
-- 

Aug. 17, 1954 C, H, THOMAS 2,686,735 
CATHODE MATERIAL 

Filed Jan. 3, 195l 

t ?????? ??????. 
I 

CA7A/OA SARAyAD A///Ay 
MATURE OF Aaco AMO Mio 

AMD A/WDER 

VÄGAF AEAA/44/A5F7A9 4AVAO ABAKAFA) 

AAFVAZ AZAFCVRODRS DEGASSAFD 
A/WD 70ABAF ADMAPAD COLW7 

A/AFRV (AS, AAM/7/AO 70 
At/EEAA/D CAVA/OAAF AYAOSA 

ó: AC23/7//F /0// 304/34R0 
MA/7 

NVENOR 
CHARLES H. THOMAS 

  



Patented Aug. 17, 1954 

UNITED STATES 
2,686,735 

CATHODE MATERAL, 

Charles Hastings Thomas, Lancaster, Pa., as 
signor to Radio Corporation of America, a cor 
poration of Delaware 

Application January 3, 1951, Serial No. 204,149 
4. Claims. 

My invention relates to a directly heated cath 
Code structure, and more particularly to a filla 
mentary type cathode for a gas discharge tube. 
One type of thyratron gas tube enploys a filar 

mentary cathode electrode, an anode electrode 
and a control electrode or grid mounted betweein 
the anode and cathode electrodes. In operation, 
a difference of potential is established between 
the anode and cathode electrodes to piroduce an 
electron discharge therebetween. The tube is 
filled preferably with a nonatomic gas to amplify 
the primary discharge between the Cathode and 
anode electrodes. The average amount of Cur 
rent conducted by this type of tube can be varied 
Within limits by the control grid electrode. A 
negative bias, more negative than a critical value, 
placed upon the control grid Will prevent a gase 
ous discharge in the tube between Cathode and 
anode. If the potential of the grid electrode is 
shifted so that it becomes more positive than a 
critical value, an electron Sufficient to cause gas 
ionization. Under this condition the tube breaks 
down and there is current foW in the form. Of a 
gas discharge between the cathode and anode 
electrodes. At this point, the control electrode 
loses control of the tube and cannot stop the 
discharge even if the grid potential is shifted 
below the critical value. That is, a Sufficiently 
negatively biased grid electrode can control the 
starting of the tube discharge but cannot control 
the tube discharge, once it has begun. In the 
usual application of this type of tube, a bias, 
below the critical value is normally maintained 
on the grid electrode. Means are provided to 
shift the grid bias above the critical value to per 
mit tube conduction at any Scheduled time. 
In the type of gas control tube described above, 

the cathode conventionally comprises a filament 
coated with an electron emissive material Which 
will emit a copious amount of electrons When 
heated by an appropriate current flowing there 
through. One type of cathode coating material, 
which has been used to a large extent to act as 
a source of electrons, is a mixture of barium and 
strontium carbonates. However, I have found 
that a cathode coated with such a material does 
not have uniform emission over its Whole Surface 
due to the varying resistance of the coating from 
one portion to another of the cathode surface. 
Due to this fact, there occurs, during -tube op 
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eration, a local heating within the coating which 
reSults in a Sputtering or Sparking of the cath 
Ode naterial when the current from the cathode 
is increased beyond certain limits. Due to such 
Sparking, a bare area, appears on the Cathode 
and, if Such a condition continues, the coating 
Will be “Sparked' from the cathode resulting in 
a short iife for the tube. Such 'Sparking' or 
arcing, furthermore, causes a vaporization of the 
coating material, which will tend to condense on 
other elements of the tube Such as the grid elec 
trode, for example. The presence of cathode 
ilaterial Oil the grid Will induce ernission fron 
the grid in a nanner and the grid Will lose co 
trol of the discharge, during tube operation. 

It is thUS an object Of thiS invention to pro 
vide an ini proved cathode coating for a gaseous 
discharge tube. 

It is another object of this invention to provide 
an improved cathode having a semi-conductive 
cathode coating to eliminate local heating of the 
Cathode coating. 

It is another object. Of this invention to provide 
an improved Cathode Structure having a coating 
which, during operation, Will produce a minimum 
of vaporization of the coating material. 

It is a further object of my invention to pro 
Wide a Cathode Structure having an improved 
Coating to provide a copious Source of electrons 
and Which Will Operate at a relatively low and an 
efficient temperature. 
One form of my invention is the provision of a, 

thermionic emissive coating for a cathode, Which 
provides a relatively low resistance path through 
the coating, and also, which may be sintered to 
the cathode base to provide good conductivity 
between the cathode electrode and the ennissive 
surface of the cathode coating. This inven 
tion proposes the use of a mixture of barium car 
bonate and nickel Oxide which is first Coated OWei 
the Surface of a nickel cathode structure. The 
nickel cathode, with its coating, is fired in a hy 
drogen atmosphere to reduce the nickel oxide 
to a nickel metal and also to sinter a portion of 
the nicke formed to the metal Surface of the 
cathode structure. After this firing, the coated 
cathode member is mounted within the tube and 
further activated to produce the desired emission 
characteristics. 
The novel features which I believe to be chair 
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acteristic of my invention are set forth with par 
ticularity in the appended claims, but the inven 
tion itself will best be understood by reference 
to the following description taken in connection 
With the accompanying drawing, in which: 

Figure 1 is a Sectional view of a gas control 
tube incorporating a cathode made according to 
ny invention. 

Figure 2 is a chart showing the steps in the 
method used for forning the cathode according 
to niny invention. 
The gaS Control tube comprises an envelope e 

enclosing a plurality of electrodes. An anode 
electrode 2 in the shape of a circular plate struc 
ture is Supported from the top of the tube en 
Velope by a depending press structure A. Ap 
propriate leads 5 pass through the stem or press 
i4 and through the glass envelope 2 to an anode 
terminal contact S. The cathode 8 is con 
Structed as a corrugated ribbon bent in a circular : 
Spiral and is Supported by the edges of the ribbon 
On a ceramic rod 9, which is supported by rods 
2 mounted from the glass press 22 of the en 
Velope, as shown in Fig. 1. The ends of the filla 
inentary cathode i8 are fixed, such as by Welding, 
at 2 to Support rods 20, which are connected in 
turn, to respective metal base pins 42. 
The cathode ribbon 8 is covered, with an 

eiection emitting material. Surrounding the 
flainentary cathode 8 is a heat shield 25, which 
is principally a netal cylinder mounted coaxially 
with the circular anode 2. The heat shield 24 
may 3e closed at the bottom by a circular retta 
piate 25 and at the upper end by a metal piate 
26 having an aperture 28 at its center. Aperture 
28 is preferably a circular opening coaxial With 
cylinder 25 and anode 2. The opening 28 pro 
vides a path for a discharge between the fila 
inentary cathode 8 and the anode electrode 2. 
The purpose of the heat shield i structure è is 
iniainiy to prevent the escape by radiation of 
heat from cathode 8 and to maintain the heat 
in the localized space around the Cathode. This 
perialits tine use of a Smaller filament, current. 
Furthermore, shields 25 and 2s prevent large 
dissipatio; of heat to the other electrodes of the 
tube prevents these tube parts from operating 
at at eXcessive temperature during tube opera 
tion. 

Aliotted coaxially and in alignment, with the 
heat shield aperture 23 and the cathode plate 
í, and between the anodie electrode 2 and the 
filamentary cathode 8, is a grid structure 38 
for Controlling the discharge between the anode 
and Cathode electrodes. 
An appropriate current passed through the 

filamentary cathode 8 heats it to a temperature 
at which there is a copious emission of electrons 
f'Oi? the Cathode Surface. When a difference 
of potential is established between the aaode 

the arode 2 is positive and the cathode is heg 
?tiVe, tiere Wil be an electron foW from the 
cathode 3 to the anode 2. In tubes of this 
38, it is desirable to amplify this electron dis 
charge by pi'OWiding a gaseous medium within 
the tule. After tube evacuation, a monatomic 
gaS is a digitted to the tube under a predetermined 
preSSLie. The pressure of the gas Within the 
tube is critical and is usually of the Order of 
50 to 300 microns for the rare gases, as krypton, 
XEITO, Or argOn. "The electrOn di Scharge between 
the cathode 8 and anode 2 ionizes the gaseous 
ediurn to increase the amount of current flow 

-ing through the tube. This electrical discharge 
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between the cathode 8 and anode 2 is con 
fined to a path passing through aparture 28 and 
the control grid 3. 
My invention is in the cathode 8 of the tube 

ShoW in Figure 1. One type of cathode coat 
ing connonly used in tubes of this type is a 
mixture of barium and strontiuin carbonates, 
Which upon activation, are changed to barium 
oxides and strontiun oxides. However, I have 
found that Such a barium strontiuin oxide coat 
ing poSSesses a high resistance between the 
metal cathode Support and the emissive Surface 
Of the Cathode coating. 
Coating produces local hot spots in the coating, 
Winich initiate arcing or “Sputtering' between 
the cathode and the anode electrodes. This arc 
ing or “Sputtering” has the disadvantage of 
evaporating the cathode material away from 
these portions of the cathode surface. This con 
Sequently shortens the life of the cathode elec 
trode. Furthermore the cathode material, 
Vaporized by the arc, tends to condense on the 
colder electrodes of the tube, Such as grid 36 and 
anode i 2 for example. Cathode materia? on these 
Cold electrodes Will cause primary emission froin 
these electiodes when they become heated dur 
ing Operation. Primary emiSSiOm fronn the grid 
Structure 3, tends to change the control po 
tential of the grid, SO that it loses control of the 
tube. 
A novel type of cathode coating, inade accord 

ing to my invention, eliminates the defects de 
scribed above. Such a cathode coating is one 
Consisting of a mixture of bariuin carbonate 
and hickel oxide. The cathode coating mixture 
is made of 60% by Weight of bariu carbonate 
(BaCO3) and 40% by Weight of nicke oxide 
(Ni2O3). This inixture is Suspended in an ordi 
nary nitrocellulose binder and then all-niled 
for Sogne 20 hours, to nix the cornponents thor 
oughly and to reduce the particle Size of the 
barium carbonate. The cathode ribbon S is pref 
erably either nickel or a nickel alloy. Any other 
appropriate metal ray be used, Such as a nickel 
cobalt alloy, tungsten, tantaluin, etc. The barium 
carbonate-nickel Oxide coating is Sprayed onto 
the cathode ribbon 8 to a weight of between 5 
to 8 milligrams per SClare centimetter. Upon 
drying, the Sprayed coating is held to the Surface 
of the nicke Spiral 8 by the nitrocellulose binder. 
The sprayed cathode is next heated or fired in 
a hydrogen furnace at 000 C. for 10 minutes. 
The atEnosphere of the frace may be either 
puire hydrogen or any gas having a reducing 
action. Such as forning gas, Which is essentially 
90% nitrogen and 10% hydrogein. The reducing 
atmosphere of the hydrogen furnace tends to re 
duce Sorne of the nickel Oxide of the coating to 
nicket. Also the firing of the cathode Will Sinter 
Some of the nickel particles to the surface of the 
base metal of the cathode merger 8. Optimum 
results are obtained. When the temperature of 
the furnace is raintained at around 1000 C. A 
proportionately longer heating time at a lower 
temperature may be used. However, the use of 
a temperature, Which is above 1100º C. Will pro 
wide a cathode having a poor electron enission, 
unless the hydrogen or reducing gas is dry and 
then the reducing and sintering temperature may 
be as high as 1150° C. 
The coated cathode, which has been fired in the 

hydrogen furnace, as described above, is mount 
ed. Within the tube i), in any Inanner, and pref 
erably as described in Figure 1. The tube en 
velope 0 is then exhausted and the tube baked 

Such a high resistive 

s 



period of 15 minutes, to complete the actiya 
tion of the cathode. The gasses, which are given 
off, are removed by pumping, diring this: period 
of time. The heating of the cathode: is, con 
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:at around 450°C for approximately. 10 minutes. 
This is standard procedure for removing, water 
vapor from the tube. An electric current is next 
passed through cathode filament f8 to raise the 
temperature-of-the-cathode to 1000° C. This : 
tends to break-down the carbonates of the coat 
ing, not broken down by the previous firing. 

... Also oth 
formed by the breaking down of the oxides pres 

heating step drives off the oxygen 

is gradually increased to 1075°.C., ove' 

tinued until there is a residual pressure of a 
micron or less of mercury in the tube. Also, dur 
ing this period of time, the metal electrode por 
tions of the tube. Such as the shield 24 and the 
grid portions 32 and 34, as well as the anode 2 
are inductively heated to drive of the occluded 
gasses in these metal parts. 
After the preceding steps, an inert gas, such 

as Zenon for example, is introduced into the tube 
to a pressure between 50 to 200 microns of mer 
cury. The Cathode filament 8 is again heated to 
between 850° and 900° C., and a voltage is estab 
lished between the cathode 8 and the anode 2 
so that a gaseous discharge is set up in the tube 
and an anode current of approximately 3 amperes 
is drawn for about 3 seconds. This acti 
vates the cathode by reducing the oxides partially 
to their metals. The gas is next pumped out and 
again refilled with the inert gas and the above 
described discharge established again. This is 
repeated a second time to flush the Oxygen from 
the tube, after which the tube is cooled and the 
getters 42 flashed. The tube is then filled to 
between 90 and 100 microns of xenon and sealed 
off for use. A base 40 is then fixed to the tube 
envelope in the well known manner to make 
suitable contacts 42 with the electrodes within 
the envelope. Figure 2 discloses, the steps for 
processing such a tube. 

During tube operation, when the Cathode is 
heated to an operative temperature of between 
800° C. and 850° C. an electron emission Will take 
place. This electron emission Will be increased 
by tube operation at normal filament voltages 
due to the additional activation of the cathode 
coating by positive ion bombardment. 
The novel barium oxide nickel Coating ma 

terially reduces the 'sparking' or arcing that 
takes place on the surface of the cathode. This 
is apparently due to the presence of the nickel 
metal within the coating, which reduces the elec 
trical resistance of the coating material and 
hence eliminates any local heating of the coat 
ing. Furthermore, it is believed that the rate of 
evaporation of the barium metal from the coat 
ing is considerably less than that from a con 
ventional barium oxidestrontium oxide Coating. 
This is evidenced by the fact, that there is with 
in the tube less evidence of primary grid emis 
sion which can be attributed to condensed cath 
ode material on the grid electrode. 
ther believed that the sintering of the nickel, 
formed in the coating to the metal cathode sup 
port, provides the distinct advantages observed. 
The sintering provides a direct contact between 

It is fur 
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iing described above, involves: the use of 60% 
barium carbonate and 40% nickel-oxide material 
in the original cathode coating mixture. This is 

...an optimum ratio of the materials. in the mix 

20 

2 5 

30 

40 

5 5 

60 

65 

70 
the coating and the metal Cathode Support, SO 
that, as described above, the internal resistance 
of the cathode coating is materially reduced 
With the reduction in arcing. 
The process of making my novel Cathode coat 75 

ture. However, I have found that it is not 
necessary to be limited to these relative propor 
tions of barium oxide and nickel oxide. The 
nickel oxide may be varied between 25% and 

is 50% of the mixture. Also, have found that following the teachings 
of my invention, a successfully operated cath 
ode can be made by coating...the nickel coil. Sup 
poit. With a coating mixture comprising .40% 
nickel-oxide and 60% of a barium strontium 
carbonate mixture instead of the barium carbon 
ate and in Which the Same processing steps de 
scribed above are used. Successfully operated 
Cathodes have also been made With coatings 
composed of 10% nickel oxide and 90% of a 
mixture composed of approximately 4 parts 
barium carbonate, 5.5 parts strontium carbonate, 
and 5 parts of calcium carbonate. I have also 
found that the cathode coating of nickel oxide 
can be replaced with a mixture of barium car 
bonate and nickel powder. However, it has been 
found that the last two coatings described did 
not produce optimum emission. 

It is believed that the favorable results pro 
duced by the novel Cathode described above is 
due mainly to the dispersal Within the coating 
of the nickel metal, as well as to the sintering of 
the nickel particles to the cathode Support. A 
photomicrograph of a Section of a nickel base 
cathode coated With 40% nickel oxide and 60% 
barium carbonate, processed as described above, 
indicates that the Cathode coating consists of 
particles of nickel interspersed with the barium 
component and sintered to the surface of the 
nickel base cathode. 
While certain specific embodiments have been 

illustrated and described, it will be understood 
that various changes and modifications may be 
made therein without departing from the Spirit 
and scope of the invention. 
What I claim is: 
1. The method of preparing a cathode elec 

trode for a discharge device, Said method includ 
ing the steps of, coating a metal base member 
with a mixture of barium carbonate and nickel 
oxide, the amount of nickel oxide being from 
25% to 50% of the mixture, heating said coated 
base member in a hydrogen atmosphere to the 
sintering temperature of nickel to reduce the 
nickel Oxide of the coating to nickel and to 
sinter part of the nickel formed to the metal base 
member. 

2. The method of preparing the cathode elec 
trode for a discharge device, said method in 
cluding the steps of, coatting a, metal baSe mem 
ber with a mixture of barium oxide and nickel 
oxide, the amount of nickel oxide being from 
25% to 50% of the mixture, heating the coating 
in a reducing atmosphere to the sintering ten 
perature of nickel to reduce the nickel oxide of 
the coating to nickel and to sinter to the metal 
base member some of the nickel formed. 

3. The method of preparing a cathode elec 
trode for a discharge device, said method in 
cluding the steps of, coating a metal base mem 
ber with a mixture of nickel oxide and at least 
one of the Oxides of barium, Strontium, and 
calcium, the amount of the nickel oxide being 
from 25% to 50% of the mixture, heating the 
coating in a reducing atmosphere to the sinter 
ing temperature of nickel to reduce the nickel 
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oxide of the coating to nickel and to sinter the 
nickel formed to the metal base member. 

4. The method of preparing a cathode elec 
trode for a discharge device, said method in 
cluding the steps of, coating a metal base mem 
ber with a mixture of nickel oxide and at least 
One of the oxides of barium, strontium and cal 
cium, the amount of the nickel oxide being from 
25% to 50% of the mixture, heating said coated 
base member to a temperature of approximately 
1000 C. in a reducing atmosphere to reduce Some 
of the nickel oxide of the coating to nickel and 
to sinter at least Some of the nickel metal formed 
to the base member, and heating said coated 
metal base member to a temperature between 

0 

15 

8 
1000° C. and 1100° C. in vacuum to activate the 
cathode COating. 
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