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ABSTRACT: A method of manufacturing a photocathode for 
an electron tube whose active constituent is formed by a 
strongly P-conductive Alll-BV compound or mixed crystals of 
such compounds in which cesium is deposited on the surface 
of the cathode until after having reached a maximum the 
photosensitivity drops to a value lying between 10 percent and 
50 percent that of the maximum. Thereafter, the surface of 
the cesium is exposed to oxygen to form Cs20 and these steps 
are repeated until an activating layer about 50-100 A. in 
thickness is formed. 
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PHOTOCATHODES 
Method of manufacturing an electric discharge tube com 

prising a photocathode and electric discharge tube manufac 
tured by said method. 
The invention relates to a method of manufacturing an elec 

tric discharge tube comprising a photocathode, the active con 
stituent of which is formed by a strongly P-conductive 
AIll-BV compound or mixed crystals of such compounds 
which are activated by means of an alkali metal. The invention 
furthermore relates to an electric discharge tube comprising a 
photocathode manufactured by said method. 

It is customary to denote by AIII-BV a compound which is a 
substantially equiatomic intermetallic compound of one of the 
elements Alll of the third column of the Periodical System, 
boron, aluminum, gallium, indium, and an element BV of the 
?fth column of the Periodical System, nitrogen, phosphorus, 
arsenic, antimony. With mixed crystals the quantity of AIII 
atoms is approximately equal to that of the EV atoms. 

Photocathodes of the above compositions are described by 
Scheer and Van Laar in “Solid State Communications, ” US. 
Pat. No. 3,387,161, 1965 and in Dutch Patent application 
64-13961. 
With the known photocathodes the activating layer consists 

substantially of a monoatomic layer of cesium, as the case may 
be with oxygen. 

It has been found, however, that such cathodes are very sen 
sitive to small quantities of impurities on the surface of the 
semiconductor. Therefore, the requirements with respect to 
the vacuum are very severe. On the other hand such 
photocathodes exhibit, after a comparatively short period of 
photoemission, a drastic drop of sensitivity. 
The invention has for its object to provide a cathode and a 

method in which the requirements relative to vacuum are less 
extreme and a decline of sensitivity does not occur so soon. 

In a method of manufacturing an electric discharge tube 
having a photocathode whose active constituent is formed by 
a strongly P-conductive AIII-BV compound or mixed crystals 
of such compounds which are activated by means of an alkali 
metal, such a quantity of alkali metal is admitted, in ac 
cordance with the invention, to the surface of the semiconduc 
tor that after having reached a maximum the photosensitivity 
drops to a value lying between 50 and 10 percent of the max 
imum, after which such a quantity of oxygen is admitted that 
the photosensitivity again reaches a maximum, which treat 
ments with the alkali metal and the oxygen are repeated once 
or several times. 

It has been found that the photocathodes thus manufac 
tured are less sensitive to impurities and that even semicon 
ductor crystals having been in contact with air are activated to 
a satisfactory sensitivity. The drop of sensitivity does not 
occur as soon as in the known photocathodes. 
The advantageous effect of the method according to the in~ 

vention is probably due to the fact that more alkali metal is ad 
mitted than the quantity corresponding to a monolayer so that 
the impurity affects the larger quantity of alkali metal to a 
lesser extent, while the larger quantity of alkali metal supplied 
to the cathode provides at the same time a larger quantity of 
alkali metal for the interior of the discharge tube. Since the al~ 
kali metals have fairly high vapor pressures, transport 
phenomena of the alkali metals may readily occur in such 
discharge tubes, but in the presence of a larger quantity on the 
cathode than that of a monolayer, they are less likely to give 
rise to modi?cations of the photocathode structure. 
By the method according to the invention one or two 

monolayers of the alkali metal will be applied during each 
treatment, and preferably not more than ?ve treatments are 
carried out, the thickness of the layer being about 50 to 100 A. 
According to the invention the treatment is carried out in ox 
ygen at a pressure of 5X10‘6 Torr so that in the case of cesium 
as the alkali metal the composition of the layer corresponds 
approximately to the formula Cs20. 

Although the in?uence of impurities on the cathode surface 
is also reduced by the method according to the invention, it 
may be advisable according to the invention in the event of 
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strong contamination, for example, due to a long stay in air, to 
sinter the semiconductor surface in alkali metal vapor at a 
temperature of a few hundred degrees for a few minutes. In 
the case of cesium this temperature is 300° C. 
The invention will be described more fully with reference to 

the drawing, in which 
FIG. I shows a contaminated semiconductor surface with 

an activating layer, and 
FIGS. 2 to 4 shows discharge tubes comprising a 

photocathode according to the invention. 
Referring to FIG. 1, reference numeral 1 designates part of 

a gallium-arsenide crystal having a dopant of 4X10” zinc 
atoms per cc. The surface of the crystal is slightly con 
taminated by a layer 2 mainly of oxygen, shown on an exag 
gerated scale. The activating layer 3 consists of cesium oxygen 
of 50 A. thick having a work function of 1.3 ev., which is 
slightly lower than the energy gap of 1.4 ev. of the gallium-ar 
senide crystal. 
The photocathode formed by the crystal and the activating 

layer are worked as follows. The crystal 1 having an upper sur 
face obtained by splitting and having (110) orientation is 
slightly contaminated by this treatment by the layer 2. The 
crystal 1 with the impurity 2 is exposed to cesium vapor until 
the photoemission for white light attains a maximum as deter 
mined in the manner disclosed in US Pat. No. 3,387,161, 
which issued June 4, 1968. Then the cesium supply is con 
tinued until the photoemission drops to about 15 percent of 
the maximum. Subsequently oxygen is admitted at a pressure 
of 10-8 Torr until the photoemission again attains a maximum. 
This treatment with cesium and oxygen is repeated once or 
several times, but not more than ?ve times in total; then 
photosensitivities are obtained which are 80 percent or more 
of that of the known photocathodes with monolayers, whereas 
they have a higher stability. 
Suppose the impurity layer 2 is more serious than that which 

guarantees a satisfactory result, the cathode is heated prior to 
the alternating cesium and oxygen treatments in cesium vapor 
at 300° C. so that the impurity disappears approximately 
completely. 
As is shown in FIG. 2, illustrating a photocell with a bulb 7, 

a gallium-arsenide layer is deposited from the vapor phase on 
a molybdenum plate 8, which layer is treated in the same 
manner as the crystal 1 of FIG. I. The anode is designated by 
10. 

FIG. 3 shows a photoelectron multiplier tube in which the 
vapor-deposited cathode layer 12 of gallium-arsenide is ap 
plied to the ?at window 11. Also this cathode is treated in the 
manner described with reference to FIG. 1. The multiplier 
electrode 13 and the anode 14 form the further electrodes of 
the tube. 
As is shown in FIG. 4, a gallium-arsenide layer 16 is applied 

to the flat window 15 of the iconoscope, which layer is also ac 
tivated by an alternating treatment with cesium and oxygen. 
Of the further electrodes of the tube only the ?lament cathode 
17 is shown. 
What is claimed: 
1. A method of manufacturing an electric discharge tube 

having a photocathode whose active constituent is formed by 
a strongly P-conductive AIII-BV compound or mixed crystals 
of such compounds which are activated by means of an alkali 
metal, comprising the steps of depositing a strongly P-conduc 
tive AIIl-BV compound or mixed crystals of such‘ compounds 
onto the surface of the photocathode substrate, then deposit 
ing a quantity of alkali metal onto the surface of the P-conduc 
tive AIII-BV compound or mixed crystals until after having at 
tained a maximum the photosensitivity drops to a value lying 
between 50 and 10 percent of that of the maximum, thereafter 
adding to the cesium a quantity of oxygen until the photosen 
sitivity again reaches the maximum, and repeating the deposi 
tion of the alkali metal until the sensitivity reaches a maximum 
and adding the oxygen at least once. 

2. A method as claimed in claim I wherein in each treat 
ment with the alkali metal one to two monolayers are 
deposited from the vapor phase. 
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3. A method as claimed in claim 1 wherein the addition of 
oxygen is carried out at a pressure of about 5X10’6 Torr. 

4. A method as claimed in claim 1, wherein prior to the 
deposition of alkali metal on the semiconductor surface, the 
surface is heated in alkali metal vapor at about 300° C. S 

* * * * * 
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