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13 Claims.

The present invention relates to cold-cathode,
gaseous-discharge tubes of the type in which the
source of electrons is a bright spot on the surface
of the cathode material, called a cathode spot.

In one well-known tube of this type, the cath-
ode is a-pool of mercury. This tube can pass very
high currents, and serves as a good light source,
It has some disadvantages, which are common to
most cold-cathode tubes, among which are that

the cathode spot is difficult to form and requires .

complicated equipment to start it, and that the
operating characteristics and the light emission
of the tube vary with the operating temperature.
Further, the tube cannot be inverted without dis-
placing the mercury. .

An object of my invention is to provide an im-
proved, cold-cathode tube among the advantages
of which are relatively easy, cathode-spot for-
mation; stability of operating characteristics
under changes of temperature, stray fields,
changes of load, etc.; simplicity of control; a
solid cathode construction which permits opera-
tion of the tube in any position; and excedent
light emission. Other objects will be explained
hereinafter and will be particularly pointed out
in the appended claims,

For a consideration of what I believe to be
novel and my invention, attention is directed to
the accompanying description and the claims ap-
pended thereto.

"In the accompanying drawings, Fig. 1 is a
longitudinal section of a gaseous discharge tube
embodying my invention; Fig. 2 is an elevation
of another tube embodying my invention; Fig. 3
is a circuit showing one manner of using the
tube; Fig. 4 is a sectional elevation of a modifi-
cation of the tube; Figs. 5 and 6 show modifi-
cations of the cathode and grid structures; Fig. 7
shows a modification of the tube in which the
grid is adjacent the anode; and Fig. 8 shows a
tube in which there is a continuous glow dis-
charge to the cathode and in which the start of
the current flow from the anode is controlled by
a grid. '

" Referring to the drawings, the tube shown in
Fig. 1 comprises an evacuated glass envelope |
filled with a suitable gas such as neon, and con-
taining a cathode 2, an inner grid 3, an outer
grid 4 and an anode 5. )

The cathode comprises a metal disc 6 secured
within and closing the lower end of a cylinder 1
of insulating material. On the upper side of the
disc is a depression in which is a pill 8 of com-
pressed’ caesium chloride and aluminum’ filings
or powder which is held in place by & wire mesh

-
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screen 9. The pill forms the active material of
the cathode. During the manufacture of the
tube, the cathode is heated so that it evolves a
small quantity of caesium. The upper end of
the cylinder 7T has an inwardly projecting flange 5
10 on which rests a wire-mesh screen which
forms the grid 3. The grid 3 is placed with
reference to the cathode so that a coating of
caesium is continually formed thereon during the
operation of the tube. The grid 4 is a cylinder g
of carbon concentric with the cathode. The lead

to the anode is enclosed by insulation 5a.

In the operation of the tube, a voltage is ap-
plied between the grid 4 and the grid 3 which is
sufficient to cause-a glow discharge between these 1§
electrodes. The voltage at which this discharge
takes place is low, due to the coating of caesium.
on the grid 3 and the close spacing of the grids.
This voltage is also substantially constant, due
to the caesium-coated surface of the grid 3 and go
the shape of the grids, which makes the opera-
tion independent of charges on the glass and
stray fields. The grid 3 shields the cathode from
the grid 4 so that changes in the surface of the
cathode do not affect the starting of the glow 25
discharge between the grids. To start the glow
discharge between the grids requires a voltage of
about a hundred volts and a current of a fraction
of a milliampere, so very little power is required.

Immediately after the glow discharge starts gg
between the grids, current flows to the cathode
in the form of a glow discharge. When this cur-
rent flow reaches sufficient density at the surface
of the cathode, a cathode spot is formed on the
surface of the pill 8, causing an arc-characteristic gg
discharge to the cathode. . The action of the
cathode spot causes the caesium chloride to break
down, aluminum being substituted for the cae-
sium and forming aluminum chloride. .This re-
action results in the formation of a thin surface 40
layer or coating of caesium on the pill which has
a greal tendency to adhere to the surface. It is
on this layer that the cathode spot is formed.

The current passes between the anode and the
cathode continually but interruptediy to set up 45
continual discharges of arc characteristic be-
tween the cathode and the anode. It is of am-
perage sufficiently high to produce a potential

. gradient on a relatively small area only of the
cathode high enough to extract electrons from gg
the cathode while the cathode remains “cold”,
at low average temperature, and to produce a
fall of cathode potential lower than that occur-
ring in a glow discharge. The average value of
sald current is nevertheless relatively low. It is gg
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"decreases the sputtering.

sufficiently low, indeed, so that its root-mean-

_square value is low enough so that the average

temperature applied by the current to the cath-
ode is less than the temperature at which sub-
stantially incandescent cathode emission is pro-
duced. :

The reaction takes place, therefore, at a rel-
atively low temperature and is not progressive
or explosive and the cathode spot is formed on
the cathode continually but interruptedly. The
result is that the layer of caesium is continu-
ously replaced during the operation of the tube.
The intervals between the discharges are suf-

ficiently large so that the average temperature.

of the cathode remains low enough to prevent
rapid disintegration of the cathode. Under the
action of the continually but interruptedly pro-
duced cathode spot, the surface of the pill 8 un-
dergoes changes and there is some sputtering of
caesium particles or boiling of caesium vapor, but
most of this condenses on the grid 3 and on the
screen 9. The adherence of the layer of caesium
There is very little
condensation of caesium on the surface of the
carbon grid 4 because the caesium does not stick
readily to carbon or because the caesium is ab-
sorbed into the carbon.

The material of the pill 8, which provides the
active material of the cathode, furnishes enough
free caesium so that advantage can be taken of
the ease of spot formation on caesium, which is
a material of low work-function. If the pill 8
furnished too much free caesium, or if it were
made of pure caesium, or if the arc discharge
between the cathode and the anode were non-
intermittent, the cathode spot could be formed,
but the caesium would be quickly sputtered and
evaporated over the tube and the cathode would
have very short life. As a matter of fact, the
cathode spot is more easily formed on the pill of
caesium chloride and aluminum than on -pure
caesium. This is due to the fact that the cae-
sium chloride and aluminum are in effect surface
impurities or irregularities. Viewed from one
aspect, the piil 8 is composed of a chemical com-
pound of caesium which is slowly broken down
under the action of the cathode spot, liberating
free caesium. Viewed from another aspect, the
pill is composed of a mixture of caesium with a
material which retards the vaporization of the
caesium under the action of the cathode spot.

Other materials than caesium chloride and alu-
minum may be used for the pill 8; for example,
mixtures of caesium chloride and cadmium or
zine, and mixtures of caesium chloride and rubid-
jum chloride and aluminum, cadmium or zinc.
Other metals than caesium, such as the alkali
metals, the alkali earth metals, or the rare earth
metals, may be used to provide the active mate-
rial of the cathode. Examples of these are mix-
tures of sodium chloride and lead; mixtures of
barium chloride and aluminum or zinc; barium
oxide; strontium oxide; and misch metal. All
tests have shown the caesium compounds to be
most satisfactory. A

In general, a chemical compound of one of the
alkali, alkali-earth, or rare-earth, metals mixed
with & metal which will displace the combined
metal, or & mixture of one of the alkali, alkali-
earth, or rare-earth, metals with a substance
which will retard the vaporization of the metal,

will be satisfactory and will provide a cathode on .

which the cathode spot may be readily formed.
The action of the cathode spot should evolve a
material of low work-function, so that advantage
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can be taken of the ease of cathode-spot forma-~
tion on these materials.

The screen 9 facilitates the formation of a
cathode spot on the pill by providing a number
of points for the concentration, at the surface of
the cathode, of the glow-discharge current from
the anode which precedes the arc discharge. Ir-
regularities and impurities on the surface of the
cathode also assist in concentrating the glow dis-
charge. If the screen is omitted, the local cur-
rent density at the cathode may not become high
enough to cause the formation of a cathode spot,

10

and the discharge between the anode and cathode -

will hold over in a glow discharge. Due to the
high cathode drop in glow discharges, the current
flow is limited. The form of the screen 8 is not
critical as far as the operation of the tube is
concerned.

The screen 9 may itself serve as a cathode when
a certain amount of caesium has been sputtered
on its surface. After the cathode spot has
formed on the coating on the screen, the caesium
is consumed, and the cathode spot subsequently
forms on the pill 8. The action of the cathode is
therefore seif regulating, and the operation is
not endangered by the sputtering of the caesium.

The form of the arc stream between the anode
and the cathode is a column of small diameter
which has high intrinsic brilliance, with substan-
tially all the light emitted from the concentrated
arc stream. This discharge is easily distin-

guished from a glow discharge which occupies.

substantially the whole interior of the tube, with
a discharge of low intrinsic brilliance, the greatest
brilliance being at the surface of the cathode.

The chimney or restricted passage for the arc
discharge provided by the grid 4 and the cylinder
1 makes the voltage drop of the arc stream more
constant and, therefore, increases the stability of
the operation of the tube.

There is some tendency for the discharge be-
tween the anode dnd the cathode to become a
glow discharge between the outside of the cathode
and the anode. This is prevented by the cylin-
der 1.. This tendency is further resisted by plac-
ing the active material of the cathode at the bot-
tom. of a cup or cylinder, since there is a greater
tendency for a cathode spot to form on an inner
surface, such as the bottom of a depression, or in
a corner, than there is for the cathode spot to
form on an outer surface.

The grid 3 is purposely placed so that caesium
will sputter on its surface during the operation
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of the tube, and maintain the coating on the

grid. The reason for this is that a glow dis-
charge to a cathode surface of low work-func-
tion starts at a lower voltage. The grid 4 is
placed so that caesium will not be sputtered on
its surface. If caesium did sputter on its surface,
the breakdown voltage of the tube would be low-
ered, due to a tendency of a glow discharge to
start between the anode and the grid 4.

Still further to insure that caesium shall not
be sputtered on the grid 4, it is made of carbon, a
material to which the caesium will not readily
adhere. By making the grid 4 of carbon, the

voltage at which a glow discharge will start be-

tween the grids depends on the polarity. This
is useful in tubes controlled by alternating cur-
rent. .
The anode is so placed that caesium is not
sputered on its surface during the operation of
the tube. As an additional precaution, it also
might be made of a material, such as carbon, to
which the caesium does not readily adhere.
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The pressure of the gas in the tube may vary.
‘When the tube is used for illumination, pressures
of from 3 to 20 millimeters of neon are suitable.

The tube shown in Fig. 2 is identical with the
tube shown in Fig. 1, except that it is provided
with a long, restricted passage for the arc dis-
charge. This tube is adapted for higher power
applications, and particularly for uses which re-
quire a large amount of light emission.

The advantages of tubes embodying my inven-
tion are very clearly shown by its application in
the circuit, shown in Fig. 3, as an intermittent
light source for stroboscopic use.

In this circuit the anode 5 and the cathode 2 of
the tube are connected across a condenser I1,
which is continuously charged, from a suitable
source, through a variable resistance 2. The
grid 8 is connected, through resistance 18, to a tap
on a resistance 14, connected across the con-
denser. The grid 4 is connected, through re-
sistance 15, to a tap on a resistance 16, con-
nected across the condenser. The resistances 13,
{5 and 16 are large and, therefore, require
very little current. The taps on resistances 14
and 16 are proportioned so that the grid 3 is posi-
tive with respect to the cathode 2, and the grid 4
is positive with respect to the grid 3.

In the use of the circuit, the condenser is con-
nected to a suitable source of direct current and
immediately starts to become charged. While
the condenser is being charged, the tube is non-
conductive. When the condenser reaches the re-
quired voltage, the voliage between the grid 3
and the grid 4 becomes high enough to cause a

glow discharge between the grids. This removes.

the shielding effect of the grids, and causes a glow
discharge to start between the anode and the
cathode, which forms a cathode spot on the
cathode and causes an arc discharge. The dis-
charge of the condenser causes a current of -a
few hundred or more amperes to flow through
the tube, producing a bright fiash of light, which
lasts a few microseconds. The resistance 12 does
not permit the flow of sufficient current to main-
tain the arc discharge; after the discharge of
the condenser, therefore, the arc is extinguished
and the tube becomes non-conducting. The volt-
age at which the glow discharge between the
grids takes place, and the voltage drop in the are
discharge, are so nearly constant that the light
flashes from the tube occur at substantially con-
stant frequency, and ean be used for stroboscopic
purposes. The rate at which the tube flashes can
be controlled by changing the variable resistance
12 or by changing the biasing voltage of either
grid.

In order to illustrate the possibilities of the
tube, the following figures are given for a tube
having the external dimensions of a small radlo
tube: -

Condenser discharge voltage.._____
Peak discharge current___________
Voltage between grids required to
start glow discharge between grids 100 volts
Current fiow in glow discharge be- Less than 1
tween grids. milliamp.

The numerical values vary, of course, with the
size and the construction of the tubes; but they
do ‘show the ease of control of the tube, and
its ability to handle large currents, compared to
tubes of similar dimensions.

If desired, the flashing of the tube can be con-
trolled by a contactor 17, connected to the posi-
tive side of the condenser, through a resistance

3

8. In thié case, the maximum voltage of the

-condenser is limited to a value below the break-

down voltage of the tube, or the bias of the grids
is adjusted so that the tube will not become con-
ducting.

The grld-controlled ‘cold-cathode, gas-filied,
arc-discharge tube that is herein described has
many other uses than as a stroboscope. Iis
unique properties can be applied to a number of
applications where the ability of the tube to pass
large currents, to act as a rectifier, to stand ready
to operate instantly without requiring cathode-
power or cathode-heating time, and to act as a
sensitive grid-controlled relay, are important.
Those skilled in the art will appreciate that the
tube described herein can be used in practically
all of the circuits in which grid-controlled, hot-
cathode, gas-filled {ubes, such as “thyratrons”
“grid-glow” tubes, are now used.

Figs. 4 to 8 inclusive show modifications of the
structure of the tube. In the tube shown in
Fig. 4, the cathode 2 comprises a metal cup 20,
at the bottom of which is the pill 8 and the
screen 9. The outside of the cup 20 is coated
with  insulating material, which prevents glow
discharge to the outside of the cup in the same
manner as the cylinder 1 of insulating mate-
rial shown in Fig, 1.
ted in this tube, and the grid 4 is merely a wire
above the end of the cup 20. In the operation of
this tube, the glow discharge starts between the
grid 4 and the cathode. This causes a glow dis-
charge between the anode 5 and the cup 20,
which reaches Sufficient local current density on
the surface of the pill 8 to form a cathode spot
and start the arc discharge between the anode
and the cathode. In other respects, the opera-
tion of the tube is substantially the same as the
tube shown in Fig. 1. The glow discharge which
starts the: operation of this tube may be formed
between the grid 4 and the upper edge of the cup
20, between the grid and, the caesium coating
which is sputtered on the inside of the cup 20
during the operation of the tube, or between the
grid and the surface of the pill 8. Since the

.cathode is subject to violent, surface changes

under the action of the cathode spot, the voltage
at which this glow discharge from the grid starts
is not so constant as in the tube shown in Fig. 1.
If the cup 20 is deep, the side walls of the cup act
as a shield,; and the glow discharge from the grid
is not hkely to form between the grid and the
surface of the pill 8. When the grid 4 is in the
form of a wire, furthermore, the field between
the grid and the cathode, or the metal cup 20,
is not so effectively shielded from charges which
ay accumulate on the glass' envelope, and these
charges may affect the voltage required to start
the glow discharge from the grid. The operation
of this tube is, therefore, subject to two variable
factors; the surface of the pill 8, and the effect
of charges which accumulate on the glass.

In certain applications, the grid 4 may be com-
pletely eliminated. In this case, the initial dis-
charge in the tube is a glow discharge between
the anode and the cathode, which is followed by
an arc discharge.

at which the tube besomes conductmg is not con-
stant.
In the construction shown in Fig. 5; the pill 8

. is held by the screen 9 on the bottom of a metal

cup 21.  Across the upper end of the cup is a
metal disc 22, having a cylinder 23 secured in

~
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an opening 24 in its- center. ‘A disc 26 of insulat- 7§
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4.
ing material surrounds the cylinder 23 and pre-
vents glow discharge to the outside of the cup 2I.

“The grid 4 is in the form of an annular ring hav-

ing a depending flange on its outer edge, and
closely spaced from the upper end of the cylinder
23. The operation of this tube is similar to that

of the tubes shown in Figs. 1, 2 and 4. The in-.

itiating glow discharge starts between grid 4 and
the cylinder 23. The grid 4 shields the cylinder 23
from the charges on the glass, so that the voltage
at which the glow discharge from the grid starts
is relatively constant. The cylinder 23 provides
a restricted opening to the cup 21, and thereby
tends to confine the sputtering of the free caesi-
um of the cathode to the inner surface of the cup
21 and the disc 22. The cylinder 23 also pro-
vides a restricted passage for the arc stream,
which makes the tube drop more constant.

In the construction shown in Fig. 6, the cath-
ode and the grids are supported by a cylinder
32 of insulating material, The cathode com-
prises a metal cup 33, secured in the lower end
of the tube, and having a pill 8 held in the bottom
thereof by the screen 9. The cylinder 32 is pro-
vided with an inwardly projecting flange 34,
on the inner side of which is secured a metal
cylinder 35, which serves as a grid. This cylinder
is placed so that caesium will sputter on its

surface during the operation of the tube. The .

other grid comprises a metal cylinder 36, which
is secured in the upper end of the cylinder 32.
The cylinder 36 is placed so that caesium does
not sputter on its surface. In the operation of
this construction, the initiating glow discharge
takes place between the cylinder 36 and the coat-
ing on the cylinder 35. The voltage at which
this glow discharge takes place is substantially
constant, due to the fact that the grids 35 and
36 shield the field between the grids from charges
on the glass. The grids 35 and 36 also provide
a restricted passage for the arc discharge which
results in substantially constant tube drop.

The .tube shown in Fig. 7 is a modification of
the tube shown in Fig. 4, in which the grid 40 is
near the anode. The grid 40 has, at its center,
an opening 41, through which the arc discharge
passes. The grid 40 shields the field between it

“"and the anode from the effect of charges.on the
glass. In the operation of this tube, the initiat-

ing glow discharge takes place between the grid
40 and the anode, and subsequent operation of
the tube is the same as in the previously described
tubes. .

In the tube shown in Fig. 8, the cathode com-~
prises a metal cup 42, having the pill 8 held in
the bottom thereof by the screen 9. A metal disc
43, having an opening 44 at its center, is secured
across the upper edges of the cup. Above the disc
43, is a disc 45 of insulating material, having a
metal cylinder 46, projecting through an open-
ing 41 in its center. Projecting through the side
of the metal cylinder 46, is an electrode 48, which
is surrounded by insulation 49. The electrode

48 is connected to the anode through a resistance:

50, and the potential between the electrode 48
and the cathode is such that a continuous glow
discharge is formed between these electrodes.

The cylinder 46 serves as-a grid and is normally-

biased, so that discharge between the anode and
cathode is preévented. When the bias on the con-
trol grid 46 is changed to the proper value, a glow
discharge takes place between the anode and the
cathode, which results in the formation of a cath-
ode spot, and thereby produces an arc discharge
between the anode and the cathode, The opera-

2,185,189

tion of this tube is likewise unaffected by charges
on the glass due to the shielding effect of the
metal cylinder 46. In a tube of this construc-
tion, it is satisfactory to have a continuous glow
discharge between any two electrodes, with some
form of shielding to prevent discharge hetween
the anode and the cathode.

Having now described my invention, I claim:

1. A gaseous-discharge tube .comprising an
anode, a cathode of a material which will break
down under the action of a cathode spot and
form a surface coating thereon of a material of
low work-function, and a screen over the cath-
ode material for providing points at which a glow
discharge to the cathode may concentrate on the
surface of the cathode, whereby the formation
of a cathode spot on the cathode is facilitated.

2. A gaseous-discharge tube comprising an

anode, a cathode of a material which will break
down under the action of a cathode spot and form
a surface coating thereon of a material of low
work-function, a grid, and a surface adjacent
said grid, said grid and said surface being ar-

ranged so that the field therebetween is shielded -

from stray fields, and a glow discharge initiated
between the anode and cathode by a glow dis-
charge between the grid and the surface being
effective to form a cathode spot on the cathode.

3. A gaseous-discharge tube comprising an
anode, a cathode of a material which will break
down under the action of a cathode spot and form
a surface coating thereon of a material of low
work-function, a surface arranged so that the
material of low work-function on the surface of
the cathode will be sputtered thereon during
the operation of the tube, and a surface adja-
cent said first surface, a glow discharge between
said surfaces being adapted to cause an arc dis-
charge between the anode and the cathode.

4. A gaseous-discharge tube comprising an
anode, a cathode of a material which will break
down under the action of a cathode spot and
form a surface coating thereon of a metal of low
work-function, an outer grid, and an inner grid
arranged to shield the field between the outer
grid and the cathode, a glow discharge between
said grids being adapted to initiate an arc dis-
charge between the anode and the cathode.

5. A gaseous-discharge tube comprising an
anode, a cathode of a material which will break
down under the action of a cathode spot and
form a surface coating thereon of a metal of low
work-function, an outer grid of carbon, and an
inner grid arranged so that the metal of low

work-function will be sputtered thereon during

the operation of the tube, and means causing a
glow discharge between said grids being adapted
to initiate an arc discharge in the tube.

6. A gaseous-discharge tube comprising an en-
velope provided with an anode, a cathode of a
material which will break down under the action
of the cathode spot and form a surface coating
thereon of a metal of low work-function, means
in the envelope providing a restricted passage ex-
tending from the cathode toward, but not as far
as the anode, the cathode occupying a relatively
small area in the restricted passage at some dis-
tance away from the end of the passage nearest
the anode, and a glow discharge between the
anode and the cathode being adapted to form a
cathode spot on the cathode.

7. A gaseous-discharge device comprising an

anode, a cathode and a grid disposed adjacent.
~ to the cathode between the anode and the cath-
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beark down under the action of a cathode spot to
form on the cathode and on the grid surface coat-
ings of the material of a low work-function.

8. A gaseous-discharge device comprising an
anode, a cathode and a grid, the cathode compris-
ing a first substance and also a compound con-
taining a second substance of a low work-func-
tion, the compound being a material that will
break down under the action of a cathode spot
to form on the cathode a surface coating of the
second substance, and the first substance being
a material that will replace the second substance

"in the compound, whereby the compound will

continually break down under the action of the
cathode spot to form the said surface coating on
the cathode and the first substance will continu-
ally replace the second substance in the compound
during the continual breaking down of the com-
pound under the action of the' cathode spot.

9. A gaseous-discharge device comprising an
envelope, an anode, a caesium-containing cath-
ode, an inner grid disposed between the ancde
and the cathode, and an outer grid of carbon dis-
posed between the anode and the inner grid.

10. A gaseous-discharge device comprising an
anode, a cathode and a grid disposed adjacent
to the cathode between the anode and the cath-
ode, an insulating cylinder at the lower end of
which the cathode.is disposed and at the upper

S

end of which the grid is disposed, the cathode
comprising a material that will break down under
the action of a cathode spot to form on the cath-
ode and the grid surface coatings of a material
of a low work-function,

11. A gaseous-discharge device comprising an
anode, a cathode, a grid disposed between the
anode and the cathode, the cathode comprising a
material that will break down under the action of
a cathode spot to form on the cathode a surface
coating of a material of low work-function, and
cylindrical means for restricting the arc dis-
charge,

12. In a gaseous-discharge device, an insulating
cylinder, a metal disc closing the lower end there~
of and provided with a depression in its upper
side, a pill of compressed caesium chloride and
aluminum filings or powder in the depression, and
a wire-mesh screen covering the pill, the pill con-
stituting a cathode.

13. In a gaseous-discharge device, an insulating
cylinder, an anode, a metal disc closing the lower
end of the cylinder and provided with a de-
pression in its upper side, a pill of compressed
caesium chloride and aluminum filings or powder

- in the depression, and a wire-mesh screen cover-

ing the pill, the pill constituting a _cat;hode.
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