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My invention relates to photo-electric tubes 
und particularly to such tubes sensitized with al 

, assignor to 

297,023 

in which caesium or other alkali metal is ap 
ce in the tube of a considerable quan 
essalkali metal after the desired pho 

eld of alkali metal from the 
sources used in the art are inevitable, and con 
'sequently some excess alkali metal must be pres 
ent as a safety factor in the sensitizing process. It 
The completed tube should be free from excess 
(alkali metal. Therefore, alkali metal absorbents, 
such as copper-oxide, lead oxide and tin oxide are 
generally used. With such absorbents, which are active whenever the alkali metal vapor is present 
in the tube, considerable alkali metal is lost to 

edite an oxidized metal surface may involve 

is obtained. This excess is desir 
e of manufacture of the 

s reasons and also because 

the absorbent during the sensitizing step, and the 
treatment, and retreatment if necessary, of the 
cathode with caesium is not under as good con 
trol as desirable, since the action of the ab 
(serient is uncontrollable. t 

it is an object of my invention to provide a 
phototube which may be manufactured with the 
'sensitizing steps during the manufacture under 
easy and accurate control. It is another object 
to provide a phototube which, if incorrectly 

"A ty 

is free to evaporate 
ture of bulk material. . . . . . . 
A better, understanding of my invention will 

be obtained and other objects, features and ad vantages will appear from the following descrip 
tion taken in connection with the accompanying 

bodying my invention. . . . . . 
Referring to the drawing, I provide an en 

velope or bulb enclosing an electron emissive 
or photosensitive cathode 2 which in the con 
struction shown is preferably of the arcuate type, 
and an anode 3 exposed to the photosensitive 

is'. 30 

processed, may be easily reprocessed under con 
trolled conditions to obtain optimum results. It 
is a further object of my invention to provide 
a phototube whereih all excess or free alkali ; 
iraetal may be absorbed after the cathode is 
treated by a single step or after repeated steps 
of vaporizing alkali metal without danger of the 
absorber becoming impaired or saturated during 
cathode treatment, . . . . 
in accordance with my invention, I provide 

within an evacuated envelope containing an al 
kali metal treated photosensitive surface a source 

surface of the photocathode 2 so that it may 
receive electrons which are liberated from the 
photocathode under the influence of light. The 
photocathode 2 and anode 3 are preferably sup 
ported by a pinch or press 4 in which are sealed 

of ninterial which in massive form is substan 
tially inactive with respect to the alkali metal 4. 
but which in a thin, clean layer or film will 
absorb the alkai metal and combine with it to 
clean up alkali metal and render it ineffective. More particularly, I provide a mass of antimony, 
arsenic or bisinlith, enough of which may be 5. vaporized at Will following the liberation of 
caesium of other alkali metal within a phototube 
to form a film which a - - W 
filetal. In this way the 

the current carrying leads to the cathode and 
anode. The tube shown in the drawing is pro 
vided with a tubulation 5 through which the tube 
is evacuated, this tubulation later being sealed 
following the sensitization process. A Source of 
caesium or other alkali metal either within or 
without the bulb may be provided, but I pre 
fer to provide a quantity of caesium-bearing 
compound such as the activator pellet 6 which 
is in good thermal contact with a metal tab 7 
so that caesium may be liberated from the pellet 
by suitable heat treatment. 
- In accordance with my invention, I provide an 
excess alkali absorber such as a mass of vapori 

5 3 

"zable material which may be vaporized and de 
posited as a thin film 9 on the inner wall of 
the bulb at some point remote from the cath 
ode and out of contact with the press 4 and 
"cathode 2. 
The excess alkali absorber is selected from 

the métalloids, arsenic, antimony and bismuth, 

  

  

  

  

  

  



2 
although I prefer antimony, which is readily 
available in massive form and which, when wa 
porized, forms upon the bulb wall a good film 
Or layer with a metallic luster. In describing 
the preferred form of my invention I will spe 
cifically refer to antimony as the absorber, but 
it is to be understood that my invention is not 
limited to antimony, as arsenic or bismuth may 
be used instead of antimony. 
The photocathode 2, preferably of a metal such 

as Silver with an oxidized surface, is activated 
With alkali metal in the conventional way. Fol 
lowing the evacuation of the bulb, oxygen is 
admitted to the bulb through the tubulation 
5 and the silver cathode is oxidized by a glow 
discharge in oxygen between the cathode and 
anode. For example, the cathode may be oxi 
dized until a bright green color following a bright 
red is obtained. The oxygen is then removed, 
the bulb is highly evacuated, and the activator 
pellet 6 is heated to liberate alkali metal vapor 
within the envelope. I have obtained good re 
Sults and high photosensitivity with a cathode 
having an area of approximately 1.5 sq. inches 
using a caesium activator pellet 6 consisting of 
45 to 50 mg. of a mixture of one part caesium 
dichromate by weight to two parts of silicon. 
This pellet contains a great excess of caesium 
over that theoretically required for the proper 
activation of the cathode, for the reason that 
the quantity of caesium liberated should be in 
eXcess of that required for Optimum photosensi 
tivity, and the amount of this excess will vary 
with the yield of the caesium-bearing activator. 
The activator pellet is preferably heated and 
Caesium Vaporized While the tube is at approxi 
mately room temperature. Following the vapor 
ization of the caesium, the tube is baked at a 
temperature of 265 to 285 C. until the cathode 
turns to a gold or straw color, whereupon the 
photocathode will be found to have high photo 
Sensitivity. At the same time, high reverse cur 
rent leakage may be present between the cathode 
and anode which indicates the presence of excess 
caesium within the tube. 
The tube is freed of excess alkali metal, either 

before or after sealing off, by heating the excess 
alkali metal absorber 8 to vaporize enough of 
the antimony or similar material to form on the 
inner wall of the bulb a bright film 9 of metallic 
appearance and having an area, greatly exceed 
ing that of the absorber 8. The speed of the 
reaction. With the excess alkali metal may be in 
Creased by maintaining the envelope or bulb 
at a temperature of approximately 150° C. dur 
ing the vaporization of the absorber. For con 
Venience in vaporizing the absorbent at Will I 
prefer to mount a mass of antimony within or 
On a helically coiled heater filament ?o made of 
metal having a melting point higher than the 
Vaporization temperature of the absorber 8. To 
limit the film 9 to the bulb wall and to prevent 
the absorbent from becoming deposited either on 
the press 4 or on the cathode 2 I may use a 
shield member which surrounds the filament 
0 which is mounted directly on a current-car 
rying lead 2 sealed in the press 4. One end of 
the filament is connected to the conductor 2 
and the other end to the anode 3 in order that 
current may be passed through the filament to 
heat and vaporize the antimony at will. The 
amount of the absorbent such as antimony either 
on or Within the helical filament f is large in 
Comparison With the amount normally needed to 
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2,273,637 
reason additional absorbent is required, a source 
Within the tube will be available. If a measure 
ment of the photoSensitivity indicates that an 
Optimum has not been reached and that the 
photoSensitivity is lower than desired, additional 
Caesium may be vaporized from the activator 
pellet 6, followed by rebaking of the tube. The 
tube is then freed of the excess or free alkali 
metal thus introduced by again heating the ab 
SOrber 8 and vaporizing enough antimony or 
similar absorbent to form a new clean, active 
film On the inner Wall of the bub. 

Little or no caesium is absorbed by the mass 
of material comprising the absorber 8 during 
the liberation of caesium from the activator pel 
let 6 even at room temperature, thus permitting 
the proper formation of the photosensitive sur 
face. The absorbent, either while it is in the 
Vapor Stage or immediately after it has been de 
posited as the film 9, reacts or combines With the 
Caesium or Similar alkali metal to convert the 
alkali metal to a stable product, probably an 
alloy, which vaporizes with difficulty, so that the 
eXceSS caesium is rendered ineffective and harm 
leSS during operation of the tube. 

I have found that metals. Such as Silver do not 
react with the excess alkali metal to absorb or 
fix the alkali netal in the same way as antimony, 
arsenic and bismuth. For example, silver has 
been evaporated within the tube subsequent to 
the sensitization of the cathode to form a film 
On the bulb Wall, but leakage measurements in 
dicated Substantially no decrease in the quantity 
of excess caesium following the vaporization of 
Silver. 
While I do not wish to be limited to any par 

ticular theory to explain the improved results 
obtained by following the teachings of my in 
Vention, it appears that when antimony in the 
Vapor stage is intimately exposed to any excess 
alkali metal within the envelope a very stable 
alloy of antimony and the alkali metal is formed, 
from which the alakli metal will not be released 
during Operation of the tube. Therefore, photo 
tubes made in accordance with my invention may 
be operated at elevated temperatures without 
danger of liberating alkali metal from the film 
of absorbent, whereas many prior tubes using 
metallic oxides or carbon as a caesium absorbent 
must be designed to operate at temperatures ap 
proximating normal room temperature. 
The complete lack of leakage due to the fixing 

Or absorption of excess alkali metal makes my 
proceSS particularly applicable to the manufac 
ture of television transmitting tubes using either 
a continuous photo.cathode or a target electrode 
of the mosaic type having a multiplicity of silver 
particles. My process is well adapted for use 
in the manufacture of such mosaic electrodes 
Wherein the Silver particles of the electrode are 
Oxidized, caesium admitted to the tube and the 
eXceSS caesium absorbed by vaporizing a mass 
of my alkali metal absorber within the envelope. 
One of the main problems of forming a photo 
electric mosaic under present methods is the 
elimination of caesium from between the 
particles. In accordance with my invention, this 
eXceSS alkali metal deposited between the mosaic 
particles is absorbed, thereby reducing the elec 
trical leakage between the particles. 
While I have indicated the preferred embodi 

ments of my invention of which I am now aWare 
and have also indicated only one specific appli 
cation for which my invention may be employed, 

absorb the excess caesium, so that if for any 75 it will be apparent that my invention is by no 
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means limited to the exact forms illustrated or 
the use indicated, but that many variations may 
be made in the particular structure used and the 
purpose for which it is employed without depart 
ing from the scope of my invention as set forth 
in the appended claims. 

I claim: 
1. A photo-electric tube comprising an en 

velope enclosing an anode, a cathode photo 
sensitized with alkali metal, and a thin layer 
comprising an alkali metal and a metallic ele 
ment selected from the group consisting of 
antimony, arsenic and bismuth on a portion of 
the inner Wall of said envelope and disposed re 
note from Said cathode. 

2. A photo-electric tube comprising an en 
Velope, a cathode, a photosensitive coating of 
alkali metal on said cathode, an anode exposed 
to said cathode, a mass of metallic material 
selected from the group consisting of antimony, 
arsenic and bismuth mounted within said en 
velope and a film including a metal selected from 
the said group of metals on the inner Surface 

5 

10 

20 

3 
of said envelope adjacent said quantity of metal 
said film also including an amount of alkali 
metal absorbed from the atmosphere of said en 
velope. 

3. A photo-electric tube comprising an evacu 
ated envelope, a cathode having a photosensitive 
coating of alkali metal, an anode exposed to the 
coating of alkali metal on said cathode, a maSS 
of antimony within said envelope adapted to be 
vaporized within said envelope and a film of 
alkali metal-antimony alloy on a surface within 
Said envelope disposed remote from said cathode. 

4. A photo-electric tube comprising an en 
velope, a caesium-treated photosensitive cathode 
within said envelope, an anode in electron re 
ceiving relation with respect to said cathode, a 
maSS of antimony Within Said envelope adapted 
to be vaporized within said envelope and a com 
posite caesium-antimony film on a surface with 
in said envelope remote from said cathode and 
removed from the direct path between said 
cathode and anode. 

ALAN M. GLOVER. 


