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This invention relates to electron discharge 

devices comprising a thermionic cathode, and the 
invention is especially applicable to electron mull 
tipliers having one or more secondary cathodes, 
together With a collector or anode. Certain ob 
jects of the invention are to provide a more rigid 
mounting for the cathode so as to prevent ob 
jectionable vibrations and to provide means by 
which the electron stream is appropriately di 
rected. 
According to the present invention an electron 

discharge device is characterised in that one or 
more of the electrodes is or are located within a 
housing formed from refractory insulating ma 
terial, which housing is provided with an aper 
ture arranged to permit the electron stream to 
flow in a required direction. Preferably, said 
housing is formed by two insulating members 
having flat opposed faces, at least one of which 
is formed with a recess or recesses for locating : 
said electrode or electrodes and means for clamp 
ing said insulating members together with or 
without intervening spacing members. 

In the case where two electrodes are housed 
between the insulating members they are spaced 
the required distance apart by means which hold 
them against appropriate faces on either or both 
said members. For example, means may be pro 
vided for resiliently pressing the two electrodes 
respectively against the faces on the two insu 
lating members. Thus, the distance apart of the 
two electrodes may be adjusted by adjusting the 
distance apart of the two insulating members. 

Alternatively, both said electrodes may be re 
siliently pressed against faces on one and the 
same insulating member. In this instance the 
Spacing apart of the two electrodes may be ef 
fected by appropriately designing those parts 
thereof which abut against the faces. Prefer 
ably, the faces on the insulating member are co 
planar which facilitates the manufacture thereof. 
The above construction is particularly suitable 

for housing a thermionic cathode which is so lo 
cated as to extend across the aforesaid opening. 
The direction of the beam of electrons produced 
by the cathode may thus be determined by the 
position of the opening in the insulating mem. 
ber and stray emission is prevented 

In the case where a grid is housed between the 
insulating members it may comprise two side 
frame members between which grid wires extend 
and means are provided for locating said grid 
both axially and laterally with respect to the 
walls of the housing, for example, grooves may 
be provided in one or both said insulating men 
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bers for accommodating said side frame members 
of the grid, which grooves may be spaced away 
from either side of a recess for accommodating 
another electrode. - 

Spring means may be connected between said 
side frame members of the grid to maintain the 
grid wires taut, and at least one of the grooves 
may be arranged to permit relative lateral move 
ment between a side frame member and the in 
sulating members When the insulating members 
are clamped together. For example, one of said 
grooves is arranged to prevent lateral displace 
ment of a side frame member which it engages, 
whereas the other groove is of greater width than 
the side member, thus permitting the two side 
members to spread apart due to heat expansion, 
Qr to compensate for differences in manufac 
ture. ... 

The aforesaid spring means may comprise flex 
ible arched connecting members secured between 
the grid frame members and arranged to abut 
against a face on one of said insulating members 
and in addition to spreading apart of the side 
frame members when the insulating members are 
clamped together will also resiliently press the 
side frame members against their locating faces. 
With this arrangement means are provided for 
preventing the insulating members from clamp 
ing at least the member in the wider groove. 
The thermionic cathode may comprise a tubu 

lar metal electrode through which extends a 
heater, while a recess in one of said insulating 
members is so shaped as to support the end of 
the tubular member while leaving a gap along 
each side thereof to reduce the conduction of 
heat from the cathode to the insulating member. 

Alternatively, the thermionic cathode - may 
comprise a flat plate arranged to close a recess 
in one of said insulating members, in which re 
cess is located a heater. 
A resilient bed of refractory material, such as 

asbestOS fibre, may be arranged in said recess 
for preventing vibration of the heating element 
and for holding it in resilient contact with said 
cathcde plate: 
In any of the arrangements referred to above 

grooves may be formed in one or both of said 
insulating members for accommodating lead-in 
Wires for said electrode or electrodes, which 
grooves are arranged to shield said wires from 
the electron stream. 
The invention is also applicable to a thermionic 

electron discharge device in which a thermionic 
cathode has a grid and anode on each side 
thereof. In such an arrangement there is housed 
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between the two insulating members, said thermi 
onic cathode and a grid disposed on each side 
thereof, and each Said insulating member is pro 
vided with an aperture for the electron stream. 

In applying the invention to an electron multi 
plier, the housing for the thermionic cathode and 
grid is, together with the other electrodes, 
mounted on insulating rods as set out in the 
specification of U. S. Patent application No. 
438,503. 
The following is a description of the invention 

applied to an electron multiplier, reference being 
made to the accompanying drawings, in which 

Figure 1 is a side elevation of the multiplier; 
Figure 2 is a view of the inner face of one of 

the insulating members; 
Figure 3 is a view of the inner face of the 

other insulating member; 
Figure 4 is a cross-section through the centre 

part of the tWO insulating members showing the 
cathode and grid in position; 

- Figure 5 is a cross-section through an alterna 
tive arrangement of the electrodes between the 
insulating members; 

Figure 6 is a cross-section through yet a fur 
ther alternative arrangement of electrodes be 
tween the insulating members; 

Figure 7 is a cross-section through two sim 
ilar insulating members which house a grid dis 
posed on each side of a cathode, and 

Figure 8 is a face view of one of the insulat 
ing members. 

Referring to Figures 1 to 3, the primary cath 
ode 0, its heater if and a control grid 2 are 
housed between two insulating members 3 and 
4 which are in the form of plates of approxi 
mately rectangular form and constructed of a 
refractory insulating material such as that known 
under the registered trade mark "Steatite.' The 
plate 3 has a slightly raised portion 5 at its 
centre on the inner face thereof, which central 
portion is provided with an extension to one 
edge of the plate. The Surface Of this raised por 
tion is ground flat. In the centre of the raised 
portion there is an elongated recess 8 in line 
With the aforesaid extension 7 and also in line 
With two grooves 9 and 29 formed in the exten 
sion between the recess and the edge of the plate. 
The width of the recess 8 is smaller at its ends 
than at its centre and these smaller ends are 
arranged to locate the primary Cathode in the 
recess. The primary cathode IO comprises a rec 
tangular tubular element as best seen in Figure 
4, within which is located the heating element it 
in the form of a zig-zag heating wire. The leads 
2 and 22 for the heating element are a CCOm 
modated in the aforesaid grooves 9 and 20. At 
the bottom and at each end of the recess 8 is a 
small cylindrical depression 23 for accommodat 
ing a resilient element, such as a plug of asbestos 
24, for pressing the primary cathode into engage 
ment with the other plate 4. The plate 3 has 
also two holes 25 and 26 extending through it for 
the passage of leads 27 to the cathode tube. These 
holes are arranged at opposite ends of the recess 
f8 at locations where the recess changes from its 
wider to narrower width. There are also formed 
in the raised central portion of the inner face of 
the plate 3 two grooves 28 and 29 for receiving 
the side frame members 30 between which the grid 
Wires 3 extend, i?hese grooves extend to the 
edge of the raised portion on the opposite side 
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to the aforesaid extension f7 and one or both of . 
the frame members 30 is or are connected by a 
lead 32 to a conductor 66. The walls 33 thus s 

2,878,164. 
provided between the recess 8 and the grooves 
28 and 29 operate to heat-insulate the grid side 
frame members from the cathode. 
The centre part of the inner face of the other 

insulating plate 4 is also provided with a raised 
portion 34 and an extension 35 extending up to 
one edge of the plate, which raised portion and 
extension are arranged to lie closely adjacent the 
corresponding raised portion and extension on the 
other plate. A shallow circular recess 36 is pro 
vided at the centre of the raised portion 34 which 
circular receSS is of Such a size as not wholly 
to cover the recess 8 in the other plate and so 
as to leave localities 3 on the flat raised portion 
which will engage and support the ends of the 
cathode 0, and which form abutments against 
which the cathode is held by the aforesaid re 
silient plug 24. 
As will be seen from Figure 4, the grid-wires 

3 are disposed close to the botton of the recess 
36 and the side frame members 30 are located in 
the grooves 38 and 39 in the plate 4, similar 
to the grooves 28 and 29 in the other plate. A 
hole 40 is formed through the plate 4 at the 
centre of the recess 36, and, as seen from Figure 
4, is of tapering form, so that the diameter of the 
hole on the outside of the plate is larger than 
that on the inside of the plate. The depth of 
the grooves 29 and 39 may be such as to clamp 
the grid wire 30 which they receive, whereas the 
depth of the grooves 28 and 38 are such as to 
permit lateral movement of the side frame mem 
ber 30 accommodated in them, whereby latitude 
is allowed for differences in manufacture and also 
the frame can expand when heated. 

In the alternative folm of construction shown 
in Figure 5 the primary Cathode is in the form 
of a plate 4. Which is arranged to close a recess 
42 on the inner side of the plate 3, which plate, 
apart from this respect, is entirely flat over the 
whole of its surface. The cathode plate is re 
tained in position by means of the resilient pads 
24 of asbestos fibre which in this instance are 
arranged in shallow recesses formed in the plate 
f4 at either end of the aperture 40. The cathode 
plate may be provided at its ends with inturned 
flanges 6 which locate the plate in the recess and 
increase the area of the plate which is subjected 
to the radiation of the heater. Alternatively, or 
additionally, flanges may be provided along the 
sides of the plate. The walls of the recess may 
be undercut and the flanges sprung into position, 
in which case the resilient pads 24 may be un 
necessary. Electrical connection with the plate 
may be made by One or more leads (not shown) 
Secured to said flanges and passing through holes 
in the bottom of the recess. The heater may 
comprise insulated heating wires in known man 
ner which are pressed against the plate by a re 
silient bed of asbestos fibre 8 disposed in the 
recess. The side frame members 30 of the grid 
contact only with the insulating member 4 and 
are accommodated in the grooves 38 and 39 in 
that member. They are maintained in said 
grooves by an arched flexible spring member 44 
secured between each end of the side frame mem 
bers 30 and contacting with the upper insulating 
member 3, which spring member has the addi 
tional function of maintaining the grid wires 3 
taut, AS indicated above, the Cathode plate 4 
is maintained in contact with the upper insulat 
ing member 3 by the resilient pad 24. Thus, the 
distance at which the grid and cathode plate are 
spaced apart is determined by the distance in 
which the insulating members 3 and 4 are 
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spaced apart, and this may be controlled by a 
spacing Washer 8 disposed between the two 
members. 
The arrangement shown in Figure 6 differs 

from that last described above in that both the 
cathode plate and the grid frame are located 
from one and the same fiat face 7 on the upper 
insulating member 3. For this purpose the 
spring member 4? is arched the other way to that 
Shown in Figure 5 and abuts against the lower 
insulating menaber 4. The side frame member 
30 is still located against lateral movement by the 
groove 39 in the lower insulating member 4. 

In the alternative construction shown in Fig. 
lures 7 and 8, the tubular primary cathode 6 has 
a grid frame 30 arranged on each side thereof, 
and in this case the tWo plates 3 and 4 are 
similarly constructed. As seen in Figure 8, they 
are each provided with a rectangular recess N3 
which is of Sufficient width to accommodate the 
grid frame. At each end of the receSS there is 
a portion 44 which is of lessel depth and lesser 
width, which portions are arranged to accom 
modate the ends of the primary cathode. Both 
the bottom of the recess and the face of the 
upraised portion 45 of the piate are provided 
with grooves 46, and 4 for accommodating the 
side frame , members 30 of the grid. Those por 
tions of the groove which lie Within the recess are 
thus necessarily shallower than those portions 
Ywhich extend across the face of the upraised por - 
tion 45. As in the previous construction, the 
groove 48 is wider than the groove 4. As will 
be seen from Figure 7, the two grid frames are 
maintained apart and pressed on to the bottorn 
of their grooves by resilient members 48. Each 
of the plates is provided with a circular taper. 
ing aperture 49. The primary cathode is gripped 
between the two plates which at the points of 
gripping is provided with resilient pads (inct 
shown) and the grid frames are resiliently 
clamped together. 

In all the arrangements referred to above, 
each plate may be provided at its four corner's 
with bosses 50 which are provided With holes 5 
for receiving clamping bolts 9, by means of Which 
the two plates are clamped together. The coin 
plete electrode assembly of the electron multi 
plier is built up on these four bolts which are 
formed from an insulating naterial Such as 
"Steatite,' as described in the Specification of 
U. S. Patent application No. 438,503. 
As will be seen in Figure 1, the collector elec 

trode 5, the secondary cathodes 52 and acceler 
ator 53 are all of disc-like form having lugs With 
holes therein for assembling on these bolts. The 
bolts are provided with heads 54 at One eind pro 
viding shoulders on which a final Secondary cath 
ode 55 rests. Each of the secondary cathodes and 
the collector has a perforated plate 6i Spaced 
away and connected to it. The various electrodes 
are spaced apart by "Steatite' washer's 56 which 
encircle said bolts and the whole assemblage of 
electrodes is clamped together by nuts 5 also 
formed of 'Steatite' and which encircle the 
threaded ends of the bolts. The four bolts are 
carried by metal pins 58 which are inset in the 
heads 54 and which pass through and are Sealed 
in the disc-seal 59. Also as will be seen from Fig 
ure 1, various other leading in Wires 62 pass 
through this disc-seal and are connected by clips 
63 to the various conductors 64 which are in their 
turn connected by leads with the electrodes. The whole assemblage is housed in an envelope G0 
which is secured to said disc-seal. Lead-in wires 
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65 and 66 are sealed in the other end of the en 
velope and are connected respectively to the leads 
27 and 32 for the cathode and grid. 
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In the event of a gap being formed, e. g. by 
washers 8a (Fig. 5) between the two insulating 
plates this gap may be closed by a compressible 
packing (not shown) such as an asbestos cord lo 
cated in a groove (not shown) around the raised 
portion of one or both plates; alternatively, one 
of the plates may be formed With a lip (not 
shown) around the cathode and grid and the 
plate With a part (not shown) fitting into this 
lip. To assist the directing of the electrons 
emitted by the primary cathode the wall of the 
hole in the cover plate may be glazed or may 
have a metallic coating arranged to have a suit 
able electric potential with respect to the cath 
ode. Furthermore, the outer surface of the mem 
ber may have a more extensive conductive coat 
ing for use at cathode potential in order to coin 
trol the field distribution in the neighbourhood 
of the cathode. 

It is to be understood that the construction 
and arrangement of the primary cathode with or 
without a control grid between insulating mem 
bers according to this invention is applicable to 
thermionic devices other thairn electron multi 
pliers, for example to thermionic valves, especial 
ly those of the beam-power type and also to cath 
ode-ray tubes. Furthermore, the insulating 
members may have more than one opening for 
the electron emission to provide different elec 
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tron streams for use in conjunction with differ 
ent groups of other electrodes. 
We claim: . 
1. An electron discharge device comprising two 

refractory insulating members having Opposed 
faces one of which is formed with a recess said 
members forming between them a housing hav 
ing an opening for the passage of elections, two . 
electrodes located between said members in Said 
housing, locating faces on said insulating nein 
bers spacing said electrodes the required distance 
apart, means pressing the two electrodes respec 
tively against the faces of the tWO insulating 
linembers, and means seculing said insulating 
members together. 

2. An electron discharge device comprising two 
refractory insulating members having Opposed 
faces one of which is formed With a receSS Said 
members forming between them a housing hav 
ing an opening for the passage of electrons, two 
electrodes located between said members in said 
housing, locating faces on said insulating mem 
bers spacing said electrodes the required distance 
apart, and means resiliently pressing said elec 
trodes against one and the same insulating mem 
ber. 

3. An electron discharge device comprising two 
refractory insulating members having opposed 
faces, one of which is formed with a recess Said 
members forming between them a housing having 
an opening for the passage of electrons, two elec 
trodes located in said housing and completely 
surrounded by refractory surfaces thereof except 
at said opening, locating faces on said insulating 
members spacing said electrodes the required dis 
tance apart, and means resiliently pressing said 
electrodes against coplanar faces on one and the 
same insulating member. 

4. An electron discharge device comprising two 
refractory insulating members having opposed 
faces, one of which is formed with a recess said 
members forming between them a housing for 
the passage of electrons, and a grid in said hous 
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ber of plate-like electrodes, two plate-like re 
fractory members having opposed faces providing 
a recess and an opening leading into the said re 
cess, a cathode and heater and control grid lo 
cated in said recess said control grid being dis 
posed between the cathode and said opening, 
clamping means extending through said plate 
like electrodes and said plate-like members and 
holding them together and a plurality of sec 

5 
ondary cathodes supported by said clamping 
means opposite said opening, an envelope enclos 
ing said electrodes and refractory members, and 
means attaching said clamping means to said 

5 envelope. 
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