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This invention relates to cold-cathode gas-discharge 
tubes and is more particularly concerned with tubes of 
the so-called "relay' type in which discharge between a 
cathode and an anode can be initiated by a control po 
tential applied to an associated trigger electrode and in 
which the glow discharge thus set up is arranged to be 
directed outwardly through a wall of the tube whereby 
the tube may also serve as a visual indicator device. 
The object of the invention is to provide an improved 

form of such tube construction having improved operat 
ing characteristics and capable of being more easily manu 
factured, particularly under mass production conditions 
and in very small sizes, for instance, in the so-called Sub 
miniature size. 

According to the broadest aspect of the invention the 
tube comprises a cathode of hollow cup-shaped form 
which is suitably coated upon its inner surface with an 
emissive material having a low work function, such cath 
ode having an open smaller diameter end and being asso 
ciated with an anode which is displaced, in an axial di 
rection, away from such smaller diameter open end in a 
direction opposite to that of the larger diameter open end 
of the cathode which faces outwardly through a wall 
of the tube envelope. in a preferred form the further 
triggering electrode is disposed substantially in or very 
close to the plane of such smaller diameter open end. 

In order that the nature of the invention may be more 
readily understood constructional embodiments thereof 
will now be more particularly described by way of ex 
ample with reference to the accompanying drawings in 
which: 

Figure 1 is a longitudinal cross-sectional view through 
one form of indicator tube according to the invention. 

Figure 2 is a transverse cross-sectional view of the 
tube, taken on the line II-II of Figure 1. 

Figure 3 is a longitudinal cross-sectional view, similar 
to Figure 1, showing a modification, while 

Figure 4 is a fragmentary view, also similar to Figure 
1, showing a further modification. 

Referring first to Figures 1 and 2 the tube shown com 
prises an envelope 2 of glass and of tubular form having 
a circular cross-section. The envelope is provided with 
a flat waii i at one end lying in a plane normal to the 
axis of the tube envelope and has a flattened sealing pinch 
formation 2 at the other end. An axially directed glass 
stem 13 extends inwardly from the pinch 12 to a posi 
tion approximately mid-way of the axial length of the 
tube and is there provided with an integral fange or but 
ton 14. This button 14 forms a mounting support for cer 
tain of the electrode parts and is in the shape of a cir 
cular disc disposed normal to the axis of the tube and is 
of a size which nearly fills the bore of the tube. 

The cathcde i5 of the tube is in the form of a part 
spherical or part-paraboloidal metal cup having an open 
bottom region 16 at its smaller diameter end. This cup 
is disposed coaxially with the tube axis and has the rim 
17 of its larger end close to and parallel with the flat 
end wall 11 of the tube whereby the interior of the cup 
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2 
faces outwardly through such end wall. This cup is sup 
ported by two mounting wires 18 which are secured there 
to at diametrically opposite points and are anchored at 
their other ends in the aforesaid button 14 at diametrically 
opposite points. One of these wires 18 is continued down 
wardly below the button 14 as a connecting lead 19 which 
passes alongside the glass stem 13 and then through the 
pinch region 12 to form an external connecting lead. 
The inside surface 20 of the cup 15 is coated with an 
emissive material having a suitably low work function 
whereas the outside surface 21 is suitably treated, for 
instance, by calorising, to provide a surface layer which 
has a high work function. 
The glass stem 3 supporting the aforesaid button 14 

is made hollow as shown at 22 for the major part of its 
length measured from the button 14 towards the pinch 
region 12 so as to provide a bore coaxial with the tube 
envelope 10. Within this bore is located the anode elec 
trode 24 comprising a wire 23 which passes downwardly 
through the bore 22 and then through the remaining solid 
portion of the stem and the pinch region 2 to form an 
external connecting lead. The innermost end of this wire 
is provided with a tip portion 25 which constitutes the 
ancide proper. This tip portion has its end surface 27, 
which faces the smaller diameter open bottom 16 of the 
(cup-shaped cathode 5, sunk a few millimetres below the 
level of the upper surface 28 of the button, 14. 
A trigger electrode 30 in the form of a wire ring 31 

of approximately the same diameter as the open bottom 
i6 of the cup-shaped cathode 15, is located in a plane 
which also lies normal to the tube axis and which is just 
inside the said open bottom 16 so that the trigger dis 
charge between the triggering electrode and the cathode 
can be "seen” from the anode. This ring is supported 
at this position by a cranked connecting wire 32 which 
passes through the open bottom 16, in suitably spaced 
relationship to the edge of the cup-shaped cathode, and 
is then anchored, as by spot welding, to a wire 33 which 
is sealed into the aforesaid button 4. This wire 33 is 
continuled downwardly below the button and alongside 
the glass stem i3 and passes out through the pinch re 
gion 12 as an external connecting lead. 
At a point diametrically opposite to the trigger electrode 

Support Wire 33, the button 4 carries a further sealed-in 
Support wire 35 which projects below the button towards 
the pinch end of the tube and carries thereon the cus 
tomary pellet 36 of gettering material. 
The envelope it is filled in the usual way, with a suit 

able inert gas Such as neon or argon or a mixture there 
of and is sealed off by a laterally displaced pip 37. All 
connecting wires, Supports and other conductive elements 
are preferably coated with alumina or other suitable ma 
terial having a high Work function to prevent undesired 
discharges taking place thereto. 

in operation, a suitable voltage, for instance, of the 
order of 200 v. is applied between the anode 24 and the 
cathode 25 through an appropriate current limiting re 
Sistor. This voltage is adjusted to be of such value that 
no breakdown occurs within the tube between the anode 
and cathode without the application of a priming poten 
tial to the trigger electrode 30. Upon application of a 
suitabie priming voltage, for instance, a pulse of the or 
der of --80 V. amplitude relative to the cathode through 
a suitable current limiting resistor, a discharge is initiated 
between the anode 24 and the cathode 15. 
The tube thus constitutes an electronic relay tube for 

use in the usual manner of such devices. By virtue of 
the cup-shaped formation of the cathode and its treat 
ment on inner and outer surfaces, a glow discharge is 
formed within the cup and by the orientation of such 
cup to present such hollow inner surface for viewing 
through the end wall 11, the discharge glow thus formed 
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permits the device to be used also as an indicator lamp. 

In the modification shown in Figure 3, the construc 
tion of the electrodes and other parts is generally similar 
to that already described except that, to facilitate manu 
facture, the stem 13 is no longer made integral with the 
envelope and the pinch region, but is, instead, made as a 
separate element 40 with the connecting wire 23 from 
the anode tip portion 25 sealed into its lower end and 
then bent at right angles to the tube axis as shown at 
41. 
This bent end portion is spot welded to a separate con 

necting lead 42 sealed in a base element 43 which is 
initially made separate from the rest of the envelope 
10. The flattened pinch formation of the previous em 
bodiment is dispensed with and the various connecting 
leads for the different electrodes are disposed at various 
points around the centre point of the base element. At 
the centre of the base element the usual sealing-off tip 
44 is provided. 
With this construction the whole of the electrode as 

sembly mounted upon the stem 40 and its integral button 
14 is fabricated as a separate unit and is then connected 
by welding to the connecting leads sealed into the base 
element 43 whereafter the rest of the envelope 10 is 
passed over the structure and the two envelope parts fused 
together around the circumferential region v. 

Figure 3 also shows a modified location for the wire 
ring 31 of the trigger electrode 30 which is, in this ex 
ample, located in the same plane as the open bottom 16 
of the cathode 15. 
A variety of other modifications may obviously be 

made without departure from the scope of the inven 
tion. For example, the cathode need not be of part 
spherical or part-paraboloidal shape but instead may be 
of truncated conical form as shown at 46 in Figure 4, 
while the form of the trigger electrode likewise need not 
be as shown. Instead, it can be a short cylinder as indi 
cated at 47 in Figure 4 or even as a simple projecting 
wire. A further possibility resides in the shaping of the 
cathode members, so far as their end elevation is con 
cerned, to have distinctively different forms thereby to 
facilitate differentiation between one indicator tube and 
another. 
I claim: 
1. A cold-cathode gas-discharge tube of the relay type 

comprising an envelope filled with inert gas having a 
flat transparent end wall, a hollow circular section cup 
shaped cathode within said envelope disposed with the 
periphery of its larger diameter open end adjacent to and 
parallel with said end wall surface, said cathode having 
an open smaller diameter end, a coating of material hav 
ing a low work function on the inner wall surface of 
said cathode, a coating of material having a high work 
function on the outer wall surface of said cathode, an 
anode within said envelope in the form of a wire rod co 
axial with said cathode at a position displaced away from 
said smaller area end in a direction opposite to that of 
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4. 
said end wall of said envelope and a ring-shaped trig 
gering electrode located within said cathode in the im 
mediate vicinity of said smaller open end, said trigger 
ing electrode embracing an area not larger than said 
smaller diameter open end of said cathode whereby the 
trigger discharge between it and said cathode can be 
seen from said anode. 

2. A cold-cathode gas-discharge tube of the relay type 
comprising a tubular glass envelope filled with inert gas 
having a flat transparent end wall, a hollow cup-shaped 
metal cathode within said envelope disposed with the 
periphery of its larger diameter open end adjacent to and 
parallel with said end wall surface, said cathode having 
an open smaller diameter end, a coating of material 
of low work function on the inner wall surface of said 
cathode, a coating of material having a high work func 
tion on the outer wall surface of said cathode, an anode 
within said envelope in the form of a metal rod coaxial 
with the centre of said smaller diameter open end of 
said cathode at a position displaced away from said small 
er area end in a direction opposite to that of said end 
wall of said envelope, an insulating sleeve surrounding 
said anode and a circular ring-shaped triggering electrode 
located within said cathode in the plane of said smaller 
diameter end, said triggering electrode having a diameter 
less than that of said smaller open end of said cathode. 

3. A three-electrode cold-cathode gas-discharge tube for 
use also as an indicator tube comprising an envelope hav 
ing an inert gas filling and a flat transparent end wall, a 
hollow cup-shaped cathode within said envelope disposed 
with the periphery of its larger diameter open end ad 
jacent to and parallel with said end wall surface, said 
cathode having an open smaller diameter end, a coating 
of material having a low work function on the inner wall 
Surface of said cathode, the outer wall surface of said cath 
ode having a higher work function value than said inner 
wall surface, an anode within said envelope in the form 
of a rod coaxial with the centre of said smaller diameter 
open end of said cathode at a position displaced away 
from said smaller open end in a direction opposite to that 
of said end wall of said envelope, an insulating sleeve 
surrounding said anode rod and a ring-shaped triggering 
electrode located just within said cathode in a plane paral 
lel with said Smaller open end, said triggering electrode 
having a diameter not greater than that of said smaller 
open end of said cathode whereby the trigger discharge 
between it and said cathode can be seen from said anode. 
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