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The present invention relates to electron dis 
charge apparatus, and more particularly to ther 
mionic devices employing metal envelopes. 
Metal offers many advantages over vitreous 

Substances, such as glass, quartz, etc. for envelope 
material of electric discharge devices. When the 
envelope is constituted substantially entirely of 
metal, the tube is extremely rugged, which pro 
notes long life. The metal envelope not only 
offers electrostatic and magnetic shielding to the 
contained electrodes but in addition, may serve as 
One of the electrodes of the device, thus eliminat 
ing One element and its leading-in conductor. - In 
the case of a metal envelope, which constitutes 
one of the electrodes, electrical connection may be 
made direct to the exterior surface of the tube. 
In addition to these advantages, metal envelopes 
may often be made more cheaply than glass 
envelopes due to the fact that highly skilled labor, 

. Such as glass blowing, etc., is unnecessary and the 
envelopes may be fabricated on automatic mae 
chines. Envelopes of this character may be made 
of inexpensive metal, such as iron or nickel, and 
seadily shaped to form 

Some of these advantages have long been recog 
nized by the art, but the successful development, 
of an all-metal tube, particularly One of Saal 
size, has been beset by many difficulties, among 
which are the leakage at the positions where the 
leading-in conductors pass through the envelope, 
and the lack of an effective method for sealing of 
such a tube from the pump after the required 
high vacuum has been obtained. 
The primary object of my invention is to pro 

vide an electron discharge device of simple design 
and rugged construction and which may be made 
entirely out of metal, except for the necessary 
seals about the leading-in conductors. Another 
object is to provide a tube which employs a metal 
seal-off communicating with the interior of the 
tubé and one which provides a strictly hermetic 
seal so that the tube may be permanently discon 
nected from the pump. 
The invention will be better understood when 

reference is made to the following specification 
and accompanying drawing in which Fig. is a 
view partly in Section of an electron discharge 
device improved in accordance with the present 
invention: Fig. 2 is a sectional view of a typical 
form of cathode employed in the tube shown in 
Fig. 1; Fig. 3 is a fragmentary view of the lower 
end of the envelope and header member showing 
the metal seal-off in Section; Fig. 4 is a view 

on a quantity production 

(Cl. 250-27.5). 
similar to Fig. 3 but illustrating a different type of 
metal seal-off, while Fig. 5 is a cross-sectional 
view of a typical form of leading-in conductor Seal. 

Referring more particularly to Fig. 1, numeral 
designates a cylinder consisting of any work 

able, inexpensive metal such as iron, nickel, etc., 
closed at the top (as shown) by a transverse 
member 2 and at the bottom by a metal header 3 
which may consist of the same metal as the cyl 
inder. The header conveniently takes the form 
of a reentrant cylindrical member, fitting snugly 
within the interior of the cylinder , to which it 
may be secured in any suitable and well-known 
manner, such as by welding. The member 2 
preferably is formed integral with the cylinder 
so that the entire structure, apart from the header 
member and electrodes, may be made from sheet 
metal and formed by a deep dra Wing proceSS. 
As stated hereinbefore, the members , 2, and 3 
consist of an inexpensive metal having a surface 
which necessitates no treatment other than to 
remove surface contamination, such as oil, water, 
etc. The metal preferably should be reasonably 
Smooth, although not polished. The ordinary 
commercial grade of sheet metal serves this pur 
pose satisfactorily. The reentrant member 3 is 
provided with a wide flange azid extends for a 
considerable distance into the envelope So as to 
provide a relatively large contacting surface with 
the interior of the envelope, Sufficient for an 
adequate weld between the fiange and envelope. 
in forming the Weid, one of the welding electrodes 
may be positioned on the exterior of the envelope 
E and the other electrode on the interior of the 
flanged header, and the electrodes moved as a 
unit, in a circular path around the periphery of 
the envelope, or if desired, the electrodes may be 
maintained stationary and the envelope and 
header members moved, in Order to produce a 
“stitch' or “line' Weid. 

Before the header member is Welded or other 
wise secured to the enveloped, one or more elec 
trodes are mounted on top of the header. There 
are two electrodes shown, the Center electrode 4 
constituting an indirectly heated cathode and the 
other electrode 5 taking the form of a grid which 
surrounds the cathode. It will be apparent that 
have exemplified my invention in connection 

with a three-electrode device consisting of a 
cathode 4, an electrostatic control member 5 and 
an anode which is constituted of the envelope . 
This general arrangement of electrodes and their 
application and proper circuits therefor are well 
known in the art. Obviously, the invention is not 

0. 

5 

20 

25 

30 

35 

4. 

50 

55 



O 

2 
limited to any particular number of elegistices {}i 
kind of electrodes contained within fie envelop3. 

the cathode 3 is shown in detail in Sig. 2 and 
consists preferably of a 'hairpin' flanetary 

, heater member 6 insulatingly mounted within a 
cylinder, preferably of nickel, which constitutes 
the cathode proper and is designated by the refer 
ence character 4. This cylinder advantageously 
may be coated with electronically active material 
Such as barium and strontium oxides , obtained 
from the carbonates, as is well known in the art. 
Leads 8 are taken from both ends of the heater, 
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and a lead 9 taken from the lower end (as shown) 
of the cathode cylinder £3. 
The grid or control member 5 may consist of a 

wire helix wound on a pair of metal uprights 9. 
A leading-in conductor may be taken from 
either one of the uprights. 

In order to maintain the proper spacing be 
tween the cathode, the control member and the 
envelope, disks 2 of insulating material, such as 
nica, or alumina, are provided at each end of the 
electrode structure. These disks are of a shape 
and size to fit Snugly within the envelope and are 
provided with openings to receive the ends of the 
electrode structure. 

For bringing out the various leading-in con 
ductors through the metal header 3, specially de 
signed seals are employed, an example of which 
is shown in Fig. 5. The metal header is first 
provided with openings at the positions where 
it is desired to pass the leading-in conductors and 
secured to the header at each of these openings, 
for example, by welding, there is an eyelet 3 
provided at the bottom with an outwardly, ex 
tending fange for Securing to the under side or 
if desired, to the upper side, of the header mem 
ber. Fitted snugly within the eyelet 3, there is 
a cylinder A of glass or other vitreous material 
which may carry any one of the leading-in con 
ductors and is provided with an annular groove 
5 which serves to increase the leakage distance 

or path between the conductor and the eyelet. 
A hermetic seal is formed between the conductor, 
the surrounding glass member and eyelet, con 
veniently by means of a gas flame which is di 
rected at the proper position on the eyelet after 
the conductor and glass have been assembled 
within the eyelet. 

In order to insure a positive vacuum-tight seal 
between the glass fé and the eyelet 3, these mem 
bers should preferably have substantially the 
Same thermal expansion characteristic at all tem 
peratures between 0° C. and the Softening ten 
perature of the glass. Thus, no stress or strain 
is introduced at the Sea during the fabrication 
of the seal or during any subsequent heat treat 
ment of the tube which contains the seal. While 
various metals and glasses may be employed for 
this purpose, the freedom from strain and stress 
at the seal being dependent upon the respective 
differences of thermal expansion at the various 
temperatures reached during the manufacture of 
the tube, I prefer to employ materials which have 
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been disclosed and claimed in the Burger and 
Hull application Serial No. 705,250, filed January 
4, 1934, and entitled "Glass-to-metal seals,' as 
signed to the same assignee as the present inven 
tion. This application has matured into Patent 
No. 2,071,196. As pointed out in the said patent, 
a metal which may be employed for this purpose 
consists of approximately 18% cobalt (Co), 28% 
nickel (Ni) and 54% iron (Fe), and the glass in 
this case may have the following approximate 
composition: 65% silica (SiO2), 23% boric oxide 

(S:C3), 7% sodi'in oxide (Na2O) and 5% alumi 
Satzin oxide (Al2O3). Under certain conditions, 
paiticissily when the manufacturing tempera 
&lare is Selatively low and the thickness of the eye 
et is relatively Small, it is possible to obtain a 
Satisfactory Seai when employing metals such as 
rolybdenum, nickel and copper in connection 
with certain well-known glasses. 
AS stated hereinbefore, when the eyelet 3 is 

Welded to the flat portion of the header member 
3, either on the under side thereof, as shown in 
Fig. 5, or on the upper side, and further, when 
the glass member 4 and the metal member 3 
are of the proper materials, examples of which 
are given hereinbefore, the leading-in conductor 
is carried through the metal header in an insu 
lating manner and at the same time is hermeti 
cally sealed. A sufficient number of these seals 
are provided to accommodate the various lead 
ing-in conductors. 
The improved seal shown in Fig. 5, including 

the use of a metal eyelet and glass bead, has 
been disclosed and broadly claimed in the Elder 
and Gable application, Serial No. 746,808, filed 
October 4, 1934 entitled Electric discharge de 
vices and seals therefor, and in a limited aspect 
has been disclosed and claimed in the Beggs ap 
plication, Serial No. 744,165, filed September 15, 
1934 and entitled Glass-to-metal seals. The 
Elder and Gable application and the Beggs ap 
plication referred to are assigned to the same as 
signee as the present invention. 

In addition to these seals, the metal header 3 
Carries a metal seal-off tube 6, examples of which 
are shown in Figs. 3 and 4. The seal-off tubula 
tion is preferably constituted of a readily work 
able metal, such as steel, which may be hermeti 
cally secured to the header member in any suit 
able and well-known manner. As illustrated, the 
header is provided at the center with an opening 
of a size Snugly to receive the tube 6. The tubu 
lation may extend through the opening for a 
Small distance in order to provide sufficient sur 
face at the upper side (as shown) of the header 
member to insure a good joint. The tubulation 
may be welded to the header in order to provide 
a hermetic joint Or if desired, may be brazed or 
soldered, and for this purpose, a ring of solder is 
dropped Over the upper end of the tube f8 so 
as to rest on the upper surface of the header 
member. The header is then heated in a hydro 
gen furnace to a temperature below the melting 
temperature of the glass but above the melting 
temperature of the solder which then flows and 
forms a firm uniting material between the tubu 
lation and header, sufficiently tight to constitute 
a hermetic seal. If desired, the eyelets 3 may 
also be brazed to the header member during the 
time when the tubulation is being secured and in 
substantially the same manner, although it has 
been found preferable to weld the flanges of the 
eyelets, either to the lower surface or upper sur 
face of the header member as explained herein 
before. 
An excess length of tabulation may be pro 

vided, as indicated by the dotted lines in Fig. 1, 
the additional length being cut off during the 
seal-off process, as will be described presently. 
When the leading-in conductor seals and the 

metal seal-off tube have been properly secured to 
the metal header, connections are taken from the 
various leading-in conductors to their respective 
electrodes which previously have been fitted with 
in the openings in the disks 2. Thus the metal 
header and the electrode structure which to 
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2,124,428 
gether constitute the entire structure contained 
Within the envelope, are assembled and mounted 
in place. The next step in the manufacturing 
process is to secure the header member and asso 
ciated elements to the envelope . It is apparent 
that the header member and the disks 2 position 
and rigidly support the electrode structure within 
the envelope container. The header member may 
then be welded to the envelope as explained here 
inbefore. 
After the electrode assembly has been placed in 

position and the header member 3 welded or 
otherwise secured thereto, the tube is placed on 
an exhaust system and the interior of the envelope 
evacuated through the metal tubulation 6. Dur 
ing this time, the metal envelope is heated by 
high frequency or by a gas- or electrically-oper 
ated Owen to a temperature of approximately 
1000 C., the source of heat being so positioned 
that the seal end of the envelope runs somewhat 
cooler, for example, approximately 700° C., which 
is just below the melting point of the glass em 
ployed in the leading-in conductor seals. If the 
tube is heated with the header member and seal 
structure at the lower end, as illustrated in Fig. 
1, and a high frequency coil placed about the mid 
section of the envelope, the top member 2 of the 
envelope will be heated much hotter than the 
cylindrical portion, and the header member will 
necessarily run much cooler than the remaining 
portion of the envelope. 
The evacuation should preferably be conducted 

at a fast rate, something of the Order of one min 
lite if possible and if a high frequency coil is im 
mediately lowered over the container, it takes 
about ten seconds for an envelope of radio-receiv 
ing tube size to acquire the necessary temperature 
and the heating process may be continued for 
approximately forty seconds, which leaves about 
ten seconds for the envelope to cool down at the 
end of the exhaust. It has been found that if the 
heat treatment does not extend for any consider 
able length of time, the various insulating mate 
rials contained within the envelope are not dam 
aged thereby and yet the deleterious gases oc 
cluded in the material of the envelope, also in the 
electrode and insulating materials, such as Water 
vapor, etc., are effectively removed by the pump. 
The tube may be gettered in any suitable and 
Well-known manner. 
When a sufficiently high degree of vacuum has 

been obtained, and assuming that no gas is to be 
introduced, the tube is sealed of the pump by 
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closing the tubulation 6. The preferred man 
ner of doing this is by the use of a Weld which is 
applied to the tubulation through a pair of elec 
toda jaws of Suitable shape connected to a Source 
of direct, or alternating current. A Welding 
machine Suitable for this purpose is Well known 
in the art, as are also satisfactory energizing 
circuits for the welder. The jaws of the machine 
are preferably operated by a foot pedal which 
causes the jaws to press together with consider 
able force so that when placed on Opposite sides 
of the tubulation S, the latter is completely col 
lapsed to form a flattened welded portion at any 
suitable position along the length of the tubula 
tion. If desired, more than one flattened and 
welded portion may be employed and the length 
of the seal-off tubulation increased accordingly. 
The distance between the header member and the 
position at which the weld is produced should be 
as short as possible but yet sufficiently long to 
permit ready access to the welding electrodes. 
After the weld has been made, the Surplus length 

3 
of tubulation may be snipped off by cutting pliers 
whereupon the tube is removed from the evac 
uating System. 

I have found that when a Suitable welding 
apparatus is employed and sufficient pressure ap 
plied to the welding electrodes so as completely to 
flatten the tubulation 6 at the welding position 
and thereby provide a line weld, the end of the 
tubulation is hermetically sealed most effectively. 
In fact, such a seal compares very favorably with 
Seals produced between glasses. 

Instead of producing the seal by a weld, a 
hermetic joint may also be obtained by the use of 
Solder. For this purpose, the tubulation 6 is 
preferably made of copper and before being Se 
cured to the header member 3, is tinned on the 
inside and outside by immersing the end in liquid 
Soldier, leaving an excess of soldier sticking to the 
interior of the tubulation. The tubulation may 
then be secured to the header member in the 
manner explained hereinbefore, and after evac 
luation of the envelope, a pair of parallel jaw pliers 
and a flame is employed to effect the seal-off. 
The flame is applied, while the tubulation is held 
compressed by the pliers, at a position about 2' 
above the constriction and gradually lowered 
along the tubulation until it is directed immedi 
ately above the constriction. This portion is 
thoroughly heated to insure complete formation 
of a solder pool which collects at the constriction. 
The tubulation must be compressed sufficiently 
tight to prevent flow of solder through the con 
Striction and this may be accomplished by the 
use of pliers with rounded inserts in the jaWS. 
The solder seal-off is quite effective from the her 
metic standpoint but as stated hereinbefore, the 
welded seal-off is preferred since, obviously, it 
may be more quickly done and the choice of 
metal for the tubulation 6 may be greater. 
After the tube has been sealed off, if desired, 

a base may be applied to the lower or header 
end of the envelope and the various leading-in 
conductors taken to the usual contact pins. How 
ever, I have found that a base of this character 
is not necessary because the metal seal-off is So 
rugged as not to require mechanical protection 
and to this extent, when the improved tube is 
mounted in a radio set, a cheape; installation is 
possible. 

It is apparent that the entire tube structure, 
except for the Small glass cylinders 4 and the 
insulating disks 2 which are employed for sup 
porting the electrode structure within the en 
velope, is made of metai. The manufacturing 
processes employed in shaping and securing the 
various parts together end themselves to auto 
natic machines so that the improved tubes may 
be cheaply fabricated. Moreover, the material 
out of which the envelope of Such a tube is con 
structed, which for the InoSt part is an ordinary 
grade of iron or nickel, is relatively inexpensive. 
Finally, a tube of this character is extremely 
rugged in construction and the only glass or other 
fragile elements employed is the member 
which is so protected by the metal eyelet 3 and 
the reentrant form of header and furthermore, 
is so constituted of thick material, as to be prac 
tically unbreakable and shatterprooi. It is ap 
parent that when effective joints and seals are 
provided in the manner described hereinbefore, 
the possibility of tube failure by reason of leakage 
or breakage is Substantially eliminated. 

in operation, the container or envelope may 
serve as one of the electrodes, since the remain 
ing electrodes are insulated therefron, and Con 
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Sequently, the rapproves construction germits the 
elimination of at east one electrode and its as 
sociated leading-in conductos whica are gozaay 
found in tubes provided With glass envelopes. 
The elimination of this electrode adds simplicity 
to the tube construction as Well as assisting in 
lowering the cost of manufacture. The improved 
construction is adapted to the design of tubes of 
a sizes, not only small radio receiver tutes inade 
on a quantity production basis out also large 
transanitter tubes exployed. With high Woltage. 
While have illustrated and described my in 

vention as applying to a three-electrode high-vac 
uum device in which the envelope constitutes the 
anode, it is apparent that if desired, the construc 
tion may be employed in connection with gas or 
vapor tubes of the arc or glow discharge type. 
Furthermore, any number of electrodes, one or 
more, may be contained within the envelope and 
the envelope take on the role of any of the elec 
trodes, depending upon the circuits employed. 
it is also apparent that the metal Sea-off tubula 
tion disclosed herein may ba employed in Con 
Aection with tubes having envelopes inade en 

2,124,433 
tirely of glass except for a metal portion to which 
tie fileta seal-off is Secured. 

that E claim as new and desire to secure by 
letters attent of the United States is: 
i. An eiectric discharge device comprising an 

envelope containing a plurality of electrotes, said 
envelope including a cylinder closed by a fanged 
metal header member secured at the fiange to 
Said cylinder, Said header being substantially fiat 
except for the flarge, leading-in conductors for 
Said electrodes passing through the header men 
her and insulated therefron, at all-metal evacu 
atting tubulation Secured to the fiat portion of 
Said header Rember and close by a Weld at 
the end remote from the envelope. 

2. An electric discharge device comprising an 
enveloge containing a plurality of electrodes, said 
envelope including a cylinder closed by a metal 
header member of substantially fiat configuration, 
leading-in conductors for said electrodes passing 
through the header member and insulated there 
fron, an all-timetal evacuating tubulation secured 
to Said header and hernetically closed by the 
fusion of metal. 

BitNRY J. NOS, 
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