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METHOD OF MANUFACTURINGA RADATION. 
SENSITIVE DEVICE 

Hajo Bruining, Petrus Franciscus Antonius Haans, Paulus 
Philippus Maria Schampers, and Antonius Johannes 
de Rooy, Eindhoven, Netherlands, assignors, by mesne 
assignments, to North American Philips Company, Inc., 
New York, N.Y., a corporation of Delaware 
Application December 24, 1956, Serial No. 630,251 

Claims priority, application Netherlands January 4, 1956 
6 Claims. (Cl. 3.16-20) 

A method of manufacturing television camera tubes 
provided with a photoconductive target electrode is known 
in which the photoconductive layer is applied after the 
electrode system, which comprises inter alia the electron 
gun, has been mounted in the bulb or envelope. In this 
method, the tube is evacuated after the system has been 
mounted and subsequently the photoconductive sub 
stance is deposited from a vapour onto a signal electrode 
provided on the tube window. This deposition from 
vapour is effected by heating a certain amount of radia 
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desirable properties and is thus considered unsatisfactory. 
The present invention relates to a method of the kind 

described of manufacturing an electrical device provided 
with a layer of a radiation-sensitive substance from which 
the atmosphere is excluded, and provides means by which 
the newly produced radiation-sensitive layer is prevented 

O 

from being exposed to the air when the envelope is re 
moved from the evacuation device. The invention is not 
limited to a method of manufacturing high-vacuum tubes 
but may also be used in the manufacture of tubes which 
are provided with a permanent gas filling at a later stage. 
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tion-sensitive, photoconductive substance or its constit 
uents in a side tube which communicates with the envelope 
or in a cup which can be moved from such a side tube to 
a position in front of the window. During the process 
of deposition, all parts of the tube with the exception of 
the signal electrode are maintained at a temperature 
which as far as possible prevents the substance from 
depositing on surfaces other than that of the signal elec 
trode. When the deposition process has been completed, 
the side tube is sealed off. 
The method described has a limitation in that the de 

position of the radiation-sensitive substance is not readily 
controllable and that, owing to the presence of the elec 
trode system, the position of the cup containing the sub 
stance to be deposited cannot be chosen at will. This 
may result in an uneven thickness of the deposited layer 
and frequently the substance to be deposited cannot be 
prevented from precipitating on part of the electrode sys 
tem also, for example on the grid electrode, which is usual 
ly provided in camera tubes having a photoconductive 
target electrode in close proximity to this latter electrode. 
In addition, the sealing off of the side tube results in an 
extension projecting beyond the circumference of the 
tube, which increases the size of the tube and may be 
inconvenient in the operation of the tube. 
A method of manufacturing a television camera tube 

incorporating a radiation-sensitive layer deposited on an 
electrode is known which does not have the disadvantages 
of the above-described method. On the other hand, how 
ever, in this latter method, the vacuum must be inter 
rupted after the deposition of the radiation-sensitive sub 
stance, for in this method an envelope which is open at 
one end is moved over the container of the radiation 
sensitive substance or its constituents, which container is 
connected to an evacuating device, after which the bulb 
is evacuated and the radiation-sensitive substance is de 
posited from vapour on a suitable electrode provided in 
the envelope. After the deposition, the envelope is re 
moved from the evacuation device and mounting of the 
tube is finished, the open end of the envelope being pro 
vided with a sealing member, and the envelope being 
again evacuated simultaneously or subsequently. If the 
tube to be manufactured is provided with an electrode 
system inserted in the envelope, this system is previously 
mounted on the sealing member. Of course, interrupt 
ing the vacuum and thus exposing the newly-deposited ra 
diation-sensitive layer to air has the tendency to impair its 
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The method according to the invention is characterized 
in that, after the deposition of the radiation-sensitive 
substance, the envelope is filled with an inert gas at atmos 
pheric pressure which does not react with the radiation 
sensitive substance, after which the envelope is removed 
from the evacuation device and immediately, substantially 
without the gas being replaced by the air, transferred to 
and connected to a second pipe or tubulation of the same 
or another evacuating device. This second tubulation is 
provided with a sealing member or closure for the enve 
ope, which member may be provided with an electrode 
system to be introduced in the envelope, the envelope 
being subsequently connected to the sealing member in 
a vacuum-tight manner. It should be noted that the term 
"radiation-sensitive layer" as used herein is to be under 
stood to mean a layer the electrical resistance and/or the 
dielectric constant of which can be reversibly varied by 
irradiation with electromagnetic or corpuscular rays or 
which is capable of electron emission. The application 

, of a radiation-sensitive layer by means of cathode sput 
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tering is to be considered as equivalent with deposition 
from vapour and hereinafter references to deposition 
should be read as including cathode sputtering. 

In order to deposit the radiation-sensitive substance 
from vapour, the envelope is preferably connected to the 
evacuating device with its open end downwards, and then 
transferred in this position to the second tubulation, the 
inert gas used being lighter than air. It will be evident 
that the reverse position, i.e. with the open end upwards, 
of the envelope may also be used, in which case the 
inert gas should have a weight equal to or heavier than 
that of air. 

In a preferred embodiment of the method in accord 
ance with the invention, the electrode system is degassed 
before being inserted in the envelope provided with the 
radiation-sensitive layer. In order to prevent the de 
gassed electrode system from being exposed to the air 
during the transfer of the bulb, the system is surrounded 
after degassing with a protective gas at atmospheric pres 
sure, which is substantially not displaced by the ambient 
air during said transfer. To this end, the gas fills a vessel 
which is open at one end and encloses the end of the vacu 
um pipe provided with the sealing member for the enve 
lope and the electrode system. 

In order that the invention may be readily carried out, 
one embodiment thereof will now be described, by way 
of example, with reference to the accompanying drawing, 
in which: 

Fig. 1 is a diagrammatic sectional view of a television 
camera tube provided with a photoconductive electrode 
during a first stage of manufacture, and 

Fig. 2 illustrates a later stage. 
To the open end of an elongated cylindrical glass en 

velope 1 having a flat bottom or window 2 a ground 
glass piece. 4 is fused. The bottom or window 2 of the 
tube is internally provided with a transparent conducting 
electrode 3, which may be a stannic oxide layer. This 
constitutes the signal electrode of the camera tube. The 
electrode 3 is provided with a current supply lead 5 which 
is passed through the wall of the tube 1. 
The tubular envelope 1 is arranged bottom up so that 
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the ground piece 4 fits the end of a vacuum pipe or ex 
haust tubulation 6 which is connected to an evacuating 
device (not shown), which may be the usual exhaust 
pump. The ground glass part 4 provides a hermetically 
tight connection to the pipe 6. Two sturdy current supply 
wires 7 and 8 are passed through the wall of the pipe 
6 so as to extend vertically into the bulb. The ends of 
the current supply wires 7 and 8 are connected to one 
another by a metal heating strip 9, which at its centre car 
ries a small metal cup 10. This cup contains an amount 
of lead monoxide 11, which constitutes the radiation 
sensitive substance. In order to increase the mechanical 
strength of the assembly, the vertical parts of the cur 
rent leads 7 and 8 are surrounded by glass tubes 12 and 
13 which are connected to one another at various points, 
for example at 14. 

Within the tube, there is provided a cylindrical glass 
screen 16 which surrounds the deposition device compris 
ing the wires 7 and 8, the strip 9 and the cup 10. 
The bulb 1 is now evacuated through the pipe 6 at 

this first location illustrated in Fig. 1. An electric cur 
rent is passed through the wires 7 and 8 so that the cup 
10 containing the lead monoxide 11 is heated. As a re 
sult the lead monoxide is deposited from the cup 10 onto 
the electrode 3 so that a layer 15 is formed on this elec 
trode. The cylindrical screen 16 prevents the lead mon 
oxide from precipitating on other points of the bulb wall. 
When the layer 15 has become about 5 microns thick, 

the deposition process is discontinued, and the envelope 
1 is filled through the pipe 6 with pure helium, the pres 
Sure of which is raised until it is equal to the ambient 
pressure. A different inert gas lighter than air and 
not influencing the deposited lead monoxide, such as 
hydrogen or neon, may be used instead of the helium. 
Subsequently, the envelope 1 is removed from the pipe 6, 
and transferred while maintained in a vertical position 
to the end of a second vacuum pipe 20 (Fig. 2), which 
fits within and hermetically seals off the ground piece. 4. 
To this vacuum pipe 20 located at this second location 
illustrated in Fig. 2 there is connected a sealing member 
or closure 21 for the envelope 1, which member 21 is 
provided with or supports an electrode system 22 shown 
diagrammatically only. Lead-in pins 23, which are pro 
vided in the sealing member 21 and are connected to 
the electrodes, are connected electrically and mechani 
cally to separate vertical current wires 24 which are con 
paratively robust and are passed through the wall of the 
pipe 20. By means of these current wires 24 the opera 
tion of the tube can be controlled electrically before it 
is finished. 
The end of the pipe 20 is surrounded by a spacious 

jacket or vessel 25 which is open at the top and is held 
by means which are not shown. This jacket surrounds 
the electrode system 22 and extends above it. The jacket 
25 comprises a length 26 of glass tube which at the lower 
end is provided with a plastic sleeve 27 which may be 
made of polythene. This sleeve is clamped about the 
pipe 20, for example by means of a rubber ring 28. 

Before the envelope 1 is transferred from the vacuum 
pipe 6 to the vacuum pipe 20, the electrode system 22 
is degassed. To this end, an auxiliary envelope which 
is connected to the pipe 20 and may be shaped in a form 
similar to the envelope 1 is placed over this system. This 
auxiliary envelope is evacuated and subsequently the 
electrode system is degassed, for example by means of 
the usual high-frequency heating. After degassing, ar 
gon is introduced into the auxiliary envelope through 
the pipe 20, until the argon pressure is equal to the pres 
sure of the ambient atmosphere. While the argon sup 
ply is continued, the auxiliary envelope used in the de 
gassing process is raised slightly from the end piece of 
the pipe 20-this may be effected by means of a slight 
excess pressure of the argon above atmospheric pressure 
so that the argon flows into the jacket 25 and dis 
places the air contained therein. When the jacket or 
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vessel is entirely or substantially entirely filled with argon, 
the auxiliary envelope is carefully lifted off. Instead of 
argon another inert gas such as nitrogen, krypton or 
xenon may be used. The function of this gasfilling in the 
jacket is to protect the degassed electrode structure 
against coming into contact with the ambient air during 
the transfer of the envelope. As the jacket is arranged 
with the open end upwards, the gas should be at least 
of equal weight as air, preferably heavier. Argon is 
therefore preferred. Subsequently the envelope 1, which 
is filled with helium and provided with a lead monoxide 
layer 15, is transferred in the manner described above 
from the vacuum pipe 6 to the vacuum pipe 20, the 
electrode system 22 being inserted into the envelope 1. 
The envelope 1 is then evacuated through the pipe 20 
and mounting of the tube is finished. In mounting, the 
wall of the envelope 1 is fused to the protruding rim 
of the sealing member 21 in a manner known in the 
manufacture of electron tubes having no exhaust tube. 
Owing to the protective helium atmosphere in the en 

velope 1, the newly formed lead monoxide layer 15 is 
not exposed to the air during the transfer to the pipe 
20, while owing to the argon atmosphere within the 
jacket 25, the previously degassed electrode system 22 
does not come into contact with the air either. Thus, 
the lead monoxide layer 15, which forms the photocon 
ductive target electrode of the television camera tube 
to be produced, cannot absorb constituents from the air 
to thus alter its characteristics, which might have a detri 
mental effect upon its operation. 

It has been found that the properties of television 
camera tubes manufactured in the above-described man 
ner are always satisfactory. The fact that the electrode 
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system is degassed outside the tube to be manufactured, 
which is made possible by the use of an atmosphere 
protecting this system, eliminates the need for the sys 
tem to be degassed at a later stage during which the tar 
get electrode 15 might still be adversely affected. 
What is claimed is: 
1. A method of manufacturing a radiation-sensitive 

electrical device, comprising providing in an envelope 
open at one end a layer of radiation-sensitive material 
whose characteristics may be altered by exposure to the at 
mosphere, thereafter filling the envelope with an inert gas, 
thereafter transferring the gas-filled envelope, in a position 
preventing substantial displacement of the inert gas, to 
a location at which a closure may be sealed to the open 
end of the envelope, and sealing the closure to the en 
velope, whereby the inert gas protects the radiation 
sensitive layer from exposure to the atmosphere during 
the transfer step. 

2. A method of manufacturing a radiation-sensitive 
electrical device, comprising providing an envelope open 
at one end at a first location at which the envelope may 
be evacuated and a radiation-sensitive material provided 
therein, evacuating the envelope at said first location and 
vapor-depositing in said envelope a layer of radiation 
sensitive material whose characteristics may be altered 
by exposure to the atmosphere, thereafter filling the 
evacuated envelope with an inert gas approximately at 
atmospheric pressure, thereafter transferring the gas 
filled envelope, in a position preventing substantial dis 
placement of the inert gas, to a second location at which 
the envelope may be evacuated and a closure sealed to 
the open end of the envelope, and, at the second location, 
evacuating the envelope and sealing the closure to the 
envelope, whereby the inert gas protects the radiation 
sensitive layer from exposure to the atmosphere during 
the transfer step. 

3. A method of manufacturing a radiation-sensitive 
electrical device, comprising providing, at a first loca 
tion, in an envelope open at one end a layer of radia 
tion-sensitive material whose characteristics may be al 
tered by exposure to the atmosphere, thereafter filling 



2,882,117 
5 

the envelope with an inert gas; providing at a second 
location within a vessel having an open end a closure 
supporting an electrode systein, thereafter degassing the 
electrode system at the second location, thereafter filling 
the vessel with an inert gas that is not substantially dis 
placed by the atmosphere to protect the electrode sys 
tem against contamination; transferring the gas-filled en 
velope, in a position preventing substantial displacement 
of its inert gas, from the first location to the second loca 
tion and placing same within the vessel and over the 
electrode system and closure, and sealing the closure 
to the open end of the envelope, whereby the inert gas 
protects the radiation-sensitive layer from exposure to 
the atmosphere during the transfer step. 

4. A method of manufacturing a radiation-sensitive 
electrical device, comprising providing at a first location 
and in a vertical position an envelope open at its down 
wardly-facing end, evacuating the envelope at said first 
location and vapor-depositing in said envelope a layer of 
radiation-sensitive material whose characteristics may be 
altered by exposure to the atmosphere, thereafter filling 
the evacuated envelope with an inert gas lighter than air 
and approximately at atmospheric pressure, thereafter 
transferring the gas-filled envelope, while maintaining 
it in its vertical position preventing substantial displace 
ment of the inert gas, to a second location at which the 
envelope may be evacuated and a closure sealed to the 
open end of the envelope, and, at the second location, 
evacuating the envelope and sealing the closure to the 
envelope, whereby the inert gas protects the radiation 
sensitive layer from exposure to the atmosphere during 
the transfer step. 

5. A method of manufacturing a radiation-sensitive 
electrical device, comprising providing at a first location 
and in a vertical position an envelope open at its up 
wardly-facing end, evacuating the envelope at said first 
location and vapor-depositing in said envelope a layer 
of radiation-sensitive material whose characteristics may 
be altered by exposure to the atmosphere, thereafter fill 
ing the evacuated envelope with an inert gas heavier than 
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air and approximately at atmospheric pressure, there 
after transferring the gas-filled envelope, while maintain 
ing it in its vertical position preventing substantial dis 
placement of the inert gas, to a second location at which 
the envelope may be evacuated and a closure sealed to 
the open end of the envelope, and, at the second location, 
evacuating the envelope and sealing the closure to the 
envelope, whereby the inert gas protects the radiation 
sensitive layer from exposure to the atmosphere during 
the transfer step. 

6. A method of manufacturing a radiation-sensitive 
electrical device, comprising providing at a first location 
and in a vertical position an envelope open at its down 
wardly-facing end, thereafter evacuating the envelope at 
said first location and vapor-depositing in said envelope 
a layer of radiation-sensitive material whose character 
istics may be altered by exposure to the atmosphere, 
thereafter filling the envelope with a first inert gas lighter 
than air and approximately at atmospheric pressure; pro 
viding at a second location within a vessel having a closed 
bottom and an upwardly-facing open end a closure sup 
porting an electrode system, thereafter degassing the 
electrode system at the second location, thereafter filling 
the vessel with a second inert gas heavier than air so that 
it remains within the vessel and protects the electrode 
system against contamination; transferring the gas-filled 
envelope, while maintaining it in its vertical position pre 
venting substantial displacement of the first inert gas, to 
the second location and placing same within the vessel 
and over the electrode system and closure, and thereafter, 
at the second location, evacuating the envelope and heat 
sealing the closure to the open end of the envelope, where 
by the first inert gas protects the radiation-sensitive layer 
from exposure to the atmosphere during the transfer 
Step. 
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