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Matter enclosed in heavy brackets II appears in the original patent but forms no part of this 

reissue specification; matter printed in italics indicates the additions made by reissue. 
1. 

This invention relates to novel type of photo 
cathodes for efficient picking up of signals or 
complete images produced by different types of 
invisible radiations and to novel type of elec 
trodes for intensification of said signals or images 
produced by invisible radiations. 
The purpose of my invention is to provide 

photocathodes which will efficiently respond to 
invisible light radiation, as well as to atomic par 
ticles radiation. 
: Another purpose of this invention is to pro 
vide photocathodes for conversion of signals or 
images of one type of radation into another type 
of radiation. 
Another purpose of this invention is to pre 

serve fielity of reconverted signals or images 
in relation to the original signals or images. 
Another purpose of this invention is to pro 

vide a universal electrode for intensification of 
signals or images, which is responsive to all types 
of radiation. 
The present photocathodes are made of photo 

emissive, photo-conductive or of photo-voltaic 
layer on a suitable supporting base. These 
photocathodes responded well to visible light. 
They are, however, very insensitive to infra-red 
radation of wave-length longer than one micron 
and on the other end of the spectruna to rays 
of wave-length shorter than 2000 A. These 
photocathodes are also completely insensitive to 
electron or other atomic particles radiation. 
Limitations of the present photocathodes were 
eliminated in my invention by the use of com 
posite photocathodes comprising in combination 
light reflecting layer transparent to exciting 
radiation, fluorescent layer, light transparent 
layer and photo-sensitive layer disposed in a suit 
able vacuum tube. This novel photocathode may 
be used in every signal or image reproducing 
system, as well as in every signal or image trans 
mitting systern such as, phototubes, electron 
multipler tubes, in image converters, in image 
amplifiers, and in television pick-up tubes. By 
using this novel photocathode the invisible ex 
citing radiation is converted in the fluorescent 
layer of said composite photocathode into flu 
orescent light of wave length to which the photo 
sensitive layer ofsai photocathode is most sensi 
tive. The fluorescent light is exciting said 
photo-sensitive layer directly and by reflection 
from said reflecting layer, whereby any loss of 
fluorescent light is prevented increasing mark 
edly the eficiency of this novel photocathode. 
In this way radiation which would be too weak 
to excite the conventional photocathode may 
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now produce photo-electric effect. The sensitive 
ity of the novel photocathode is further increased 
by elimination of the optical system for projec 
tion of the signals or images on the photocathode. 
In the conventional photocathode the signals or 
images after their conversion into type of radi 
ation to which said photocathode is sensitive, 
have to be projected thereon by means of optical 
system. The use of the optical system causes 
loss of 95% of radation because of absorption. 
Elimination of the optical system would obviously 
result in complete deterioration of the sharpness 
of projected image on the conventional photo 
Cathode. In my invention, this cause of the loss 
of illumination is removed without impairing 
sharpness of the image, because of close appo 
sition of fluorescent and photo-sensitive layers. 
This is equivalent to 20-30 fold gain in sensitivity 
of the photocathode. 
Another important feature of the novel photo 

cathode is the presence of transparent layer beu 
tween the fluorescent and photoasensitive layers. 
This separating layer being extremely thin, of a 
few microns only, does not cause any deteriora 
tion of sharpness and at the same time prevents 
chemloal interaction of fluorescent and photo 
sensitive layers which is the cause of serious 
complications such as spurious signals, blennishes, 
etc. 
The photo-electric signals or images produced 

by the novel photocathode can be further in 
tensified by the use of similar composite elec 
trode comprising light reflecting layer, electron 
fluorescent layer, light transparent separating 
layer and photo-electric layer, disposed in a single 
or plural successive stages in the vacuum tube in 
cooperative relationship with said photocathode. 
The invention will be better understood when 

taken in connection with the accompanying drawings. 
In the drawings: 
Fig. 1 represents composite photocathode re 

sponsive to electron radiation. 
Fig. 2 represents composite photocathode 

sensitive infra-red radiation. 
Fig. 3 represents composite photocathode resa 

sponsive to ultra-violet radiation. 
Fig. 4 represents composite photocathode re 

sponsive to X-rays and atomic particles radii 
ation. 

Flg. 5 represents composite photocathode sens 
tlve to X-ray and gamma radiation. 

Flg. 6 represents an alternative form of photo 
cathode sensitive infra-red radiation. 

Fig. 7 represents an alternative form of cone 



3 
posite photocathode sensitive to X-ray and atomic 
particles radiation. 

Fig. 8 represents composite photocathode re 
sponsive to infra-red having photo-sensitive 
layer of photo-voltaic type. 

Fig. 9 represents novel composite electrode. 
Fig. 10 represents composite electrodes ar 

ranged in successive stages for image annplifica 
tion. 

Fig. 1 represents cascade form of composite 
electrode. 

Fig. 1 represents composite photocathode i hav 
ing light reflecting layer 2, fluorescent layer 3, ex 
tremely thin light transparent separating layer , 
and photo-sensitive layer e. g. of photo-emissive 
type 5. This photocathode is the most suitable 
for atomic particles radiation such as electrons 6 
and for invisible electrode-magnetic radiation of 
Wave-length shorter than 2000 A. The electron 
radiation passes through light reflecting layer 2 
of aluminum, is striking the fluorescent layer 3 
of 2nSAg or of BaSO4 and is converted therein 
into fluorescent light which is exciting directly 
and by reflection from the reflecting layer 2 the 
photo-emissive layer 5 of caesium, lithium or 
potassium on antimony or bismuth. The trans 
parent separating layer 4 may be of mica, silicon, 
2n's or of a suitable plastic. The fluorescent ma 
terials such as ZnSAg or BaSO have the property 
of enting also ultra-violet luminescence besides 
the visible trainescence. 2nfle is transparent to 
ultra-violet radiation. Silicon und ZnFle are ma 
tertal zohich can be evaporated. This composite 
photocathode is characterized by marked sens 
tivity. It is 200 times more sensitive than the 
conventional photocathode to irradiation by 
atomic particles or light of wave length shorter 
than 2000 A. At the same time because of close 
proximity of fluorescent and photo-emissive 
layers, the conversion of signals and images is 
possible with preservation of the sharpness, in 
spite of the elimination of optical system for pro 
jection of Said signals or images on said photo 
Cathode. 

Fig. 2 represents composite photocathode to 
suitable for infra-red radiation. The fluorescent 
layer may be of alkaline earth sulphides or sel 
enides activated by cerium, samarium or by 
CuPb. This fluorescent layer converts the infra 
red signals Oa into fluorescence of 600-1000 
millindcrons wave length, which is exciting the 
photoemissive layer 9 of CsoAg or of Cso and is 
producing photoelectron emission. The trans 
parent separating layer may be of mica, silicon, 
or of a suitable plastic. This composite photo 
Cathode is responsive to infra-red signals or in 
ages which would not be able to activate any 
known at present photocathode. 

Flg. 3 Illustrates composite photocathode i 
8ensitive to ultra-violet radiation - I fa. The fluo 
rescent layer 2 is of calcium phosphate with ac 
tivators, or of calcium silicate or barium silicate 
with activators. The light transparent separat 
ing layer is of mica, silicon or a suitable plas 
tic. The photoelectric layer 4 is of caesium or 
potassium on antimony. The fluorescent layer 2 
When excited with short U-V. radiation a con 
verts it into ultra-violet fluorescence of3,000-3800 
A. Wave-length, which is able to excite the photo 
electric layer 4. The advantage of this novel 
photocathode is, besides its sensitivity, the fact 
that it is responsive to very short ultra-violet 
radiation, to which none of the present photo 
Cathodes is sensitive. Fig. 4 shows composite photocathode is which 
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is sensitive to X-rays and atomic particles radia 
tion. This photocathode comprises light refect 
ing layer is such as, of aluminum, fluorescent 
layer T of ZnSCdSAg, BaSO4, or of tungstate. 
The separating layer 8 is light transparent and 
may be of mica, silicon, 2na or of suitable plas 
tdc. The photo-electric layer i9 ls of photo-con 
ductive type and may be of selenium, ZnS, CuS, 
PbS or of thallium sulphide. The signal plate 
20 : ils of conductive metal. The invisible X-ray 
radiation 2 is converted into fluorescent light in 
the layer . The fluorescent light irradiating 
the photo-conductive layer 9 changes its resist 
ance producing thereby electrical signals modu 
lated by the pattern of said invisible X-ray in 
age. The electrical signals flow through the sig 
nal plate 2 to appropriate receivers. 

Fig. 5 illustrates an alternative form of the 
photocathode shown in the Figure 4. In this 
embodiment of the invention the photocathode 
15a comprises light reflecting layer 16, fluorescent 
layer , light transparent layer 8, photo-con 
ductive layer 9, another fluorescent layer Ta. 
and signal plate 2. This type of photocathode is 
very sensitive to X-rays and gamma rays. The 
photo-conductive layer 9 is in this form of in 
vention irradiated by the fluorescent light from 
both sides, from layer 7 and 7a, producing dou 
ble photo-conductive effect. 

Flg. 6 illustrates variety of photo-conductive 
photocathode 2 suitable for infra-red radiation 
28. The fluorescent layer 24 is of alkaline earth 
sulphides or selenides activated by cerium, 
Samarium or europiura. The separating light 
transparent layer 25 is of mica, silleon or of suit 
able plastic. The phóto-conductive ayer 26 s 
of selenium, ZnS, Cus, PbS or of thallium sul 
phide. The signal plate of conducting metal 2T 
serves to transmit electrical signals modulated by 
infra-red image to appropriate receivers, 
The photo-conductive composite photocathode 

may be also made sensitive to ultra-violet radia 
tion by making the fluorescent layer 24 of said 
photocathode 2 of ZnSAg, of Baso or of calcium 
or barium silicates with proper activators. 

Fig. 7 lustrates photo-voltale type of compostte 
photocathode 28 having light reflective layer 29, 
for example, of aluminum, fluorescent layer of 
ZnS, CdSAg, germanates or of ZnSCu o, light 
transparent layer of mica, silicon or of suitable 
plastic , photo-voltaic layer of Cuo on cus2 
and signal plate 3 of conductive metal. The in 
visible X-ray radiation 34 is converted in the 
fluoresent layer in the fluorescent light which 
is exciting the photo-voltaic layer 2 directly and 
by reflection from the reflecting layer 29 Causing 
differences in potential over the surface of said 
Photo-voltale layer. These differences in poten 
tial have the pattern of the original invisible 
2-ray image. They are conducted in the form of 
electrical signals by the signal plate is to ap--> 
propriate receivers. 

Fig. 8 shows an alternative form of photo 
Voltaic photocathode which is sensitive to radia 
tion of long wavelength such as infra-reda. 
This composite photocathode 39 consists of fluo. 
rescent layers of alkaline earth sulphides or 
Selenides activated by cerium, samarium or 
europium, of light transparent layer 36 of mica, 
silicon or of suitable plastic; of photo-voltaic 
layer of Cu2O on Cu and of metallic signal 
plate 8. The infra-red radiation is converted by 
the fluorescent layer of said photocathode into 
fluorescent light which exciting said photo 
voltado layer causes difTerences in potentita over 
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its surface. These differences in potential have 
the pattern , of original infra-red image. They 
are converted into electrical signals and are con 
ducted by the signal plate to receivers. 

Fig. 9 illustrates composite electrode 5 in vac 
uum tube 40 for. intensification of signals or 
images. This novel electrode can be used for slig 
nals or images of all types of radiation. It has 
light reflecting layer 4, which is transparent to 
electrons layer fuorescent under electron irradia tion 42, light transparent layer 3 and photo 
emissive layer 44. In particular the light reflect 
ing layer 4 may be of aluminum, the electron 
fluorescent layer 42 of ZnsAg or of Baso, the light transparent separating layer 43 uphieh may 
be of materials described above for the light 
transparent separating layer 4, the photo 
emissive layer 44 may be of caesium, potassium 
or lithium on antimony or bismuth. As images 
of all types of invisible radiation may be con 
verted by a suitable composite photo-emissive 
photoeathode, as described above, into photo 
electron image, the novel electrode which is 
electron-sensitive may serve for intensification of 
signals and images whether they are produced by 
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U.-W., I-R, gamma rays or by atomic partieles. 
In the Figure 9, we see intensification of ???? 
image by said composite électrode 45. The elec-* 
tron bearin it carrying the invisible electron 
inage, such as e. g. radar image is focused on the 
conposilte electrode 45. "The electron image 
passes through the light reflecting layer 4, is 
converted by the fluorescent layer 42 into fluo 
reseent image and said fluorescent image is ex 
citing photo-emissive layer d, whereby intensi 
fied photo-electron image having the pattern of 
the original radar image is obtained and may 
be now reconverted into visible image, if so de 
sired. This process of intensification may be re 
peated a few times using said composite elec 
trodes in a few stages, whereby additional intensi 
fication is obtaired. case of radar images the 
fluorescent layer in the composite electrode 45 
should be in some instances of a long persistence, 
in order to avoid the ficker. Such persistent 
fluorescent phosphor may be of single layer type 
such as e. g. Zn(Mg)F2: Mn or other fuorides, 
ZnSCu(Ag) ; CszPa07:Dy or ZnSCdS:Ag.: Cu. 
Sometimes it is more advantageous to use cascade 
type of fluorescent screen consisting of two or 
more layers, as illustrated in the Figure 11. In 
this form of invention the coraposite electrode 
a has the fluorescent layer a coaprising two 

layers 42b and 2c such as e. g. Zns (Ag) on 
2ns:CdS:Cu or AlaO on 2ns: (Ag). Obviously 
there are many combinations of cascade long 
persistent fluorescent screens which can be used 
in this invention. The remaining parts of the 
composite electrode 45a such as light reflecting 
layer la, light transparent separating layer 43a 
and photo-emissive layer da are as described 
above. 
The application of the composite electrode 45 

for visible light image amplification is shown in 
the Figure 10. The visible light image 47 pro 
jected by the optical system tsf causes photo 
emissive effect in the photocathode 48 disposed 
in the vacuum tube 49. The photo-electrons re 
leased from the photocathode 48 and having pat 
tern of said light image strike the composite elec 
trode 5, and produce intensified fluorescent 
image in the fluorescent layer 42 of said com 
posite electrode. The intensified fluorescent in 
age directly and by reflection from the light re 
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layer 44, producing intensified secondary photo 
electron image. This intensified secondary photo 
electron image having the pattera of the original 
light intage may be projected on the next con 
posite electrode 5 having light reflecting layer 
53, electron-fluorescent layer 4, light transparent 
separating layer SS and photo-emissive layer 56 
whereby additional intensification is achieved. 
This process may be repeated in a few stages 
resulting in marked intensification of the original 
light image, before reconverting said intensified 
secondary photo-electron image into final visible 
image for inspeetion or recording. This system 
of light image asaplification was never accorn 
plished successfully before as in previous systems 
the absence of the light reflecting layer 4 in the 
composite electrode 4, caused back-scattering 
of the fluorescent light from the fluorescent layer 
2 to the photoscathode 4, destroying thereby 

completely the image, 
It is obvious that the novel composite photo 

Cathode and composite electrode may be used in 
every signal or image reproducing or transmit 
ting system. In particular they will be used in 
photo-tubes, electron multipliers, image con 
verters, image anaplifier tubes as well as television 
pick-up tubes, whenever the presently known 
photo-cathodes are not responsive ornot sensi 
tive enough to the depicting radiation. 
Although the preferred embodiments of the 

invention have been deseribed it will be obvious to those skilled in the art that various changes 
and modifications may be made without depart 
ing from the true spirit and scope of this inven 

5 ton. 
What I claim and want to protect by Letters 

Patent of the United States: 
1. In a vacuum tube, a composite screen come 

prising a luminescent layer deposited on a wall 
of said tube, a light transparent separating layer 
in contact with said luminescent layer, said light 
transparent layer having a thickness of the order 
of microns, and a photosensitive layer in contact 
with said light transparent layer. 

2. In a vacuum tube, as defined in clan, 1 
wherein said photosensitive layer is photoemis 
sive. - 

3. In a vacuum tube, as defined in claim 1, 
wherein said luminescent layer comprises a plu 
rality of layers of different phosphors. - 

4. In a vacuum tube, a composite screen conta 
prising a lunaescent layer deposited on a wall of 
said tube, a light transparent separating layer 
of the order of microns in contact with said luminescent layer, andra photoconductive layer 
in contact with said separating layer. 

5. In a tube, a composite screen comprising a 
luminescent layer, a light transparent separat 
ing layer in contact with said leaninescent layer, 
said light transparent separating layer having a 
thickness of the order of microps, and a photo 
electric layer in contact toith said light trans parent lager. 

6. In a tube as defined in claim 5, wherein said photoelectric lauer is photoemissive. 
7. In a tube as defined in claim 5, wherein said 

untinescent layer comprises a plurality of layers 
of different phosphors. 

8. In a tube, a composite screen comprising a 
untirescent layer, a light transparent separating 
layer of a thickness of the order of microns and 
in contact with said luminescent Zayer, and a 
photoconductive aper in contact with said, sepa fating layer. 

9. In a tube, a composite screen comprising flecting layer 4 is exciting the photo-emissive is luminescent neart, light transparent separating 
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means fire contact with said Entrescent means 
and also transparent to ultra-tiolet radation. 
emitted by said luminescent neans, said ligh 
transparent nears having a thickness of the 
order of microns, and a photoelectric layer in 5 
contact with said transparent separating means." 

10. In a tacuum tube, a composite screen cong 
prising in the following order a luminescent, 
layer receiving an image forming radiation, 3 
light transparent separating layer also transpara 10 
ent; to ultra-tiolet radiation emitted by said 
luntnescent layer, in contact with said lumines 
cert layer and of a thickness of the order of 
microns, and a photoemissive layer in contact 
with said tight transparent layer. 

11. In a tube, a composite screen comprising 
in the folloutving order: luminescent means rei 
ceiving an image forming radiation, light trans-. 
parent separating means of evaporable materia 
and in contact oth said luminescent means, said 20 
light transparent means having a thickness of 
the order of microns, and photoelectric means 
receiving light from said luminescent means 
through said light transparent separating mea 
and in contact with said light transparent means a 25 

12. In a tacuum tube, a composite screers corn 
prising frt the following order a lumines 'R 
layer receiving an image forming radiation, er 
light transparent separating layer of evaporable 
fracterial frt contact the said laminescent layer 3 
and of a thickness of the order of microns, and 
a photoemissive later in contact with said light 
transparent layer. 

13. In a tube, a composite screen comprising 
luntnescent means, light transparent separating 35 
means in contact idith said luminescent means, said light transparent means having a thickness 
of the order of microns, and a photoelectric layer 
having one surface in contact with said light 
transparent means and the other surface er 40 
posed. 

14. In a tube, a composite screen comprising 
luntriescent means, light transparent separating 
means in contact with said luminescent means 
and of epaporable material, said light transpar- 45 
ent means having a thickness not eacceeding a 
few microns, and a photoelectric layer having 
one surface in contact toith said light transpar 

- ett means and the other sturface ecposed. 
15. In a tube, a composite screen comprising: 50 

in the following order: luminescent means re 
ceiving image forming radiation, light transpar 
ent separating means of evaporable materia tin 
contact with said luminescent means and of a 
thickness of the order of terons, and photo electric means in contact with said light trans 
parent means and comprising an alkali metal 
combined with an element of the group including. 
antmory or bismuth, . 16. In a tube, a composite screen comprising to 
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supporting means transparent to X-rays, turn 
nescent means receding said X-rays, light trans 
parent separg meáinig in contact 0ith said 
luntriescent teafs and of a thickness of the 
order of microns, qnd photoelectric means hav 
ing one surj??e in geogfact toith said transparent 
separating fears and the other surface erposed. 

17. I'm a ugcu??, tube, a ????osite ?cre?? ??? 
prising in the follouting order: supporting means 
transparent to X-rays, luminescent means re 
ceiving said X-rays, light transparent separating 
means of evaporable material in contact with said 
luminescent means and of a thickness of the 
order of mlerans; and a photoemissite layer in 
contact with gaid'asparent separating means. 

18. In a tube, a epraposite screen comprising in 
the follouping order supporting means transpar 
ent to X-rgus, lunairescent means receiving said 
X-rays, light trarsagrget separating means of 
evaporable material in contact with said lumines 
cent means and of a thickness of the order of 
microns, and a photogonductive layer in contact 
tith said transparent means. 

19. A tube som prising a composite screer ha 
ting in the fellotilagssorder supporting nears 
transparent to X-rgus, luminescent means re 
celting said X-rays, light transparent separating 
means of evaporable material in contact with 
said luminescent means and of a thickness of the 
order of microns, and g photoelectric layer having 
one surface in contact with said light transparent 
means and the other surface eacposed. 

20. In a tube, a composite screen comprising in 
combination a upporting means transparent to 
X-rays, luminescea-fears receiving said X 
rays, light transparget separating means also 
transparent to ultra-violet radiation emitted by 
said luminescent areas in contact with said 
luminescent neafs did of the thickness of the 
order of micrors, and photoelectric layer having 
one surface in catgct with said transparent 
separating aeans and the other surface erposed. 
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