
Oct. 10, 1939. H. A. IAMS 2,175,691 
PHOTOWOLTAIC TARGET 

Filed May 12, 1937 

SF 

74-3 U). 

NVENTOR 
A/4AAAY A. /4MS 

ATTORNEY 

  



O 

s 

20 

30 

35 

40 

45 

50 

Patented Oct. 10, 1939 

2,175,691. 
PHOTOVOLTAC TARGET 

Harley A. ams, Berkeley Heights, N.J., assignor, 
by mesne assignments, to Radio Corporation of 
America, New York, N. Y., a corporation of 
Delaware 

Application May 12, 1937, Serial No. 142,171 
6 Claims. (C. 250-153) 

2,175,691 

UNITED STATES PATENT OFFICE 

My invention relates to cathode ray television 
transmitting tubes, and particularly to light sen 
sitive electrodes for use in tubes of this type. 

It is an object of my invention to provide a 
light sensitive electrode for a television transmit 
ting device which is more easily manufactured 
than those heretofore used, and which does not 
require high photosensitivity. Another object of 
ny invention is to provide a light responsive elec 
trode for use in a television transmitting device 
Which shows great uniformity in operation. It is 
a further object of my invention to provide a light 
responsive electrode which is not subject to wide 
Variations in photoelectric sensitivity under high 
electron bombardment during use. 
To this end I provide for use in a television 

transmitting tube a light sensitive target com 
prising a layer of a semi-conductor in which elec 
trons are liberated by light with a blocking target 
at its surface, So that photovoltaic action is ob 
tained, project upon the surface of this electrode 
a light image of an object to be transmitted, and 
Scan the illuminated Surface With an electron 
bean. For this purpose I prefer to make the 
target with a layer of a semi-conductor such as 
cuprous oxide, which has been treated to provide 
a blocking layer on the Surface backed by a con 
ducting foundation, such as copper, adjoined to 
the semi-conducting layer on the side opposite the 
Surface having the blocking layer. In many cases 
it is desirable to deposit on the blocking layer a 
noSaic of discrete transparent electrically con 
ducting particles of metal such as caesium, silver, 
or gold. This electrode assembly is positioned 
Within an evacuated envelope, in Such a manner 
that it may have an optical image projected upon 
it and also so positioned that it may be scanned 
by an electron beam. 
These and other objects, features and advan 

tages of my invention will appear from the foll 
lowing description taken in connection with the 
accompanying drawing in which, 

Figure 1 is a diagrammatic view illustrating one 
form of television device incorporating my inven 
tion, and 

Figure 2 is a view partially in Section showing a 
portion of my new and improved electrode struc 
ture shown in Figure 1. 

Referring to Fig. 1 the tube which will be de 
Scribed to explain the configuration and opera 
tion of my improved electrode structure comprises 
a highly evacuated glass envelope or bulb With 
a tubular arm or neck Section enclosing a con 
ventional type electron gun and a spherical sec 
tion enclosing a flat target or electrode 2 so posi 

tioned that its front surface may be scanned by a 
beam of electrons from the electron gun and also 
So positioned that it may have projected upon it 
the optical image to be transmitted. Since the 
image is produced from an object situated out 
side the tube, that portion of the spherical section 
of the tube f opposite the target 2 is made opti 
cally uniform, such as by providing a window 3 
So that the image to be transmitted may be pro 
jected upon the electrode 2 with a minimum of 
distortion by the lens System 4. 
The electron gun assembly is of the conven 

tional type and comprises a cathode 5, control 
electrode 6 connected to the usual biasing battery 
and a first anode maintained positive with re 
spect to the cathode by a battery 8. The elec 
tron stream leaving the cathode 5 under control 
of the electrode 6 is projected through the anode 
and accelerated and concentrated into an elec 

tron scanning beam of the target 2, by a second 
anode 9 which is preferably a conductive coating 
On the Surface of the envelope near the neck of 
the bulb, but removed from that portion of the 
envelope through which is projected the optical 
image of the object to be transmitted. A support 
O containing a quantity of caesium-bearing com 
pound is provided adjacent the target, but re 
moved from the path of the optical image pro 
jected through the window 3. Conventional de 
flection means, such as deflection coils 2 and 3 
may be used to Sweep the beam horizontally and 
vertically to Scan the target 2. It is obvious that 
conventional electrostatic deflection plates may 
be Substituted for either one or both SetS of de 
flection coils, if desired. The target 2 is con 
nected through the impedance f4 to ground and 
through the battery 5 to the Second anode 9. In 
operation the current flow in this circuit produces 
a voltage drop across the impedance 4 which 
may be impressed upon the input circuit of a 
translating device f6, further amplified and ap 
plied to a transmitting network in a manner Well 
known in the art. 

In accordance with my invention I have pro 
Vided a new method of obtaining television sig 
nals utilizing an electrode structure of a new and 
improved type, as best shown in Fig. 2, in which 
there is provided a blocking layer of relatively 
high resistance formed on one surface of a layer 
of cuprous oxide. More specifically, the electrode 
construction shown in Fig. 2 includes a metal 
foundation sheet 7, Such as copper, which serves 
as a signal electrode, and which has on it a thin 
layer or film 8 of a semi-conductor such as 
cuprous oxide. In one convenient Way of making 
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this layer the copper plate 7, of Suitable size and 
having a plane and uniform surface, is oxidized in 
air at a high temperature until the surface is 
black. After the plate has cooled the outer Sur 
face of black cupric oxide is removed by Washing 
the plate in sodium cyanide or nitric acid so as to 
leave exposed the red cuprous oxide layer 8, 
which adheres firmly to the copper. The thick 
ness of the layer is not critical, but the layer 
should be thick enough to be easily visible. That 
surface of the cuprous oxide layer which is oppo 
site the foundation sheet 7 and on which the 
image to be transmitted is focused is provided 
with a blocking layer S formed on the surface of 
the cuprous oxide layer on the oxidized founda 
tion sheet. One convenient Way of making this 
blocking layer is to bombard the oxidized founda 
tion sheet by a glow discharge in a low pressure 
atmosphere containing hydrogen. Signals may 
be obtained from such a target if the blocking 
layer is scanned by an electron beam while an 
optical image is focused on it, as the blocking 
layer is of high resistance and Seems to form in 
effect elemental areas which produce signals. 

It is usually advantageous to utilize the block 
ing layer as a carrier for a discontinuous film Or 
layer of metal, such as caesium, silver, or gold. 
For example, gold may be evaporated On the Sur 
face of the blocking layer to form a mosaic of 
transparent mutually separated particles 20. 
Only sufficient metal is evaporated to form a dis 
continuous film, as a continuous film Would be 
electrically conducting in a direction transverse 
to the plane of the electrode. 
The blocking layer may be formed at the same 

time and by the same operations as the mosaic, 
'if metals such as caesium are used in place of the 
silver or gold. For example, the foundation sheet 

7 bearing the uniform film of cuprous oxide 8 
is supported in the tube f, as shown in Fig. 1, and 
the tube is then evacuated to a high degree, that 
is to say, to a pressure of less than 0.1 micron, 
the electron gun being raised to a high tempera 
ture, preferably to a dull red heat by subjecting 
it to a high frequency field, and the tube in its 
entirety is baked simultaneously with the evacu 
ation to outgas the component parts of the tube. 
With the tube still connected to the exhaust pump 
the cathode is activated in a manner Well known 
in the art, whereupon the pump is disconnected 
and the caesium-bearing compound is heated 
to a high temperature to vaporize the caesium 
which condenses on the Surface of the cuprous 
oxide film 8. The caesium thus applied seems to 
react with the cuprous oxide and form a block 
ing layer 9 on the surface of the cuprous oxide 
layer, and in addition the caesium is thought to 
condense on the blocking layer as discrete and 
mutually separated transparent particles 29 Sep 
arated electrically from the cuprous oxide by the 
blocking layer 9 which is formed by the reaction 
of the caesium with the film of cuprous oxide. 
An untreated cuprous oxide layer covered with 

an evaporated layer of metal other than caesium 
or the like does not provide a suitable electrode; 
but if metal such as silver or gold is deposited 
on the oxide layer by cathodic Sputtering, in 
stead of by evaporation, a blocking layer is formed 
between the cuprous oxide and the metal par 
ticles. The electrical response of my new and 
improved electrode is substantially instantaneous 
under varying degrees of illumination. When 
metals such as silver or gold are used, and the 
time lag experienced with caesium-treated elec 
trodes is not excessive. 

2,175,691. 
In conventional cathode ray transmitting tubes 

having a collector electrode and utilizing a mosaic 
of discrete photo-sensitive particles deposited 
upon an insulator, such as a sheet of mica, backed 
by a signal electrode, so that the particles form 
with the signal electrode a plurality of individ 
ual condensers which are discharged in a pre 
determined sequence when scanned by an elec 
tron beam, the individual particles of the mosaic 
when under the influence of a light image to be 
transmitted acquire electrostatic charges which 
are proportional to the light intensity thereon. 
However, I do not utilize this principle of creat 
ing a charge on particles or elemental areas of 
the Scanned target by liberating photoelectrons 
from the particles while under the influence of 
light. My new target has the property of devel 
oping on the individual particles an electromo 
tive force dependent on the intensity of illumina 
tion of the blocking layer beneath the particles, 
which determines the number of electrons trans 
ferred to the particles across the blocking layer 
from the semi-conductor. The cuprous OXide 
Semi-conducting layer 8 has some occluded oxy 
gen in its composition. Whereas the blocking layer 
9 has been shown to be composed of cuprous 

oxide of very high purity which is formed in 
place on the exposed surface of the semi-con 
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ducting cuprous oxide by deposition of caesium 
or the Sputtering of metals such as silver or gold 
thereon. The cuprous oxide semi-conducting 
layer very near the Surface of the applied metal 
apparently has less occluded oxygen than the 

30 

cuprous oxide near the copper foundation. This 
deficiency in occluded oxygen accounts for the 
high electrical resistance of this portion of the 
cuprous oxide layer and produces what has been 
referred to as the blocking layer 9. The block 
ing layer may possibly be the result of the re 
moval of free oxygen by bombardment during the 
sputtering process. Therefore, while I do not 
wish to be restricted to any particular theory of 
operation it seems probable that when the target 
is dark and the electron beam is absent the par 
ticles 20 adjacent the barrier 9 on the cuprous 
oxide layer 8, take on a potential substantially 
the same as that of the underlying signal elec 
trode to which the amplifier 6 is connected. 
This potential may preferably be of the order of 
3-10 volts negative with respect to the collector 
electrode or Second anode 9 and is supplied by 
the battery 5 which is connected between the 
collector electrode 9 and the plate . If now 
the dark target 2 is scanned by the cathode ray 
beam having a velocity such that the particles 
when scanned emit under the impact of the 
scanning beam more secondary electrons than 
the number of primary electrons received from 
the beam, the particle 20 tends to become posi 
tive, and reach a peak potential which is positive 
relative to the potential of the foundation plate 
f7. It is believed that because the path through 
the cuprous Oxide layer 8 and the blocking layer 
9 is only partially conductive, the voltage drop 
due to current flowing through the layer makes 
the equilibrium potential of the particle Sub 
stantially lower than the potential of the col 
lector electrode 9 and higher than the potential 
of the plate T, which allows the secondary elec 
trons to be collected by the electrode 9. As long 
as the beam is on a dark particle there is a 
steady flow of current between the particle and 
the collector and the particle remains at a peak 
potential. After the beam leaves the particle 
the potential of the particle drifts back toward 
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2,175,691 
the potential of the back plate but is again raised 
to the peak potential When the particle is again 
Struck by the bean. 

If now the particles on the target 2 are illumi 
nated by projecting a light image through the 
Window 3, light passes through the transparent 
metal particles 23 and illuminates the boundary 
surface between the layer of cuprous oxide 8 
and the blocking layer 9. When the boundary 
layer is illuminated the particles 20 collect elec 
trons which pass from the semi-conducting elec 
trode or cuprous oxide layer f8 through the block 
ing layer 9 to the particles 29 and consequently 
the particles become more negative than when 
the blocking layer was dark. The extent to which 
each particle becomes negative depends on the 
intensity of the illumination, hence the Strongly 
illuminated particles become more negative than 
neighboring particles which are illuminated to a 
lesser degree. Under the impact of the scanning 
beam more elections are collected by the elec 
trode S from those particles which are illumi 
nated to a high degree, than from those Which 
are illuininated to a lesser degree. In my new 
and improved electrode structure the particles 
change in potential in a negative direction. With 
respect to the back plate, Whereas in a mosaic 
electrode of the photoelectrically emissive type 
the particles upon being exposed to light lose 
electrons causing the particles to become charged 
in a positive direction with respect to the back 
plate, with the result that secondary electrons 
Which are released by the Scanning beam have a 
greater tendency to collect on the particles, and 
the electrode as a whole is less responsive to 
changing values of illumination than that of the 
photovoltaic type. Substantially instantaneous 
electrical inpulses or signals, which are depend 
ent on the light intensity, appear in the circuit 
including the blocking layer 9, the cuprous oxide 
layer 8, and the foundation plate or Signal elec 
trode . The resulting potential differences de 
veloped across the impedance 4 may be in 
pressed upon the input circuit of a translating 
device is, whereupon they may be further am 
plified and applied to a transmitting netWork in 
a knoWn manner. 
From the foregoing description it will be ap 

parent that various other modifications may be 
made in my invention without departing from 

3 
the spirit and scope thereof and I desire, there 
fore, that only such limitations shall be placed 
thereon as are necessitated by the prior art and 
set forth in the appended claims. 
I claim: 
1. A television transmitting tube including an 

evacuated envelope, a cathode adapted to gener 
ate an electron beam, and a target electrode SO 
positioned as to be scanned by said electron beam, 
COrnprising a copper foundation plate, a layer of 
Cuprous oxide integral with the said plate, and 
a discontinuous mosaic of tranSilicent particleS Of 
Sputtered metal on the exposed Surface Of Said 
CL prous Oxide. 

2. A photovoltaic electrode structure for use in 
television transmitting tubes comprising an elec 
trically conductive base, a layer of Semi-insulat 
ing material on said base and having On its ex 
posed surface a blocking layer of relatively high 
resistance, and a discontinuous translucent metal 
lic film on said blocking layer. 

3. A photovoltaic electrode structure for use 
in television transmitting tubes comprising a 
sheet of metal oxide having on One Side a block 
ing layer of relatively high resistance integral 
With said oxide sheet, a mosaic of mutually sep 
airated electrically conducting translucent par 
ticles on said blocking layer, and a metal sheet 
adjoining the side of said oxide opposite said 
blocking layer. 

4. A target electrode adapted to be Scanned by 
an electron beam comprising a sheet of copper, 
a layer of cuprous oxide on Said sheet having 
Opposite said sheet a Surface Which is of the block 
ing layer type, and a mosaic of mutually sepa 
rated translucent silver particles on said Surface. 

5. A target electrode adapted to be scanned by 
an electron bean comprising a copper founda 
tion plate, a layer comprising a lower oxide of 
Copper On the plate, and a discontinuous mosaic 
of translucent particles of Sputtered metal on the 
exposed Surface of Said layer of Oxide. 

6. A target electrode adapted to be scanned by 
an electron beam comprising a copper founda 
tion plate, a layer of Cuprous OXide on said plate, 
and an evaporated film Of Caesium of the discon 
tinuous type on the exposed surface of said 
oxide. 
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