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This invention relates to frequency modula-
tion, and more particularly to arrangements em-
bloying a single gaseous discharge device as an
oscillator and as a variable capacitance for the
same,

‘Recen‘tiy, there have béen devised gaseous dis-

charge devices of the type which utilize an aux-"

illary discharge and in which a grid can be used
to control or. modulate. currents flowing from a
cathode to an anode. Devices of this type are
known as  “plasmatrons” and their. operation
may be .summarized in: the following way.. In
conventional hot cathode gaseous devices the. ap-
plied. anode potential serves a double funection,
the first béing the provision of the ionization
needed for. space-charge neutralization and the
second being the provision of the field needed
for drawing the required cathode: current. In
the “plasmatron,” however, these functions are
separated. As a result, the potentials needed
for drawing given cathode currents are greatly
reduced and, in addition, grid control of the
anode current becomes possible.
This separation of function is achieved by
utilizing what is termed an “auxiliary discharge”
to provide the Space-charge neutralizing ioniza-
tion. The ionization from this auxiliary dis-
charge manifests itself by creating a dense cloud
of free ions and electrons in the region between
the main operating electrodes, viz., the hot cath-
ode, the anode, and the grid. This concentra-
tion of free ions and electrons is called a “plas-
ma.” Because the jon and electron concen-
trations are approximately equal, the plasma is
electrically neutral and acts as a good conductor
for electron currents such -as those from a hot
cathode. The. higher the ion and electron con-
centration the better will be the conducting
broperties of the plasms. This Property of good
conduction is responsible for forcing practically
all of an applied cathode-anode voltage to ap-
bear across a thin electron sheath at the anode.
Then, in-effect, the cathode is immediately ad-
Jacent-to- the anode: 'This gives the “plasma-
tron” the high perveance associated with a vacu-
um tube having very closely-spaced electrodes,
If a negative electrode: is immersed in the
plasma, a thin field-absorbing layer - called g
“sheath”. forms around the electrode. This
layer-absorbs the electric field so that the plas-
ma remains isolated and can retain its field-free
nature. . :Since the negative field. allows only
positive ions to enter-this region, the sheath is
called a positive ion sheath, . =~
"The thickness of a sheath such ‘as described
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tential increases, Thus, a negatively biased
“plasmatron” grid will surround itself with a
positive ion sheath that expands and contracts
in accordance with - an applied grid signal.
Then the plasma cross-section, which connects
the anode with the cathode through the grid
openings, will have its .area modulated, - This
action, in turn, modulates the cathode-anode
eurrent by virtue of the fact that the conducting
ability - of the plasma, like that of other con-
ductors, depends upon its -Cross-sectional area.
This “plasmatron” grid: control can bhe pictured
as a control of the area of the effective cathode
which appears adjacent to the anode. - In some
cases, the grid sheath will also simultaneously
control the plasma density, and hence its con-
ducting ability, in regions close to the grid open-
ings. ‘This results in an additional control ac-
tion which might be viewed as a control of the
emission capabilities of the effective cathode.

The above action is explained somewhat more
fully in the copending Johnson application,
Serial No. 185,745, filed September 20, 1950,

Since gaseous discharge devices of the above-
described- “plasmatron’” type have smooth .volt-
age-current characteristics similar to those: of
vacuum tubes and since a control electrode may
be used to continuously control the fiow of cur-
rent through such devices, it becomes possible
to utilize such devices in oscillatory circuits simi-
lar to those in which vacuum tubes have hitherto
normally been employed. 'The present invention
relates to oscillators utilizing. ‘such- “plasma-
trons.”' . N . -

" An object of this invention is to devise an ar-
rangement -for frequency modulating “plasms-
tron” osecillators. o ‘

Another object is to provide an arrangement
whereby - “plasmatron’” oscillators may be fre-
quency modulated with a-high frequency devia-
tion in an effective manner, - e :

‘A further object is to devise an efficient ar-
rangement for frequency modulating discharge
device oscillators having a low plate impedance.

An additional object is to provide an arrange-
ment for frequency modulating an oscillator of -
the type which is particularly suited for low-
voltage, high-current ‘output. SR

The foregoing and other objects of this.in-.
vention will be best understood from the fol-
lowing description of Some exemplifications
thereof, reference being had to' the accompany-
ing drawing, wherein: . .

Fig. 1 is & circuit diagram of one arrangement
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whereby this invention may be put into effect;.
and

Tig. 2 is a similar diagram of modified arrange-
ment.

The objects of this invention are accompiished,
briefly, in the following manner: A “plasmatron”
gaseous discharge device has its three main elec~
trodes, consisting of the main cathode; grid and
anode, connected in a more or jess conventional
oscillatory cireuit of a type which is commonly
used for three-electrode vacuum tubes.
potential on the auxiliary cathode is. modulated
by a modulating input signal to vary ‘the in-
tensity of ionization of the: gas..
variation in the thickness: of = the: positive: ion:
sheath around the negative grid, thus varying

the capacitance afforded by this. sheath. Since-

this latter capacitance is connected directly
across the external tuned circuit, variations:of
such capacitance produce corresponding varia-
tions in-the: oscillation.frequency. :

Fig: 1 is a-circuit diagram whereby.this inven-
tion may be: carried into effect. Referring. to
this figure, numeral i. denotes- a. gaseous: dis-
charge device of the so-called “plasmatron” type;
such as described in the .aforementioned: copend-
ing. application; it will. be seen that. the repre-
sentation of the discharge device. | is quite simi-
lar to that in:Fig. 1 of-such application.. Inside:
the envelope of device:1.is a-main cathode 2 par-
tially surrounded: by ‘a U-shaped control grid:
3 and a U-shaped.anode. 4, grid 3 being located
between cathode 2-and. anode 4. Opposite the:
open ends:-of: grid 3:and anode 4 is mounted a

cylindrical focusing: electrode. 5. An. ionization.

or auxiliary. cathode. 6 is mounted coaxially and.
concentric-with. respect to .cylindrical electrode 5.

As indicated: in: Fig.. 1, electrode. 5. is. provided
with an: opening.1- the. center of which is an. &
plane passing: through.the: axes of: auxiliary-and
main cathodes. 6. and 2:_ )

For further details:of the construction:of gase-
ous. discharge device: {, reference may be had
to the.aforementioned:;Johnson application..

Device:1.is provided with.a gaseous,atmosphere
prior.to. sealing off; as indicated:in:Fig: 1..

In the operation:of “plasmatron? |.as:an.:os=
cillator. according: to: this: invention;. foeusing:

electrode-5:.is normally-left: “free’ or: “floating,”
although it is.to.be: understood: that: this:elec=

trode-may be: connected to auxiliary: cathode: 6.
_eathode: 6 is: connected..

if. desired: Auxiliary-
through the secondary 8 of an. input:or. modulaz::
tion-transformer 9 and through.a.current limif-
ing resistance 10 to the
i1 of: unidirectional: potential,. the: positive side
of which:is grounded:
2, 3 and 4 are connected as a Hartley oseillator:
To:effect: this result, the-lower -end:of the parallel

L..C. oscillatory. circuit: 12, consisting:of indue--
i4;.is grounded::

tance: {3 .and. variable:condenser:

This. causes a.

negative side of a source:

ot

The: . .
~ pear between these two cathodes,

© proximately 40 to0:90*volts.

4

herently negative with respect to cathode 2 or
ground. The output of the oscillator may be
taken off by means of a winding 17 inductively
coupled to inductance {3. The source li has
been indicated as a simple battery but it is, of
course, to be understood that any suitable source
may be utilized. :

The potential of source: 11, which.is .the D. C.
potential between: auxiliary cathode € and main
cathode 2, is so selected or adjusted that it is
sufficient to cause an ionizing discharge to ap-
cathode 2 be-
ing positive with respect to cathode 6. For ex-
ample, this potential may be in the range of ap-
The potential deffer-

ence between the main cathode 2 and anode 4

s for example 15 volts and is too low to produce
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The.three main electrodes’

60

and the anode 4 is also-—grounded'.forsoscillatory;.

currents by: capacitance i5. Cathode: 2:is-con-
nected. to. an: intermediate:
13,and.operates:at D. _C. ground potential:
ode. & is- connected to the .positive :terminal: aof:a
unidirectional source;-
volts, for: example: Grid- 37is connected: to. the:

upper end of inductance {3: through: a: parallel”

R. C. cireuit 16 which functions to .establish. on
said grid, during operation; a.bias which:is nega-

tive with. respect to-cathode 2. or. ground. : Al--

peint: on: induetanoce:
An=-.

85

of. the magntitude of: 15%

70

ternatively, this. biasing arrangement - may- be:.

omitted and grid 3 left free.to seek, its.OWn. Pox..-
75.

tential .dux_ing,,ope;'atfion, such potential being-in-

anode region as well.

jonization; in other words, it is ‘less than the
ionization- potential.

With direct potentials:as described, an intense
visible discharge: extends: outwardly:-from open-
ing: 1 and;bathes:,main,cathodet-z. Electrode: 5.
acts to focus the-electron stream . from. auxiliary:
cathode 6.. Furtherinore, electrode 5:acts: to:inz-
tensify the ionization. Main cathode 2 actsias.
the anode:for. the: auxiliary:cathode: 6:. For: all
practical purposes;. the: auxiliary -current: col=
lected by the main anode: 4-is:of:negligiblereffect.
on the.operation .of:the:devices. The:plasmaieXz-
tends-through the grid-'openings;and:.imthe:gﬂch
Thus; there s a highly con--
ductive: path: from: the: main: eathode: 2. through:
the grid 3 to-the:main anode: &

As the grid swings .about its:bimsspotential :the:
main current is confrolled.over:a wide: range of:
approximately: zero-t0:200:0r: more:milliamperes;.
in.the manner: previously: described inzthe sume=-
mary of. operation: of: the: “plasmatron.”  Since
this grid control-of the main anode-current:does.
take place, the device:l may-he connected:in. an:
oscillatory: circuit: similar: to: vacuum tube:oscil-
latory cirvcuits, and- such-device will. function: to-
produce oscillatory energy’ in-a.similar-manner:
In.Fig. 1, the device:l: is.connected: ina: Harfley
oseillator circuit, such: device: then: functioning:
to. produce: oscillatory: energy” in:tank or: tuned-
circuit 12; which:energy: may- be:abstracted. by
coil: 1T as: output:. S oo - .

According to:this invention;. the: frequency- of
operation of: a.“plasmatron” oscillator: such- as.
that previously described maybewvariedior:modu--
1ated: electronically: by: varying-the- intensity of
the ionization.or auxiliary: discharge: current.

When . negatively- charged: eleetrode:such: as-
grid 3 is placed:in & strongly-ionized:gas-at 10w
pressure it:becomesasurroundedf?‘byfas-sheath- of
positive ions.. THis sheath:has-a: certain capaci--
tance, and by:analogy: with -a~condenser-of:ordis
nary construction the plates- are-constituted’ by
the electrode 3:itself andthe-outer surface of thie
positive ion-sheath: Sinee-eléctrodes-2; §iand 4
are connected: to-tunediciFenit: 12}t may-be-seer
that:this »sheath‘:-eapacitance-«isvcaupledito the-08+-
cillator tuned:circuit. When-this-capacitance-is-
jnereased, the oscillator freguency is=~deereased;
while: when: this: capaeitance i§: desereased! the-
oscillator : freguency+ is- inereased:  since- the
sheath-capacitance: is~ essentially- conneeted*
across tank:citcuits12.

The positive-ion sheath-about:grid 3°hasa-defi--
nite thickness, its thickness-depending on, ameng:
other things; the:intensityof sionization of” tHe:
gas. .  Thus,;about: ‘the negatively charged: elees::
trode 3 there is an electrie:field! ~Thiscfield: ex>
tends..out- to.sueh:a: distance that-it:isrexactly
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neutralized by
the surrounding gas. In other words, we may
assume that each line of force projecting from
the electrode 3 must terminate in a positive ion
in the sheath. Thus, the less the ‘intensity of
ionization of the gas the farther the electric field
of the electrode extends and the thicker the posi-
tive ion sheath, whereas the greater the intensity
of ionization of the gas the thinner the positive
ion sheath. C
- The positive ion sheath may be visualized as a
nonconductive region compared to the plasma,

since electrons cannot enter it and the . positive .

ion current is small. This region extends between
two conductive surfaces, one being the electrode 3

carrying . a negative electron charge and the..
other being the surface of the. sheath, which is

at the potential of the gas within the envelope,
that is, with gases at low pressure, at 2pproxi-
mately the potential of the cathode 2. . This gas is
conductive since negative electrons are moving
freely about in it. As such, this sheath is in reality
a4 condenser. Since the distance between the
plates of the condenser, that is, the thickness of
the sheath, varies with the intensity of ionization
of the gas, as already explained, the capacitance
of the condenser varies in accordance with the
intensity of ionization of the gas. - The capaci-
tance of the condenser, of course, varies in.an
Inverse direction with the distance between the
condenser plates (the thickness of the sheath) .

An input modulating signal is applied to the
vrimary {8 of transformer 9. Such a signal, ap-
bearing in secondary 8, which is in cireuit pe-
tween auxiliary cathode 6 and main cathode a2,
changes the current flowing between these two
cathodes. This change of current varies the in-
tensity of ionization of the ‘gas in device {, it
being remembered that main cathode 2 acts as
the anode for auxiliary cathode 6. This varia-
tion in intensity of ionization causes a variation
in the thickness of the bositive ion sheath around
grid 3, as previously explained, and a variation
in the capacitance afforded or provided by this
sheath, This capacitance variation produces g
corresponding variation in the frequency of the
oscillator. Thus, input signals applied to 18
result in frequency modulation of the “plasma-
tron” oscillator disclosed.

To particularize, an input signal of such po-
larity as to increase the current flowing between
cathodes 6 and 2 increases the ionization intensity
in device i, decreasing the thickness of the ion
sheath around grid 8 and thereby increasing the
capacitance provided thereby; this decreases the
oscillator frequency. Conversely, an input signal
of the opposite polarity decreases the ionization
intensity, resulting in an increase of oscillator
frequency.

In a circuit according to the present invention
which was actually built and tested, it was found
that the “plasmatron” oscillator was easily fre-
quency modulated; in other words, the frequency
deviation was high. Thig may be seen from the
following two examples. At 17 megacycles, in-
creasing the discharge or ionization current from
one to two milliamperes caused a frequency de-
crease of 500 kilocyeles, with no change in ampli-
tude. At 70 kilocycles, increasing the discharge
current from one to six milliamperes caused a
frequency decrease of 50 kilocycles.

It is desirable to point out that the oscillator
of this invention is particularly adapted for modu-
lation at audio frequency rates, up to about 10
kilocycles. The upper frequency limit of the

the field of the ‘positive. fons in -
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. “plasmatron”

6;
as an oseillator has not as yet been -
determined. ) : .

- Fig. 2 discloses a modified arrangement. In
this figure, elements the same as those of Fig. 1
are denoted by the ‘same reference numerals.
In Fig. 2, instead of feeding the input modulating
signal to auxiliary eathode 6 by way of a trans-
former as in Fig, 1, the input signal is fed to such
cathode by way of a vacuum tube 19 which acts in
effect as a series variable impedance between
source {1 and auxiliary cathode 6. The nega-
tive side of source i1 is connected to the cathode
20 of tube 19 and the Dpositive side of this source
is grounded. The input modulating signal is
applied between the control grid 21 of tube {9
and ground, while the anode of tube 18 is connect-
ed to auxiliary eathode 6. Thus, tube {9 pro-
vides a series variable impedance between source
{1 and cathode 6, and by the. application of a
signal to control grid 2 this impedance is var-
ied to thereby vary the voltage between cathodes
§ and 2 to vary the intensity of icnization of
the gas. This results in g variation of the oscil-
lator frequency, as breviously desecribed in con-
nection with Fig. 1. :

What I claim to be my invention is: -

1. A frequency modulation arrangement, com-
prising a gaseous discharge device, means for
ionizing the gas in said device, said device hay-
ing a plurality of electrodes including anode and
cathode electrodes and also a control electrode
operating at a potential negative with respect
to. the votential of said gas, thereby forming a
bositive ion sheath about said control electrode,
means. for supplying said electrodes with oper-
ating potentials, a tuned circuit; means coupling
said anode, cathode and. control electrodes “to
spaced points on said circuit, thereby to develop
oscillations in said device and said cireuit, and
means for controlling said ionizing means by a
modulating signal to modulate the intensity of
iocnization of said gas and thereby also the thick-
ness of said sheath and the effective capacitance
provided thereby, - S

2. A frequency modulation arrangement, com-
prising a gaseous discharge device having a plu-
rality of electrodes including anode, eathode and
control electrodes, means for ionizing the gas in
sald device, connections for supplying said elec-
trodes with operating potentials, a tuned cireuit,
neans coupling said anode, cathode and control
electrodes to spaced points on said circuit, therehy
to develop osecillations in said device and said
circuit, and means effective on said first-named
means for varying the intensity of ionization of
the gas in said device, to thereby vary the effec-
tive capacitance provided by said control elec-
trode.

3. A frequency modulation arrangement, com-
prising a gaseous discharge device having a plu-
rality of electrodes including anode and cathode
electrodes and also s control electrode operating
at a potential negative with respect to the po-
tential of the gas in said device, thereby form-
ing a positive ion sheath about said control
electrode, connections for supplying said elec-
trodes with operating botentials, a tuned circuit,
mmeans coupling said anode, cathode and control
electrodes to spaced points on said cireuit, there-
by to develop oscillations in said device and said
circuit, and means for varying the intensity of
ionization of said gas when ionized, to thereby
vary the thickness of said sheath and the effective
capacitance provided thereby.

4. A frequency modulation arrangement, com-



2,076;30%:

prising & gaswus:dtsch'arés«device’z-;having:. aiplr=

rality of electrodes including anode, cathode and’

control: electrodes;: means:for jonizing the:gas in

said:device; connections: for:supplying said: elee--

trodes with operating potentials, a-tuned: circuit,

means-coupling. said: anode;-cathode .and. contiol:
electrodes to spaced: pointscon:said: circuit; there--
by to: develop- oscillationss in . said device - and:

said:circuit, and -means.forrccmtroning.rsafidwioni’z-.-
ing: means-by:

said: control electrode:

5.: A-frequency- modulation arrangement. coni--

prising: a gaseousL-discharge‘.device; means: for:

establishing an- jonizing: discharge: in the gas

in-said:-device; said-means including -an:electron-
emitting: cathode;

trode and a control electrode, in said device;
nresns for supplying: said electrodes -with operat~
ing potentials; a: tuned: circuit;

to spaced points-on: said cireuit,. thereby to de-
velop oscillations in:said device:and’ said eircuit;
and means for i

vary-the- intensity of- jonization of said:-gas.

6. A frequency- modulation arrangement. com=
prising: a gaseous:
establishing: an
in said device, said means:including an-electron=
emitting - cathode; another.-cathode, and means

for establishing an jonizing current between said-

cathodes; a-plurality of electrodes:in:said device,
said plurality: including: said:
anode- electrode; and: alsor including:
electrode operating’
respect to the potential of saidigas; thereby form-
ing a positive
trode;- means- for: supplying: said’ electrodes: with
operating potentials; a-tuned circuit,. means-cou-
pling said anode, other cathode and: control elecs
trodes 1o spaced: points: on: said circuit, thereby

a. modulating: signal: to- modulate:
the:intensity of 1orr'1za"tiomof¢saidagasiand? there=-
by- ‘also--the’ effective: capacitance: provided: by

another: cathode, and’ means:
for establishing -an-ionizing: current.-between said:
cathodes; & plurality-of -electrodes,; including: said

other-cathode and also Ancluding an anode elec="

means- coupling:
said anode, other cathode and.control electrodes 2

varying: said: jonizing current. to-

discharge- device; means for:
jonizing: diseharge in the- gas.

other cathode, an-
a. control:
at. & potential: negative with

jon sheath:about said: control: elec-

et

20

0:

8

to couple:said:ion:sheath: to:sald circutt.andito:
develop oscillations:in: said device: and-said” cir=-
cuit; and: means for-varying. said: jonizing: cur=

rent to vary. the: intensity: of: ionization- of:said.

. gas and therehy: also:thesthickness of :said:sheath

and the:effective capa:cit‘ance%provided thereby:
7. A-frequency: medulation: arrangement: com-
prising::.a:gaseous: discharge: device; means. for
establishing: an® lonizing discharge in: the: gas
in said device, said means including an:electron-
emitting cathode; another: cathode; and: means
for: establishingfzan:ionizing current between said
said’ cathodes;: a: plurality of: electrodes: i said
device; said:plurality: including said other: cath=

: ode, an anode:electrode; and:alse including: a:.con-

trol. electrode: operating at & potential negative.
with:respect to .the:potential of said gas; thereby:
forming: & positive. jon -sheath' about said control-
electrode; means: for- supplying: said: elecirodes.
with operating potentials, &. tuned: circuit; means:
coupling said’ anode; .other: cathode: and: control.
electrodes to spaced points o said circuit; thereby
to couple-said ion. sheath to sald circuit: and to
develop: oscillations: in: said- device.and: said: cir=

i cuit; and means:.for: controlling said: jonizing:

current by a modulating. signal to:modulate the’
intensity of: jonization:of:said. gas and. thereby:
also: the thickness: ofi said: sheath. .and the: ef-
fective capacitance’ pruvidedz:thereby-:
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