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This invention relates generally to an electric 
discharge tube sealed by a plate- or disk-like 
glass bottom and more particularly to theat 
tachment of current-carrying conductors in this 
bottom. 
In the case of conductors carrying high-fre 

quency currents it is frequently desirable that 
these conductors should be, at least super?cially, 
of good conducting metal, for example silver or 
copper. A suitable form of construction of such 
a conductor is constituted by a lead-through de 
vice which has a core of a material such as m0 
lybdenum, tungsten or nickel~iron alloys, said 
materials having coe?icients of expansion that 
correspond substantially with the coe?icients of 
expansion of the glasses most commonly used in 
discharge tubes. This core is super?cially coated 
with an extremely thin layer of copper or silver. 
There are, however, di?iculties which arise if 
such conductors are to be sealed in a plate- or 
disk-like glass bottom in a vacuum-tight man 
ner. Speci?cally the outer layer of the conduc 
tor di?uses into the core metal, alloys with it, or 
vanishes, in another manner as in the case of 
copper by oxidation or, as in the case of silver 
and. such materials having a low melting point 
due to the fact that this outer layer melts and 
flows off. This dif?culty might not be expected 
directly, as the use of nickel-iron terminals coat 
ed with a copper layer, i. e. copper-sheath wire 
has been known for a very long time and their 
fusing-in does not entail great di?iculty. A fun 
damental difference between such known seals 
and those which are referred to in connection 
with the present invention is that a well-known 
copper-sheath wire is sealed in a pinch, whereas 
a discharge tube according to the present inven 
tion has a plate- or disk-like bottom. In sealing 
into a pinch the ?ames are directed on to the 
outside of the glass and the conductor to be sealed 
is protected from excessive heat by the inter 
mediate glass. When conductors are fused into 
a ?at bottom the ?ames are directed directly on 
to the seal or the studs are heated by conduc 
tion heating implements gripping the studs and 
the conductor itself is heated to a considerably 
higher extent than is required by the fusing-in 
operation; in addition, reheating of the lead 
through devices ensues when the bulb is sealed 
to the bottom. A further difference is that in‘ 
connection with altering the coe?icient of ex 
pansion of the conductor to accord with that 
of the glass the copper or silver layer is gener 
ally thinner in the case of tubes having a plate 
or disk-like bottom than in the case of tubes 
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having a glass pinch surrounding a copper-sheath 
wire. In tubes according to the invention, this 
layer thickness generally ranges between 5 and 
10 microns, and in any case does not exceed 20 
microns, whereas in the case of copper sheath 
wire it varies between 50 and 150 microns in 
accordance with the total thickness of the con 
ductor. 
Owing to this difficulty encountered in scaling 

in, the ultimate conductor is not suitable for this 
purpose due to the lack of a proper super?cial 
layer while on the other hand the deterioration 
of this super?cial layer results in insui?cient vac 
uumtightness. In addition, in either case the 
conductor has not the desired electrical proper 
ties. 
These difficulties could be reduced by making 

the tube bottom of a glass having a low melting 
point but if used for very high frequencies these 
glasses entail excessive losses so that when the 
tube is in use the glass is overheated and 
finally the seal does not remain vacuum-tight. 
These dif?culties can be obviated completely 

by the use of an electric discharge tube accord 
ing to the present invention which is closed by 
a plate- or disk-like glass bottom having sealed 
‘in it one or more current-carrying conductors 
which are made of material readily secured in 
certain glasses, such as nickel, tungsten, molyb 
denum, alloys of iron and nickel, and which ma 
terials are coated with a layer of a metal having 
a low melting point and good conductivity, such 
for example as copper, silver or the like, and 
whose thickness does not exceed 20 microns. 
The conductors thus composed are secured in the 
glass bottom by means of an enamel whose melt 
ing point is lower than that of the glass. 

Several advantages are ensured by the use of 
this combination. Thus, for example, ‘the thin 
super?cial layer of the conductor is prevented 
from being attacked or vanishing during the 
sealing-in operation. Secondly, use may be made 
of composite conductors formed by a mechani 
cally strong core and a thin layer of a low melt 
ing point material of high-quality in so far as 
the conduction of high-frequency currents is con 
cerned but being unsuitable by itself, on account 
of its low mechanical resistance and/or its coef 
?cient of expansion, to constitute the conductor. 
Thirdly, the tube bottom may be made of the 
usual glasses, such as lead glass or the like, or 
glasses that may be harder and the choice of 
these glasses is not con?ned to those having a 
very low melting point. Copper and silver are 
among the metals that, as stated above, may be 
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employed ?rst and foremost for the super?cial 
layer but other metals, for example magnesium, 
aluminium or the like, may also be used. 
The enamel by means of which the sealing is 

e?ected may be constituted by enamels known per 
se; when using lead or common glass (softening 
point 460° and 515° C. respectively) satisfactory 
results are achieved by means of a lead borate 
enamel composed of 65% by weight of PbO, 22.4% 
by weight of B203 and 12.6% by weight of SiOz 
(softening point about 400° C.) , but use may also 
be made of other compositions such as a lead 
zinc borate enamel containing a considerable per 
centage of zinc oxide or else an enamel particu 
larly suitable for use in combination with harder 
glasses and whose composition is: 17% of SiOz, 
23% of B203, 25% of PbO, 10% of ZnO and 25% 
of MnOz (softening point 500° C.). For the at 
tachment in the glass bottom the conductor is 
coated with a thin layer of the enamel and the 
sealing is then effected by comparatively low local 
heating, the melting of the enamel resulting in a 
vacuum-tight union between the glass bottom and 
the conductor. A temperature varying from 400° 
to 500° C. su?ices for this heating, whereas with 
out the use of this enamel seal a temperature of 
at least 700° would be required, a temperature 
at which materials such as silver or the like melt 
away or oxidise to an appreciable and inadmis 
.sible high extent, diffuse into the fundamental 
"metal or become alloyed with it. 

It must be noted that the term “enamel” is to 
be understood to mean an inorganic vitreous mass 
by means of which a metal body is united with 
another body. Wherever the expression “soften- r 
ing point” is used hereinbefore, it is intended to 
:mean the point at which a rod of the glass con 
cerned having a length of 30 cms. and a section of 
4 mms. and supported at both ends is given a sag 
ging of 2 mms. by a weight of 195.5 grams. 
In order that the invention may be more clearly 

understood and readily carried into e?ect it will 
now be described more fully with reference to the 
‘accompanying drawing, in which part of the elec 
tric discharge tube according to the invention is 
shown. 
Figure l is a view, partly in section, of a metal 

to glass seal in accordance with this invention; 
’ and 

Figure 2 shows a complete tube, partly in sec 
tion, embodying a number of seals as shown in 
Figure 1. 
Referring to the Figures 1 and 2 of the draw 

ing, I designates a current-carrying conductor 
sealed in a bottom 2 of lead glass. This conductor 
is built up from a core 3 of ferro-chromium and a 
super?cial layer 4 of silver. The conductors are 
secured in the glass bottom 2 by means of an 
enamel 5. 
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4 
It is obvious that the construction shown and 

the materials referred to constitute an embodi~ 
ment of the tube according to the invention and 
that several other forms of construction and 
combinations of materials are possible. 
What I claim is: 
1. An electric discharge tube for high fre 

quency operation comprising an envelope having 
a glass disc portion provided with a plurality of 
apertures, composite lead-through conductors 
within said apertures, each of said lead-through 
conductors comprising a ferro-chrome core hav 
ing a metallic silver coating less than 20 microns 
thick thereon, and means comprising a thin 
enamel coating having a melting point less than 
500 degrees Centigrade to seal said lead-through 
conductors in said apertures of said disc portion. 

2. An electric discharge tube for high frequency 
operation comprising an envelope having a lead 
glass disc portion provided with a plurality of 
apertures, composite lead-through conductors 
within said apertures, each of said lead-through 
conductors comprising a ferro-chrome core hav~ 
ing a metallic silver coating less than 20 microns 
thick thereon, and means comprising a thin lead 
borate enamel coating having a melting point less 
than 500° C. to seal said lead-through conductors 
in said apertures of said disc portion. 

3. An electric discharge tube for high frequency 
operation comprising an envelope having a hard 
glass disc portion provided with a plurality of 
apertures, composite lead-through conductors 
within said apertures, each of said lead-through 
conductors comprising a ferro-chrome core hav~ 
ing a metallic silver coating less than 20 microns 
thick thereon, and means comprising a thin lead 
zinc borate enamel coating having a melting 
point less than 500° C. to seal said lead-through 
conductors in said apertures of said disc portion. 
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