam without Paschen breakdwon and without need 
for differential pumping. 

It is thus an object of this invention to provide a gas 
discharge device which provides a glow discharge gase 
ous plasma as a source for either ions or electrons. It 
is another object to provide a gas discharge device 
wherein plasma discharge occurs at a minimized pres 
sure. It is another object to provide a hollow cathode 
gas discharge device with maximized cathode-to-anode 
area ratio so that a satisfactory glow discharge can be 
maintained at minimum gas pressure. It is a further ob 
ject to provide an auxiliary ignition anode within a hol 

, low cathode gas discharge device which operates ‘at 
minimized pressure so that the glow discharge can be 
initiated. 
Other objects and advantages of this invention will 

become apparent from a study of the following portion 
of the specification, the claims, and the attached draw 
mgs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a hollow cathode gas 
discharge device, in accordance with this invention, as 
attached to a laser for ionization of laser gas by means 
of ‘the high energy electron beam from the said hollow 
cathode gas discharge device. 
FIG. 2 is an enlarged section, with parts broken away, 

taken generally along the line 2—2 of FIG. 1. 
FIG. 3 is a transverse section through another em 

bodiment of the hollow cathode gas discharge device of 
this invention showing the gas discharge device as an 
ion source. 

DESCRIPTION 

In FIG. 1, the hollow cathode gas discharge device is 
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a high energy electron source 10. It is shown as being 
attached to a laser cavity 12 for the ionization of the 
gas thereof. The laser cavity is shown as being in associ 
ation with laser mirrors 14 and 16. In FIG. 2, the laser 
cavity 12 contains sustainer discharge electrode 18, 
which is part of a conventional laser. The laser cavity 
12 is the cavity of a gas laser, of which the TEA laser 
in U.S. Pat. No. 3,702,973 is an example. Furthermore, 
U.S. Pat. No. 3,577,096 discloses a gas laser, and U.S. 
Pat. No. 3,641,454 discloses an electron beam-ionzed 
gas laser to illustrate the fact that a gas laser can be 
electron beam-ionized. See also the article by A. J. 
Beaulieu in APPLIED PHYSICS LETTERS, Vol. 16, 
page 504, 1970. The entire disclosures of these patents 
and this article are incorporated herein in their en 
tirety. 
Laser cavity housing 12 has secured to the side 

thereof electron source housing 20. Housing 20 serves 
as a shell around the remainder of the electron source 
structure to serve as a vacuum envelope therefor. One 
side of housing 20 is wall 22, which is a common wall 
with laser cavity housing 12. Wall 22 has a thin foil sec 
tion 24 which serves as an electron transmission win 

' dow. Metals are suitable for these housings. The foil 
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window section 24 is as thin as possible to permit elec 
tron passage with maximum freedom, but also to main 
tain the vacuum integrity of housing 20. Foil section 24 
can be mechanically supported to aid in its support of 
the pressure differential between the interiors of the 
two housings. The pressure within electron source 10 
is made independent of the ambient by means of hous 
ing 20, which is closed all the way around. It can be 
provided with a vacuum pump and/or gas supply means 
to maintain the interior of housing 20 at the appropri 
ate pressure and with the proper gas atmosphere. The 
maintenance of as low a pressure within housing 20 as 
is consistent with the maintenance of a plasma dis 
charge is a feature of this invention and is discussed in 
more detail below. The geometry of the various parts 
is related to the maintenance of the desirably low pres 
sure. Hollow cathode 26 is mounted within housing 20 
on suitable electrically insulative structural supports. 
Cathode 26 carries webs 28 and 30 on which are 
mounted insulators 31 and 33. On the inside surface of 
the insulator, toward the interior of cathode 26, is 
mounted perforated anode 32. On the other side of the 
insulators is mounted perforated control grid 34. The 
thin foil window section 24 is in line with and faces the 
perforated electrodes. Window section 24 is spaced 
from control grid 34 and is adapted to be connected as 
an electron accelerator electrode. 
Cathode webs 36 and 38 extend inward over the ex 

posed portion of the insulators 32 and 34 and extend 
over the mounting edges of the perforated anode elec 
trode 32 so that only the perforated section is visible 
from the interior of cathode 26. The effective cathode 
surface 40 has an area which extends around the inter 
ior of cathode 26 out to the facing edges of cathode 
webs 36 and 38. The opening 42 between the facing 
edges of cathode webs 36 and 38 is the effective anode 
area. Webs 44 and 46 protect the outer surface of insu 
lators 32 and 34 by carrying the cathode potential 
around the outer, protected surfaces of these insula 
tors. The presence and length of cathode webs 36 and 
38 is optional. They should extend at least over the ex 
posed insulator if insulator protection is wanted, but 
they may cause beam focusing. Similarly, webs 44 and 
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46 need extend only to the outer insulator faces, and 
may cause beam focusing if they extend as far as they 
are shown in FIG. 2. 
The structure of electron source 10 also includes an 

ignition electrode 48. Ignition electrode 48 is prefera 
bly in the form of a thin wire. It extends substantially 
through the center of the cathode space. When the 
cathode 26 is in the form of an elongated tube, as 
shown, the ignition electrode conveniently extends 
along the length of the structure. 
Power sources are connected to provide the neces 

sary currents for operation. Power source 50 is con 
nected between cathode 26 and perforated anode elec 
trode 32 to maintain the anode electrode positive with 
respect to cathode surface 40 to maintain the plasma 
of the glow discharge within the interior of the cathode. 
Voltage is in the order of 300 to 600 volts, and current 
is between about 10*4 to 1 amp per square centimeter 
of effective cathode area for the type of discharge de 
sired. Ignition power supply 52 is connected between 
the cathode and ignition electrode 48. When ignition is 
desired, ignition power supply 52 provides a positive 
pulse on ignition electrode 48. A pulse in the order of 
500 to 1,000 volts and in the order of l microsecond 
time duration is convenient. Control grid power supply 
54 is connected between anode electrode 32 and con 
trol grid 34 to bias the control grid with respect to the 
anode electrode. The control grid can be made nega 
tive up to a voltage exceeding the discharge voltage of 
power supply 50 to cut off electron flow. When not em 
ployed as a turn-off device, the control grid power sup 
ply is usually operated so that control grid 34 is at a po 
tential close to that of the anode electrode 32. It can be 
either positive or negative. 
Accelerator power supply 56 is connected between 

anode electrode 32 and foil window section 24. The 
window section is made positive to accelerate the elec 
trons. In accordance with this invention, accelerating 
voltages of in excess of 150 kilovolts can be achieved. 

The hollow cathode electron gun of FIG. 2 is able to 
generate a plasma of adequate density, up to about 1013 
electrons and ions per cubic centimeter, from which 
electrons can conveniently be extracted and acceler 
ated without causing Paschen breakdown in the high 
voltage acceleration region between control grid 34 
and foil window section 24. To avoid such breakdown, 
the gas pressure of the discharge has to be kept rela 
tively low. The pressure is typically below about 50 mi 
crons of mercury pressure column for helium and lower 
for other gases. The configuration of electron source 
10 permits operation at such a low gas pressure, be 
cause most of the discharge volume is enclosed by the 
hollow cathode surface, because the anode area is kept 
much smaller than the cathode and because the anode 
area is essentially flush with the cathode area. The en 
closure of the discharge volume by the hollow cathode 
surface leads to optimum utilization of the ions gener 
ated in the plasma, which substantially all fall back 
onto the cathode where they generate the secondary 
electrons needed to sustain the discharge. The second 
and third features, the small anode-to-cathode area 
ratio and the essentially flush con?guration of the 
anode surface with respect to the cathode surface, are 
essential to permit sustaining the discharge down to low 
pressures and are further discussed below. 
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4 
Presuming that the plasma discharge is established, 

the volume inside the hollow cathode, de?ned by the 
effective cathode surface area 40 and extending across 
between webs 36 ad 38, is ?lled with plasma which has 
potential close to that of the most positive electrode, 
the perforated anode electrode 32. This results from 
the fact that the electron mobility is much larger than 
the ion mobility. The discharge voltage therefor ap— 
pears mostly across the cathode sheath which exists be 
tween the cathode surface and the plasma. The cathode 
sheath thickness is much smaller than the diameter of 
the cathode. This is typical of a cold cathode glow dis 
charge. To sustain the discharge in steady state, the 
rate of ion generation has to equal the rate of ion loss. 
This condition determines both the lowest pressure at 
which the discharge can be sustained and the discharge 
voltage. 
For the plasma densities found in cathode 26 when 

operating in the desired mode, typically up to about 
1013 ions per cubic centimeter, ion loss is due predomi 
nantly to the ion flux to the cathode. There is negligible 
ion loss due to volume recombination. The ions reach 
ing the cathode are accelerated through the cathode 
sheath to an energy corresponding to the discharge 
voltage. As noted above, this is typically several hun 
dred volts for the desired cold cathode glow mode dis 
charge. Upon impact on the cathode, these ions pro 
duce secondary electrons. The secondary electrons, in 
turn, are accelerated through the cathode sheath to the 
full discharge voltage. In the low pressure regime, the 
electron mean-free path will be much longer than the 
distance between opposite cathode surfaces. Most of 
the accelerated electrons will, therefore, traverse the 
discharge volume, be reflected on the opposite cathode 
surface, and oscillate back and forth between opposite 
cathode surfaces in the hollow cathode volume until 
they eventually make an inelastic collision. Such inelas 
tic collisions have a high probability of being ionizing 
collisions. The probability for an electron to reach the 
anode before having made such an ionizing collision 
increases with decreasing gas pressure, but decreases 
with decreasing anode area for a given cathode area. 
As a result, a small anode area is important to minimize 
lowest pressure at which the discharge can be sustained 
in this mode. Furthermore, it can be appreciated that 
this process can take place effectively only if the oscil 
lating electrons are not intercepted by an anode sur 
face. This is why a flush anode surface with respect to 
the cathode surface is important, while an anode sur 
face intruding into the hollow cathode region would be 
detrimental. 

In a particular structure, the effective cathode sur 
face area was 250 square centimeters, and the opening 
which corresponds to the effective anode area was 30 
square centimeter. The cathode material was stainless 
steel. The gas in the chamber was helium, and a well 
controlled discharge could be sustained down to a he 
lium gas pressure of less than 20 milli-Torr. This pres 
sure is suitably low for a plasma cathode gas discharge 
device with high voltage electron or ion acceleration. 

While the discharge con?guration described above 
and illustrated in FIG. 2 is suitable for sustaining the 
discharge at the desired low gas pressure, it is inade 
quate to permit reliable ignition at this low pressure. 
This is due to the fact that the vacuum electric ?eld ex 
isting between the cathode and an anode which is about 
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flush with the cathode is quite unfavorable. Any initial 
electron present inside the hollow cathode will be rap 
idly focused toward the anode and will be collected be 
fore it has a chance to make an ionizing collision. Thus, 
the avalanche necessary to start the discharge cannot 
take place. This is a different situation than in the pres 
ence of the plasma because, in the presence of the 
plasma, the vacuum field does not exist. With the 
plasma discharge taking place, most of the electric ?eld 
exists only in the cathode sheath region, and the elec 
trons are not focused toward the anode. Thus, while the 
flush anode con?guration is desirable for a number of 
applications, the ignition electrode 48 is provided for 
practical ignition. 
The success of this ignition can be understood by re 

alizing that, when the wire diameter is made thin 
enough, typically less than 1 millimeter in diameter, the 
probability for an electron which is accelerated toward 
the ignition anode electrode 48 being collected de 
pends upon the initial azimuthal electron velocity. 
Under practical conditions, having the small diameter 
wire, such an initial electron under the influence of the 
vacuum ?eld will be accelerated toward the ignition 
wire, but will have a high probability to miss it. Under 
these circumstances, it becomes trapped in an orbit 
around this wire until it makes an ionizing collision and 
initiates the avalanche required to ignite the hollow 
cathode discharge. Once the discharge is ignited, it can 
be readily transferred from the auxiliary ignition anode 
electrode 48 to perforated anode electrode 32. This 
can be simply accomplished by keeping the perforated 
anode electrode 32 at or above the discharge voltage 
and letting the ignition wire anode electrode 48 voltage 
fall below the discharge voltage once ignition has taken 
place. 

It will be understood that, even with the thin wire 
anode ignition electrode 48, ignition is predicated upon 
the appearance of an initial electron to start an ava 
lanche. In the least favorable case, the generation of 
this initial electrode will depend upon cosmic ray ion 
ization. At a gas pressure below 50 microns, and with 
gas volumes having dimensions in the order of centime 
ters, the rate of generation of such electrons can be as 
low as on the order of 1 per second. This can result in 
a statistical time delay for ignition of the same order. 
This statistical time delay can be readily reduced to the 
order of microseconds or less by arti?cially producing 
the needed initial electrons. One means of doing this is 
to incorporate a low-intensity radioactive source in the 
discharge region. 
Electrons are extracted from the plasma by means of 

the relative positive polarity of anode electrode 32. 
Electrons passing through the perforations of the anode 
electrode 32, which acts as an extraction grid, are ?rst 
accelerated in substantially space-charge limited flow 
in the extraction and control region between electrodes 
32 and 34. They are further accelerated, once past con 
trol grid 34, by the high voltage accelerating ?eld ap 
plied between window 24 and grid 34. It is seen that 
electrodes 32 and 34 are at approximately the same po 
tential. With a distance between electrodes 24 and 34 
in the order of 2.5 centimeters, and with helium as the 
gas in the space at a pressure‘ of 50 milli-Torr or less, 
accelerating voltage in excess of 150 kilovolts has been 
applied without either Paschen or vacuum breakdown. 
The maximum accelerating voltage which can be ap 
plied between window 24 and grid 34 is determined by 
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6 
the conditions for both Paschen breakdown and vac 
uum breakdown. The vacuum breakdown voltage is es 
sentially determined by the distance d between the high 
voltage electrodes 24 and 34. For a voltage on the 
order of 150 kilovolts, a practical minimum value for 
d is on the order of 2.5 centimeters. The Paschen 
breakdown voltage is determined by the value of the 
product p'd of the gas pressure p and the electrode 
spacing d. In the low pressure region of interest for the 
hollow cathode discharge electron (or ion) guns, the 
Paschen breakdown voltage increases with decreasing 
value of the product pd. For helium and the devices de 
scribed herein, the Paschen breakdown voltage will ex 
ceed l50 kilovolts for values of p-d typically smaller 
than 0.4 Torr-centimeter. Now it is observed that in 
creasing the vacuum breakdown requires an increase in 
the electrode spacing d, while maintaining the Paschen 
breakdown voltage at a selected value requires keeping 
the [1d product constant; hence, the need to increase d 
results in a need to decrease the gas pressure p. This is 
why the ability of the hollow cathode discharge de 
scribed above to operate at low pressures is especially 
valuable for this application. A typical practical set of 
values is an acceleration voltage up to about 200 kilo 
volts for a maximum helium gas pressure of about 50 
microns of mercury pressure column and an electrode 
spacing of about 4 centimeters. For helium gas pressure 
of about 30 microns, an extracted current density up to 
several amperes per square centimeter has been ob 
tained with a stainless steel cathode, with a discharge 
voltage in the order of 300 to 500 volts, and an extrac 
tion grid current smaller than or of the same order of 
magnitude as the extracted electron current. 

It is noted that the cross-sectional con?guration of 
cathode 26 need not be cylindrical. A rectangular con 
?guration is also satisfactory. The only key conditions 
to be satis?ed are that theeffective anode area is much 
smaller than the effective hollow cathode area, that the 
cathode substantially enclose the plasma space, and 
that the anode be substantially ?ush with the cathode 
surface. 
One application of the plasma cathode electron gun 

10 is as an electron source for a gas laser with high en 
ergy electron ionization. In modern lasers of this type, 
large area high voltage electron guns are required. As 
compared to the thermionic cathode electron guns 
presently used for this application, the plasma cathode 
electron gun described above has the following advan 
tages. Small leaks in the thin metal window can be tol 
erated, provided that the enclosure pressure is main 
tained at 10‘4 to 10'3 Torr range. Thermionic cathodes 
require at least two orders of magnitude lower pres 
sure. Furthermore, accidental loss'of vacuum would 
have no serious consequences with plasma cathodes; it 
is usually catastrophic with thermionic cathodes. Fi 
nally, the plasma cathode is not sensitive to electro 
negative impurity gases, in contrast to thermionic cath 
odes. The plasma cathode does not require heat-up 
time. The discharge in the plasma gun can be started 
within microseconds prior to the initiation of a high en 
ergy beam. The plasma cathode electrode gun struc 
ture can be maintained at much lowerltemperature 
than that of thermionic cathodes. No inherently deli 
cate heater elements are required. The plasma cathode 
electron gun can readily be scaled to large size without 
major difficulties; i.e., no unwieldy heater power, no 
dif?culties with structural rigidity, etc. The eventual 



3,831,052 

cost of the plasma cathode gun is expected to be lower 
than that of a comparable large area thermionic cath 
ode, due to its inherent structural simplicity and poten 
tially greater reliability. The plasma cathode gun does 
not require power-consuming heater elements. The 
power required for the discharge in the plasma gun 
constitutes only a small fraction of the high energy 
electron beam power. In pulsed duty, the average 
power consumption can be lower than that of an equiv 
alent thermionic cathode. 
Another useful application of the plasma cathode 

electron gun described above is for industrial high 
energy electron irradiation equipment. Electron irradi 
ation is sometimes applied to polymer composition ma 
terials to cause polymerization and can be used for 
other chemical uses. 

Referring to FIG. 3, ion source 60 is shown therein. 
Ion source 60 has a housing 62 which maintains a vac 
uum in the vacuum space 64 therein. Cathode 66 is 
mounted in and is insulated with respect to housing 64. 
Cathode 66 is the same as cathode 26. However, cath 
ode 66 has an extraction grid 68 at the cathode poten 
tial. Pressure is maintained within the cathode space '70 
at an appropriate value so that a plasma discharge can 
be initiated by ignition electrode 72 and maintained by 
discharge-sustaining anode 74, the latter being essen 
tially flush with the cathode surface. For the same rea 
sons as previously described, the pressure is maintained 
as low as practical within cathode space 70 consistent 
with the maintenance of a low pressure plasma dis 
charge in cathode space 70. As ions drift from the 
plasma to extraction grid 68, they are accelerated by 
ion-accelerating grid 76 toward target 78. 

Ignition pulse power supply 80 is connected between 
cathode 66 and ignition electrode 72 to produce a 
pulse which initiates the discharge. Discharge power 
supply 82 is connected between cathode 68 and dis 
charge-sustaining anode 74 to maintain the previously 
described low pressure plasma glow discharge. Accel 
eration power supply 84 is connected between cathode 
66 and accelerator grid 76. Target 78 is at about the 
same potential as accelerator grid 76, or is more nega 
tive, and thus is connected to the negative side of accel 
erator power supply 84 or to the negative side of a sep 
arate accelerating power supply 85. 
Ion source 60 thus produces the low pressure ion and 

electron-generating discharge which was previously de 
scribed, and ions can be extracted and accelerated 
from the plasma. The low pressure in space 64 again 
permits higher accelerating ?elds without Paschen 
breakdown. The extraction grid, and a control grid, if 
desired, can be best made according to the known tech 
niques developed for electron bombardment and 
thrustors and ion sources. The key difference between 
the ion source 60 and the prior ion sources is the low 
pressure ion-generating discharge which is sustained by 
means of the hollow cathode structure and operating 
conditions described above, without the need for a 
magnetic ?eld or a hot cathode. 
One advantage in using a ?ush anode con?guration 

to sustain the discharge rather than a thin wire such as 
is used for ignition is the easier cooling of the flush 
anode resulting in its ability to sustain a higher average 
discharge current. A higher average discharge current 
produces a higher plasma density and permits extrac 
tion of a higher average ion current. Another advan 
tage of the configuration object of this invention over 
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8 
a thin wire anode is the fact that it results in a more uni 
form plasma density distribution, leading to a more uni 
form current density distribution for the extracted ion 
beam. 
This invention having been described in its preferred 

embodiment, it is clear that it is susceptible to numer 
ous modi?cations and embodiments within the ability 
of those skilled in the art and without the exercise of 
the inventive faculty. Accordingly, the scope of this in 
vention is defined by the scope of the following claims. 

What is claimed is: 
l. A hollow cathode plasma discharge device com 

prising: 
walls de?ning a hollow cathode space, said walls 
comprising an anode wall and a cathode wall, said 
anode wall and said cathode wall together de?ning 
the exterior boundaries of a low-pressure glow dis 
charge plasma, said anode wall being positioned so 
that it does not substantially intrude into the 
plasma, the ratio of anode area to cathode area 
being smaller than unity for low-pressure glow dis 
charge plasma mode operation; 

means for initiating plasma discharge interiorly of 
said space so that plasma discharge can be ignited 
by said initiation means and then transferred to 
said anode wall; 

one of said walls being perforated so that particles 
can be extracted through said perforation into 
space exterior of said perforated wall; 

an accelerator electrode positioned exteriorly of said 
hollow cathode space to accelerate particles pass 
ing out through said wall perforation; and 

a vessel enclosing at least said perforation and said 
accelerator electrode to maintain pressure within 
said vessel and within said cathode at subatmo 
spheric pressure to cause conditions between said 
perforation and said accelerator electrode to be 
outside the breakdown region of the Paschen curve 
for the particular gas. 

2. A hollow cathode plasma discharge device com 
prising: 

walls de?ning a hollow cathode space, said walls 
comprising an anode wall and a cathode wall, said 
anode wall and said cathode wall together defining 
the exterior boundaries of a low-pressure glow dis 
charge plasma, said anode wall being positioned so 
that it does not substantially intrude into the 
plasma, the ratio of anode area to cathode area 
being smaller than unity for low-pressure glow dis 
charge plasma mode operation; 

an auxiliary anode positioned interiorly of said space 
for initial ignition of the plasma discharge so that 
plasma discharge can be sustained by said anode 
wall; 

one of said walls being perforated so that particles 
can be extracted through said perforation into 
space exterior of said perforated wall; an accelera 
tor electrode positioned exteriorly of said hollow 
cathode space to accelerate particles passing out 
through said wall perforation; and 

a vessel enclosing at least said perforation and said 
accelerator electrode to maintain pressure within 
said vessel and within said cathode at subatmo 
spheric pressure to cause conditions between said 
perforation and said accelerator electrode to be 
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outside the breakdown region of the Paschen curve 
for the particular gas. 

3. The device of claim 2 wherein an additional perfo 
rated electrode or conducting mesh is placed between 
said perforated anode and said accelerator electrode to 
serve as a control grid controlling the current of ex 
tracted electrons, the potential of said control grid 
being between the cathode potential and the potential 
of the accelerator electrode. 

4. The device of claim 3 wherein said perforated wall 
is a perforated anode wall so that electrons are the par 
ticles extracted from the plasma. 

5. The device of claim 3 wherein said vessel includes 
an electron transmissive window, and said electron 
transmissive window is said accelerator electrode so 
that electrons accelerated to said window are transmit 
ted through said window into an atmosphere of arbi 
trary pressure and composition. 

6. The device of claim 4 wherein said vessel includes 
an electron transmissive window, and said electron 
transmissive window is said accelerator electrode so 
that electrons accelerated to said window are transmit 
ted through said window into an atmosphere of arbi 
trary pressure and composition. 

7. The device of claim 3 wherein said perforated wall 
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10 
is a perforated cathode wall so that ions can be ex 
tracted from the plasma, said accelerator electrode 
being spaced from said perforated cathode wall and 
being connected to a negative electric voltage with re 
spect to said cathode to accelerate ions from said per 
forated cathode wall, said vessel maintaining the space 
between said perforated cathode wall and said acceler 
ator electrode in the non-breakdown region of the Pas 
chen curve for the particular gas. 

8. The device of claim 7 wherein a control grid con 
sisting of a perforated electrode or conducting mesh is 
placed between said perforated cathode wall and said 
negative accelerator electrode to control the current of 
the extracted ion, the potential of said control grid 
being negative with respect to the cathode and the ion 
optical design of said control grid being such as to keep 
ion interception low. 

9. The device of claim 7 wherein a control grid con 
sisting of a perforated electrode or conducting mesh is 
placed between said perforated cathode wall and said 
negative accelerator electrode, the potential of said 
control grid being substantially equal to cathode poten— 
tial or being positive with respect to cathode potential. 

* >l< * * * 


