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This invention relates to Improvements in gaseous
electron tube systems and more particularly to converter
Systems employing gaseous electron tubes.

In a conventional vacuum tube a control grid, placed
between the cathode and the anode, provides a very effec-
tive means of controlling the tube current. A very small
change in the control grid potential will have a rela-
tively large effect on tube current, it being possible to
vary the tube current smoothly and continucusly within
relatively wide limits by varying the control grid po-
tential, |

Vacuum tubes, however,

are’ subject to current limita-
tions due to space charge and usually require high op-
erating potential. It has been found that these limitations
can be overcome by adding a small quantity of gas to the
tube and ionizing the gas. If a sufficiently high poten-
tial is applied between the emitting and the collecting
electrodes in the tube, the gas becomes ionized by elec-
tron bombardment of the gas molecules, thereby develop-
ing positive ions which neutralize the negative space
charge consisting of clectrons. The combined cloud of
1ons and electrons acts as an excellent conductor.

In the case of the conventional gas tube, however, it
is found that the control electrode has only a trigger
type of control action. Potentials on the control electrode
below some predetermined level prevent tube current
from flowing. The tube current flow is started by a suit-
able change in this control electrode potential. How-
cver, once the conventional gas tube begins to conduct,
the control electrode loses control and the tube current
becomes independent of the control electrode potential.

In addition to the loss of control by the control elec-
trode, the conventional gas tube presents a further prob-
lem. 1In general, a certain amount of energy must be
given to an atom or molecule in order to cause an elec-
tron to be liberated from the energy confines of the atomic
structure. In the case of a gas tube, this means that the
bombarding electrons must be given a certain minimum
velocity in order to provide this minimum amount of
énergy and thus sustain ionization. To give the ionizing
electrons this minimum velocity,
arc drop must be maintained between the electron emit-
ting electrode and an electron collecting electrode im-
mersed in the gas. In a conventional gas tube this arc
drop represents a minimum wasted potential where the
principal objective is to key on a load current with an
input signal with the least possible loss. -

Because of the trigger type of control which the con-
ventional gas tube has, it has not found favor as a tube
to be employed in a converter or signal mixing circuit.
There are advantages, however, in being able to employ
a gas tube for such an application. A gas tube provides
a high current output, which can eliminate the require-
ment for subsequent amplification prior to detection.
Also, the output is at a low impedance, thus reducing
pickup noise and eliminating the requirement for an im-
pedance matching transformer when coupling to a de-
tector.

__In a copending application of E. O. Johnson, Serial
No. 185,745, filed September 20, 1950 and assigned to
the assignee of the present invention, there is described
and claimed a gaseous electron tube in which the func-
tions of supplying energy to provide a space charge neu-
tralizing plasma and providing a field to draw work cur-
rent are separated. It was found that by having sepa-
rate work and ionization paths and by energizing the
work circuit at a low

a minimum potential or

ot

10

20

29

30

39

40

45

64

70

75

» : 2 4o 80
potential, the function of providing

the current

-the main cathode and the auxiliary

__ 2,697,206
Patented Dec. 14, 1954

2

plasma would not be taken over by the work circuit.

Since the work current is incapable of causing ionization,
an auxiliary source of ionizing current is provided to
fill the need, and since only this source is energized with
a potentiul large enough to produce ions, it is unaffected
by signal variations in the form of either changes in the
potential of the control grid or changes in the work cur-
rent which are produced thereby.

In such a tube structure it is found
current can be passed between the main
and the collector electrode at potentials
normally required to ionize the gas. It

that a very high
emitter electrode
far below those
is also found that
flow between the main emitter electrode and
the collector electrode can be controlled in various ways,
one of which is by means of varying the control electrode
potential as in a conventional vacuum tube. According-
ly, the tube may be made to operate as an oscillation gen-
erator by applying positve feedback between the collector
or anode and control grid or between the main emitter or
main cathode and control grid. |

It is an object of the present invention to provide a
novel converter circuit employing a gas tube of the type
described. |

It 1s a further object of the present mvention to provide
an improved converter circuit employing a gas tube of
the type described.

It is still a further object of the present invention to
provide a useful and inexpensive converter circuit enm-
ploying a gas tube of the type described.

These and further objects of the invention are achieved
by employing a gaseous discharge tube having separate
work function and ionization function electrodes. The
ionization function electrodes are coupled to one of the
work function electrodes in a manner to establish oscilla-
tions in the plasma at a first frequency. A signal is ap-
plied to the control grid at a second frequency. The
anode has a tuned circuit connected thereto. The frequen-
cy of the tuned circuit is determined by the frequencies

of the oscillation in the plasma, and the signal being ap-

plied to the control grid. The third frequency or frequen-
cy of the tuned circuit connected to the anode may be the
sum or difference of the first and second frequencies. The
novel features of the invention as well as the invention it-
self, both as to its organization and method of operation
will best be understood from the following description
when taken in connection with the accompanying draw-
mgs, in which | -
Figure 1 is a cross-sectional view
tube utilized in the embodiments of the invention, and
Figure 2 is a circuit diagram of a converter system
which is an embodiment of the present invention.
Reference is now made to Figure 1 wherein there is
shown in cross-section a view of the gaseous electron tube
which is utilized in this invention. A tube envelope 10 .
contains a U-shaped anode 12 of
posed external to and in juxtaposed position with a control

of a gaseous electron

control grid 14 as well as the anode 12. An auxiliary
cathode 18 is maintained coaxially with respect to a slotted
cylindrical constricting electrode 20.

The elongated narrow slot 22 in the electrode 20 is posi-
tioned with its center extending along a plane base through
the axes of the auxiliary and main cathodes. This per-
mits the desired degree of ionization to be obtained be-
lween the auxiliary and main cathodes with a considerable
minimization of power required to sustain ionization. The
anode 12 and the main cathode 16 of the tube provide the
load circuit through which load currents can be passed
in the manner of conventional tubes. These currents may
be controlled by the potential applied to the control grid
14. The auxiliary cathode 18 is an additional electrode
for cooperation with the main anode 12 and main cathode
16 to provide for the ionization of the tube. In the usual
operation of the tube, a source of potential (not shown) -
which has a value less than that required for ionization, is
connected between the main cathode and the anode, and
a second source of potential (not shown) which has a
value sufficient to provide ionization, is connected between
cathode. This latter



- frequencies in the output - circuit.

 difference frequencies

potential may, for example, be on the order of 50 volts

for helium filled tubes. - -

- This gaseous electron tube is completely shown, de-

scribed and claimed in the above identiﬁed-_cx)p_ending ap-.
e 15 Jonization or breakdown .
 of gas-occurs between the auxiliary cathode and the mam

plication by E. O. Johnson.

~ gas filled electrcin | tube' havi_ng | |
‘an anode, a main cathode and a control grid between

work electrodes including-

said anode and main cathode, and plasma generating

~ electrodes including an auxiliary cathode and a com-

il

~athode and/or anode of the tube. There is thus pro-

vided within the tube envelope, a plasma which acts as ,'
in efect, a low resisi-

. an excellent conductor to provide,

~ ance connection between: the main cathode and the
anode of the tube. _ |
‘in the tube is controlled at least in part by the amount
of current flowing through the jonization: circuit.
16 and the anode 12 may be conirolied effectively by
controlling the current flow in the ionization circuit.  Al-

to the control grid 14 interposed De-

tics of the type of gaseous electron: tube utilized are’
such that a relatively small change in the ionization cur- |

rent is €
Jlarge current change.
~ Referring now to Fig.

o tﬁbe, such as has been described above, 1s employed.

A tuned circuit, consisting of a parallel “connected
__ _ | is- connected between:
the constricting electrode 29 through a bias source 23
to the auxiliary cathode 18. An inductance -30 is con-.

" inductance 24 and capacitance 26

The density of the plasma generated

~ ternatively, the load current may be controlled by the
- potential applied ! _
tween the main cathode and the anode. The characteris-

2 of the drawings, there may be.
seen a circuit diagram of a converter systeml ‘which 18
an embodiment of the invention. A gaseous electron . ng

. tuned circuit, means to apply |
-7 quency to said control grid, and means connected 10 said -

- glectrode, and means
cordingly, the effect of resistance ‘between main cathode

frequency from

quency depsndent upon the
- from said gas tube anode.

stricting electrode
N said main and
feed a voltage at a first

auxiliary cathodes, means fo

the density of the plasma being generated, means to apply

a signal voltage at a second frequency to said control grid
to derive a voltage at a third fre-

"5 A converter system comprising in combination -a

‘pas-filled electron tube having work electrodes jncluding
“an anode, a
~gaid anode

main cathode. and a control orid between

 electrodes. including an auxiliary- cathode and a- con-

20

ective to produce in the load circuit 2 refatively

2o I
A |

- anode to derive a signal at a thi
Y73 A ‘converter system comprising in combination a - -
tube having work electrodes including

 nected between the main cathode :1-6:thrmlgh;,a“source'"_'

~ of ionizing potential 32 1o the auxiliary cathode 18.
The inductance 30 is inductively coupled to the tuned
connected . to-the ioniza-
" As is well-known to the art,:
- | be included in transformer having

a tuned primary. The values of the capacitance 286 and

circuit inductance 24 which 1is
tion function electrodes.’
these two coils may

inductance 24 of the tuned circuit are selected to pro-
oo 40

-~ vide resonance at a first desired frequency..

In view of these connections, which. establish feedback

_between main and auxiliary cathode and constricting elec-
trode, oscillations are. set up in the plasma generating
_ | modulating:
the plasma generated at the frequency of the tumed cir-
cuit. . An input transformer 49 1s ased to apply a signal
between the control grid 14 and

section of the tube which have the effect of

~at a second frequency

the main cathode 16. The secondary 42 of the signal

input - transformer is connected to the main cathode
through a source of bias potential 44. ‘The input signal ;

may also be applied to the control orid in any of the other
well-known methods. The present '
merely by way of illustration.

A source of potential, 46, having a value less than

that required to ionize the gas in the tube, is connected

~ between the anode 12 of the tube and the cathode 16
~of the tube through a second tuned circuit. This second

runed circuit, consisting of inductance 48 and capacitance

system ‘is shown.

- to feed energy 110 _ 1 |
s circuit to modulate the plasma stream generated by. said.
plasma generating electrodes at

upon said first and second frequencies. -

" an anode, a main cathode and a

_a slot opening therein
~ cathodes, a transformer having
ing tuned to a first frequency and a secondary winding, .
said tuned primary being . coupled between said con-
“stricting elecirode and auxiliary cathode, said secondary
‘winding being coupled between said main and auxiliary -
" cathodes, means to apply a signal at a second frequency
" hetween said control grid and main cathode, and means
“derive a signal at a third

- connected to -said anode to | o
second fre-

frequency dependent- upon said first ana

stricting electrode surrounding said auxiliary cathode -
" and having a slot opening therein between said main and
“auxiliary . cathodes, B
- constricting electrode and said auxiliary cathode, means

4 first tuned circuit’

from said main cathode to said first tuned

the frequency of said first

*

| rd frequency dependent -

- .

gas filled electron . ing
control grid between

 said anode and main cathode, and plasma generating elec-
 trodes including an auxiliary cathode and a conmsiricting
~electrode surrounding said auxiliary cathode and having o
n between said main and auxiliary -

a tuned primary wind- f'

quencies. | ST
4. A converter system CcOmMprising 1in combination a

oas filled electron tube having work electrodes including

an anode, a main cathode and a control grid between .
said anode and main cathode, and- plasma generaling
olectrodes including an auxiliary cathode and a ccn-

stricting electrode sqrro-unding said auxiliary cathode and
thaving a slot opéening

therein between said main and

auxiliary cathodes, a transformer having a tuned pri-

mpary winding tuned fo a first frequency and a secondary
‘winding, means to apply a first bias voltage through said -

 tuned primary winding to said constricting ‘electrode and

50 in parallel, is tuned to a third frequency which may.

be the sum or difference frequency

jonization section of the tube. Output

€ ihe _ of the frequency of
the signal input and the frequency of oscillation in the
is derived from .

Ay

the inductance 48 in the second tuned circuit by means :

- of an inductively coupled coil 52. It is to be appreciated

that an output transformer may be. employed  utilizing
a tuned primary connected:to-the anode of the tube.

| 'The-.voltage-'fed back from the cathode 1n the circuit
"modulates the plasma in the jonization circuit which

' in turn modulates the current flowing in the work por- |

 tion of the tube. The incoming signal, which is applied
to the control grid further
between the cathode and |
heterodyning action occurs providing sum and difference
oscillations may be applied directly to the

these electrodes to form an oscillator,
: of the two applied
appear in
12, |

simple converter system which employs a gas tube and

provides a_high-.currem,'low impedance output.
What is claimed is: IR

1. A converter system. comprising 'in".cort?:ibinatiﬂl_i a

_- o

modulates the current flowing
anode and thus a mixing or -

If desired, external
constricting
alectrode and auxiliary cathode in place of connecting

and the sum and

_ __ signals will
any output which is derived from the anode
" There has been described above a novel, useful and

said auxiliary cathode,

‘a second bias voltage 10 said control

means {o

gas through said transformer secondary winding to said
main cathode and said auxiliary cathode, means 10 apply -

- apply a signal at a second frequency to said control grid,

bl e

apply a potential having a
- value of said tube gas through said tuned circuit

‘anode and to said main cathode. = |
- 5. A converter system comprising

-~ electrodes including an

82

having a slot opening
 auxiliary cathodes, a |
- connected inductance and capacitance having their values
 selected to be parallel resonant |
bias source, said first circuit and first bias source being

 be inductively coupled to

a second tuned circuit tuned to a third frequency depend-
ent upon said first and second frequencies, and means to-

value less than the ionizing.
to said

in combination a
oas filled electron {ube having work electrodes inciuding

an anode, a main cathode and a control grid between -
said anode and main cathode, and plasma geaerating
auxiliary cathode and 2 constrict-
ng electrode surrounding said auxiliary cathode and
' therein between said main and

first circuit including a parallel

at a first frequency, a first
connected in series between said constricting electrode
and said auxiliary cathode, an inductance positioned to
the inductance of said tuned
circnit and having one end connected to said main cath-

ode, a first source of potential having a value in €XC€ss

_ _ surrounding said auxiliary cathode and
“having a slot opening therein between

| “said main cathode across said constrict- - |
' ing electrode and said auxiliary cathode to modulate

first and second frequencies '

and main cathode, and plasma generating '

coupling said

a Sigﬂa]- at a- 5600ndf~f~a* : : o

| o apply a potential having
a value in excess of the jonizing potential of said tube

grid, means to
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of the value required for ionization of said tube gas
connected between said auxiliary cathode and the other
end of said inductance, means to apply a bias to said
control grid, means to appl!y a signal at a second fre-
quency to said control grid, a second circuit including

a parallel connected inductance and Capacitance having

their values selected to be parallel resonant at a third
frequency dependent upon said first and second fre-
quencies, and a second source of potential having a value

less than that required for ionizing the gas in said tube, 1,

6

said second circuit and second source of potential being
connected between said anode and cathode.
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