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This invention relates to light-sensitive devices, 
and more particularly to large photoelectric tubes 
for television systems. 
In the manufacture of commercial photoelec 

tric tubes it is customary to form a layer of light 
Sensitive material by distillation on the inner 
Surface of the wall of the tube to act as the 
Cathode and to arrange an anode centrally with 
in the tube. Such tubes have heretofore been of 
Coinparatively Small size, usually not more than 
1/2 inches in diameter. For a disclosure of this 
type of tube the reader is referred to an article 
entitled, "The alkali metal photoelectric cell' by 
Herbert E. Ives in the Bell System Technical 
Journal, Wolume V, April, 1926. 
When an attempt was made by the present in 

Ventor to increase the size of light-sensitive tubes 
of the type just mentioned for the purpose of in 
Creasing their sensitivity, it was found impossible 
to obtain a continuous opaque coating by dis 
tillation Such as had been obtained in the small 
tubes. 
The present invention is the outgrowth of a re 

Search into the causes of this failure and the 
practicability of obtaining large light-sensitive 
tubes. It pertains both to the method of ob 
taining a coating of light-sensitive material and 
to the structure of light-sensitive tubes, and al 
though particularly applicable to tubes of large 
Size, is applicable also to tubes of small size. 
In accordance with the invention the deposit 

of light-sensitive material is obtained by provid 
ing a Specially or critically positioned auxiliary 
member or surface within the tube and first ob 
taining a deposit thereupon, which deposit is later 
revaporized and redeposited upon the inner sur 
face of the Outer walls of the tube. The preferred 
form of tube is cylindrical in shape, a foot or 
more in length and at least several inches in 

The auxiliary member takes the form 
of a reentran, tubular stem extending along the 
major axis of the cylinder, closed at the end pro 
jecting within the tube and open at the other 
end to receive either a heating element or a cool 
ing medium. The anode is in the form of a wire 
helix Surrounding the reentrant stem and held 
firmly in place thereby, so as to prevent it from 
vibrating either as a whole or in segments. The 
reentrant stem is transparent and of small diam 
eter So as to offer little obsruction to incident 
light when the tube is in use. The tube window, 
which preferably extends the full length of, and 
halfway around the tube, is produced by applying 
a moderate amount of heat to one side of the 
Outer Wall by "flaming' it with a point flame so 

(C. 250-27.5) 

as to cause the light-sensitive coating to flow 
back upon itself without being vaporized. 
The following is a detailed description of the 

preferred for in of the invention, prefaced by a 
brief description of the method heretofore used. 

Fig. 1 of the drawing illustrates the arrange 
ment for the preliminary step in the formation 
of the light-sensitive coating in the tube accord 
ing to the invention. 

Fig. 2 shows the arrangement of apparatus for 

inside surface of the outer wall of the tube. 
Fig. 3 illustrates a light-sensitive the made 

in accordance with the invention with a portion 
broken away to show the detailed construction. 

Heretofore it has been the practice to obtain 
the coating of light-sensitive material in the tube 
by connecting the bulb, which is to form the tube, 
to a vacuum pump and also to a container of va 
por of the light-sensitive substance. The vapor 
is produced in this container, which contains a 
Supply of the light-sensitive material, by the ap 
plication of heat thereto. Meanwhile the Walls 
of the tube are maintained at room temperature, 
which is below the solidifying temperature of the 
Vapor. The pressure is maintained so low that 
the mean free path of the molecules is large con 
pared with the size of the tube, so that the vapor 
entering the tube.continues to move in the direc 
tion in which it enters until it strikes the wall 
opposite the entrance, where a large part of it is 
deposited by being condensed and Solidified. The 
vapor entrance is then closed and a heating me 

the final step of transferring the coating to the 
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dium is substituted for the cooling medium upon . 
the portion of the tube Wall which carries the 
deposit, the other portion of the tube wall upon 
which it is desired to have a coating being mean 
while kept cold. The heating is ordinarily ac 
complished with a flame which is applied upon 
and around the spot where the deposit is formed 
until the latter has been revaporized and recon 
densed where desired. If a deposit occurs else 
where in the tube where it is not Wanted the 
flame is applied to that portion in the same man 
e. 

The tubes heretofore made have been small, as 
stated above. It was desired to increase the sen 
sitivity of such tubes by making them many times 
larger, with the idea of thus bringing practical 
television One Step nearer. Consideration Was 
then given to the form a large tube should take. 
It was decided that cylindrical tubes several 
inches in diameter and with a length several 
times the diameter would not only be well suited 
for use in television Systems but would be prac 
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tical from the points of view of cost, ability to 
withstand atmospheric pressure, and ruggedness. 
However, when it was attempted to deposit a 
coating of light-sensitive material upon the inner 
surface of the wall of such a tube by the usual 
process it was found impossible to obtain a Con 
tinuous opaque coating such as had been ob 
tained in the Small tubes. This failure seemed 
to be due to the size of the container or its tubul 
lar shape or both. It was subsequently discow 
ered that when a specially positioned auxiliary 
member or surface is provided within the tube a 
deposit can readily be made upon it, which de 
posit can be revaporized and recondensed on the 
inner surface of the outer wall, and that the most 
suitable location for this auxiliary body or Sur 
face is along a major axis of the tube. . 
The invention also utilizes the auxiliary men 

ber as a support for the anode when the member 
is so positioned that this can be done. 
The invention goes further than this in using 

a centrally located tubular member, preferably 
of transparent material, as a support for the 
anode whether or not such member is also used 
for the purpose set forth above. It has been dis 
covered that such an arrangement is a marked 
improvement over light-sensitive tubes hereto 
fore manufactured. It does away with vibra 
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tions which have caused much trouble in the de 
velopment of television and does this without 
undue light obstruction. 

Referring to Fig.1, the photoelectric tube com 
prises a cylindrical enclosing vessel 10 of vitreous 
material having a hollow reentrant stem 11 ex 
tending, centrally within the vessel substantially 
the full length thereof. The enclosing vessel and 
hollow stem are preferably made of pyrex. glass 
because it is highly resistant to corrosion by po 
tassium during the distillation stages. An elec 
trode or anode 12 in the form of a wire helix sur 
rounds the central stem 11, the adjacent turns of 
the helix being short-circuited by the wire 13 in 
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tersecting the turns. One end of the helix 12, is 
sealed through the enclosing vessel adjacent the 
hollow stem to form the leading-in wire for the 
anode 12. A leading-in wire 14 is sealed into the 
cylindrical wall of the vessel 10, the inner end of 
which is bent to lie along the inner surface of 
the vessel. A continuous coating of a light-sen 
sitive material is formed on the inner surface of 
the vessel, by a method to be hereinafter de 
scribed, and forms the light-sensitive electrode or 
cathode of the photoelectric tube. This arrange 
ment forms a light-sensitive tube of rigid con 
struction in which distortion due to vibration of 
the central electrode is eliminated and the helical 
anode causes very little obstruction to incoming 
light rays. Furthermore, the capacitance of the 
tube is kept at a minimum. 

Preparatory to the formation of the light 
Sensitive coating, the assembled tube structure 
is connected to a pumping system by the tubula 
tion, 15. A glass tube 16, preferably of pyrex 
glass, is connected to one side of the enclosing 
vessel 10 as shown in Fig. 1. This tube is pro 
vided with a plurality of constricted portions 17 
to form a series of bulbs between a gas chamber 
(not shown) and the interior of the vessel 10. 

sel 10 in sufficient quantity to subsequently form 

1942,501 
sium is introduced into the receptacle 19 and 
sealed therein. The potassium is heated in the . 
receptacle 19 by any suitable means, as for in 
stance, by a burner 21, to distill it into the bulb 
18. The potassium deposited in the bulb 18 is 
then redistilled into the series of bulbs formed 
by the constricted portions 17 in the glass tube 
16, to eliminate impurities, in the usual manner. 
The potassium is then redistilled into the ves 
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a continuous opaque coating on the inner Sur 
face of the vessel. The vessel 10 during this 
stage is maintained at room temperature, and 
a flame may be played upon the walls where 
deposition is greatest. However, the "flaming' 
may be postponed until after the vapor has been 
condensed. As the result of the condensing and . 
flaming, a deposit is formed on various portions 
of the tube wall and the central stem and elec 
trode 12, the greater amount being formed in a 95 
pool at the lower end of the tube. This com 
pletes the preliminary step in distilling the 
potassium into the tube 10. - 
A suitable cooling fluid, preferably liquid air, 

is poured into the hollow stem 11 and the cylin 
drical surface of the tube iO is heated by Suit 
able means, as by “flaming', to vaporize the 
potassium on the inner surface of the tube. The 
potassium vapor is condensed on the cooled Sur 
face of the stem 11 and the electrode 12. This 105 
heating and cooling is continued until all the 
potassium is deposited on the central stem and 
electrode. The cooling medium is then removed 
from the central stem 11 and the vessel and cen 
tral stem are allowed to return to room tempera- 10 
ture. Fig. 2 shows the potassium coating 22 on 
the stem and electrode 12. After the tube has 
cooled to room temperature, a double walled re 
ceptacle 23 is placed around the vessel 10 and 
filled with a cooling liquid 24, such as liquid air. 115 
A heater element 25 is inserted in the hollow 
stem 11, to vaporize the coating 22 on the. stem. 
11 and electrode 12. The vapor then condenses 
on the cooled inner wall of the vessel 10 and this 
heating and cooling is continued until all the 120 
potassium is redistilled from the stem 11 and 
electrode 12 and deposited on the inner wall of 
the vessel. The heater element 25 is then re- . . 
moved from the hollow stem 11, and the vessel 
23 containing the cooling medium is removed 125 
from the outside of the vessel 10. 
The next step is the removal of a portion of 

the light-sensitive coating to form a window. 
In the manufacture of small tubes this has been 
accomplished by “flaming' the surface of the 130 
vessel where it is desired to remove the coating, 
the heat being sufficient to vaporize all the coat 
ing which it is desired to remove. This vapor 
forms an additional coating on the remainder 
of the inner surface of the tube by condensation. 
This method is not suited, however, to the case 
in hand when a reentrant stem or auxiliary 
tubular member of transparent material upon 
which an open-work anode is mounted, is en 
ployed. This is for the reason that light from a 
the window passes through the transparent re 
entrant stem or tubular member thus prevent 
ing a shadow being cast and the Sensitivity of 
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A larger bulb 18 intermediate the ends of the the tube lowered. If the window were produced 
tube 16 is connected to a receptacle 19 in which 
is placed a portion of glass tube 20 containing 
a light-sensitive material, such as potassium, 
or other alkali metal. The potassium is pre 
viously purified and sealed in long glass tubes 
and a portion of the tube containing the potas 

by vaporizing the light-sensitive material, an is 
opaque coating would be formed on the walls 
of the stem, unless this element Were main 
tained hot while the window is being formed, 
which is inconvenient. Moreover, when the area 
of the window is large compared to the total area 50 
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1942,501 
of the tube wall it is difficult to maintain all of . 
the Window area at the desired high tempera 
ture and the remainder of the wall at the desired 
low temperature. The window must, of course, 
be made after the tube has been removed from 
the liquid air bath. 
To overcome these difficulties the following 

method has been evolved. The tube, which is in 
a vertical position on the pump to permit easy 
application of the liquid air bath, is changed into 
a horizontal position by softening the neck of the 
supporting glass tube 15 and twisting the tube into 
the desired position. A point flame is then played 
upon the tube wall along a horizontal line near 
the top of the tube, this flame being allowed 
to remain in one place Only long enough to melt 
the potassium without vaporizing it. The melted 
potassium flows downward a short distance ad 
hering to the tube wall and then solidifies. The 
point flame is then played back and forth with 
a steady downward progression until the window 
is of the desired size. The potassium which has 
been melted during the process ultimately forms 
a ridge or a coating of greater thickness along the 
bottom of the window. The window preferably 
extends nearly the full length of the tube, and 
half way around it. 
The tube is then completed in a well known 

manner by Subjecting the potassium coating to a 
glow discharge in an atmosphere of hydrogen, 
then replacing the hydrogen by an inert gas, such 
as argon, neon or helium, and subsequently seal 
ing off the tubulation 15 and distillation tube 6. 
The tube is then in the completed form as shown 
in Fig. 3. 
By this method it is possible to construct photo 

electric tubes having a light-sensitive opaque 
continuous coating over the full length of the 
tube and of relatively large size compared with 
the usual spherical type of photoelectric tubehav 
ing a diameter of approximately one and one-half 
inches. A typical tube made in accordance with 
this invention comprises a cylindrical enclosing 
vessel having a diameter of three and one-half 
inches and a length of fifteen inches with a 
hollow tubular member three-eighths of an inch 
in diameter and approximately fourteen inches 
in length. The effective light-sensitive area of 
the tube is approximately 100 times that of the 
usual One and one-half inch tube. 
While the novel methods and structure of this 

invention are particularly well adapted to photo 
electric tubes of large size they are also obviously 
applicable to tubes of Small size. Moreover the 
tube may take a variety of shapes and be other 
wise modified without departing from the spirit 
of the invention. The cylindrical form is pre 
ferred but a spherical or a toroidal shape would be 
suitable. These shapes are mentioned, however, 
merely by way of example and the shape of the 
container may depart widely fron any of the 
forms mentioned without departing from the 
Spirit of the invention. 
What is claimed is: 
1. A light-Sensitive device comprising an en 

closing vessel having a tubular member therein, a 
wire helix Surrounding said member, means con 
ductively connecting adjacent turns of said helix, 
and a light-sensitive material on the inner side of 
the Outer Wall of Said vessel. 

2. In the manufacture of light-sensitive devices 
the method of obtaining a coating of light-sensi 
tive material upon the inner Surface of the outer 
wall of the containing vessel, which method com 
prises depositing Substantially all of the material 

3 
to be used by distillation upon an auxiliary mem 
ber, positioned in the vicinity of a major axis of 
the vesse and well within the vessel, heating Said 
member by energy Supplied from Without Said 
vessel and thereby revaporizing said deposit, and 
condensing the vapor upon the inner Wall of the 
vessel. 

3. The method of obtaining a window in a light 
Sensitive device of transparent material, the inner 
surface of the outer wall of which is coated with 
a layer of light-sensitive material, which method 
comprises heating a small area of the wall to a . 
temperature just above the melting point of the 
coating material and meanwhile holding the de 
vice in such a position that the melted material 
will flow back upon the coating underneath. 

4. The method of obtaining a window in a light 
Sensitive device of transparent material, the inner 
surface of the outer wall of which is coated with a 
layer of light-sensitive material which method 
comprises heating a small area of the Wall to a 
temperature just above the melting point of the 
coating material, meanwhile holding the device 
in such a position that the melted material will 
flow back upon the coating underneath, and 100 
repeating this step for other Small areas lying 
along a line forming the upper boundary of the 
window and subsequently repeating the process, 
progressing downwardly, until an area of the de 
sired size has been cleared. 

5. A light-sensitive device comprising a vessel 
of transparent material having a hollow reentrant 
tubular portion out of contact with Said vessel at 
its inner end, an anode around said portion 
throughout most of its length and rigidly support- 110 
ed thereby, and a cathode comprising light-sen 
sitive material lying along a portion only of the 
wall of said vessel, the remaining portion com 
prising a window for the admission of light to 
activate Said cathode. 

6. A light-sensitive device comprising a cylin 
drical vessel having a diameter of several inches 
and a length of at least three times the diameter, 
a cathode within Said vessel in the form of a lay 
er of light-sensitive material upon approximate- 120 
ly half of the inner surface of the outer wall, the 
remaining portion constituting a window for ad 
mitting light to activate said cathode, a tubular 
member nearly as long as Said vessel extending 
along the major axis thereof and rigidly con- 125 
nected thereto at One end only, and a wire 
anode wound around Said tubular member and 
rigidly supported thereby. 

7. A light-sensitive device comprising a cylin 
drical vessel of transparent material having a 130 
diameter of at least several inches and a length 
much greater than the diameter, a cathode with 
in said vessel in the form of a layer of light-sensi 
tive material upon approximately half of the in 
ner surface of the outer Wall, the remaining por 
tion constituting a window for admitting light to 
activate said cathode, a tubular member of trans 
parent material within said vessel extending along 
its major axis, one end only of Said member be 
ing supported by said vessel, and an open-work 140 
anode rigidly supported at many spaced points 
thereof by said tubular member. 

8. In the manufacture of light-sensitive devices 
the method of obtaining a coating of light-sensi 
tive material upon the inner surface of the out- 145 
er wall of the enclosing vessel for Said device 
which comprises removing gas from the vessel, 
causing vapor of said material to enter said vessel 
in the form of a stream, causing a portion of said 
vapor to condense upon the inner surface of the 150 
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outer wall of said vessel, heating the outer wall 
of said vessel and simultaneously cooling a Sur 
face lying along the major axis of Said vessel and 
well within the vessel, whereby Substantially all 
of said material is causd to deposit upon said Sur 
face, applying heating energy from without the 
vesser to revaporize the deposit on said surface, 
and condensing the vapor upon the inner surface 
of the outer wall of the vessel. 9. The method of obtaining a coating of light 
sensitive material within a light-sensitive device 
of the type having a centrally located elec 
trode, which comprises the steps of deposit 
ing light-sensitive material upon a surface with 
in the device spaced from Said electrode, artifi 
cially cooling said electrode well below room tem 
perature, and simultaneously heating said deposit 
to cause a redeposition of light-sensitive mate 
rial on said electrode. 10. A light sensitive device comprising a tubu 
lar shaped vessel of transparent material, a cath 
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Ode therein in the form of a layer of light. Sensitive 
material lying along the curved surface of a large 
portion of the wall of said vessel and substan 
tially the full length thereof, a window opposite 
said layer of light sensitive material and of about 
the same dimensions as said layer. to admit light 
to activate said cathode, a long hollow tubular 
member of transparent material, within and co 
axial with said vessel and secured thereto at one 
end and extending near to but out of contact 
therewith at the opposite end of said vessel, and 
an open-work anode rigidly supported by said 
tubular member, whereby said anodes is substan 
tially uniformly spaced throughout its length from 
said cathode, is rigidly supported to avoid vi 
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bration and, together with the support, offers 
little obstruction to the passage of light from 
said window to said cathode. - 

-11. A light sensitive device comprising a tubul 
lar shaped vessel of transparent material having 
a diameter at least of the order of several inches 
and a length at least three times the diameter, 
a cathode therein in the form of a layer of light 
sensitive material lying along the curved surface 
of a large portion of the wall of said vessel and 
substantially the full length thereof, a window op 
posite said "layer of said light sensitive material 
and of about the same dimensions as said layer 
to admit light to activate said cathode, along hol 
low tubular member of transparent material with 
in and coaxial with said vessel and Secured there 
to at one end and extending near to but out of 
contact therewith at the opposite end of said 
vessel, said member being open at the end which 
is secured to the vessel and closed at its other 
end, and an open-work anode rigidly supported 
by said tubular member, whereby said anode is 
substantially uniformly spaced throughout its 
length from said cathode, is rigidly supported to 
avoid vibration and, together with the support, of 
fers little obstruction to the passage of light from 
said Window to said cathode. 

12. A light sensitive device comprising a vessel 
and a hollow rigid anode structure of general cy 
lindrical form and of length many times its di 
ameter extending within said vessel and sup 
ported at one end only thereby, and a cooperat 
ing cathode within said vessel about equally 
spaced throughout from said anode structure. 
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