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This invention relates to electron discharge de 
vices of the kind having an electrode sensitised 
to be an emitter of photo-electrons or secondary 
electrons (referred to hereinafter generically as 
impact electrons) under the impact of photons 
or bombarding electrons. Devices of this kind 
are hereinafter referred to as Of the kind de 
scribed. The invention relates especially but not 
exclusively to photo-electric devices incorporat 
ing electron multiplying electrodes (or so-called 
dynodes). 
A photo-electric device has been proposed com 

prising a photo-electric cathode deposited on the 
envelope of the device and having a number of 
nickel dynodes within the envelope, the photo 
cathode and the dyn des each comprising a layer 
of antimony and caesium, caesium being intro 
duced after the antimony has been deposited and 
the device being baked during and after the in 
troduction of the caesium in order to cause the 
caesium to react with the antimony. However, 
it is found that with Such photo-electric devices 
the final sensitivity of the photo-Cathode when 
the device has cooled has a low value in com 
parison with the sensitivity when the device is 
hot and also in comparison with the sensitivity 
obtained in photo-electric devices having simi 
lar photo-Cathodes but not incorporating dy 
nodes. As a result of experiment, it appears to 
the applicant that the reduction of sensitivity 
is probably due to the fact that after the afore 
said baking operation the glass envelope. Cools 
much more rapidly than the dynodes and because 
of the temperature difference so established, any 
excess caesium in the tube is deposited preferen 
tially on the photo-cathode with the result that 
the quantity of caesium on the latter may be 
raised above the quantity required for optimum 
photo-sensitivity, said quantity being fairly 
critical. 
A similar effect may arise in other electron 

discharge devices and the present invention 
therefore has general application to such devices, 
and the object of the present invention is to 
reduce or nullify the resultant loss of sensitivity. 
In accordance with the present invention there 

is provided a method of manufacturing electron 
discharge devices of the kind described where 
in said electrode comprises a photo-electrically 
active substance and a metal which have been 
caused to react by heating said device and where 
in a loss of Sensitivity of Said electrode on cooling 
the device relative to the Sensitivity before cool 
ing is nullified or substantially reduced by de 
positing on Said electrode an additional quantity 
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of metal which will react with said photo-elec 
trically active substance. 

In further accordance with the present inven 
tion there is provided a method of manufacturing 
an electron discharge device of the kind described 
wherein Said electrode comprises a photo-cathode 
provided on the envelope of the device and the 
device comprises at least one dynode within the 
envelope, said cathode and said dynode each 
comprising a photo-electrically active substance 
and a metal which have been caused to react by 
heating said device, and wherein a loss of sensi 
tivity of Said cathode on cooling the device rela 
tive to the sensitivity before cooling is nullified 
or Substantially reduced by depositing on said 
cathode an additional quantity of metal which 
will react with said photo-electrically active sub 
stance. 

In order that the invention may be clearly un 
derstood and readily carried into effect, it will 
now be more fully, described with reference to the 
accompanying drawing whereon Figure 1 dia 
grammatically illustrates a photo-electric device 
manufactured by a method according to one ex 
ample of the invention, Figure 2 is a cross-sec 
tional elevation, on an enlarged Scale, of a dynode 
employed in the device illustrated in Figure 1, 
Figure 3 is a plan view of Figure 2, and Figure 4 
is a flow diagram illustrating the process of 
manufacture. 

Referring to the drawing, the device comprises 
a highly evacuated glass envelope having a 
photo-electric cathode 2 comprising a coating 
of antimony and caesium on the inner surface 
of the envelope at one end thereof, and an elec 
trode assembly 3 comprising a focussing elec 
trode 4, a plurality of dynodes 5 and a collecting 
electrode 6, the electrodes 4, 5 and 6 being ar 
ranged at intervals along the axis of the device. 
The focussing electrode 4 comprises a flat ring 
while the collecting electrode comprises a fiat 
disc. The dynodes 5 are all similar and there 
fore some have been omitted for convenience of 
illustration and, as shown in Figures 2 and 3, 
each comprises a coating 4 of antimony and 
caesium provided on a Set of nickel louvres at 
tached at their ends to a centrally apertured 
nickel flange 8. The electrodes 4, 5 and 6 are 
supported in spaced relationship by insulating 
pillars 9 attached at their lower ends to certain 
of the lead-in pins f O of the device. One of the 
pillars 9 also supports at its upper end a con 
tainer ff from which the antimony utilised to 
form the photo-cathode 2 is evaporated during 

55 the manufacture of the device, the container 
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having an aperture 2 facing the surface where 
the photo-cathode is formed. The lead-in pins 

are electrically connected in known manner 
to the electrodes 4, S and , and also to a small 
tungsten coll in the container if so that a cur 
rent can be passed through said coil when it is 
desired to evaporate antimony from the Con 
tainer, the connections being however omitted 
in the drawing for convenience of illustration. 
The photo-cathode 2 is electrically Connected 
to a contact 3 at the top of the envelope . 
The process of manufacture of the device is 

illustrated in Figure 4 and according thereto, 
after positioning the assembly in the envelope f, 
evacuating said envelope and providing a layer of 
antimony (denoted by the symbol Sb in Figure 
4) on the louvres, current is passed through the 
coil in the container i? so as to cause evaporation 
of antimony from a pellet thereof which has pre 
viously been provided in said container, the evapo 
rated antimony being deposited on the area of 
the envelope surface where it is desired to fortin 
the photo-cathode. When the required quantity 
of antimony has been deposited the current sup 
plied to the coil in the container is switched of 
so as to discontinue the evaporation, and sub 
sequently, while baking the device at a temper 
ature between 150° C. and 200° C. caesium is dis 
tilled into the envelope from a side tube to cause 
it to react with the antimony of the photo-cath 
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ode 2 and the dynodes S, the result of the reac 
tion being it is believed the formation of an in 
termetallic compound or alloy of the antimony 
and caesium. The optimum proportion of Caen 
sium to antimony has been found to be about 
three atoms of caesium to one atom of antimony, 
that is, the caesium and antimony are present in 
the compound in substantially stoichiometric pro 
portions. However, during the distillation of the 
Caesiun, some caesium is inevitably deposited on : 
other parts of the device than the surfaces of the 
electrodes which it is desired to sensitise and 
particularly on the marginal flanges 8 of the dy 
nodes, and therefore the quantity of caesium in 
troduced is in excess of that required to give the 
desired proportion. If desired, the flanges 8 may 
be coated with a material which will absorb 
caesium such as colloidal-graphite. After in 
troducing the caesium the baking is continued for 
about 10 minutes, as much as possible of the ex 
cess caesium being removed by pumping. The de 
vice is thereafter allowed to cool to room ten 
perature and it can be observed that the photo 
electric sensitivity of the photo-cathode 2 falls 
during the cooling of the device and eventually 
when the device is cool is only a fraction of the 
sensitivity at the baking temperature. After the 
device is cool an additional very small quantity of 
antimony is evaporated on to the photo-cathode 
2 from the container by passing a current 
through the coil therein, sufficient antimony be 
ing of course provided in the container orig 
inally to allow for this further evaporation. The 
deposition of this additional quantity of anti 
mony on the photo-cathode 2 causes an in 
crease in the sensitivity of the photo-cathode, 
the quantity required being determined experi 
mentally so as to obtain the maximum sensitivity. 
The device may if desired be baked for a short 
time after the additional antimony has been de 
posited, superficial Oxidation of the photo-Cath 
Ode 2 and the dynodes 5 being thereafter effected 
in known manner. 

Devices manufactured in accordance with the 
above described example of the invention have 
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4. 
been found to have photo-cathodes with sensi 
tivities of the order of 50 microamperes per lumen 
of incident light (pua./l.), compared with sensi 
tivities of the order of 20 pla/l. without deposi 
tion of the additional antimony on the photo 
cathode after cooling. During operation of the 
device potentials are applied to the electrodes go 
that in known manner electrons released by light 
incident upon the photo-cathode 2 are accelerated 
to the nearest dynode 5 where they release a 
number of secondary electrons greater than the 
number of incident primary electrons, the sec 
Ondary electrons being accelerated to the next 
dynode is and so on, the electrons being ulti 
mately collected by the collecting electrode B. 

It will be understood that the invention is not 
limited to electron discharge devices employing 
photo-electric or secondary-electron emitting 
lectrodes which comprise antimony and caesium 
since other photo-electrically active substances 
such as the other alkali metals can be used instead 
of caesium, and other metals, for example bis 
muth, which react with the photo-electrically 
active substances can be used instead of anti 
mony. 
What clan is: 
1. A method of producing an electron discharge 

device sensitized to be an emitter of impact elec 
trons, including the steps of depositing metal 
which reacts with alkali metals on a support 
ing surface, exposing the metal deposit on said 
surface to an alkali metal and heating said sur 
face to cause said first metal and said alkali metal 
to react, cooling said surface, and thereafter de 
positing on said surface additional metal which 
reacts with alkali metals to reduce loss of sensi 
tivity on cooling by the emissive coating on said 
surface. 

2. A method of producing an electron discharge 
device sensitized to be an emitter of impact elec 
trons, including the steps of depositing metal 
which forms an intermetallic compound with 
caesium on a supporting surface, exposing the 
metal deposit on said surface to Caesium vapour 
and heating said surface to cause said first metal 
and said caesium to react to form an intermetallic 
compound, cooling said surface, and thereafter 
depositing on said surface additional metal which 
forms an internetallic compound with caesium 
to reduce loss of sensitivity on cooling by the 
emissive coating on said surface. 

3. A method for producing an electron dis 
charge device sensitized to be an emitter of impact 
electrons, including the steps of depositing metal 
selected from the group consisting of antimony 
and bismuth on a supporting surface, exposing 
the metal deposit on said surface to caesium war 
pour and heating said surface to cause said first 
metal and said caesium to react to form an inter 
metallic compound, cooling said surface, and 
thereafter depositing on said surface additional 
metal selected from said group to reduce loss of 
sensitivity on cooling by the emissive coating on 
said surface. 

4. A method of producing an electron dis 
charge device sensitized to be an emitter of in 
pact electrons, including the steps of depositing 
metal which reacts with alkali metals on a sup 
porting surface, exposing the metal deposit on 
said surface to an alkali metal and heating said 
surface to cause said first metal and said alkali 
metal to react, cooling said supporting surface, 
and thereafter depositing on said supporting sur 
face additional metal which reacts with alkali 
metals to cause said additional metal to react 
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with free alkali metal present on said supporting 
surface after cooling thereof, whereby loss of 
sensitivity by the emissive coating formed on 
said supporting surface due to the presence of 
free alkali metal thereon is Substantially re 
duced. 

-5. A method of producing an electron dis 
charge device sensitized to be an emitter of in 
pact electrons, including the steps of depositing 
metal which forms an intermetallic compound 
with caesium on a Supporting Surface, exposing 
the metal deposit on said surface to caesium 
vapour and heating said surface to cause Said 
first metal and said caesium to react to form an 
intermetallic compound, cooling Said Supporting 
surface, and thereafter depositing on said Sur 
face additional metal which reacts with caesium 
to cause said additional metal to react with free 
caesium present on said supporting Surface after 
cooling thereof, whereby loss of Sensitivity by 
the emissive coating formed on said supporting 
surface due to the presence of free caesium there 
On is Substantially reduced. 

6. A method of producing an electron dis 
charge device Sensitized to be an emitter of in 
pact electrons, including the steps of depositing 
metal selected from the group consisting of 
antimony and bismuth On a supporting Surface, 
exposing the metal deposit on Said Surface to 
caesium vapour and heating said surface to 
cause said first metal and said caesium to react 
to form an intermetallic compound, cooling Said 
Supporting surface, and thereafter depositing On 
said supporting surface additional metal selected 
from the group consisting of antimony and bis 
muth to cause said additional metal to react with 
free caesium present on said supporting surface 
after cooling thereof, whereby loss of sensitivity 
by the emissive coating formed on said Support 
ing surface due to the presence of free caesium 
thereon is substantially reduced. 

7. A method of producing a photoelectric cell 
of the multiplier type comprising a photocathode 
on part of the inner surface of the envelope of 
the device and at least one dynode within the 
envelope, including the steps of depositing metal 
which reacts with alkali metal on part of the 
inner Surface of the envelope, depositing metal 
On a metallic Support before depositing alkali 
metal on said envelope surface and said support 
within Said envelope, thereafter exposing the de 
posits to alkali metal and heating the envelope 
to cause the metal deposited on the envelope 
surface and on the metallic support to react with 
the alkali metal, and thereafter cooling said 
envelope and depositing additional metal, which 
reacts with alkali metal on said part of the en 
velope Surface to reduce loss of sensitivity upon 
cooling by the photocathode on the envelope 
Surface. 

8. A method of producing a photoelectric cell 
of the multiplier type comprising a photocathode 
On part of the inner Surface of the envelope of 
the device and at least one dynode within the 
envelope, including the steps of depositing metal 
which forms an intermetallic compound with 
Caesium. On part of the inner surface of the en 
velope, depositing the same kind of metal on a 
metallic support within said envelope, exposing 
the deposits on the envelope surface and on the 
metallic Support to caesium vapour and heating 
the envelope to cause the caesium to react with 
the deposits to form an intermetallic compound 
therewith, cooling said envelope, and thereafter 
depositing additional metal which forms an in 
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termetallic compound with caesium on said part 
of the envelope surface to reduce loss of sen 
sitivity upon cooling by the photocathode formed 
On the envelope surface. 

9. A method of producing a photoelectric cell 
of the multiplier type comprising a photocathode 
on part of the inner surface of the envelope of 
the device and at least one dynode within the 
envelope, including the steps of depositing metal 
selected from the group consisting of antimony 
and bismuth on part of the inner surface of the 
envelope, depositing the same kind of metal on 
a metallic Support within said envelope, expos 
ing the depositS to caesium vapour and heating 
the envelope to cause the deposited metal and 
the caesium to react to form an intermetallic 
compound, cooling Said envelope, and thereafter 
depositing additional metal selected from said 
group On said part of the envelope surface to re 
duce loss of sensitivity upon cooling by the 
photocathode formed on the envelope surface. . 

10. A method of producing a photoelectric cell 
of the multiplier type comprising a photocathode 
on part of the inner surface of the envelope of 
the device and at least one dynode within the 
envelope, including the steps of depositing metal 
Selected from the group consisting of antimony 
and bismuth on part of the inner surface of the 
envelope, depositing the same kind of metal on 
a metallic support within said envelope, exposing 
the deposits to caesium vapour and heating the 
envelope to cause the deposited metal and the 
caesium to react, cooling said envelope, and 
thereafter depositing an additional quantity of 
said first metal on said part of the envelope sur 
face until said first metal and the caesium are 
present on said support in substantially stoichi 
ometric proportions. 

11. A method of producing a photoelectric cell 
of the multiplier type comprising a photocathode 
on part of the inner surface of the envelope of 
the device and at least one dynode within the 
envelope, including the steps of evaporating an 
timony to form layers thereof on part of the 
inner surface of the envelope and on a metallic 
Support, exposing said layers of antimony to 
Caesium vapour and heating the envelope to 
cause the antimony on said layers to react with 
caesium to form an intermetallic compound 
therewith, cooling the envelope, and thereafter 
evaporating additional antimony onto said part 
of the envelope Surface to react with free caesium 
present thereon after cooling of the envelope, 
whereby loss of sensitivity by the photocathode 
formed on said part of the envelope surface due 
to the presence of free caesium thereon is sub 
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stantially reduced. 
12. A method of producing an electron dis 

charge device sensitized to be an emitter of im 
pact electrons, including the steps of depositing 
metal selected from the group consisting of an 
timony and bismuth on a supporting surface, 
exposing the metal deposit on said supporting 
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Surface to caesium vapor and heating said sup 
porting surface to cause said first metal and said 
caesium to react, cooling said supporting surface, 
and thereafter depositing on said supporting sur 
face an additional quantity of said first metal 
until said first metal and said caesium are pres 
ent on said Surface in substantially stoichio 
metric proportions. 

13. A method of producting an electron dis 
charge device sensitized to be an emitter of im 
pact electrons, including the steps of depositing 
metal which reacts with alkali metals on a sup 
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porting surface before 
on said surface, thereafter exposing the metal 
deposition said surface to an alkali metal and 
heating said surface to cause said first metal and 
said alkali metal to react, and thereafter cooling 
said supporting surface and depositing on said 
supporting surface additional metal which re 
acts with alkali metals to reduce loss of sensi 
tivity on cooling by the emissive coating on said 
supporting surface. 

14. A method of producing an electron dis 
charge device sensitized to be an emitter of in 
pact electrons, including the steps of depositing a 
metal selected from the group consisting of an 
timony and bismuth on a supporting surface be 
fore depositing caesium on said surface, there 
after exposing the metal deposit on said surface 
to caesium and heating said surface to cause said 
first metal and said caesium to react, and there 

depositing alkali metal . after cooling said supporting surface and de 
positing on said supporting surface additional 
metal selected from said group to reduce loss of 
Sensitivity on cooling by the emissive coating on 
said supporting surface. 
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