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My invention relates to discharge devices, and 
especially to a cold cathode for an electric vacu 
um tube. 
An object of my invention is to provide a cold 

cathode for a vacuum discharge tube that will 
give off appreciable currents of electrons even 
With low voltages. 
Other objects and advantages of my invention 

will be apparent from the following description 
and drawing, in which: 

Fig. 1 is a cross-sectional view of an electrode 
a SSembly embodying my invention. 

Figs. 2, 3 and 4 are cross-sectional views of 
modifications of the electrode assembly of Fig. 1. 
The invention consists of a cold cathode for 

electrical discharge tubes. It is known that a 
large number of materials, such as metals, give 
off electrons while cold, if the electrons are freed 
from the Cathode by the action of a high field 
strength at the cathode. However, the streams 
of electrons which can be produced in this man 
ner are extremely small, if the voltage of the elec 
trode is not raised to a very high value. The 
purpose of this invention is to form a cold cath 
Ode of Such a type that it will give off apprecia 
ble currents of electrons even with low voltages, 
and consequently it is Suited for practical appli 
cation where existing types of cold cathodes could 
Scarcely be considered. 
There have already been many efforts to im 

prove the emission characteristics of cold cath 
Odes and they have met with a certain degree of 
success. For example, it is known that one 
can obtain an appreciable emission from a cold 
cathode even with low voltages, if the metallic 
body of the cathode is covered with a thin insu 
lating layer and this is bombarded with electrons 
from a Suitable source of electrons. The bom 
bardment must take place during the entire time 
of Operation, or otherwise the high emission char 
acteristics quickly disappear. Even if one suc 
ceeds in increasing the ability of a cold cathode 
to emit electrons by the described method, the 
increase in the electron stream is not sufficiently 
great to make this cold cathode the practical 
equivalent of other hot cathodes. Moreover, 
these cathodes deteriorate rapidly in service. In 
addition to this, there are certain difficulties in 
maintaining the electron bombardment of the 
insulating covering continuously during the en 
tire operating period, even neglecting the power 
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loss which accompanies such supplementary 
eaSeS 
The invention consists of a cold cathode for 

which steps have been taken to reduce apprecia 55 

of the cathode in a thin, even layer. 

Ode. 

bly the operating voltages, so that for anode cur 
rents of the same value as in the conventional 
hot cathode tubes, the tube requires the same 
anode voltage as that used for these hot cath 
ode tubes. In accordance with this invention, 
means are provided for placing positively 
charged insulating particles on the outer Sur 
face of the cathode at least at the beginning of 
the discharge for the purpose of starting and in 
creasing the emission of electrons of an electrical 
discharge tube having a cold cathode. The in 
sulating particles are preferably very finely di 
vided and it has been determined that the emis 
sion from the cathode is specially good and uni 
form if the insulating particles cover the body 

Various 
methods are available for placing the charged in 
sulated particles on the outer surface of the cath 

For example, one can charge the insulat 
ing particles in some part or other of the tube 
by the action of an electric field and then trans 
port them to the cathode by electrostatic attrac 
tion, through electric forces. It is also possible 
to load the particles with a positive charge on 
some other electrode, for example, an auxiliary 
electrode, by energizing this electrode, and then 
to let them go to the outer surface of the cath 
ode under the action of some mechanical force, 
for example, by making use of inertia. If occa 
sion should arise, it is also possible to bring the 
particles in an uncharged condition to the Sur 
face of the cathode and to impart to them there 
a positive charge before the starting of the main 
discharge. This can be accomplished for exam 
ple by first charging the cathode positively and 
then connecting it to a source of negative voltage. 
An arrangement in accordance With this in 

vention has special advantages for high Vacuum 
tubes, since now for the first time by means of 
this new art of treating or of operation of the 
cold cathode it is possible to take continuously 
high values of electron streams Out of the cath 
ode with a low operating voltage without the ne 
cessity of utilizing some type or other of auxiliary 
means for the sustaining of the conductivity of 
the cathode. 
The covering of the cathode with the positively 

charged particles by means of electric forces can 
be accomplished in a specially advantageous and 
simple manner. For example, an auxiliary con 
tainer filled with the pulverized insulating man 
terial can be brought into the vicinity of the 
cathode. The pulverized insulating material is in 
contact on One side with a negative electrode; on 
the other side are either one or more positive 
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electrodes which either extend very close to the 
pulverized material or actually into it, without, 
however, touching the negative electrode. This 
auxiliary container with its arrangement of elec 
trodes serves to activate the cathode, that is, 
to change it to a condition in which it is able 
to give off large electron streams even with low 
anode voltages. The activating takes place in 
the following manner: on the upper electrode, 
which reaches into the vicinity of or actually 
into the insulating material, is applied a voltage 
which (as has been implied) is positive with re 
spect to the negative electrode, which extends 
preferably from below upward into the auxiliary 
container. When this is done an interesting effect 
is obtained; the pulverized insulating material 
is sprayed out of the container in fine particles 
and these particles are precipitated on the Outer 
surface of the cathode. As tests have shown, 
the cathode is thus activated. After a Very 
short time, during which the cathode is treated in 
this manner, the cathode is able to emit even 
in a high vacuum at a low anode Voltage, a dis 
proportionately large stream of electrons, as com 
pared with what could previously be obtained with 
-cold cathodes. How the phenomenon takes place 
within the insulating material is not yet quite 
clear. There is no doubt, however, that the fine 
particles of the insulating material, which are 
sprayed out of the container, are positively 
charged and therefore are attracted by the nega 
tively charged cathode and are repelled by all 
of the positively charged parts within the tube, 
including also the positively charged auxiliary 
electrode. The positive auxiliary electrode if 
suitably designed can also assist, by its repelling 
force, in driving the particles of in?ulating mate 
rial to the cathode. The action of the thin Sur 
face coating of positively charged particles on 
the metallic plate of the cathode is evidently 
traceable to the formation of a high field strength 
over the cathode surface as a result of this 
coating and electrons are emitted from the cath 
Ode metal because of this high gradient. 
The dusting on of the insulating material need 

take place for only a very short time, until the 
cathode is able to deliver a relatively strong 
stream of electrons with a low voltage applied. 
This occurs, as already mentioned, in an ex 
tremely short time. Then it is possible to re 
move the positive voltage from the auxiliary elec 
trode and the discharge, after the initiating 
treatment of the cathode, will sustain itself con 
tinuously at the same magnitude with a low 
voltage applied. The auxiliary container with 
its System of electrodes is therefore in action for 
Only a very short time, namely at that time when 
the discharge is to be started. Naturally, it is 
pOSsible to continue the described activating of 
the Cathode during the operating time of the 
tube; however, as previously stated, this is in 
no Way necessary. The action of a device made 
according to this invention is independent of 
the gas or vapor pressure existing in the dis 
charge vessel and is present in full magnitude in 
the best high vacuum. 
With a tube made in accordance with this in 

vention, it is possible to produce an anode cur 
rent having a current density over the entire 
surface of the cathode of, for example, 100 milli 
amperes per square centimeter when an anode 
voltage of from 60 to 300 volts is applied. A 
heavy emission of this type sustains itself with 
Out an auxiliary means after the discharge has 
Once changed from the starting or igniting form 
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into the stable discharge form with low voltage. 
A still further improvement in the emission 

can be obtained, if one does not apply the in 
sulating material layer directly to the metallic 
surface forming the cathode, but first covers this 
outer surface of the electrode with a fine layer 
of a material which reduces the energy required 
to free electrons from the surface, for example 
with cesium. 

It is often advantageous to have a rough Sur 
face on the cathode which is to be covered with 
insulating material. Materials of very different 
natures are suitable to be used as the insulating 
material for activating the cathode; for exam 
ple: aluminum-oxide, magnesium oxide, and 
powdered glass. The insulating material should 
be finely ground when placed in the auxiliary 
container. The size of the particles which dea 
posite on the cathode surface has been found to 
be 0.1 p. to 10 p. in experimentally tested tubes. 
The invention is shown schematically in Fig. 1. 

The cold cathode is designated by , the anode 
by 2. The auxiliary container is 3 and contains 
the pulverized insulating material 4. The aux 
iliary container in this case is metallic and is con 
nected with the negative pole of a constant po 
tential Source such as direct current. The posi 
tive pole of this voltage source is connected to the 
electrode 5 which extends into the pulverized in 
Sulating material. It is sufficient to so arrange 
this electrode that it ends a little above the sup 
ply of material 4. 
The initiating of the discharge phenomena oc 

curs, as has already been mentioned, by making 
the electrode 5 positive with respect to the con 
tainer 3. In a short time, the freeing of posi 
tively charged particles, as described above, be-, 
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gins from the auxiliary Container 3 and these 
particles travel to the surface of the cathode 
and there form a thin layer 6. The anode volt 
age can be applied simultaneously with the appli 
cation of the auxiliary voltage. After a short 
dusting of the cathode with the insulating ma-. 
terial, a heavy stream or current of electrons be 
gins to pass from the cathode to the anode. It 
is then possible to remove the auxiliary voltage 
and thereby put the igniting device out of action. 
The heavy current discharge, which has been 
produced in the described manner, then sustains 
itself without any auxiliary means. 

Fig. 2 shows another form of the invention. In 
this one too the cathode is designated by and 
the anode by 2. The auxiliary container 3 is in 
this case arranged in the middle of the cathode. 
The auxiliary container and the cathode have in 
this construction a common current path. The 
auxiliary electrode in this case is made in a spe 
cial manner, namely, it consists of a part of the 
electrode 7 which is located outside of the insu 
lating material, and a part 8 which extends into 
the insulating material and which is connected 
by a poor conductor 9 with the part 7. It has 
been shown that in this manner the forming of 
the cathode with the help of the charged parti 
cles of insulating material takes place faster. 

Fig. 3 shows a simplified form of this invention. 
In this form the anode 2 is connected directly 
with the auxiliary electrode 0, which ends close 
to the Supply of the insulating material without 
actually penetrating into it. It is possible to 
permit the auxiliary cathode to actually extend 
into the supply, and to place a resistance, in the 
line leading to the cathode, that is, between the 
Cathode and the anode. 
A very advantageous form of the invention, 
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which has proved to be of good practical value, is 
shown in Fig. 4. The insulating material in this 
arrangement is stored in an insulating container 

, which has on its inner Surface a conducting 
layer or coating 4 (for example, of aquadag), 
which preferably does not extend to the rim of 
the container. The connection of this inner 
coating With the Source of constant direct current 
voltage is accomplished by means of the fused-in 
conductor 2. The auxiliary electrode is made in 
this case as a ring 3, which lies by or in the 
pulverized insulating material. The cathode 
is a plate located facing the auxiliary container. 
The anode 2 is made in the form of a ring and is 
located between the plate and the auxiliary grid 

and has a diameter which is greater than that 
of the auxiliary container. A special arrange 
ment of the anode which in no manner hinders 
the formation of the discharge, has the advan 
tage, with Suitable dimensioning, of grouping the 
positive particles with the result that they are 
distributed in a more uniform manner on the sur 
face of the cathode. Of course, a single aux 
iliary container and its auxiliary electrode sys 
ten can be used for activating Several cathodes 
if the proper arrangement of electrodes is pro 
vided, so that with respect to the development 
and form of the cathode, one is by no means 
bound to a special type, for example, to the plate 
type which has been described in explaining this 
invention. 
Although I have shown and described specific 

embodiments of my invention, I do not desire to 
be limited thereto, as various other modifications 
of the same may be made without departing from 
the Spirit and Scope of the appended claims, 

claim: 
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1. A discharge device comprising an anode, a 

cathode and Small positively charged particles On 
the surface of said cathode. 

2. A discharge device comprising an anode, a 
cathode, small insulating particles on the surface 
of said cathode and means for positively charg 
ing said Small particles. 

3. A discharge device comprising an anode, a 
cathode, small particles in said device, means for 
positively charging said particles and means for 
placing said particles On said Cathode. 

4. The method of initiating a discharge in a 
discharge device having an anode and cathode, 
Which comprises positively charging small par 
ticles, placing said particles on the cathode and 
applying voltage to the anode and cathode. 

5. The method of initiating a discharge in a 
discharge device having an anode and a Cath 
ode, which comprises placing Small particles On 
the cathode, positively charging said small par 
ticles and applying a voltage to the anode and 
Cathode, 

6. A discharge device comprising an anode and 
a cathode, an auxiliary container in proximity 
to said cathode, Small insulating particles in Said 
container and a positive electrode terminating at 
said Small insulating particles. 

7. A discharge device Comprising an anode, 
a cold plate cathode and Small particles from 
the group Of aluminum oxide and magnesium OX 
ide on said Cathode. 

8. A discharge device comprising an anode, a 
cold plate cathode and small particles from the 
group of aluminum oxide and magnesium oxide 
on said Cathode, said particles being positively 
charged. 

HENZ PAETOW, 


