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The present invention relates to the manufac 
ture of photoelectric tubes, more particularly to 
the manufacture of gas-filled photoelectric tubes 
having cathodes provided with surfaces photo 
sensitive primarily to visible radiation. 

It is an object of the invention to provide a 
photoelectric tube possessing greater light re 
sponse and being less liable to fatigue than tubes 
heretofore produced. - 
Another object is the provision of photoelec 

tric tubes having much greater uniformity in 
sensitivity than those of the prior art, thus per 
mitting the standardization of the tube for use 
Under definite Service conditions. 
Another object of the invention is the provis 

ion of a method of forming a composite cathode 
coating comprising depositing alternate layers of 
conductive and semi-conductive materials upon a 
cathode base, the character of said materials be 
ing such that they become impregnated with one 
another, forming a mixture capable of reducing 
the positive charges formed on the active surface 
of the photo-cathode when photo electrons are 
emitted under illumination. 
Another object is the provision of a method of 

forming a composite photo-cathode coating con 
sisting of alternate layers of conductive and semi 
conductive layers of metallic elements or com 
pounds, the thickness and the rate of formation 
of which layers may be controlled, whereby the 
sensitivity of the photo-cathode may be predeter 
mined within a relative close range as contrasted 
with the wide variations in the sensitivity of 
photoelectric tubes presently manufactured. 
Other objects will manifest themselves as the 

description proceeds. 
According to the present invention the positive 

charges formed on the active surface of the 
photo-cathode can be reduced by a metal com 
pound of suitable conductivity impregnated into 
a layer or layers of a semi-conductor. By the 
reduction of these charges it is possible to produce 
a photoelectric tube having greater sensitivity and 
quicker 1'esponse. 
Therefore, a feature of the invention is using 

a, plurality of conductive and semi-conductive 
layers of elements or compounds which are alter 
nately deposited upon a cathode base and are of . 
such a character that the several conductive lay 
Crs impregnate the semi-conductive layers, and 
conversely they conductively impregnate one an 
other. The several materials, both semi-conduc 
tive and conductive, may be considered to flow 
into One another so that the conductive materials 
form threads or filaments, extending from the 
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outer surface through the several layers to the 
base cathode. The Outer layer is formed of cesi 
um vaporized onto this interspersed mixture of 
conductive and semi-conductive materials. 
The invention will be more fully understood by 

the following description and reference to the ac companying drawing. 
The drawing schematically illustrates a greatly 

exaggerated section of the photo-sensitive coat 
10 ing, as it would appear when finally deposited 

upon a cathode metal base, as a result of prac 
ticing the present invention. 

In practicing the invention the base metal 
of the photocathode may consist of nickel which 

15 is fired in hydrogen at 900° C. for ten minutes. 
This is an important step generally omitted in 
prior art practices because during the firing 
process the cathode base occludes hydrogen pre 
sumably because of the porosity of the nickel and 

20 it is necessary to free the nickel of this occluded 
hydrogen in order to prevent it from contaminat 
ing the addition materials which compose the 
coating. 
As set forth above the cathode coating is COm 

25 posite in nature, i.e., consisting of not only a plu 
rality of layers, but layers of semi-conductive as 
well as conductive materials. In making the 
choice among the metallic compounds or ele 
ments which may be considered suitable for ap 

30 plication onto the semi-conductive layer over 
laying the cathode metal base, care must be taken 
that neither such materials nor the materials of 
the semi-conductive layers form any undesirable 
component or compounds which may obstruct or 

35 upset the effective combination. This limits the 
choice to antimony, bismuth and calciun, all of 
which form stable hydrides. 
A silver mosaic layer 2, particles of which are 

5 

conductive, but spaced from each other is formed 
40 on the base metal by reduction of silver oxide. 

This may be applied in any well-known manner. 
This layer, being a mosaic, is termed non-con 
ducting. The cathode is then sealed into a con 
Ventional envelope (not shown) and calcium is 

45 vaporized onto the mosaic layer 2 in an oxygen at 
mosphere at an optimum pressure of about one 
mm. of mercury in the envelope. The envelope 
is then exhausted. 
During this step the outer cathode surface be 

50 COnes a mixture of calcium and silver which 
forms a relatively thin layer 3, consisting of silver 
to Which calcium has been added and deposited 
On the mosaic layer 2. Layer 3 is a conducting 
layer. Concurrently layer 4 is formed, consisting 

55 of a mixture of calcium and silver oxide. If this 

  



3 
layer is examined microscopically, it will be 
found that the surface material is silver oxide 
with particles of calcium interspersed through 
out the mixture. This layer 4 is non-conducting. 
Another layer 5, of calcium may be deposited upon 
layer 4. Tayer 5 is a conducting layer. 

For the outer surface of the coating, a layer 6 
of cesium is vaporized onto the layer 5 of calcium, 
resulting in a non-conducting layer of cesium 
oxide with particles of calcium. The most satis 
factory results have often been obtained by evap 
orating the cesium, cooling and repeating the 
evaporization onto the initial layer 5 in which a 
portion of the calcium has now reacted with the 
hydrogen, thus tending to stabilize the sensitiv 
ity of the photoelectric tube. 

Following the formation of the cathode coating, 
the envelope may be filled with argon at about 
one mm. pressure and the tube sealed off. 
The steps described separately comprise the 

complete method, and generally stated, consist of 
using calcium or its equivalents antimony or 
bismuth as conductive film-forming materials 
alternated between non-conducting layers of 
metallic elements or compounds. These sub 
stances unite with any hydrogen occluded in the 
base metal cathode f, forming stable hydrides. 

It should be noted that the materials calcium, 
antimony and bismuth may be used singly, inter 
changeably or in any desired combination, but 
prefer the use of calcium only because of its ease 

of processing. . . . 

From the foregoing it will be observed that the 
photo-cathode coating contemplated herein com 
prises one or more layers of conductive and semi 
conductive materials alternated during the dep 
osition thereof. By Selecting the non-conductive 
compounds with respect to their conductivity and 
controlling the thickness of the several layers, 
and by correspondingly dimensioning the conduc 
tive elements as Well as governing the rate of for 
mation of the surface layer of the Several metal 
lic elements or compounds and the temperature 
at which the deposition takes place, a photo 
sensitive Surface may be built up having a sensi 
tivity coming substantially within a pre-selected 
range, thus insuring the regularity or uniformity 
of the Sensitivity of the photo-tube so that it is 
adapted for use under definite service conditions 
at will. Also the spectral distribution curve of 
the phototube may be controlled by the particu 
lar Way in which the silver, cesium and either 
calcium, bismuth or antimony are deposited and 
in particular the temperature at which the dep 
osition takes place. 

It is obvious to those skilled in the art that the 
method contemplated herein for forming a com 
posite cathode coating may be varied in the num 
ber of layers comprising the coating as well as 
the arrangement or alternation of the conductive 
and Semi-conductive elements or compounds, but 
it is my intention to cover all such modifications 
as come Within the scope of the appended claims. 
What is claimed is: 
1. A photoelectric tube of the gas-filled type 

comprising a cathode having a photo-sensitive 
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4. - 

surface formed upon a base metal, said surface 
comprising a layer of mosaic silver formed upon 
the base metal from reduced silver oxide, a layer 
consisting of a mixture including calcium de 
posited upon said mosaic, a layer of silver oxide 
formed upon and within said mixture, a layer of 
calcium deposited upon said silver oxide, and an 
Outer layer of cesium deposited upon said layer of 
calcium. 

2. The photo-sensitive tube claimed in claim 1, 
wherein the materials of the several layers are 
interspersed. 

3. The method of preparing a composite cath 
ode coating having a photo-sensitive surface 
Comprising forming a layer of mosaic silver upon 
a metallic base member from reduced silver oxide, 
Sealing the cathode into a discharge tube, vapor 
izing onto the mosaic layer a layer of calcium in 
an Oxygen atmosphere which forms a mixture of 
calcium and Silver oxide with the calcium inter 
Spersed throughout the mixture, and finally 
Vaporizing an outer layer of cesium upon said 
layer of calcium resulting in the formation of 
Cesium oxide particles adjacent the silver oxide 
mixture. 

4. The method of making a photoelectrically 
Sensitive Surface which includes the steps of fir 
ing nickel in hydrogen at an elevated tempera 
ture, forming a silver mosaic on a surface of the 
nickel, depositing on said silver mosaic-in an 
oxygen atmosphere-a layer of a metal which 
forms a stable hydride, and depositing a layer of 
Cesium upon the aforesaid layer of metal. 

5. The method of making a photoelectrically 
Sensitive surface which consists in firing a metal 
lic Surface in hydrogen at an elevated tempera 
ture, forming a mosaic of conducting particles 
upon the Supporting Surface, depositing on said 
mosaic-in an oxygen atmosphere--a layer of 
metal which forms a stable hydride, and deposit 
ing a layer of an alkali metal upon the layer of 
metal immediately aforesaid. 

6. An electron emissive cathode including: a 
conductive supporting surface having a silver 
mosaic thereon, a conductive layer of silver and a 
hydride-forming metal on said mosaic, a semi 
conductive layer of silver oxide upon said con 
ductive layer, said semi-conductive layer being 
interspersed with particles of said hydride-form 
ing metal, a conductive layer of said hydride 
forming metal on said semi-conductive layer, 
and a layer of an alkali metal on said last men 
tioned conductive layer. 
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