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6 Clains. 

This invention relates to a photoelectric tube 
and to the manufacture thereof. An object of 
this invention is to devise a tube which will be 
Sensitive to rays rich in the red and infra-red 
portions of the spectrum, and which will have a 
large Output. Another object of the invention is 
to devise a method of manufacture of a photo 
tube having these properties. 
The Sources of light employed in installatio 

embracing photo-tubes produce radiations rich 
in rays in the red portions of their spectra. The 
photo-tubes of the prior art have been found to 
be only very slightly affected by the emanations 
of red rays, and hence the output of such tubes 
is so decreased that in order to operate them at 
maximum efficiency it is necessary to carefully 
Select a light Source poor in red emanations and 
rich in blue, violet and ultra-violet rays. The 
advantages of a tube which will operate with 
high efficiency from any convenient source of 
light are obvious. It has been found that, if the 
cathode of such a tube is provided with a layer 
of pure Silver oxide and a sufficient amount of 
an active alkali metal, such as caesium, adsorbed 
upon and within the silver oxide layer, the re 
Sulting tube will be highly Sensitive to all emana 
tions within the limits of the solar spectrum, 
including the infra-red. 
The invention will be more clearly understood 

from a study of the single figure of the drawing 
which shows the construction of a tube made in 
accordance With the present invention. 
In the drawing, ?o represents the envelope of a 

photoelectric tube constructed in accordance 
with the present invention, the envelope ?o con 
taining an inert atmosphere under attenuated 
pressure, and having a re-entrant stem i, which 
Serves as the press for Securing the elements of 
the tube in position. The atmosphere within the 
envelope may be either a high vacuum or a 
monatomic gas, such as argon, helium or neon, 
or preferably, a mixture of argon and helium 
containing about 15% helium. If Such a gaseous 
atmosphere is desired, the pressure thereof is at 
about 2 m.m. of mercury. 

Lead-in wires 2, 3 and 4 are secured to the 
leads 2a, 3a, and 4a, respectively, which are 
sealed into the press , these leads serving the 
purpose as conductors and Supports for the cath 
ode 5, which is preferably formed as a plate, 
and which is composed of nickel, or other suit 
able metal. The cathode 5 is preferably curved 
symmetrically with the envelope, and advan 
tageously takes the form of a half of an open 

(C. 250-27.5) 
ended cylinder. This cathode carries the light 
sensitive materials above referred to. 

Lead-in wire f6 is secured to a wire 6a sealed 
in the press . Wire 6a forms the anode of 
the tube, and is conveniently formed of nickel. 
In addition to serving as the anode, wire 6a 
supports the disc 7, which serves both as a 
shield to protect the cathode from static and 
magnetic fields, and also serves as a supporting 
member for the chemicals that provide alkali 
metal for sensitizing the light sensitive surface of 
the plate 5. 
The container is represented by a cupped disc 
8 secured upon the surface of the disc 7, and 

is shown as having formed within it, the cup 9 
which contains the reagents for providing the 
sensitizing metal. 
The exhaust tube for the envelope O is shown 

at 20, the exhaust tube communicating With the 
interior of the envelope through the side of the 
press if, as clearly shown. 
The tube is constructed in the following man 

ner: Silver oxide is mixed. With nitro-cellulose 
and anyl acetate to a Consistency suitable for 
applying with an air brush. The mixture is 
sprayed upon the plate 5, fully covering the sur 
face on the side to be exposed and allowed to dry. 
After sealing the assembled stem in the envelope, 
the resulting tube is exhausted and baked at a 
temperature that will reduce the silver oxide to 
finely divided particles of pure silver. A temper 
ature range of about 250 C-300° C. is found to 
be suitable for this purpose. 
The reduction is complete when the brown of 

the silver oxide has changed to light gray of the 
reduced silver, which is in a very pure form. A 
low pressure (approximately 60-75 microns) of 
pure oxygen is then admitted to the tube and 
direct current voltage applied with the plate 5 
as the negative terminal. Sufficient voltage, e.g. 
from approximately 500-1000 volts, is applied to 
ionize the oxygen, and the application of this 
voltage is continued until the silver particles are 
again oxidized, and the surface of the plate has 
become a uniform brown again. The oxygen is 
again exhausted and the tube again baked at a 
Sufficiently low temperature, e. g. approximately 
100° C., to prevent any reduction of the silver 
oxide When the exhausting is completed. 

Before assembling the tube, a reactant mixture 
of caesium bichromate with a somewhat greater 
amount of elemental silicon than is required for 
the reduction of the caesium compound is placed 
in the depression f 9 upon the disc 7. The tube 
is then assembled and when the exhaustion of the 
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tube is completed after the reduced silver had 
been oxidized, but before the exhaust tube 20 is 
sealed off, the reactant mixture of caesium bi 
chromate and silicon is heated to its reactant 
temperature, about 1000° C. until the caesium has 
been released. The tube is then heated until the 
silver oxide has adsorbed the correct amount of 
caesium, which is determined by the surface of 
the silver oxide becoming buff in color, and the 
excess caesium has been exhausted from the 
tube. If a gas tube is desired the proper pressure 
of a monotomic gas is admitted, and the exhaust 
tube 20 is sealed off. If a vacuum tube is de 
sired, the gas filling is omitted. 

. As herein used, the term "red rays' is intended 
to include the infra-red portion of the spectrum 
as well as the visible red. Also a reactant mix 
ture of caesium chloride and metallic calcium 
may be employed as the reactant mixture for the 
release of the caesium, in Which case a temper 
ature of about 700° C. Will be sufficient to isolate 
the caesium. 

It will be evident that the construction of the 
tube can be varied to Suit requirements as to 
shape, etc., and that the materials entering into 
the construction of the tube can be altered in 
Ways readily Suggesting themselves to those 
skilled in this art, as has been above suggested. 
The specific description of the invention given 
herein is merely illustrative of one of its preferred 
embodiments, and it will be understood that it is 
intended and desired to embrace within its scope, 
Such modifications and changes as may be neces 
sary to adapt it to varying conditions and uses. 
What is claimed is: 
1. A photoelectric tube comprising an enve 

lope containing an attenuated atmosphere, a 
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light sensitive electrode comprising a curved plate 
provided with a coating of light sensitive na 
terial, another electrode spaced from the con 
cave side of the said plate and symmetrically dis 
posed therewith, and a shield disposed over the 
end of said curved sheet, the said shield carrying 
reactant materials employed in the coating of the 
said light sensitive electrode. 

2. A photoelectric tube comprising an envelope 
containing a light-sensitive electrode including a 
curved plate provided with a coating of light 
sensitive material, another electrode spaced from 
the concave side of the said plate and symmetri 
cally disposed therewith, and a shield disposed 
Over an end of said curved plate. 

3. A photoelectric tube comprising an envelope 
containing a light-sensitive electrode, including a 
curved plate provided with a coating of light 
sensitive material, another electrode spaced from 
the concave side of said plate and Symmetrically 
disposed therewith, and a conductive plate dis 
posed at the end of said curved plate, the said 
conductive plate carrying reactive materials em 
ployed in the coating of said light-sensitive elec 
trode. 

4. The process of producing a photoelectric 
cathode which comprises (20ating a Supporting 
member with a layer of silver oxide, reducing the 
oxide to its metal, oxidizing the reduced metal to 
form a coating of pure Silver Oxide, and coating 
this silver oxide with a material sensitive to red 
rayS. 

5. The process of producing a photoelectric 
cathode which comprises coating a supporting 
member with a layer of silver oxide, reducing the 
oxide to its metal, oxidizing the reduced metal to 
form a coating of pure silver oxide, and coating 
this silver oxide with an alkali metal, 
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6. The process of producing a photoelectric 

cathode which comprises coating a supporting 
member with a layer of silver oxide, reducing the 
oxide to its metal, oxidizing the reduced metal to 
form a coating of pure silver oxide, and coating 
this silver oxide with caesium. 

7. In the production of a photoelectric cathode, 
the steps which comprise coating an electrode 
with silver oxide, inserting the coated electrode 
into an envelope, reducing the said oxide to metal 
under a vacuum maintained in the said envelope, 
oxidizing the reduced metal, and introducing into 
contact with the resulting oxide, an atmosphere 
comprising a light sensitive alkali metal. 

8. In the production of a photoelectric cathode 
the steps which comprise forming an electrode 
assembly comprising a plate electrode, a Wire 
electrode and a disk carried by the said wire elec 
trode, coating the said plate electrode with silver 
oxide in a uniform layer, inserting the said as 
sembly into an envelope, exhausting the Said 
envelope until the silver oxide is reduced to net 
al, reoxidizing the said metal with ionized oxygen 
and bringing the resulting oxide into contact 
with metallic caesium vapors. 

9. A process of producing a light sensitive 
cathode which comprises uniformly coating a 
metal sheet with silver oxide, preparing a re 
actant mixture of a reducible alkali metal and a 
reducing agent therefor, introducing the coated 
sheet and reactant mixture into an envelope, ex 
hausting the said envelope While heating above 
the reducing temperature of silver oxide until 
the oxide is completely reduced to silver, admit 
ting a low pressure of oxygen into the envelope, 
ionizing the said oxygen to oxidize the metal, ex 
hausting the excess oxygen while gently heating 
the envelope and contents, and producing a re 
action between the components of the reactant 
mixture to release the alkali metal contained 
therein to coat the oxide Surface on the sheet. 

10. The process of forming a light-sensitive 
cathode which consists in coating a supporting 
member with a layer of metallic oxide, reducing 
said oxide to its metal, Oxidizing the reduced 
metal, and coating said oxidized metal layer with 
a light-Sensitive material. 

11. The process of forming a light-sensitive 
cathode which consists in coating a Supporting 
member with a layer of metallic oxide, reducing 
said oxide to its metal, oxidizing the reduced met 
al, and coating said oxidized metal layer with an 
alkali metal. 

12. The process of forming a light-sensitive 
cathode which consists in coating a Supporting 
member with a mixture of silver Oxide, nitro 
cellulose, and amyl acetate, reducing said silver 
oxide to pure silver, oxidizing said pure silver, 
and coating said oxidized silver with a light 
sensitive metal. 

13. The proceSS of forming a light-Sensitive 
cathode which includes depositing upon a Sup 
porting surface within a tube a coating consisting 
of finely-divided particles of pure metal, oxidizing 
said metal, and coating Said oxidized metal with a 
light-sensitive material. 

14. A method of producing a light sensitive 
electron emissive surface which consists of ap 
plying a silver oxide coating to a metallic plate, 
heating said plate to reduce the Silver oxide, plac 
ing an atmosphere containing oxygen around the 
plate and reoxidizing the plate, and subsequently 
forming a light sensitive surface on the plate. 

15. A method of producing a cathode for a 
light sensitive tube which consists of providing a 
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silver oxide coating on the cathode, reducing Said 
ilver oxide, reoxidizing the remaining silver 
2Oating, depositing a film of alkali metal on said 
reoxidized coating, and removing the excess of 
said alkali metal therefrom. 

16. A photoelectric tube which comprises the 
zombination with an envelope containing an at 
enuated atmosphere, of an electrode therein 

comprising a plate provided with a light-sensi 
tive material upon its surface, an anode sym 
metrically disposed With respect to said electrode, 
and a shield carried by said anode and disposed 
over the end of said plate for shielding said light 
sensitive material. 
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