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The present invention relates to improvements 
in lead-in arrangements, and while not limited 
thereto, is especially applicable in connection 
with metal enclosed vacuum tubes. 

In the manufacture of metal radio tubes and 
the like, considerations of economy make it de 
sirable that the envelope structure be constituted 
in So far as possible of iron or, more specifically, 
of a commercial grade of steel. However, where 
the entire wall structure of the tube consists of 
iron, difficulty is encountered in the formation of 
Satisfactory seals for the lead-in conductors. 
For example, where glass is used as the sealing 
in material it is an important requirement that 
the glass employed be matched to the expansion 
characteristics of the envelope material and that 
the lead-in conductors themselves be equally 
Well matched to the glass. 
This requirement can be met in one way by 

making both the conductors and the header of 
iron and utilizing an iron-matching glass such 
as described in A. W. Hull and Louis Navias ap 
plication Serial No. 266,804, filed April 7, 1939. 
However, where, as above specified, it is desired 
to have the external portions of the conductors 
serve as contact prongs for engagement with a 
tube socket, the use of iron occasions some diffl 
culty. In particular, it is found that the tend 
ency of the iron to oxidize makes the establish 
ment of a good contact with the socket uncertain. 

In accordance with my present invention this 
difficulty is overcome by forming the header of 
a commercial grade-of iron or steel and the lead 
in conductors of an alloy comprising from 70 
to 80 per cent nickel with remainder iron. Such 
alloys are highly resistant to oxidation so that 
contact surfaces which embody them tend to 
remain clean for normal conditions of use. On 
the other hand, their expansion characteristics 
substantially match those of iron so that a glass 
which seals to one will also seal to the other. 
The features which I desire to protect herein 

are pointed out with particularity in the ap 
pended claims. The invention itself, together 
with further objects and advantages thereof, 
may best be understood by reference to the fol 
lowing description taken in connection with the 
drawing in which Fig. 1 shows a vacuum tube 
suitably embodying the invention; Fig. 2 is a 
bottom plan view of the tube of Fig. 1; and Fig. 3 
is an enlarged fragmentary detail of one of the 
lead-in seals used in the tube. 

Referring particularly to Fig. 1, there is shown 
a metal vacuum tube comprising an elongated 
metal cylinder O which is closed at both ends. 
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the envelope encloses appropriate electrode 
structure of which only the lead conductors 2 
are illustrated. The lower end of the envelope 
is closed by means of a circular header 3 which 
is peripherally joined to the cylinder 0, for ex 
ample, by soldering, and through which the lead 
in conductors 2 project. The header is provided 
centrally with a projecting tubulation f4 which 
serves as a guide pin for assisting the location 
of the tube in an appropriate Socket. The plan 
view given in Fig. 2 shows the relative arrange 
ment of the tubulation 4 and the lead-in con 
ductors 2. 

For making connections between the internal 
electrode structure and suitable external cir 
Cuits, uSe is made of the outwardly extending 
portions of the lead-in conductors 2. To this 
end they are shaped and otherwise adapted to be 
used as contact prongs for engagement with co 
Operating socket terminals. In particular they 
are made of sufficient stiffness so that they will 
not bend unduly when subjected to the pressure 
necessary to engage them with a socket of the 
usual type, 

In the arrangement of Fig. 1, the contact pins 
or prongs are illustrated as passing through in 
Sulating Socket plates 5 and 5’ which are 
adapted to support appropriate terminals. One 
Such terminal is shown at is as comprising a me 
tallic part shaped to engage its associated con 
tact pin in good electrical contact. 

In order to retain the lead-in conductors 2 
in insulatingly spaced relation to the header 3, 
use is made of seals of the general type described 
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and claimed in the copending application of H. L. 
Thorson, Serial No. 266,569, filed April 7, 1939. 
AS is shown more clearly in Fig. 3, the structure 
of each Seal includes a saallow depression formed 
in the header by means of deformation of the 
metal thereof. The shape of the depression is 
Such that it includes a peripheral waii portion 
9 which extends transversely to the principal 
plane of the header and a flattened floor portion 
20 which is parallel to the plane of the header. 
The lead-in conductor 2 is sealed in a body of 
fusible vitreous material 22 and by means of this 
material is supported within an opening 2 
formed centrally in the floor portion. 20. The 
fusible material includes a portion which sub 
stantially fills the depression formed in the 
header 3 and a further portion in the form of 
a rounded mound adhering to the header on the 
Side opposite the depression. 

In the application contemplated in the pres 
ent instance both the envelope cylinder fo and 



2 
the header 3 are constituted of iron. (By the 
term “iron' I mean to designate low carbon 
stees generally such, for example, as coid rolled 
stee or deep drawing steel.) in order that vac 
laun-tight seals may be made under these con 
ditions it is necessary that the vitreous material 
22 comprise a substance which substantially 
matches the expansion characteristics of iron. 
As is explained in the Hull and Navias applica 
tion Serial No. 266,604 previously referred to, this 
requirement is fulfilled by the lase of a glass 
whose theoretical oxide composition falls ap 
proximately within the following limits; SiO2 
and BOs in the sum of from 40 to 50 per cent, 
the IBO being present in the amount of less 
than 5%; KO and Na2O in the sum of 16 to 20 
per cent; PbO and BaO in the sum of from 28 
to 35 per cent, the PbO being present in the 
amount of at least 10 per cent, and CaO and Ca 
in the sum of from 3 to 6 per cent. A preferred 
glass within the foregoing classification com 
prises about 45% SiO2, about 12% KaO; about 
6% Na2O, about 32% PbO and about 5% CaF. 
This glass has expansion characteristics which 
enable it to be sealed readily to iron and it is 
furthermore characterized by high resistance to 
heat shock and to chemical attack. 

It is apparent that if the lead-in conductors 
f2 are also constituted of iron, they may be ex 
pected to seal to a glass of the character de 
scribed above as Satisfactorily as does the header 
itself. However, for present purposes, where it 
is desired to have the externally projecting por 
tions of the lead-in conductors serve also as 
contact pins, it is desirable that they be con 
stituted of a material less readily oxidizable than 
iron. In accordance with my present invention 
this result may be obtained without impairing 
the perfection of the seal by utilizing for the 
lead-in conductors an alloy containing from 70 
to 80 per -cent nickel with remainder iron. 
Aloys of this classification are highly resistant 
to oxidization or other chemical attack, but are 
nevertheless well adapted to sealing with the 
glasses which seal to iron. A particular alloy 
With which I have obtained especially satisfac 
tory results is that comprising 78% nickel and 
22% iron. 
While I have described my invention in con 

nection with a particular seal arrangement it 
will be understood that it is by no means limited 
to use with such an arrangement. I, therefore, 
aim in the appended claims to cover all such 
alternative uses as, come within the true spirit 
and scope of the foregoing disclosure. 
What I claim as new and desire to secure by 

Letters Patent of the United States is: 
1. An electrical device comprising an enclo 

sure which includes a wall portion constituted 
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of a low carbon steel and having an opening 
therein, the said opening being sealed by a body 
of a glass which has substantially the expansion 
characteristics of said steel throughout the range 
of temperatures normally encountered in the op 
eration of the device and which is fused directly 
to the said iron wall portion, and a lead-in con 
ductor extending into the said enclosure through 
the said body of glass and in sealing relation with 
the glass, the said conductor being constituted 
of an alloy of from 70 to 80 per cent nickel with 
remainder iron and the externally projecting 
portion of the conductor being shaped to serve 
as a contact prong. 

2. An electrical discharge device comprising 
electrode structure, an elongated cylindrical en 
velope enclosing the electrode structure, a cir 
cular header constituted wholly of low carbon 
steel closing one end of the envelope and hav 
ing a plurality of openings therein, the open 
ings being respectively sealed by bodies of a glass 
which has substantially the expansion character 
istics of the header material throughout the 
range of temperatures normally encountered in 
the operation of the device and which is fused 
directly to the header, and rigid lead-in conduc 
tors for the electrode structure respectively 
Sealed through the various bodies of glass, the 
Said conductors being constituted of an alloy of 
from 70 to 80 per cent nickel with remainder 
iron, whereby the expansion characterstics of 
the conductors are matched to those of the said 
glass and the header material and the externally 
projecting portions of the conductors are sufi 
ciently non-oxidizable to serve satisfactorily as 
contact prongs for engagement with socketter 
minals. 

3. A vacuum tube comprising electrode struc 
ture, an elongated cylindrical metal envelope 
surrounding the electrode structure, a circular 
header of low carbon steel closing one end of the 
envelope and provided with a plurality of open 
ings therein, the openings being respectively 
closed by bodies of a glass which has substantially 
the expansion characteristics of the header ma 
terdal throughout the range of temperatures nor 
mally encountered in the operation of the de 
vice and which is sealed directly to the header, 
and rigid lead-in conductors for the electrode 
structure sealed through the various bodies of 
glass, the said conductors being constituted of 
an alloy of approximately 78 per cent nickel 
and 22 per cent iron, whereby the expansion 
characteristics of the conductors match those 
of the glass and header material and the exter 
nally projecting portions of the conductors are 
sufficiently non-oxidizable to serve satisfactorily 
as contact prongs. 

8. ALBERT W. HULL. 


