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UNITED STATES PATENT OFFICE 
2,431,402 

PHOTOTUBE AND METHOD oF MANU 
FACTURE 

Robert B. Janes, Werona, N.J., assignor to Radio 
Corporation of America, a corporation of Dela 
Ware 

Application March 31, 1943, Serial No. 481,246 
(Cl. 250-165) 14 Claims. 

My invention relates to photoemissive elec 
trodes, photoelectric tubes and their method of 
manufacture and particularly to electrodes and 
tubes incorporating coatings of elements such as 
antimony, arsenic and bismuth sensitized with 
an alkali metal. 
This application is a continuation-in-part of 

my copending application, Serial No. 434,681, 
filed March 14, 1942. In my said application I 
disclosed a phototube having oppositely disposed 
metal closure caps, the envelope being completed 
therebetween by a short length of glass tubing 
Serving as an insulator between the closure caps. 
One of the cloSure CapS Supported an antimony, 
arsenic or bismuth coating either on the inner 
surface of the cap or on a cathode foundation and 
directly faced the opposite closure cap which 
Supported the alkali metal source for activating 
the coating on the cathode foundation. Such a 
structure is very rugged and is suitable for use 
in applications wherein the tubes are subjected to 
high Values of acceleration both longitudinally 
of the tube and when the tube is subjected to 
angular acceleration such as a whirling motion 
about its longitudinal axis. Such a tube structure 
is thus able to withstand high accelerations 
which may be several thousand times the force 
of gravity. Phototubes having an alkali metal 
treated antimony, arsenic or bismuth coating 
are highly sensitive to light rich in the blue 
portion of the spectrum and from a date prior to 
my Original application the need for higher 
sensitivities to light in this portion of the spec 
trum has been recognized. In addition, while my 
Original application disclosed and claimed meth 
ods of manufacture wherein this type of tube 
was capable of large production manufacture, 
Some loss or shrinkage occurred rendering the 
processing of these tubes quite critical. For 
example, slight changes in temperature and in 
handling of the parts so varied the manufactur 
ing conditions that the percentage of good tubes 
during manufacture was not as high as desired. 

It is an object of my invention to provide a 
photoemissive electrode and phototube of the 
antimony coated type which may be manufac 
tured with wide ranges of manufacturing toler 
ances. It is another object to provide a phototube 
of the type described which is easier to manu 
facture than prior tubes and which has excep 
tionally high photosensitivity especially to light 
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2 
in the blue portion of the spectrum. It is a 
further object to provide an improved method of 
manufacturing a phototube of the antimony, 
arsenic or bismuth coated cathode type. In a? 
cordance with my invention I provide a phototube 
envelope such as of the type having two metal 
end closure caps sealed to opposite ends of a 
tubular insulating member preferably of glass 
and I provide within the envelope a thin coating 
of antimony, arsenic or bismuth on a thin Oxide 
film formed integrally with an oxidizable metal 
such as one of the caps, the opposite cap prefer 
ably supporting a source of alkali metal for acti 
vating the cathode coating. Further, in accord 
ance with my invention, I provide a Cathode 
foundation of an oxidizable metal such as 
chromium or a metal foundation including a 
high proportion of chromium as an alloy Con 
stituent so that a highly heat insulating film 
may be provided integrally with the foundation 
to form a Support for the antimony, arsenic Or 
bismuth coating. Still further, in accordance 
with ny invention, I provide a method of manu 
facturing a phototube wherein a cathode founda 
tion containing chromium is oxidized to form a 
thin film of chromic oxide on which the antimony 
or similar metal is deposited, heat treated under 
predetermined conditions and sensitized with an 
alkali metal. These and other objects, features 
and advantages of my invention will become 
apparent when taken in Connection with the 
following description and accompanying drawing . 
wherein: 

Figure 1 is a view in longitudinal section of a 
phototube made in accordance with my inven 
tion; 

Figure 2 is a Cross-sectional view of an electrode 
shown in the phototube of Figure 1. 

Figure 3 is a view showing a preferred method 
of one of the manufacturing steps in practicing 
my method of manufacture; and 

Figure 4 shows an apparatus Suitable for per 
forming one of the principal Operations in the 
manufacture of my phototube. 
In the following description I will refer specifi 

cally to antimony as a Cathode coating and it will 
be appreciated that either arsenic or bismuth may 
be substituted in whole or in part for the anti 
mony...without departing from the scope of my 
invention. In accordance with my invention I 
have found that a tube of the type described in 
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my said original application is subject to injury 
of the photocathode during tube manufacture if 
at any time during the formation of the antimony 
coating, this coating should become overheated 
especially when such overheating occurs in the 
presence of a normal oxygen containing atmos 
phere containing water vapor. Consequently, in 
accordance with my invention, I provide a struc 
ture and method of manufacture wherein the 
temperature of the antimony coating may be 
reduced especially during the manufacturing 
steps when the coated foundation is inherently 
subjected to an oxygen and water vapor contain 
ing atmosphere. Therefore, in accordance with 
my invention, I provide a cathode foundation of 
a specific metal or alloy which is preferably a 
poor heat conductor and which contains a metal 
which may be oxidized to form an insulating 
support for the subsequently applied antimony 
COating. 

Referring to Figure 1 wherein. I have shown a 
phototube made in accordance with my invention, 
the tube comprises two end closure caps f and 2 
sealed to opposite ends of a tubular insulator 
such as a short length of glass tubing 3. Prefer 
ably, one of the closure caps is apertured as 
shown at 4 and is provided with a glass tubulation 
5 sealed around the aperture. The opposite clo 
sure cap 2 is nonapertured and Supports a Source 
6 of alkali metal Such as a caesium compound 
reducible by heating to caesium. I may provide 
the closure cap f of a metal which is suitable, 
when oxidized, as a foundation for the antimony 
coating, although I prefer to provide a metal disc 
7 attached to the cap f which serves as the 
Cathode foundation and as a massive Support for 
the antimony COating with an intermediate film 
of insulating material formed integrally with 
the Cathode foundation. 

Referring to Figure 2, I have shown the metal 
disc which is of chromium or an alloy thereof 
such as a nickel chrome alloy, the chromium 
exposed at the surface thereof being oxidized to 
form a thin film 8 of chromic oxide prior to the 
deposition of the thin film of antimony 9. 
While the disc may be oxidized prior to its 

attachment to the cap , I prefer to first Weld 
the disc to the cap as shown in Figure 1, the cap 
being of a metal which will seal easily to the glass 
tubing 3. For this purpose I prefer to use a cap 
of chrome iron, the principal constituents of 
which may be: 

Per cent 
Chronium --------------------------- 26 to 30 
Nickel ---------------------------------- 0.5 
Silicon ---------------------------------- 0.5 
Manganese ------------------------------ 0.5 
Iron -------------------------------- Balance 
Following welding of the cap f and metal disc 7, 
the assembly thus formed may be oxidized by 
firing in moist hydrogen such as described by 
Hull, Burger and Navis in an article entitled 
'Glass-to-metal seals,' part 2, Journal of Applied 
Physics, vol. 12, No. 9, September, 1941, pp. 698 
707. Such firing produces a relatively thick coat 
ing or film of greenish colored chromic oxide inte 
gral with both the chronium containing disc 7 
and the chrome iron cap f, so that the cap may be 
hermetically sealed to the glass tubing 3, the firing 
likewise producing a suitable coating of greenish 
chronic oxide 8 as shown in Figure 2 on the disc 

to serve as a foundation for the coating of 
antimony 9. I have found that during the firing 
in moist hydrogen some hydrogen is adsorbed 
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tion disc 7. 

4. 
both in the cap f and in the disc 7 which may 
diffuse into the tube following exhaust. Thus 
when such hydrogen firing is used, prefer to bake 
the assembly or assemblies in a nonoxidizing 
atmosphere such as nitrogen or a vacuum at a 
temperature of 500 C. for 12 hours. However, 
this baking step may be eliminated by allowing 
the Oxidized parts to stand in the open air under 
normal atmospheric conditions for a relatively 
long period of time, such as three months before 
using, this standing allowing any adsorbed hydro 
gen to be released from the parts. 
To avoid the difficulty of adsorbed hydrogen 

referred to above, an alternative oxidizing process 
may be used Comprising separate oxidizing steps 
for the metal disc and the chrome iron cap . For 
example, as shown in Figure 3, the oxidation of 
the chrome containing disc may be simultaneous 
with the sealing of the glass tubing 5 to the cap i. 
As shown in Figure 3, the inverted assembly in 
cluding the cap and disc is supported over a 
gas flame 0, allowing the end of the tubing 5 
to bear its own weight against the cap and 
heating the cap and disc 7 for a time sufficient to 
Seal the glass to the cap around the aperture 4. 
This operation simultaneously forms a relatively 
thin coating of greenish chromic oxide on the 
Surface of the disc 7. Alternatively, the oxidation 
and Sealing may be by pointed gas flames imping 
ing the upper side of the cap f as disposed in 
Figure 3, allowing the heat to be conducted 
through the cap f and the disc 7 for oxidation 
of the disc. The necessary oxidation of the cap 
l, especially around the edges thereof to provide 
a good Seal to the glass tubing 3 may be performed 
by a ring-type burner which heats only the edges 
of the cap. I have found that a minimum of gas 
adsorption is produced by this method of oxidizing 
So that little if any gas such as hydrogen is avail 
able for diffusion into the envelope following 
exhaust. 

I have referred to the use of chromium or a 
chrome alloy as the metal of the cathode founda 

The preferred material is a chromium 
nickel alloy having from 5 to 30 percent chromium 
by Weight, the balance being nickel except for 
minor impurities such as silicon and manganese 
which do not appear to affect the operation of 
my phototube. A somewhat purer chromic oxide 
can be obtained by the use of the higher per 
centages of chromium. Although there may be 
Some nickel oxide formed, especially when the 
Oxidation is by a gas flame rather than by firing 
in moist hydrogen, this presence of nickel oxide 
Seems to be immaterial inasmuch as the full ad 
vantages are obtained with both methods of 
oxidizing, the moist hydrogen method providing 
no nickel oxide but having the disadvantage of 
introducing hydrogen in the parts which must 
be removed by baking or long standing. Further 
more, the benefits of my invention are believed 
to accrue only from the use of the chromic oxide 
inasmuch as pure nickel foundations, oxidized 
and coated with antimony, are not as highly 
photosensitive as those containing the preferred 
range of chromium, 

Following the formation of the cap and disc 
assembly and the sealing of the glass exhaust 
tubing 5 thereto, I seal the glass tubing 3 to the 
cap f to form an open-ended envelope providing 
an hermetic seal between the glass tubing 3 and 
the cap f, thereby preventing leakage of air 
within the tube at this point during and following 
Subsequent evacuation. 

Following the above operation and in accord 
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the anode directly, is symmetrical therewith and 
at a uniform distance therefrom, the effects of 
wall charges described in detail in my copending 
application, Serial No. 425,730, filed January 6, 
1942, are minimized so that electron collection 
does not vary substantially with variation in 
anode potential. 

I do not wish to be limited to any particular 
theory explaining the improved operation of my 
phototube but I believe two factors may be of 
importance. First, the oxide film may serve as 
a heat insulator so that the antimony film is 
maintained at a lower temperature during the 
baking steps. Such lower temperature may re 
sult in less vaporization of the coating and favor 
the formation of an alkali metal-antimony Com 
bination which is more highly photoemissive. In 
addition, it may be that the chrone oxide Sup 
plies a small amount of its adsorbed oxygen to 
the photosurface thereby increasing the photo 
emission as disclosed in my copending application 
Serial No. 342,199, filed June 25, 1940. 
While I have described my invention with par 

ticular reference to a phototube having a glass 
envelope closed at opposite ends with a metal cap 
and the preferred method of manufacturing such 
a tube, it will be appreciated that various modi 
fications may be made in the tube structure and 
the method of manufacture without departing 
from the spirit of my invention Or the scope 
thereof as set forth in the appended claims, 
I claim: 
1. A phototube comprising an envelope, a 

cathode foundation in said envelope, a coating of 
an oxide of chromium on said foundation and a 
coating on said chronic oxide coating compris 
ing an alkali metal and an element selected from 
the group consisting of antimony, arsenic, and 
bismuth adapted to be photo-sensitized thereby. 

2. A phototube comprising an envelope, a 
Cathode foundation having an eXposed Surface 
within said envelope, a coating of chromic oxide 
On Said foundation, an alkali metal containing 
coating of an element selected from the group 
consisting of antimony, arsenic and bismuth on 
said chronic oxide coating, and an anode having 
an exposed surface within said envelope to re 
ceive electrons from Said alkali metal containing 
coating. 

3. A phototube comprising an envelope having 
an anode and a cathode foundation therein, said 
Cathode foundation including chromium, an in 
tegral coating of an oxide of chromium on said 
foundation and a film of alkali metal containing 
antimony on said oxide coating. 

4. A phototube comprising an envelope, a 
cathode foundation having a surface exposed 
within said envelope, said foundation containing 
chronium, a coating of chromic oxide on said 
foundation, a film of alkali metal treated anti 
mony on said foundation, and an anode to re 
ceive electrons from said alkali metal treated 
Coating. 

5. A phototube comprising an envelope, a metal 
member comprising 5 to 30% chromium by weight 
in said envelope, a coating on said metal mem 
ber comprising an alkali metal and antimony 
and an anode to receive electrons from said 
COating. 

6. A phototube comprising an envelope of 
transparent insulating material, a metal cap 
sealed to and closing one end of said tubular en 
velope, a coating of an alkali metal treated ele 
ment Selected from the group consisting of an 
timony, arsenic and bismuth adjacent said cap 
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8 
and an intermediate film of an oxide of chro 
mium between said cap and said coating to pro 
vide thermal insulation between said cap and 
said coating. 

7. A phototube comprising a cylindrical glass 
envelope of predetermined length, a metal closure 
cap hermetically sealed to each end of said en 
velope, a chronium containing metal member 
adjacent one of Said caps, an integral coating of 
chronic oxide on said metal member, a film of 
an element Selected from the group consisting 
of antimony, arsenic and bismuth on said coat 
ing, said film being removed from the other of 
Said caps by a distance of at least three-quar 
ters of an inch whereby the sealing of said op 
posite cap to said glass envelope does not injure 
said film and an alkali metal deposited on said 
film to render said film photo-sensitive. 

8. A photocathode comprising an oxidized 
chronium containing member and an alkali 
metal treated coating of an element selected from 
the group consisting of antimony, arsenic and 
bismuth, 

9. A photocathode comprising an oxidized 
metal member having a chromium content of 
from 5 to 30% by weight and an alkali metal 
treated antimony coating on said member. 

10. A photocathode comprising a foundation 
of nickel and chromium, a film comprising 
greenish chronic oxide on said member and a 
coating of alkali metal treated antimony on said 
chronic oxide film, 

11. The method of manufacturing an electron 
emissive electrode comprising forming a greenish 
Cxide on a chromium containing metal member, 
coating Said oxide with a film of an element se 
lected from the group consisting of antimony, 
arsenic and bismuth, and depositing an alkali 
metal on said film of said element. 

12. The method of manufacturing a phototube 
which comprises oxidizing a chromium contain 
ing foundation, supporting said foundation ad 
jacent one end of an open-ended tubular glass 
envelope, depositing an element selected from 
the group consisting of antimony, arsenic and 
bismuth through the open end of said envelope 
and upon the oxidized surface of said founda 
tion, Sealing a metal cap to the opposite end of 
said envelope, evacuating said envelope, and 
depositing an alkali metal on the element of said 
group on Said oxidized surface to photosensitize 
Said element. 

13. The method of manufacturing a phototube 
having two metal closure caps separated by a tu 
bular insulating member comprising oxidizing a 
chronium containing surface supported by one 
of Said caps to a greenish color, sealing said cap 
to one end of said tubular member with the 
oxidized surface extending inwardly of said men 
ber, depositing a film of antimony on said 
oxidized surface, sealing the other cap to the 
other end of said member without heating said 
antimony film to a temperature at which it be 
Cones oxidized, exhausting the envelope formed 
by Said caps and said member and sensitizing 
said antimony film with an alkali metal. 

14. The method of manufacturing a phototube 
having two metal closure caps separated by a tu 
bular insulator comprising affixing a metal mem 
ber containing chromium to a metal cap, oxidiz 
ing said member to provide a film of chromic 
Oxide thereon, sealing said cap to one end of said 
insulator with the oxidized member within said 
insulator, depositing a film of antimony on the 
oxidized surface of said member, then sealing 
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