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This invention relates to photoconductive electrodes, 
particularly those adapted for use in television camera 
tubes. 

While much work has been done in recent years on 
photoconductive type camera tubes, the results have not 
been altogether satisfactory. Major difficulties with such 
tubes have stemmed from the photoconductive material. 
Although many photoconductive materials are known 
and have been widely used, the requirements for such a 
material in a photoconductive camera tube are so special 
that none of the known materials satisfactorily meet these 
requirements. Some have too low a resistance to be 
used; some, like selenium, have too sluggish a response; 
some become "biocked' after exposure to high light in 
tensities (i. e., become non-responsive) and a substantial 
amount of time is required before they recover and re 
spond to variations in light. Other photoconductive ma 
terials have a limited range of intensity response and vary 
substantially in conductivity only over a relatively narrow 
portion of the range of light intensities. Similarly, there 
are materials whose conductivity changes rapidly between 
black and white making it difficult to electrically detect 
the grays in-between. Others have such an erratic re 
sponse characteristic to different light intensities as to be 
unusable. Still other photoconductive materials only 
respond to light in a limited range of colors. 

Other difficulties, too, have been encountered during 
operation of photoconductive camera tubes and during 
the manufacture thereof. For example, some photocon 
ductive materials used in camera tubes have proven so 
unstable at higher temperatures that it has been necessary 
to use cooling fluids while operating said tubes. Other 
photoconductive materials have been difficult to handle 
during manufacture of the tubes, due, for example, to 
the fact that the photoconductive material could not be 
exposed to air as undesirable oxidation would ensue. 
An object of the present invention is the provision of 

a photoconductive electrode, particularly one adapted for 
use in camera tubes, which uniquely combines different 
characteristics highly desirable in such tubes. 

in accordance with a main feature of the present inven 
tion there is provided a photoconductive electrode con 
sisting essentially of germanium monosulfide. 

in accordance with another feature of the present in 
vention, there is provided a photoconductive electrode 
consisting of a layer of conductive material of an ex 
tended area having a coating or layer of photoconductive 
material at least on one side thereof consisting essentially 
of germanium monosulfide. 

in accordance with a further feature of the present 
invention, there is provided a photoconductive electrode 
of the type immediately hereinabove mentioned in which 
the conductive layer is light-transmitting so that light 
may be projected through said layer onto the photocon 
ductive material. 

In accordance with a still further feature of the present 
invention, there is provided a photoconductive electrode 
consisting of a conductive layer, a photoconductive layer 
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essentially of germanium monosulfide on one side of said 
conductive layer and in electrical contact therewith over 
an extensive area, which photoconductive electrode is 
adapted to have a light image projected thereon to vary 
the conductivity of the germanium monosulfide material 
at different points thereon in correspondence with the 
variations of light intensity at different corresponding 
points of the light image, and which photoconductive 
electrode is further adapted to have the different points 
Scanned to measure the variations in conductivity of these 
different points. 
The above-mentioned and other features and objects 

of this invention and the manner of attaining them will 
become inore apparent and the invention itself will be 
best understood by reference to the following description 
of an embodiment of the invention taken in conjunction 
with the accompanying drawings, wherein: 

Fig. 1 is a Schematic diagram of a portion of a camera 
tube, and apparatus associated therewith used in explain 
ing one method of forming the photoconductive coating 
on the photoconductive electrode, and 

Fig. 2 is a schematic diagram of a phtoconductive 
camera tube employing a photoconductive electrode in 
accordance with the present invention. 
The photoconductive electrode made according to the 

present invention uses as its photoconductive material 
essentially germanium monosulfide. Germanium mono 
Sulfide, a known compound, may be formed from the 
elements germanium and sulphur by heating together 
sulphur and germanium in a vacuum to a temperature 
of 1000 C., substantially above the melting point of 
germanium. The relative weight of the Sulphur and 
germanium used is proportional to their relative atomic 
Weights, although a slight excess of sulphur, such as 1% 
has been employed without deleterious effects. When 
cooled, the resultant compound is a fused crystalline mass 
which may be crushed to a fine powder. This powder 
can be safely exposed to air without affecting the photo 
conductive properties of the electrode subsequently pro 
duced. Of course, the germanium monosulfide may be 
produced by other processes. It is believed that certain 
inpurities may be present in the powder, such as a slight 
excess of Sulphur or germanium and traces of oxide 
containing compounds of germanium as well as possibly 
Some slight traces of germanium disulfide. The presence 
of minute quantities of these impurities does not seen to 
affect the beneficial results obtained with the resultant 
photoconductive electrode and may even contribute to it. 
Essentially, however, the material employed consists of 
germanium monosulfide, and the impurities are preferably 
less than a small fraction of 1%. 

In accordance with one aspect of the present invention, 
the germanium monosulfide, hereinafter referred to as 
the photoconductive material, is arranged in the form of 
a coating or layer of extensive area on a base member 
which is electrically conductive and has good light trans 
mission characteristics so that light may be passed through 
the base portion and fall upon the photoconductive 
material. 
While various techniques are known for arranging the 

coating on the base material, one simple method is as 
follows, reference being had to Fig. 1 in which the nu 
meral 1 designates a camera tube having an envelope 2, 
at one end of which there is mounted a transparent elec 
trically conductive member 3 which may consist of a 
glass plate coated with a layer of transparent conductive 
material, member 3 serving as the base on which the 
photo-conductive material is coated, thus forming with 
the base 3 the photoconductive electrode 4. The base 3 
may be sealed to the end of the envelope 2 by means of 
a pair of Kovar rings 5, one of said rings being sealed to 
an end of the envelope 2 and the other of the rings being 
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sealed to the perimeter of the base 3, the two rings in 
turn being seam-welded together, The base 3 is trans 
parent to light, and at the sarize time electrically con 
ciuctive so that current passing through the photocon 
ductive layer will pass readily through the base. One 
process of making such a base is described in U. S. Patent 
No. 2,565,346, the base consisting of glass with an elec 
troconductive coating formed thereon. The photocon 
ductive coating is formed on the base so as to be in con 
tact with the electroconductive coating thereof. 
The photoconductive powder prepared as herein above 

described and designated by the numeral 5 is placed in a 
little bulb 7 which is sealed to an opening 8 giving access 
to the interior of the envelope 2, in which the base 3 has 
seen incunted as above described. The envelope 2 has 
been evacuated through another opening in the envelope 
thereof (inct sinown). The bulb 7 is then heated by a 
heating coil 9 to vaporize the photoconductive powder 
5 which then passes through opening 3 into the envelope 
2. For tie purpose of causing the vapor to precipitate 
upon the base 3 and not on other parts of the envelope 

pe 2 is heated by another heating coil 19 

y formed on the base 3 preferably of a thick 
... i to 1 micron. The thickness of the coating 
controlled by passing light through the coating 

and caserving it cn the other side thereof. The temper 
atures are normally maintained in the range 400-500 C. 
ciurig the Sibirilation of the powder. After the coat 

een formed, the opening 3 is sealed off, usually 
it is believed 

Further details of one known form of photoconductive 
tube iii at lay use a photoconductive electrode accord 
ing to the present invention is illustrated in Fig. 2 in 
vihich iike numbers are applied to parts corresponding 
to similar parts in Fig. i. The photoconductive tube 

a gioioce:diuctive electrode 4 of the type described 
. . nou inted at one end thereof likewise as herein 

Towards the other end thereof there 
d an eiectron guin 3 directing its beam 4 

photoconductive electrode 3. The beam is 
;inetically by a focussing coil i5 and is de 
tically by a defiection yoke 6 so as to scan 

he eierneiai picture areas of photoconductive coating 
This scanning may be in rectilinear co 

d 

t 
t 

3; the operation of the tube, a light image from 
2, for example, 6a is directed through the base 
3 of pilotoconductive electrode 4 onto the photo 

conductive iayer by Suitable optical means (not shown). 
he effect of this light innage is to vary the photocon 
ictivity of the layer i2 at various portions of the area 

hereof ii correspondence with the intensity of the light 
aage at corresponding portions thereof. The electron 

ine: Scannig the photoconductive layer produces a 

it varies in accordance with the conductivity 
stocc:ductive layer at that point. Further de 
irated in Fig. 2 consist of the tipped-off tubula 

tion 27 used for evacuating the tube and conductive 
ieads 3 to the electron gun adjacent said tubulation. 
Electrical ceil nection to the photoconductive electrode 4 
inay be made to the Kovar rings 5 secured to said elec 
i A cciductive wall coating i9 is also usually en 

described consisting essentially of germa 
it was noted that the photoconductive ma 
resistivity of about 101 ohm-centimeters. 

4 
It can be exposed to air without damage and this stability 
in air makes it easy to handie and apply, it is also tem 
perature-stable, that is, its photoconductive characteris 
tics are not adversely affected by the temperatures en 
countered in the usual form of camera tube and no arti 
ficial cooling is required. 

Experiments made with photoconductive camera tubes, 
of the general design hereinabove indicated, utilizing 
essentially germanium monosulfide for the photoconduc 
tive electrode made as described hereinaboye, have shown 
the following advantages: it has been found that Such 
tubes can be used for motion picture film Scanning pick 
up because of the rapid response time which is at least 
of the order of 40 of a second. These tubes produce a 
wide range of output in response to a wide range of varia 
ticins of light intensity so that it becomes easy to recog 
nize a large number of shades (of gray) between black 
and white, a highly desirable feature for Slach a tube. 
These tubes are not paralyzed or "blocked' (rendered 
unresponsive to subsequent light variations) by intense 
light and thus the question of recovery time does not 
arise. Further, the tubes respond well to variations in 
intensity of light covering a wide coior range including 
the entire visible spectrum and extending somewhat be 
yond. 
Of course, while there has been described a single 

nethod for preparing the photoconductive imaterial, mak 
ing the photoconductive electrode and a single type of 
tube in which it may be employed, it will be readily 
apparent to anyone versed in the airt that different meth 
ods of preparing the photoconductive material, or mak 
ing the photoconductive electrode may likewise be en 
ployed. Furthermore, while vie have described a single 
transparent electroconductive base to be associated with 
the photoconductive material, it will be likewise apparent 
to those versed in the art that other transparent electro 
conductive bases may be formed or that in lieu thereof, 
an electroconductive base of poor light transmission char 
acteristics may be employed and that the image might 
be impressed directly on the photoconductive layer with 
Cult passing through the base as has been done, for ex 
ample, by miscellaneous lens systems in the prior art, 
including that known as the "Schmidt lens system. 
Furthermore, it will be apparent that the photoconduc 
tive electrode of the present invention may be employed 
in other types of tube, including also tubes using different 
Scanning techniques other than those employing an elec 
tron beam. 

Accordingly, while i have described above the prin 
ciples of my invention in connection with specific appa 
Tatus, it is to be clearly inderstood that this description 
is made only by way of exampie and not as a limitation 
to the scope of Iny invention as set forth in the objects 
thereof and in the accompanying claims. 

Wihat is claimed is: 
1. A photoconductive electrode for a tube in which a 

light image is converted into a corresponding electric sig 
inal comprising a conductive layer and a coating thereon 
in electrical contact therewith 
germaniuin monoSilfide. 

2. An electrode according to ciain in which said con 
ductive layer is light transparent. 

3. An electrode according to iii. 1 in which said 
coating has a thickness of the order of . I to i micron. 

4. An electrode according to claim 1 in which the 
coating has an electrical resistivity of the order of 101 
ohim-centimeters. 

5. in a tube having a photoconductive electrode of ex 
tensive area adapted to receive a light in age thereon to 
controi the conductivity of different poiticis of the area 
therect in accordance with the inteilsity of the light cf 
corresponding portions of said iiage, and Scariining means 
for passing current through different portions of said 
photoconductive electrode to measure the conductivity 
thereof; a photoconductive iayer for said photoconduc 
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tive electrode comprising essentially germanium mono 
sulfide. 

6. A radiation-sensitive device comprising an evacu 
ated envelope, a cathode assembly supported in one por 
tion of said envelope and an electron-producing device 
Supported in another portion thereof; said cathode assem 
bly comprising a conductive support having an image 
current-receiving surface and a film of germanium mono 
Sulphide on said surface, said germanium monosulphide 
being sensitive to radiation in the respect that its con 
ductivity varies in accordance with the intensity of radi 
ation projected thereon; and said electron-producing de 
vice providing a stream of electrons which impinge said 
film and which produce a current through said film corre 
sponding to the latter's instantaneous conductivity at the 
point of electron impingement. 

7. A radiation-sensitive device comprising an evacuated 
envelope, a cathode assembly supported in one portion of 
said envelope and an electron-producing device supported 
in another portion thereof; said cathode assembly com 
prising a conductive support having an image current 
receiving surface and a film of germanium monosulphide 
on said surface, said germanium monosulphide being sensi 
tive to radiation in the respect that its conductivity varies 
in accordance with the intensity of radiation projected 
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thereon; said electron-producing device comprising an 
electron gun which emits a beam of electrons, and scan 
ning devices for scanning said beam over said film, said 
beam cooperating with said film to produce a current 
therethrough corresponding to the conductivity of the film 
area impinged by said beam. 

8. An electrode assembly comprising a conductive layer 
and a layer of photoconductive material in electrical 
contact with said member, said photoconductive layer be 
ing composed essentially of germanium monosulphide. 

9. An electrode assembly comprising two layers of dis 
similar material forming a plurality of elemental picture 
areas, one layer being composed of electrically conduc 
tive material and the other layer being composed essen 
tially of germanium monosulphide, the elemental areas 
of said other layer being electrically connected respec 
tively to said one layer. 
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