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3,244,990
ELECTRON VACUUM TUBE EMPLOYING
ORBITING ELECTRONS
Raymond G. Herb and Theodore E. Paaly, Madison, Wis.,
assignors to Wisconsin Alumni Research Foundation,
Madison, Wis., a corporation of Wisconsin
Filed Feb. 26, 1963, Ser. No. 261,104
19 Claims. (Cl. 328—252)

Certain aspects of the subject matter disclosed in this
application are disclosed and claimed in our copending
application, Serial No. 332,190, filed December 20, 1963,
which is a continuation-in-part of the present application.

This invention relates to electron orbiting devices and
pertains particularly to devices which have important ap-
plications to ion gauges, electrometer tubes, amplifying de-
vices and ion-getter vacuum pumps.

One object of the present invention is to provide a new
and improved electronic device which is so arranged that
the mean free path of the electrons may be much longer
than the over-all size of the device, so that the probability
that any electron will ionize a gas molecule in the device
is greatly increased, the device thereby being adapted to
serve as a highly efficient ion gauge, or as an ionizing de-
vice for an ion-getter vacuum pump.

A further object is to provide a mew and improved
electronic device of the foregoing character in which the
mean free path of the electrons is increased by causing
the electrons to travel in spiral paths or orbits, around one
of the electrodes of the device, without utilizing any mag-
netic field.

A still further object is to provide a new and improved
electron orbiting device of the foregoing character in
which electrons are caused to move in spiral orbits in an
electric field between an outer cylindrical electrode and
an axial electrode in the form of a wire or cylinder re-
ceived within the outer electrode.

. Another object is to provide such a new and improved
electron orbiting device in which electrons are injected
or introduced into the space between the inner and outer
electrodes with a substantial angular momentum so that
electrons will travel in spiral orbits around the inner elec-
trode.

A further object is to provide such a new and improved
electron orbiting device in which the electrons may be in-
jected by a heated filament disposed between the inner
and outer electrodes and generally parallel to the inner
electrode.

Another object is to provide such a new and improved
electron orbiting device in which the proportion of elec-
trons injected with high angular momentum is increased

by providing an auxiliary electrode or shield to cooperate.

with the filament.

Another object is to provide a new and improved elec-
tron orbiting device of the foregoing character which may
include one or more reflector electrodes at or near either
or both ends of the outer electrode for reflecting the spiral-
ing electrons.

A further object is to provide a new and improved elec-
tron orbiting device of the foregoing character having a
light shield between the filament and the outer electrode
to avoid photoelectric emission of electrons from the out-
er electrode due to the light produced by the filament.

Another object is to provide a new and improved elec-
tron orbiting device of the foregoing character and hav-
ing a collector electrode and a control electrode disposed
between the filament and the collector electrode so that
the discharge device may serve as an electrometer tube or
an amplifying device.

. A further object is to provide electron orbiting devices
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of the foregoing character which consume very little
power and are extremely efficient.

Another object is to provide a new and improved elec-
tron orbiting device which will serve as an extremely sensi-
tive jon gauge which generates a minimum of heat and
generally causes very little disturbance in the vacuum sys-
tem in which the ion gauge is employed.

A further object is to provide a new and improved
electron orbiting device which will serve as an electrom-
eter tube or amplifying device having unusually high gain.

Various other objects and advantages of the present in-
vention will appear from the following description, taken
with the accompanying drawings, in which: :

FIG. 1 is a diagrammatic view, partly in perspective and
partly in section, showing an electron orbiting device to
be described as an illustrative embodiment of the present
invention, such device being arranged to serve as an ion
gauge or as an ionizing device for an ion-getter vacuum
pump.

FIG. 2 is a central longitudinal sectional view taken
through the device of FIG. 1.

FIG. 3 is an end view taken generally as indicated by
the line 3—3 in FIG. 2.

FIG. 4 is a cross-sectional view, taken generally along
the line 4—4 in FIG. 3. )

FIG. 5 is a fragmentary enlarged elevational view illus-
trating the electron emitting filament and the associated
shield wire as employed in the device of FIG. 1.

FIG. 6 is a view similar to FIG. 5, but illustrating a
modified arrangement of the filament and shield wire.

FIG. 7 is a view similar to FIG. 2 but showing a modi-
fied construction having an additional reflector electrode
and also the modified filament of FIG. 6.

FIG. 8 is a fragmentary view corresponding to the up-
per portion of FIG. 7 but illustrating a modified reflector
electrode.

FIG. 9 is a diagrammatic cross-sectional view taken gen-
erally along the line 9—9 in FIG. 7, and showing possible
orbits which may be traversed by some of the electrons.

FIG. 10 is a cross-sectional view, similar to FIG. 4,
but illustrating a modified construction in which an elec-
tron gun provides the source of the electrons injected into
the orbiting device.

FIG. 11 is a longitudinal sectional view showing a modi-
fied electron discharge device similar to that of FIG. 7,
but including a light shield around the filament.

FIG. 12 is a longitudinal sectional view of a modified
electron orbiting device provided with a collector elec-
trode and a control electrode so as to serve as an electrom-
eter tube or amplifying device.

FIG. 13 is a longitudinal sectional view showing a modi-
fied amplifying device adapted to be used at higher signal
frequencies than the device of FIG. 12.

As already indicated, FIG. 1 illustrates an electron or-
biting device 20 which is well adapted for use as an ion
gauge in a vacuum chamber or system. Various ion
gauges are already known for the purpose of giving an
indication of the number of gas molecules in a vacuum
system. In such ion gauges, electrons are caused to trav-
el between the electrodes in the evacuated space. Some
of the electrons will collide with gas molecules so as to
ionize such molecules. The jonized gas molecules are
then atfracted to an ion collector electrode. 'The ion cur-
rent is a measure of the concentration of the gas mole-
cules in the vacuum system.

The electron orbiting device 26 of FIG. 1 has the im-
portant advantage that the electrons are caused to
traverse spiral paths or orbits, in moving between the
cathode and anode electrodes, so that the mean free path
of the electrons is greatly lengthened. In this way, there

. is a much greater probability that each electron will
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ionize a gas molecule before passing to the anode. Thus,
the electrons are utilized with greatly increased efficiency.

In the electron orbiting device 20 of FIG. 1, the elec-
trons are caused to spiral in an electric field between
an outer cylindrical electrode 22 and an inner or axial
electrode 24. It will be seen that the outer electrode 22
has a cylindrical inner surface 26 which serves as the
boundary of a cylindrical space 28 through which the elec-
trons move. The illustrated outer electrode 22 is in the
form of a thin-walled cylindrical metal tube, but it will
be understood that the shape of the outside of the elec-
trode 22 is of no particular concern and may be changed
as may be desired or convenient.

The inner electrode 24 extends along the axis of the
cylindrical surface 26 and is received within the outer
electrode 22. The inner electrode 24 has a cylindrical
outer surface 30. In this case, the inner electrode 24
is in the form of a cylindrical metal wire or rod, but
it will be understood that the inner electrode may be
hollow and tubular in form without affecting the opera-
tion of the electron orbiting device.

An electric field is produced in the space between the
outer and inner electrodes 22 and 24 by impressing a
voltage between such electrodes. Normally, the inner
electrode 24 is positively charged so as to aftract elec-
trons. The outer electrode 22 is negatively charged so
as to attract positively ionized gas molecules. The op-
erating voltage may be derived from any suitable source
of direct potential, such as a battery 32. It will be seen
that a lead 34 is connected between the positive ter-
minal of the battery 32 and the axial electrode 24. The
negative terminal of the battery 32 may be grounded.
In this case, a meter 36 for measuring the ion current
is connected between the outer electrode 22 and ground.
Thus, the negative terminal of the ‘battery 32 is connected
to the outer electrode 22 by way of the ground connec-
tions and the meter 36.

Electrons are injected into the space 28 between the
outer and inner electrodes 22 and 24 in such a manner
that some or all of the electrons will have sufficient angu-
lar momentum to travel in orbital paths around the posi-
tively charged central electrode 24. In this case, the
electrons are enabled to traverse extremely long paths
before finally being captured by the positively charged
electrode or anode 24. Most of the orbiting electrons
will travel in spiral paths which will not necessarily be
circular.

Various electron injecting devices may be employed to
introduce the electrons into the space between the con-
centric cylindrical electrodes 22 and 24. FIG. 1 illus-
trates a particularly simple yet effective electron inject-
ing device 38 comprising a small narrow hairpin-shaped
filament 40 disposed between the electrodes 22 and 24,
near one end of the outer electrode 22. The illustrated
filament 40 has parallel legs 42 and 44 which extend sub-
stantially parallel to the axial electrode 24. The axes
of the legs 42 and 44 are in a single radial plane which
also includes the axis of the central electrode 24. The
filament 49 may be in the form of a fine wire made of
tungsten or other suitable metal. An electric current
may be passed through the filament 40 to heat the fila-
ment so that it will emit electrons. To supply the fila-
ment 40 with current, the ends of the filament are con-
nected to heavier lead-in wires 46 and 48 which also
serve as supports for the filament. The lead-in wires
46 and 48 may be brought into the space 28 through
openings in an insulating rod or member 50 which may
be made of ceramic material or the like.

Current for heating the filament 40 may be derived
from any suitable source, such as a low voltage sec-
ondary winding 52 of a transformer 54. The primary
winding 56 of the transformer 54 may be connected to
an ordinary commercial source of alternating current at
110 volts and 60 cycles, or any other suitable voltage
and frequency.
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The filament 40 is preferably given a positive bias
relative to thé outer electrode 22. In this way, the elec-
trons emitted from the filament 40 will be repelled from
the outer electrode 22. Such biasing voltage may be
derived from any suitable source, such as a battery S8.
In this case, a variable potentiometer 60 is connected
across the battery. The slider 62 of the potentiometer
is connected to the center tap 64 of the secondary wind-
ing 52 so that the biasing voltage on the filament may be
varied by adjusting the potentiometer 60.

Most of the electrons will be emitted from the filament
40 in directions other than a radially inward direction
and thus will acquire substantial angular momentum, due
to the electric field around the filament. Although the
emitted electrons will be -attracted by the positively
charged  axial electrode 24, many of the electrons will
avoid immediate capture by the axial electrode by travel-
ing in spiral paths or orbits around the axial electrode.
The electrons may avoid capture for many revolutions
so that the mean free path of the electrons may be many
times- the greatest over-all dimension of the electron
orbiting device.

A shield electrode 66 may be provided between the
electron injecting filament 40 and the central electrode
24 to prevent direct radial movement of electrons be-
tween the filament and the positively charged central
electrode. As shown, the shield electrode 66 is in the
form of a rod or wire which is parallel to the central rod
24 and the filament wires 42 and 44. The axis of the
illustrated shield wire 66 is in the same radial plane as
the axes of the legs 42 and 44 of the filament 40. The
shield wire 66 may be mounted on and connected to the
inner lead wire 46. Thus, the shield wire 66 is at sub-
stantially the same biasing voltage as the filament 40.
The electric field around the filament 40 is modified by
the shield wire 66 so that greater angular momentum may
be imparted to the electrons emitted by the filament.
It has been found, however, that the shield wire 66 is
not strictly necessary and that electrons can be caused
to orbit in spiral paths around the central electrode 24,
even if the shield wire is omitted entirely.

In this case, the electron orbiting device 20 is also pro-
vided with a reflector plate or electrode 68 which is op-
posite one end of the cylindrical outer electrode 26. The
reflector electrode 68 is circular in shape and corresponds
generally in diameter to the cylindrical electrode 22. As
shown, the reflector electrode 68 is in the form of a
flat circular disk disposed perpendicular to the axis of
the cylindrical electrode 22. The central electrode 24
passes through a central opening 70 in the reflector elec-
trode 68. Amnother opening 72 is formed in the reflector
electrode 68 to pass the lead-in wires 46 and 48 and the
insulating support 50 for the filament 40.

The reflector electrode 68 is preferably given a nega-
tive bias, relative to the outer electrode 26 so as to repel
the electrons and cause them to spiral around the cen-
tral electrode 24. Such bias may be derived from any
suitable source, such as a battery 74. A potentiometer
76 may be connected across the battery 74. The slider
78 of the potentiometer is connected to the reflector elec-

trode 68 by a lead 80. The positive terminal of the

battery 74 is grounded. By adjusting the potentiomefer
76, the bias voltage on the reflector electrode 68 may be
varied.

It will be evident from FIG. 5 that the shield wire 66
is offset in a radially inward direction from the lead-in
wire 46. FIG. 6 illustrates a modified electron injector
84 comprising a shield wire 86 which constitutes a linear
extension of the lead-in wire 46. The construction of
FIG. 6 employs a modified electron emitting filament
88 which is L-shaped. The filament 88 has an elongated
leg 90 extending parallel to the shield wire 86. One end
of the leg 90 is connected to the end of the lead-in wire
48. A shorter leg 92 extends between the other end of
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the leg 90 and the shield wire 86. Here again, the fila-
ment 88 may be made of fine tungsten wire.

The electron orbiting device 20 provides a highly effi-
cient ion gauge. With this gauge, electron mean free
paths greater than 1,000 centimeters have been achieved,
even though the maximum dimension of the gauge was
only a few centimeters. ‘Moreover, the gauge has yielded
a positive ion current five times greater than an available
ion gauge of the Bayard-Alpert type, even though the
power consumption and electron emission of the present
gauge was much less than that of the available gauge.

The electron orbiting device 20 may also serve as an
efficient ionizing device for an ion-getter vacuum pump,
in which the gas ions produced by the ionizing device
are absorbed by a getter material. Normally, the getter
is supplied by a getter sputtering device.

FIQG. 7 illustrates a modified electron orbiting device
100 which for the most part is the same as the orbiting
device 20 of FIG. 1. Corresponding components shown
in FIG. 7 are given the same reference characters as in
FIG. 1. Only the differences between electron orbiting
devices 20 and 100 need be described in detail.

It will be seen that the orbiting device 100 employs the
modified electron injector 84 of FIG. 6. The shield
wire 86 is disposed between the filament 88 and the axial
electrode 24. The axis of the central electrode 24, the
shield wire 86 and the filament 88 are in substantially
the same plane.

Moreover, the electron orbiting device 100 is provided
with an additional reflector electrode 102 which is simi-
lar to the electrode 68 but is disposed opposite the other
end of the outer cylindrical electrode 22. The electrode
102 is in the form of a flat circular disk having an open-
ing 104 therein through which the central electrode 24
extends. The reflector electrode is preferably given a
small negative bias voltage relative to the outer electrode
22.  Such bias voltage may be derived from any suitable
source, such as a battery 106 having its positive terminal
-grounded. A potentiometer 108 is connected across the
battery 106. The slider 11¢ of the potentiometer may
be connected to the electrode 102.

The electrode 102 has the effect of reflecting the spiral-
ing electrons so that they tend to spiral in the opposite
.axial direction along the central electrode 24. On the
other hand, the end of the outer electrode 22 of FIG. 1
is left open. It will be understood that the extra reflec-
tor electrode 192 is not strictly necessary. Long mean
free paths have been obtained with the open-ended con-
struction of FIG. 1. Like the device 20 of FIG. 1, the
electron discharge device 100 of FIG. 7 is well adapted
for use as an ion gauge to measure the vacuum in a
vacuum system or chamber.

FIG. 8 illustrates another modified electron orbiting
device 120 which is the same as the device 100 of FIG.
7 except that the electrode 102 is replaced with a reflec-
tor electrode 122 having a much larger central opening
124 therein, so that the electrode 122 is in the form of
a flat ring. Tt has been found that the electrode con-
struction of FIG. 8 usually results in longer mean free
paths than the construction of FIG. 7.

In the electron devices of FIGS. 1-8, the electrons
travel in spiral orbits arcund the central electrode 24.
However, the orbits are not necessarily circular and in
‘most cases will probably be noncircular. FIG. 9 indi-
cates one type of noncircular orbit which may. be tra-
versed by some of the electrons. It will be seen that
the electrons pass close to the central electrode 24 and
then travel outwardly, close to the outer electrode 22 be-
fore again turning inwardly. Orbits of this type and
other noncircular orbits are usually more advantageous
than circular orbits because the electron may travel
through several revolutions before coming close to the
electron injecting filament. A few of the electrons may
be recaptured by the filament. Such recapture shortens
the mean free path of the electrons. Moreover, the elec-
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tric field around the filament disturbs the orbits of the
electrons. Some of the orbits may be improved, but
other orbits will be modified so that the electrons will
pass more quickly to the central electrode. Thus, the
disturbing effect of the filament generally tends to shorten
the mean free path of the electrons. As the electrons
spiral away from the filament, the disturbing effect of the
filament is diminished.

A mathematical analysis of the movement of electrons
between the inner and outer cylindrical electrodes will
provide guides as to the location of the filament and the
bias to be applied to the filament. In view of the cylin-
drical configuration of the inner and outer electrodes;
the potential at any radius p is given by the following

equaﬁon:
[’ ln <_")
P

In this formula, & is the potential at the radius p; V
is the voltage between the inner and outer cylinders;
R is the radius of the outer cylinder; and r is the radius
of the inner cylinder.

The electric field E between the cylinders is given by
the following equation:

b= (1)

—d® -V 1
E=—— == (2)
do In (§ b

Although most of the electron orbits are probably non-
circular, it will simplify the mathematical analysis to
consider the case of circular orbits. The kinetic energy
of an electron moving in a stable circular orbit of radius
pf is given by the following equation:

YVamy?=e[®(pf) —bV] (3)

In this equation bV is the filament bias, and b is a
number which is usually between zero and 0.1. Foi
stability in a circular orbit, it is necessary to balance
centrifugal force against the electric force, in accordance
with the following equation:

€))

Equation 4 may be solved for the kinetic energy, giv-
ing the following equation:

(5)

This formula indicates that the kinetic energy for sta-
bility in a circular orbit is 1ndependent of the radius p.
If an electron from the filament is to have a circular
orbit of the radius pf, the filament must be located at
such radius. In view of this fact, Equations 3 and 5
may be combined to give the following equation:

(6)

- (R)—eq’(pf)

The potential glven by Equation 1 may be substitiited
in Equation 6 to give the following equation:

o th’(pf)
OO

This equation may advantageously be simplified by
multiplying both side by

In (E)
\"/
eV

7
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to obtain the following equation: '

In (§)=o.5 +bln (-?) (8)

Equation 8 provides guides with regard to filament lo-
cation and the biasing voltage on the filament to make
a circular orbit possible.

The following table gives filament positions for various
values of filament bias, for two different values of R/r.
The values given in the table are such as to make a cir-
cular orbit possible. However, these values are not nec-
essarily the best values.

§=8 In(§>=2.07 £=16 ln(E>=2.77
T T r r

b In <E> ‘ol B b In (E> pi/R
ot ; ot

0.1 0.7 0. 498 0.1 0.777 0. 461

0.05 0.6 0.55 0.05 0. 638 0. 528

0.025 0. 55 0. 578 . 0.025 0. 569 0. 565

0.01 0. 52 0. 595 0.01 0. 527 0. 593

0.00 0.5 0. 604 0.00 0. 500 0.604

* FIG. 10 comprises a diagrammatic illustration of an-
other modified electron orbiting device 130 in which the
electrons are injected into the space 28 between the outer
and inner electrodes 22 and 24 by an electron gun 132
which gives the electrons sufficient angular momentum
so that they spiral around the central electrode 24. The
electron gun 132 may be either inside or. outside the
vacuum chamber in which the electrodes 22 and 24 are
situated.  Electron guns are well known so that it will
not be necessary to describe the construction of any par-
ticular electron gun. As shown in FIG. 10, the electron
gun 132 propels the electrons into the space 28 through
an opening 134 in the outer cylindrical electrode 22.
However, it will be understood that such an opening is
not strictly necessary inasmuch as the electron gun may
be aimed so as to propel the electrons into the space 28
through the open end of the cylindrical electrode 22.
FIG. 11 illustrates another modified electron orbiting
device 140 which employs the same electron injector 84
as illustrated in FIG. 6. The orbiting device 140 has an
outer electrode 144 with an internal cylindrical surface
146. An axial cylindrical rod or wire 148 forms the
inner electrode. Thus, the electron orbiting device 140
is similar to the device 100 of FIG. 7. However, the
obiting device 140 is provided with a light shield 150
which is disposed between the electron emitting filament
88 and the outer electrode 144 so as to minimize the
photoelectric emission of electrons from the outer elec-
trode 144 due to light from the filament 88. The illus-
trated light shield 150 is in the form of a cylindrical
tubular electrode having a diameter less than that of
the internal c¢ylinder 146 but substantially greater than
that of the axial rod electrode 148. The cylindrical
shield 150 is received within the outer electrode 144 and
around the central electrode 148.- -The shield electrode
150 may be connected to ground, so that it will be at
the same potential as the grounded outer elecirode 144.
It will be understood, however, that a biasing voltage
may be applied tothe shicld electrode ‘150, if desired.
At the end adjacent the filament 88, the shield electrode
150 is stepped inwardly to form a shoulder 152 and a
reduced internal cylindrical bore or surface 154. The
filament 88 projects into the electron discharge device
through the reduced bore 154. The ceramic tube 50,
as illustrated in FIGS. 1~7 may be employed to insulate
the lead-in wires for the filament 88 and may be dis-
posed within the bore 154. It will be understood that
the form of the insulator may be varied as desired. As
in the case of the embodiments of FIGS. 1-9, the cen-
tral electrode 148 may be supplied with a positive volt-
age, with respect to the outer electrode 144. The volt-
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-age may be derived from any suitable source such as
the battery 32, corresponding to that of FIG. 1. The
meter 36, for measuring the ion current, may also be
connected between the outer electrode 144 and ground,
as in the arrangement of FIG. 1. The reflecting elec-
trode 122 of FIG. 8 may be mounted opposite the end
of the outer electrode 144, remote from the filament 88.

Some or most of the electrons from the filament 88
go into spiral orbits around the central electrode 148.
The electrons spiral along the inside of the shield elec-
trode 150 and then pass out of the shield electrode into
the space between the outer electrode 144 and the cen-
tral electrode 148. In this case, the shield electrode 150
is substantially shorter than the outer electrode 144 so
that the shield electrode extends only part way along the
outer electrode.

Tnasmuch as the filament 88 is heated to an electron
emitting temperature, the filament also gives off light.
If the light is allowed to fall directly upon the outer elec-
trode 144, the light causes photoelectric emission of elec-
trons from the outer electrode. Such emission produces
a current through the meter 36. Such current is com-
bined with and tends to obscure the ion current produced
by the movement of positively charged gas ions to the
outer. electrode 144. However, in the embodiment of
FIG. 11, the shield electrode 150 prevents the light from
the filament 88 from falling directly upon the outer elec-
trode 144. The light from the filament 88 must be re-
flected several times within the light shield 150 before
the light can reach the outer electrode 144. Of course,
these reflections greatly reduce the amount of light which
reaches the outer electrode from the filament. Thus, the
photoelectric emission of electrons by the outer electrode
is greatly rediiced so that it becomes a virtnally negligible
factor. The provision of the light shield 150 increases
the sensitivity and accuracy of the electron discharge
device 140, particularly when employed as an ion gauge.
" The eleciron orbiting devices illustrated thus far are
particularly useful as ion gauges to measure the con-
centration of gas molecules in a vacuum chamber or
system. The orbiting devices are also useful for ioniz-
ing gas materials in ion-getter vacuum pumps. With
snitable modification, the electron orbiting devices of
the present invention will have many other applications.
Thus, FIG. 12 illustrates a modified electron orbiting
device 160 which is arranged to provide an electrometer
amplifying tube.  The device may also be employed in
connection with many other applications in which ampli-
fication is desired.

The electron orbiting device' 160 is quite similar to
the devices already described in that it comprises an
outer electrode 162 having an internal cylindrical surface
164 within which a cylindrical inner electrode 166 is
received. As before, the inner electrode 166 may be
in the form of a cylindracl wire or rod extending along the
axis of the internal cylinder 164. The electrodes 162 and
166 are mounted within a housing or enclosure 168 in
which a vacuum is maintained. As before, a positive
voltage is applied between the inner electrode 166 and
the outer electrode 162. Such voltage may be derived
from a battery 170 or any other suitable source. It has
been found that a positive voltage of 200 volts is suit-
able, but the voltage may be varied over a wide range.

The electron orbiting device 160 may employ the same
electron injector 84 as illustrated in FIG. 6. A cur-
rent to heat the filament 88 may be derived from any
suitable source such as a battery 172. The filament 88
and the shield wire 86 may be given a positive bias
derived from a battery 174 or any other suijtable source.
The reflector electrode 68 of FIG. 1 may also be em-
ployed and may be given a biasing voltage derived from
a battery 176 or some -other suitable source. In some

‘cases, the voltage on the reflector 68 may be the same

as the voltage on the outer electrode 162, in which case
the reflector 68 is merely grounded.
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As before, electrons from the filament 88 go into
spiral orbits around the central electrode 166. The
spiraling electrons travel along the space between the
electrodes 162 and 164 and eventually pass out of the
outer electrode 162 at the end thereof remote from the
filament 88. In this case, a collector electrode 180 is
disposed adjacent the remote end of the outer elec-
trode 162. Such electrode is adapted to collect the spiral-
ing electrons which pass out of the outer electrode 162.
A positive voltage may be applied to the collector elec-
trode so that the electrons will be attracted to such elec-
trode. The positive voltage may be derived from the
battery 170 or any other suitable source. A meter 182
or any other suitable output device may be connected in
circuit with the collector electrode 180. The meter 182
is adapted to measure the current to the collector elec-
trode 180.

As illustrated, the collector electrode 180 is in the
form of a flat circular disk disposed opposite the end
of the outer electrode 162 and generally perpendicular
to the axis of the inner electrode 166. The inner elec-
trode 166 may pass through a central opening 184 in the
collector electrode 180.

At a point disposed between the electron emitting fila-
ment 88 and the collector electrode 18¢, the electron
discharge device 166 is provided with a control elec-
trode 186 which regulates the passage of the electrons
to the collector electrode. As shown, the control elec-
trode 186 comprises a wire formed into an annular shape
and mounted coaxially around the inner electrode 186
and within the outer electrode 162. A lead-in wire 188
extends to the control electrode 186 through an open-
ing 190 in the outer electrode 162. The voltage or sig-
nal to be measured or amplified is applied across input
terminals 192 and 194. The input terminal 192 is con-
nected to the control electrode 186 while the terminal
194 is grounded.

It has been found that the electron orbiting device 160
of FIG. 12 provides a sensitive amplifying device. Thus,
any change in the voltage on the control electrode 186
changes the current to the collector electrode 180. More-
over, it has been found that the input impedance be-
tween the control electrode 186 and ground is extremely
high, inasmuch as the control electrode draws substan-
tially no current, particularly when the control electrode
is maintained at a negative potential relative to the fila-
ment 88. By means of a suitable battery 196, the con-
trol electrode 186 may be biased negatively relative to
the grounded outer electrode 162 but it is normally suffi-
cient to return the input circuit to ground so that the
control electrode 186 is maintained at the same bias
potential as the outer electrode 162. It has been found
that the input impedance of the electron orbiting device
160 is at least as high as that of other available elec-
trometer tubes. Moreover, the electron discharge device
160 of the present invention gives a considerably higher
gain than other available electrometer tubes. The higher
gain is a distinct advantage, whether the tube is employed
as an electrometer tube or for other amplifying purposes.

FIG. 13 illustrates another modified amplifying tube
200 intended particularly for amplifying signals at ultra-
high frequencies. Here again, the device is mounted with-
in a housing or envelope 202 in which a vacuum is main-
tained. In this case, the device 260 comprises an outer
electrode 204 which may be in the form of a metal block
or body through which a cylindrical bore 206 has been
formed. The device 208 comprises an inner electrode
268 in the form of a cylindrical wire or rod extending
axially within the bore 206.. To provide for efficient use
at ultrahigh frequencies, the bore 206 may be of small
size, such as % of an inch. The outer electrode 204 may
be grounded. A positive voltage of 200 volts, or some
other suitable voltage, may be applied between the axial
electrode 208 and ground. Thus, the central electrode
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10
208 is connected to a positive terminal 210 to which. the
power supply is connected, The negative power supply
terminal 212 is grounded.

In this case, electrons are injected into the space be-
tween the outer and inner electrodes 204 and 208 by
means of an electron emitting. filament 214 disposed in
such space. As shown, the filament 214 comprises a
fine wire, made of tungsten or some other suitable ma-
terial. One end of the filament wire 214 may be welded
or otherwise secured to the outer electrode 204, the weld
being indicated at 216. The filament 214 extends gen-
erally in the same direction as the inner electrode 208
but the filament angles inwardly toward the inner elec-
trode from the weld point 216 at which the filament is
secured to the outer electrode 204. The other end of
the filament 214 is connected to a support in the form of
a heavier lead-in wire 218. The filament 214 may be
heated to an electron emitting temperature by passing
current through the filament. Thus, the lead-in wire 218
may be connected to a power supply terminal 220, the
other power supply terminal 222 being grounded.

As before, some of the electrons emitted by the filament
214 go into spiral orbits around the central electrode 208.
It will be seen that the central electrode 208 extends out
of the cylindrical bore 206 beyond the right-hand end of
the outer electrode 204, as shown in FIG, 13. Some
of the spiraling electrons pass out of the bore 206 and
continue to spiral around the central electrode 208. A
collector. electrode 226 is disposed to the right of the
outer electrode 204 and adjacent the central electrode 208.
Thus, the collector electrode is spaced from the filament
214. At a point closer to the end of the outer electrode
264, the discharge device 200 is provided with a control
electrode 228 which is illustrated as a ring disposed around
the central electrode 208 and spaced from the outer elec-
trode 204. The illusirated control electrode 228 is cy-
lindrical in form and has an inner diameter corresponding
to that of the bore 266 in the outer electrode 204. The
current to the collector electrode 226 may be varied: by
changing the voltage on the control electrode 228. Thus,
the signal to be amplified is applied between the control
electrode 228 and the grounded outer electrode 204. Ac-
cordingly, FIG: 13 illustrates input terminals 230 and 232
connected to the control electrode 228 and to the outer
electrode 204, respectively.

A positive voltage is applied to the collector electrode
226 so that it will attract electrons. Thus, the collector
electrode 226 is connected to a positive - power supply
terminal 236 through an output device 238. The nega-
tive power supply terminal 240 is grounded.

Due to the small size of the electron orbiting device
200 of FIG. 13, the device functions efficiently as an
amplifier at ultrahigh frequencies. The coaxial arrange-
ment of the electron discharge device also contributes to
the eﬁ_’iciency and utility of the device at ultrahigh fre-
quencies,

It will be apparent that the electron orbiting devices of
tpe present invention have many advantages and applica-~
tions. Thus, for example, they find important applications
as ion gauges, ionizing devices for ion-getter vacuum
pumps, electrometer tubes and high frequency amplifying
devices. An important factor in the operation of the
electron orbiting devices is the manner in which the elec-
trons are caused to move in spiral orbits between the cy-
lindrical electrodes. Such orbital movement of the elec-
trons is achieved without providing any magnetic field to
deflect the electrons. The orbital movement of the elec-
trons is caused by the character of the electric field be-
tween the electrodes and the manner in which the electrons
are injected into the space between the electrodes.

Various modifications, alternative constructions and
equivalents may be employed without departing from
the true spirit'and scope of the invention as exemplified
in the foregoing description and defined in the following
claims.
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"We claim:
1. An electronic device,
comprising the combination of a hollow generally cy-
lindrical boundary electrode,
envelope means forming a vacuum space including the
interior of said boundary electrode,
a ‘cylindrical anode extending axially within said
boundary electrode,
said boundary electrode. being spaced outwardly from
said anode,
means for injecting electrons into the space between
said anode and said boundary electrode at a pre-
determined injection point therebetween with substan-
tial angular momentum about said anode so that the
electrons will travel in spiral orbits around said anode,
a collector anode spaced along said cylindrical anode
from said injection pomt for collecting the spiralling
electrons,
and a control electrode disposed between said injection
point and said collector anode for controlling the
movement of the spiralling electrons to said collector
anode.
2. A device according to claim 1,
in which said control electrode comprises a ring-shaped
member extending around said cylindrical anode and
spaced outwardly therefrom.
3. A device according to claim 1,
comprising means for producing a positive voltage on
said collector anode relative to said boundary elec-
trode so as to attract the spiralling electrons.
4, A device according to claim 1,
in. which said collector anode is in the form of an
annular member extending around and spaced out-
wardly from said cylindrical anode.
5. A device according to claim 1,
in " which said cylindrical anode has an end portion
which extends outwardly from said boundary elec-
trode beyond the corresponding end thereof,
and in which said collector anode is disposed along said
outwardly extending end portion of said cylindrical
anode.
6. A device according to claim 1,
in which said cylindrical anode has an end portion
which extends outwardly from said boundary elec-
trode beyond the corresponding end thereof,
and in which said collector anode and said control
electrode are disposed along said outwardly extend-
ing end portion of said cylindrical anode.
7. A device according to claim 1,
in which said means for injecting electrons comprises
" an electron emitting cathode disposed in the space
between said cylindrical anode and said boundary
electrode. )
8. A device according to claim 1,
in which said means for injecting electrons comprises
an electron emitting thermionic cathode disposed in
the space between said cylindrical anode and said
boundary electrode.
9. An electronic device,
comprising the- combination of a hollow generally cy-
lindrical boundary electrode,
envelope means forming a vacuum space including the
interior of said boundary electrode,
a cylindrical anode extending axially within said bound-
ary electrode,
said boundary electrode being spaced outwardly from
said anode,
means for injecting electrons into the space between
said anode and said boundary electrode at a pre-
determined injection point therebetween with sub-
stantial angular momentum about said anode so that
the electrons will travel in spiral orbits around said
anode,
a collector anode spaced along said cylindrical anode
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" from said injection point for collecting the spiralling
electrons,

and a control electrode disposed between said injection
point and said collector anode for controlling the
movement of the spiralling electrons to said collector
anode,

said means for injecting electrons compnsmg an elon-
gated electron emitting cathode disposed in the space
between said cylindrical anode and said boundary
electrode and generally parallel to said cylindrical
anode, and an elongated shield electrode -positioned
between said electron emitting cathode and said cy-
lindrical anode for modifying the electric field there-
between whereby the electrons emitted by said cath-
ode are given sufficient angular momentum to go into
orbits around said cylindrical anode.

10. A device according to claim 9,

in which said cathode comprises a therrmomc ﬁlament

11. A device according to claim 9,

in which said cathode comprises a thermxomc filament
having one end connected to and supported by the
corresponding end of said shield electrode.

12. A device according to claim 9,

in which said cathode comprises a thermionic filament
in the form of a flat loop of wire disposed generally
in a radial plane which includes the axis of said
cylindrical anode.

13. A device according to claim 9,

comprising means for producing a positive voltage on
said cylindrical anode relative to said boundary elec-
trode.

14. A device according to claim 13,

comprising means for producing a posiﬂtive biasing volt-
age on said cathode and said shield electrode relative
to said boundary electrode,

said positive biasing voltage being substantlally less
than the positive voltage on said cyhndncal anode.

15. An electronic device,

comprising. the combination of a hollow generally cy-
lindrical boundary electrode,

envelope means forming a vacuum space including the
interior of said boundary electrode,

a cylindrical anode extending axially within said bound-
ary electrode,

said boundary electrode being spaced outwardly from
said anode,

means for producing a positive voltage on said anode
relative to said boundary electrode,

an electron emitting cathode in the form of a thermionic
filament disposed between said anode and said bound-
ary electrode and substantially parallel to said anode,

a shield wire adjacent said filament and substantially
parallel thereto,

‘'said shield wire being positioned between said filament

and said anode for preventing direct movement of
electrons therebetween whereby the electrons emitted
by said filament will be injected into spiral orbits
around said anode,

means for producing a positive biasing voltage on said
filament and said shield electrode relative to said
boundary electrode,

said positive biasing voltage being substantially less
than the positive voltage on said anode,

a collector anode spaced along said cylindrical anode
from said filament for collecting the spiralling elec-
trons,

means for producing a positive voltage on said collector
anode relative to said boundary electrode for attract-
ing the spiralling electrons,

and a control electrode disposed between said filament
and said collector anode for controlling the move-
ment of the spiralling electrons to said collector
anode.

16. A device according to claim 15,

in which said collector anode comprises an- annular



3,244,990

13 14

member extending around and spaced outwardly from in which said cylindrical anode has an outwardly pro-

said cylindrical anode. jecting end portion which extends outwardly from
17. A device according to claim 15, said boundary electrode beyond the corresponding
in which said control electrode comprises a ring mem- end thereof,

ber extending around and spaced outwardly from said 5 and in which said collector anode and said control elec-

cylindrical anode. trode are disposed along said outwardly projecting
18. A device according to claim 15, end portion of said cylindrical anode.

in which said cylindrical anode has an outwardly pro-

jecting end portion which extends outwardly from References Cited by the Examiner
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