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This invention relates to the manufacture of 
electron emission tubes, and more particularly to 
the manufacture of tubes in which the electron 
Space Current is derived from a heated Cathode of 
the Oxide coated type. 
In the prior art of manufacturing electron 

tubes having oxide coated cathodes it has been 
found that even though the tubes are mechani 
cally Similar and undergo identical manufactur 
ing processes large variations are found in the 
performance of the resulting tubes. These varia 
tions are of the order of 25% or more, which con 
Stitutes an undesirable lack of uniformity in the 
product. It has also been found that in accord 
ance With the prior art processes. Some of the tubes 
have a long life, others a medium life, and others 
a very Short life, as for example, experiencing a 
deterioration to 50% of normal performance in a 
period of from 10 to 30 hours. 
The primary object of the present invention is 

to provide a manufacturing process which will 
result, in electron emission tubes which will give 
uniform performance as between tubes mechani 
cally similar and similarly processed. A further 
object of our invention is to produce electron emis 
Sion tubes having constant performance. Over a 
long period of life, 
We fulfill the foregoing objects by incorporat 

ing in the manufacture of electron emission tubes 
a cathode activation stage similar in some respects 
to the reactivation method disclosed in a copend 
ing application of the inventors herein and Emil 
Reisman, Ser. No. 403,218, filed October 29, 1929. 
In the present process, however, the cathode is 
activated during the manufacture of the tube 
and While the tube is being evacuated. 

Ordinarily, after the tubes have been prelimi 
narily heated and evacuated for a considerable pe 
riod of time the tube elements are heated to a still 
higher temperature for a relatively short period 
of time by induction from an external coil en 
ergized by high frequency current, a step which 
is commonly called external bombardment. The 
apparatUS for this is cumbersonne and of Such a 
nature that it is customary to remove the heat 
ing Oven from the rack of tubes during bon 
bardment, and to bombard Only one tube of the 
rack of tubes at a time. 
This leads to tWO important disadvantages. In 

the first place the total time for the manufacture 
of a rack of tubes is greatly increased over what 
it Would be if all of the tubes in the rack of tubes 
could be bombarded at once. In the second place, 
the Oven being removed from the rack of tubes 
during the bombardment, only the first tube of 

(Cl. 250-27.5) 
the rack is still real hot when the bombarding step 
is applied, While the glass envelope of the remain 
ing tubes may, When cool, absorb or Occlude gas, 
SO that the tubes fron a single rack are non-uni 
form, and the last tubes thereof are very likely to 5 
be 'gaSSy'. Accordingly, further objects of our 
invention are to shorten the time needed for the 
manufacture of a bank of tubes, and to insure that 
the bank of tubes will be uniform, and to this 
end we employ internal rather than external 10 
bombardment, SO that all of the tubes in the rack 
may be Simultaneously bombarded. This short 
ens the time of pumping because the greatest time 
is needed for pumping when the pressure is re 
duced nearly to a vacuum. This long pumping 15 
period only occurs once for an entire rack of tubes 
in our process, instead of as many times as there 
are tubes. 
Another object of our invention is to devise a 

process for the accomplishment of the foregoing 20 
objects which will necessitate a relatively small 
investment in production machinery, and which 
may be economically, practiced, so that tubes may 
be produced at a low cost. The activation step 
previously mentioned includes a high internal 25 
bombardment, and this bornbardment may be 
Substituted for the external bombardment Ordi 
narily used, so that by the practice of the present 
invention external bombardment may be dis 
pensed with, and activation and bombardment 30 
obtained together. This does away with the ne 
cessity for high frequency bombarding equipment. 
ECOnomy is a SO provided in the lesser number 
of evacuating pumps needed for a given tube out 
put, and in the lower percentage of rejects and 35 
Seconds in the tubes. 
The usual method of manufacturing electron 

emission tubes may be summarized as follows, the 
prior art method being divided into numbered 
steps for the purpose of intimate comparison with 40 
Our method to be subsequently described in 
greater detail. 

(1) The mechanically assembled tubes are 
placed on the manifold of an evacuation pump 
and an Oven is placed around the rack of tubes. 45 

(2) The tubes are heated to a temperature of 
approximately 400 degrees C. and are simultane 
OUSly evacuated, the heating and evacuation con 
tinuing for about five minutes. 

(3) The temperature of the cathode is slowly 50 
raised by energizing the heater in order to de 
Compose the carbonates with the evolution of 
carbon dioxide. The glass and metal ware being 
hot to not absorb any appreciable amount of the 
evolved carbon dioxide. The cathode is prefer- 55 
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2 
ably heated below normal and the external heat 
ing and evacuation continued for about five 
minutes. 

(4) The cathode is further energized until . 
heated to a temperature about as high as or even 
Somewhat higher than the normal operating tem 
perature While continuing the external heating 
and evacuation of the tubes for a period of about 
another five minutes. 

(5) The oven is then removed from the bank 
of tubes and bombardment of the tubes is begun. 
The tubes are externally bombarded one at a time 
by induction from a high frequency coil placed 
around the tube. Gas is evolved and the bom 
bardment and evacuation is continued until the 
gas evolved is pumped out, Which may take about 
two minutes. . 

(6) After each tube is bombarded the induction 
Coil is lowered over that tube to heat-up the cap 
containing the getter, ordinarily magnesium, 
which is vaporized and deposited on the walls of 
the tube and serves to absorb residual gas. 

(7) The tube is then sealed off, thereby ter 
minating the evacuation thereof. 
The above process is relatively lengthy and 

Complicated and does not end itself readily to 
the use of automatic machinery. Furthermore, 
the tubes resulting from the process have defi 
ciencies in the Way of non-uniformity and ir 
regular life. Considered more closely, one of the 
primary troubles causing both an increase in the 
time required to pump a given number of tubes, 
and non-unifornity of treatinent of the tubes is 
the following: It is customary to provide each 
pump With a manifold SO that each pump can 
evacuate from 8 to 10 tubes simultaneously. Usu 
ally two pumps are set side by side with only one 
induction coil heater or external bombarder, So 
that one operator can take care of two pumps. 
This is done because there is nothing for-the Op 
erator to do after putting a new set of tubes on 
one pump until these tubes have been heated by 
the oven, which, as explained above, takes about 
10 minutes. If only one pump position were avail 
able the Operator Would only have a few minutes 
Work preparing the next set of tubes for inser 
tion into the pump. Also, there is danger to the 
operator if an external bombarder is working on 
a rack of tubes while the operator is sealing off 
and removing a tube from that rack. So the 
preferred procedure is to have the operator 
bombard a tube in one rack while sealing off a 
previously bombarded tube in the other rack. 

It can be seen from the above that each tube 
in the manifold undergoes a different length of 
pumping and experiences a different, gas history. 
The first tube to be removed is pumped for the 
shortest time, and the remaining tubes undergo 
longer pumping. Furthermore, the latter tubes 
are exposed to a progressively increasing after 
dosage or reintroduction of gas after evacuation, 
With accompanying uncertain and injurious re 
Sults, due to gas liberated during bombardment 
Of the preceding tubes in the same rack. 

Further objects of our invention are to over 
Come the foregoing difficulties of the above proc 
eSS, as Well as to economically produce tubes which 
are uniform in performance, and which have long 
life with high and constant efficiency, especially 
With respect to those factors which depend upon 
the Supply of an adequate stream of electrons at 
moderate cathode temperatures. 
To the accomplishment of the foregoing and 

Such other objects as will hereinafter appear, 
Our invention consists in the elements and their 
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relation one to the other as hereinafter are more 
particularly described in the specification and 
sought to be defined in the claims. The specifi 
cation is accompanied by drawing in which: 

Fig. 1 is a schematic wiring diagram explana 
tory of the practice of our invention; and 
Fig.2 shows the application of our invention 

to a rack of tubes. - 
Our process is generally similar in respect to 

steps i through 4 of the foregoing outline of pres 
ent practice in manufacturing tubes, but is mark 
edly different with respect to step 5. This step 
in the prior art is simply an external bombard 
ment intended to evolve gas from the metallic 
electrodes, which gas is pumped from the tubes. 
We instead at this point arrange to activate the 
tube cathode, which we do essentially by increas 
ing the cathode temperature Substantially above 
normal, say by applying 50% excess cathode 
heater terminal potential, and applying a high 
positive anode potential. The anode potential 
may be applied for approximately one minute and 
the resulting space current is preferably held 
within a desired limit dependent upon the radiat 
ing surface of the bombarded electrodes. This 
limit should be smaller during the first portion 
of the activating step but may be increased dur 
ing the later portion of the activation stage. In 
the first portion there may be gas in the tube 

30: which if ionized will cause considerable Space Cur 
rent to flow, whereas this gas will have been Sub 
stantially evacuated during the second portion, 
and also, the cathode material is itself improved 
during the activation, and for these two reasons 
We find that the Space current limit should pref 
-erably be different during the first and Second 
portions of the activation stage. 

Heating of the electrodes being bombarded is 
desired, but it is not desirable to have excessive 
electron flow which might injure the cathode. 
The heat generated depends upon the power dis 
sipated, or the product of the current and the 
potential. The current should be Small in Order 
not to injure the cathode, and it is therefore 
necessary to have a high potential. At the Same 
time, if the tube has a grid the latter may be 
injured by excessive heating because of its low 
radiating ability, and it is therefore desirable to 
limit the heating of the grid relative to the heat 
ing of the anode. Both of these requirementS 
may be fulfilled by increasing the potential ap 
plied to the anode, and applying a reduced poten 
tial to the grid relative to that applied to the 
anode, thereby increasing the tube impedance 
and decreasing the electron flow while increasing 
the anode potential. The reduced potential of 
the grid relative to that of the anode proportions 
the distribution of the heat liberated in the grid 
and in the anode, so that the grid is not ex 
cessively heated. 

But equally important, the total Space Cur 
rent must be additionally controlled So as to pre 
went overheating of both the grid and the anode, 
which ordinarily contain nickel, for overheat 
ing of the bombarded electrodes resultS in the 
vaporization of the nickel therein. This may be 
detected by a dark deposit Of nickel On the rela 
tively while oxide coated cathode of the tube, 
and also by a darkening of the tube envelope due 
to a deposit of nickel. On the inside wall thereof. 
Nickel vapor poisons the cathode and prevents 
emission, so that it is necessary to prevent, the 
vaporization of nickel, even though the bombard 
ment is not sufficiently great to actually visibly 
destroy the bombarded electrodes. 
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1983,668 
The cathode may also contain nickel, particu 

larly in the heater type, tubes, which usually use 
a nickel-sleeve; Heat radiated from the bombard 
edgrid and anode is added-to-the normal cathode 
heat, and this may cause the release of nickel 
Vapo from the cathode itself. With injurious ef 
fects similar to those previously noted. 
The theory behind the activation step is not 

Certain, but possibly is explained as follows: Dur 
ing the high internal bombardment which weap 
ply to the tube-gas in the tube is ionized by the 
electron stream from the cathode, and the posi 
tive-ions thereof bombard the cathode and hit it 
With a high velocity and probably form a layer 
of positive ions on the Surface- which acts to re 
duce the space charge at the surface, so that the 
election Stream may readily flow Out of the cath 
Ode. Also, in the latter part of the activation 
Step the high electron current builds up a supply 
of the metal barium by electrolytic formation, 
which makes an improved electron emitter. 
Sone-barium is formed in the cathode when 
tubes are manufactured by the prior process pre 
viously described. This supply of barium may be 
maintained, but more likely is gradually dinin 
ished during the use of the tube, the rate of for 
mation of barium during normal use-being less 
than the rate of exhaustion thereof. In our proc 
ess the activation step probably forms a larger 
initial Supply of barium, sufficient to make up for 
a gradual loSS of barium over a long period of 
time. Also, a good supply of barium to begin with 
causes improved cathode emission, which prob 
ably helpS cause a faster rate of formation of 
barium during normal use, so that the barium 
Supply is more likely to be kept up to full value 
di Ulring the Use of theº tUbe. 
When a tube- which is already sealed off is be 

ing activated or reactivated in accordance with 
the Copending application already referred to a 
problem arises to get rid of the resulting gas. By 
flickering or shutting off the anode and grid po 
tentials momentarily the gas molecules go- to the 
glass and Somewhat to the anode, but do not go 
back into the cathode because the cathode is still 
heated. Molecular or deionized gas is free, and 
it is only during flickering of the anode potential 
and While the anode Voltage is stopped that the 
gaSions may reform into, molecules and go to the 
glass. During the manufacturing step. With 
which we are here dealing the problem is different 
and more Simple of Solution because the evacua 
tion of the tube is being continued and the gas is 
extracted in that manner. Flickering therefore 
need not be employed, but nevertheless is desir 
able because by its use the pumping operation 
may be considerably shortened, for deionized or 
molecular gas is freed of ionization forces and is 
more easily removed by the pump. Therefore, 
during the activation step: previously described 
the Space current may be flickered by occasion 
ally nOmentarily interrupting the anode and grid 
potentials. While continuing the evacuation of the 
tube envelope. 
Our proceSS; for the manufacture of electron 

emission tubes may be more completely described 
as follows, the process being divided into Seven 
StepS in Order to Simplify comparison between this 
process and the prior art proceSS previously out 
lined. 

(i) The nechanically assenbled tubes are 
placed on the manifold of an evacuation pump 
and an Owen is placed around the rack of tubes. 

(2) The tubes are heated to a temperature of 
approximately 400 degrees C. and are Simultane 

ously evacuated, the heating and evacuation con 
tinuing for about five-minutes. 

(3). The temperature of the cathode is slowly 
raised by energizing the heater in order to decom 
pose; the carbonates. With the evolution of carbon . . 
dioxide. The glass, and metal ware being hot do 
not absorb any appreciable amount of the evolved 
carbon dioxide. The cathode is preferably heated 
below, normal and the external heating, and evac 
uation continued for about five minutes. 

(4) The cathode: is further energized until 
heated to a temperature about as high as Or even 
Somewhat higher than the normal operating ten 
perature while continuing the external heating 
and evacuation of the tubes for a period of about 
another five minutes. 

(5), The cathode temperature...is next increased 
by an amount corresponding to an increase of ap 
proximately 50% above normal in the heater 
voltage. A high positive voltage is applied to the 
anode for a period of approximately One minute, 
which cases electronic bombardment and heat 
ing of the plate to a high temperature. This in 
ternal bombardment is further considered. Under 
SUIb-headingS 5A, 5B, and 5C bellOW. 

(5A). In the first period of the bombardment 
Stage care should be taken to control the Space 
current and to hold it down to a Small Value, 
Such as, for example, 100MA per Square º centime 
ter of cathode area. This is important because 
without limitation the current night rise to Very 
high-valles diUe , to gas ionization in the initia 
stage of electronic bombardment. After approx 
imately % minute , enough gas Will have been 
pumped out to prevent Such current. Overloads. 

(53) After the gas pressure is reduced below 
the Wallie Where heavy ionization can take place 
the current initation inay be raised to approxi 
imately 250MEA per Square centimeter of cathode 
area, for the remainder or Second half minute of 
the bombardment stage. This current limitation 
causes a red heat on the plate Without raising 
the plate to such a high temperature as Will cause 
Vaporization thereof. If the anode is made of a 
metal. Such a Smolybdenum or tungsten the cur 
rent limitation may be increased to 300 or 400MA 
per Square, centineter of cathode area. Without Va.-- 
porization of the netal. These current values are 
for vacuum tubes having anodes' with approxi 
mately 4 square centimeters of radiating surface 
for ab Out One Square centimeter. Of Cataode area. 
Current values proportional to the anode areas 
may be used for other tubes. 

(5C) The anode potential should preferably 
but only optionally be interrupted for periods of 
one or tWO Seconds during the bombardment stage 
5, Or periods. 5A and 5B preceding, to permit.de 
ionization. When the process is being applied to 
a. tube having a grid the anode potential inter 
ruption should be. accompanied by a simultane 
OUIS grid potential interruption. 

(6) The getter is then flashed either by induc 
tion from a high frequency coii, or more prefer 
ably by raising the plate temperature So as to heat 
the getter to the vaporization point. This in 
crease in plate, temperature may be obtained au 
tomatically, or by raising the anode potential. It 
is not injurious because it lasts for Only a very 
short interval of time, Say a few seconds, and by 
its, use external bombardment and the apparatus 
therefor may be entirely dispensed with. On the 
other hand, if it is, desired to use external boim 
bardment the disadvantages, previously pointed 
out when external bombardment is used for step 
5 are not present.here...for the reason that Only 
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a few Seconds are needed to flash the getter, SO 
that the entire rack of tubes may be put through 
this step in very short order. When flashing the 
getter automatically advantage is taken of the 
fact that the anode temperature rises as the 
vacuum in the tube is made more perfect, due 
to the reduction of heat conduction away from 
the anode, and this rise in temperature flashes 
the getter. Such automatic flashing insures that 
the getter will not be flashed prematurely, that 
is, before the vacuum is sufficiently perfect to 
prevent exhaustion of the getter by absorption 
Of gas improperly left in the tube by insufficient 
evacuation. 

(7) The tube is then sealed off, thereby ter 
minating the evacuation thereof. 

In Order to conveniently control the Space cur 
rent during the internal bombardment (step 5) 
a current limiting device having a high positive 
temperature coefficient of resistance should be 
inserted in the plate supply lead. A Suitable 
device of this character is an ordinary tungstein 
incan descent lanp. With tubes having One 
square centimeter cathode area, a 25 Watt, 120 
volt lanp is suitable for the first period (step 5A) 
When the gas content is fairly high, and a 100 
Watt, 120 volt lamp is suitable for the second 
period (step 5B) when the gas content is quite 
low. The different resistances are employed in 
Order to obtain the desired different values of 
space current previously discussed under steps 5A 
and 5B Supra. Each of the resistances is chair 
acterized by a high positive teimperature coeffi 
cient in order to obtain automatic regulation of 
the Space current in each of the periods to the 
value desired during that period. 
In applying our method to a vacuum tube hav 

ing a grid the current taken by the grid should 
be controllied so that the grid is not overheated. 
The voltage of the grid must be predetermined So 
as to create proper Zones of ionization, which 
feature we believe, relates to securing suitable 
though not excessive high velocity positive ion 
bombardment of the cathode. It is also neces 
sary to control the grid voltage so as to Secure 
a Suitable tube impedance and Space Current, as 
Well as to distribute the grid, and pate heat. At 
the very beginning of the bombardment period 
the grid voltage must be high so as to get the elec 
tron current to flow in appreciable quantity, 
Whereas during the remainder of the bombard 
ment, after the emission has been fairly Well 
established, the grid voltage should be reduced 
to prevent overheating of the grid. 
In order to Secure a suitable control of the 

grid voltage during this bombardment We have 
found that it is Sufficient to connect the grid to 
the anode through a resistance having a high 
positive temperature coefficient of resistance such 
as a tungsten filament incandescent lamp. A 
resistance connected between the grid and the 
plate causes a lower potential to be applied to 
the grid than to the plate because of the voltage 
drop across the resistance. This drop is Zero 
When no grid current flows, and therefore the 
initial grid potential applied is high, but when 
grid current begins to fiOW the grid potential is 
reduced, and if excessive grid current flows the 
potential is further reduced, which tends to reg 
ulate the grid current. The use of a resistance 
having a high positive temperature coefficient 
rather than a simple resistance is desirable in 
Order to permit the cathode current to get Well 
started before the grid potential is reduced. In 
our arrangement the reduction in grid potential 
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is delayed by the time needed to heat up the re 
Sistance, and this delay helps the cathode emis 
Sion get under Way. From another viewpoint We 
may say that the resistance, if not characterized 
by a high positive temperature coefficient, would 
have to be a much higher resistance than the 
cold resistance of the tungsten lamp, and this 
high resistance would operate to quickly reduce 
the grid potential the instant the cathode emis 
Sion started. With tubes such as those described 
above and having amplification constants of the 
order of 12, we have found that a 120 volt tung 
Sten lamp rating anywhere between 10 and 25 
Watts is suitable for creating the automatic con 
trol of the grid voltage. 

Referring to Fig. 1 of the drawing the tube to 
be evacuated is indicated at 2 and the stem 4 
thereof is connected to a vacuum pump in the 
LSUlal manner. An Oven 6 is used to heat the tube 
during the entire process if no external bombard 
ment is employed, or is used through steps 1 
through 5 if a brief external bombardment is 
employed in step 6. During the activation proc 
eSS described in step 5 the cathode of the tube is 
heated from a suitable source of current, say the 
transformer 8, the cathode potential being varied 
by a resistor 10 and measured by a volt meter 
12. The anode is polarized by a source of direct 
potential Such as the battery 14, the anode poten 
tial being applied to the tube anode through 
either a 25 watt lamp 16 or a 100 Watt lamp 18 
according as the Switch 20 is thrown upward or 
downward. These lamps serve to limit the space 
Current during the activation process, lamp 16 be 
ing used during the first portion, and lamp 18 
being used during the second portion of the activa 
tion stage. A milli-ammeter 22 may be included 
in circuit to check up on the value of the space 
current. Switch 20 may also be used for flickering. 
A lamp 24 is connected between the anode and 
Control electrode of the tube in the case of a three 
electrode tube in Order to automatically regulate 
the grid potential, as was previously described. 
Switch 26 may be temporarily thrown from the 
low potential to the high potential contact for 
flashing the getter, if neither external nor auto 
matic flashing is used. 
Our invention is of especial manufacturing ad 

Vantage because it then is applied to a rack of 
tubes rather than to a single tube. Such an ar 
rangement is schematically illustrated in Fig. 2 in 
which a rack of tubes 30 are mounted on a pump, 
the Stens 32 of the tubes being connected to a 
manifold 33 on the pump. The rack of tubes is 
surrounded by an oven the hood 34 of which is 
indicated in dotted lines. In this manner the 
tubeS may be heated and evacuated at One time. 
The cathodes of each of the tubes 30 are con 

nected to buS bars 36, to which cathode heating 
current is Supplied from a source 38 through a 
potential varying rheostat 40, the potential being 
observed on a voltmeter 42. The rheostat 40 is cut 
Out of circuit SO as to raise the cathode tempera 
ture during the evacuation process, this tempera 
ture being preferably gradually raised, for ex 
ample, in three stages corresponding to steps 3, 4, 
and 5 above, the cathode temperature being some 
What below normal during step 3, and about at nor 
mal Or slightly above normal during step 4, and in 
creased to a Substantial annount above normaldur. 
ing Step 5, the bombardment stage. In the case 
of heater type tubes the heater may be connected 
in circuit as shown, but the negative terminal of 
the Source 50 is connected to the cathode emittel 
itself. With heater type tubes direct current as 
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from a battery may be used to heat the cathode, 
the transformer being especially-preferred for di 
rectly heated cathodes because during reactiva 
tion the plate current is very high, and without 
the equalization permitted by the center tap and 
the use of alternating current the cathode Would 
be very unequally heated along its length. 
The bombardment is applied simultaneously to 

all of the tubes in the rack, and is internal, the 
Cathode temperature being raised substantially 
above-nornaai, say to a temperature resulting from 
the application of a cathode heater potential 50% 
in excess of the normal potential, and at the same 
time applying a high positive potential to the 
anodes of the tubes. This bombardment may ex 
tend over a period of say one minute which may 
be divided into two periods of say a half minute 
each. The 'anode: potential is supplied from a 
power line or generator 50, switch 68 being open, 
and is applied to the tube anodes by closing the 
SWitch 52 onto the contact 54. The potential ap 
plied to the bus 56 is led to each of the anodes 
through individual ballast lamps 58, corresponding 
to the 25 watt lamp in Fig. 1. At the same time 
the control electrodes of each of the tubes is con 
nected with the anode of each of the tubes through 
Separate. lamps. 60, which serve to regulate the 
grid potential relative to the anode potential. Re 
duction ini grid potential after the º cathode remis 
Sion gets started increases the impedance of the 
tube and thereby decreases the electron emission 
from the cathode, so that a high anode potential 
may be used in order to get high impact velocity 
of the electrohs on the anode and consequent heat 
ing thereof. Meanwhile, the current to the grid 
relative to that to the anode is reduced, so that 
overheating of the grid is prevented. The total 
grid and anode space current flow is regulated 
and limited by the lamps 58, in order to prevent 
excessive electron emission from the cathede in 
the event of ionization. 
...During the second half minute of the bombard 
ment the switch-52 is closed onto contact 62, so 
that the anode potential" is applied to the tubes 
through bus: 64 and lamps 66, which correspond 
to the 100 watt lamp 18 in Fig. 1. This permits 
a larger space current to flow during the latter 
half of the bombardment. Tamps 66, however, 
reguiate and limit this larger current in order to 
prevent overheating and vaporization of the 
anode. During the entire bombardment stage the 
switch-52 may occasionally be momentarily opened 
in order to ficker the anode potential, which 
facilitates the evacuation Of the stubes in the mana 
ner previously explained. The getter may be 
flashed automatically by taking advantage of the 
rise in anode potential which takes place when 
the vacuum in the tube becomes very nearly per 
fect. Such automatic flashing of the getter is 
desirable in order to prevent premature flashing 
of the getter and consequent exhaustion thereof. 
If desired, the getter, may be flashed by raising 
the anode potential, which may be accomplished 
in the present arrangement by closing the switch 
68 in order to short circuit the series resistance 70. 
The resulting rise in anode potential is not in 
jurious to the tube because it is permitted to exist 
for ; only the few seconds needed to flash the 
getter. . 

While We have described our invention as being 
particularly advantageous because of the elimi 
nation of external bombardment, it should be 
appreciated that in one aspect an important fea 
ture of our invention resides in the inclusion in 
tube manufacture of cathode activation during 

5 
the evacuation of the tube. This is mentioned 
becaused when dealing with a large tube having 
relatively heavy metal parts it may be desired 
to aid the internal bombardment with external 
bombardment, in which case tlhe internal bom 
bardment, though only partial, is extremely valu 
able because of the resulting activation of the 
tube cathode. - 
With our arrangement every manufacturing 

step which the tube undergoes is applied iden 
tically to all of the tubes in the rack and the 
entire manufacturing process for a rack of tubes 
takes practically only as long as the manufacture 
of a single tube would take. Meanwhile, such 
factors as should be applied to the tubes indi 
vidually owing to possible differences in their 
characteristics, such as cathode emission, are 
taken care of by the use of individual ballasting 
or current limiting and potential regulating lamps 
such as the lamps 58, 60, and 66. The bombard 
ment is applied to the tubes while the tubes are 
all hot-and there is no tendency for gas to occlude 
on the walls of the tube. Better still, the bom 
bardment may and preferably is applied to the 
tubes while the tubes are still being heated by 
the oven, which makes it still easier to obtain the 
desired temperatures and to prevent occlusion of 
gas. The time of pumping of the entire bank of 
tubes is about as long as the time of pumping 
only the first tube of the rack of tubes by the old 
method, for the preliminary evacuation before 
bombardment is the same in each case, while the 
evacuation after bombardment is but little, if 
at all longer, for the reason that pumping when 
there is substantial gas pressure proceeds very 
rapidly, while evacuation when a vacuum is nearly 
approached is relatively slow. With our process 
the entire bank of tubes is simultaneously bom 
barded and considerable gas is released, so that the preliminary evacuation proceeds very rapidly. 
The lengthy evacuation needed when a vacuum 
is nearly approached is the same as when a single 
tube has been bombarded, for even when only a 
single tube is bombarded the entire rack of tubes 
must be brought down to the desired vacuum 
before the said single tube may be sealed off. 
Our process leads to uniformity when many 

tubes are put on a manifold connected to one 
pump, primarily because the tubes liberate gas 
from their metal parts simultaneously instead of 
successively. The internal bombardment em 
ployed in our process during the activation step 
in this respect differs completely from external 
bombardment by means of a high frequency in 
duction coil. Instead of bringing the whole 
manifold down to minimum pressure many times 
in succession, each taking a long time, we bring 
the manifold down to minimum pressure only 
once. All of the tubes on one manifold get the 
s?me gais treatment, With no ir jurious after 
dosage due to gas liberated from a tube being 
bombardéd traveling bäck through the manifold 
to the remaining tubes. 
We have also found that tubes manufactured 

in accordance with our process have a remarkable 
degree of uniformity and long life. This we 
attribute to the inclusion in the process of the 
activation process described in the copénding 
application aforementioned. - 

It will be apparent that while we have shown 
and described our process in preferred form, many 
changes and modifications may be made therein 
without departing from the spirit of the inven 
tion, defined in the following claims. 
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6 
We claim: 
1. In the manufacture of electron emission 

tubes having an oxide coated Cathode, the 
method which includes heating and evacuating 
the tube for a substantial period of time, say five 
minutes, energizing the cathode and thereby 
raising the cathode temperature to approxi 
mately its normal operating temperature while 
continuing the heating and evacuation of the tube, 
for a longer period of time, say ten minutes, and 
then activating the cathode by both increasing 
the Cathode temperature Substantially above 
normal and applying a high positive anode poten 
tial immediately thereafter for a shorter period 
of time, say one minute, in order to bombard and 
activate the tube while the tube is still hot and 
while continuing the evacuation of the tube. 

2. In the manufacture of electron emission 
tubes having an oxide coated cathode, the method 
which includes heating and evacuating the tube 
for about five minutes, energizing the cathode 
and thereby raising the cathode temperature in 
stages to approximately its normal operating 
temperature While continuing the heating and 
evacuation of the tube for about ten minutes, and 
then activating the cathode by both increasing 
the cathode temperature Substantially above 
normal and applying a high positive anode 
potential for about one minute in order to bom 
bard and activate the tube while the tube is still 
hot and While continuing the evacuation of the 
tube. - - 

3. In the manufacture of electron emission 
tubes having an OXide coated cathode and a 
grid, the method which includes heating and 
evacuating the tube for a Substantial period of 
time, say five minutes, energizing the cathode 
and thereby raising the cathode temperature to 
approximately the normal operating tempera 
ture while continuing the heating and evacu 
ation of the tube for a period of time, say ten 
minutes, and immediately thereafter activating 
the cathode by increasing the cathode tempera 
ture Substantially above normal and applying a 
high positive potential to the anode and a re 
duced potential to the grid for a shorter period 
of time, say one minute, in order to bombard and 
activate the tube while the tube is still hot and 
while continuing the evacuation of the tube. 

4. In the manufacture of electron emission 
tubes having an oxide coated cathode and a grid, 
the method which includes heating and evacuat 
ing the tube for about five minutes, energizing 
the cathode and thereby raising the cathode tem 
perature in stages to approximately the normal 
operating temperature while continuing the heat 
ing and evacuation of the tube for about ten 
minutes, and activating the cathode and bom 
barding the tube by increasing the cathode tem 
perature substantially above normal to a tem 
perature corresponding to about a 50% increase 
in Cathode terminal potential, and applying a 
high positive potential to the anode and a re 
duced potential to the grid for about one minute 
While the tube is still hot and While continuing 
the evacuation of the tube.- 

5. In the manufacture of electron emission tubes 
having an oxide coated cathode, the method which 
includes heating and evacuating the tube for 
about five minutes, raising the cathode tempera 
ture to approximately its normal Operating tem 
perature and continuing the heating and evacua 
tion of the tube for about ten minutes, then acti 
wating the cathode and bombarding the tube by 
increasing the cathode temperature Substantially 
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above normal and applying a high positive anode 
potential for approximately one minute, the 
space current being held within a desired limit 
dependent upon the radiating surface of the 
bombarded electrode, still further raising the 
anode potential in order to flash the getter, and 
finally stopping evacuation by Sealing off the tube. 

6. In the manufacture of electron emission 
tubes having an oxide coated cathode, the method 
which includes heating and evacuating the tube 
for about five minutes, raising the cathode tem 
perature to approximately its normal operating 
temperature and continuing the heating and evac 
uation of the tube for about ten minutes, bom 
barding the tube by increasing the cathode tem 
perature substantially above normal and applying 
a high positive anode potential for approximately 
one-minute, flickering the space current during 
the bombardment by . Occasionally interrupting 
the anode potential for periods of approximately 
one second, and finally stopping evacuation by 
sealing off the tube. 

7. In the manufacture of electron emission 
tubes, the method which includes heating the 
tube at a temperature of approximately 400° C. 
and simultaneously evacuating the tube envel 
ope for a period of about five minutes, raising 
the cathode temperature to approximately its 
normal operating temperature and continuing the 
heating and evacuation of the tube for about ten 
minutes, bombarding the tube by increasing the 
cathode temperature above normal by an amount 
corresponding to a 50% increase in cathode ter 
minal potential, and applying a high positive 
anode potential for approximately one-minute, 
the resulting Space current being held Within a 
desired limit dependent upon the radiating Sur 
face of the anode, flickering the space current 
during the bombardment by occasionally inter 
rupting the anode potential for periods of approx 
imately one second, still further raising the anode 
potential in order to flash the getter, and finally 
stopping evacuation by-Sealing off the tube. 

8. In the manufacture of -electron emission 
tubes having an oxide-coated cathode, the meth 
od which includes simultaneously heating and 
evacuating a rack of tubes for about five min 
utes, raising the cathode temperature of the tubes 
to approximately the normal Operating tempera 
ture while continuing the heating and the evacu 
ation of the rack of tubes for about ten minutes, 
and activating and bombarding all of the tubes 
in the rack at Once While they are still hot and 
While still evacuating the tubes by increasing the 
cathode temperature substantially above normal 
and applying a high positive anode potential for 
about one minute. 

9. In the manufacture of electron emission 
tubes having an oxide coated cathode and a grid, 
the method which includes simultaneously heat 
ing and evacuating a rack of tubes for a substan 
tial period of time, say five minutes, energizing the 
cathode and thereby raising the cathode tempera 
ture of the tubes to approximately the normal 
operating temperating while continuing the heat 
ing and the evacuation of the rack of tubes, for a 
longer period of time, Say ten minutes activating 
and bombarding all of the tubes in the rack at 
once while they are still hot and While still evacu 
ating the tubes by increasing the cathode tem 
perature substantially above normal and apply-- 
ing a high positive potential to the anodes and a 
reduced potential to the grids of the tubes for a 
shorter period of time, say one minute. 

10. In the manufacture of electron emission 
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tubes having an oxide coated cathode, the meth 
od which includes simultaneously heating and 
evacuating a rack of tubes, for a Substantial pe 
riod of time, Say five minutes, raising the cathode 
temperature of the tubes to approximately the 
normal operating temperature while continuing 
the heating and the evacuation of the rack of 
tubes, for a longer period of time, say ten min 
utes, bombarding all of the tubes in the rack at 
Once while they are still hot and while still 

7 
evacuating the tubes by increasing the cathode 
temperature substantially above normal and ap 
plying a high positive anode potential, for a, 
shorter period of time, Say one minute, and flick 
ering the space current during the bombardment 
by occasionally momentarily interrupting the an 
ode potential. 

LESTER, L, JONES. 
JOSEPH A, FTANZER. 


