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now Patent No. 2,555,423, dated June 5, 1951. Di 
vided and this application June 1, 1951, Serial No. 
229,492 

6 Claims- (Cl. 313-61) 

This invention relates to an improved method and de- . 
vice for intensifying images and refers more particularly 
to an improved method and device for intensifying images 
formed by the impingement of an invisible radiation 
(WhlCh term is meant to include X-rays, gamma rays and 
the like, and also irradiation by beams of atom par— 
ticles such as e. g. neutrons) on a ?uorescent or other 
reactive screen, and it is a division of my U. S. Patent 
No. 2,555,423 issued June 5, 1951. 
The subject matter of the present invention relates 

. to intensi?cation ‘of images produced by atomic particles 
such as neutrons; _ 

One primary object of the present invention is to pro 
vide a device to produce intensi?ed neutron images. This 
intensi?cation will enable one to overcome the ine?iciency 
of the present ?uoroscopic examinations. At the present - 
level of illumination of the ?uoroscopic image the human 
eye has to rely exclusively on scotopic (dark adaptation) 
vision, which is characterized by a tremendous loss of 
normal visual acuity in reference both to detail and to 
‘the contrast. 

Another object of this invention is to make it possible 
to prolong the ?uoroscopic examination since it will re 
duce markedly the strength of radiation/affecting the 
patient’s body. Conversely, the exposure time or energy 
necessary for the ‘radiography may be reduced. 

Another object is to provide a method and device to 
produce sharper ?uoroscopic and radiographic images 
than was possible until now. ' 
The present intensifying devices concerned with re 

production of ?uoroscopic images were completely un 
satisfactory, as in the best of them ampli?cation of the 
original image brightness of the order of 3 to 5 was 
achieved, _while in order to obtain improvement in the 
visual acuity intensi?cation of the brightness of the order 
of 1000 is obligatory. Without intensi?cation of lumi- r 
nosity of at least the order of 1000 the eye is con?ned 
to so-called scotopic vision,‘ at which it is not able to 
perceive de?nition and contrast of the ?uoroscopic image. 
It is Well known that intensi?cation of-the brightness of 
the ?uoroscopic image can not be achieved by increase 
of energy of the X-ray or neutron radiation, as it will 
result in damage to the patient’s tissues. Therefore to 
obtain the objects of this invention a special neutron sen 
sitive image tube had to be designed. This novel neu 
tron image tube is characterized by elimination of the 
optical lens system present in other image tubes which 
resulted in 20—30 fold gain in the light reaching the 
photocathode. Then by the combined use of a novel 
photoemissive pick-up system and storage system of the 
tube, _of a multiplier section of the tube, of a novel elec 
tron lmage ampli?er system, of the electronic accelera 

‘ tion and of the electronic image diminution, the inten 
, si?catlon of the luminosity of the original image exceed 
ing the ratio of _l000-1 was accomplished. 
. The elimination of the optical system present in other 
image tubes to focus the ?uorescent image on the photo 
‘cathode of the tube was accomplished by positioning 
within the neutron sensitive image tube of the screen, con 
sisting of combination of neutron transparent, light re 
?ecting layer, of neutron ?uorescent or reactive layer, and 
of the photoemissive layer. All layers are placed in close 
apposition to each other to prevent the loss of de?nition. 
Tho ?uorescent and photoemissive layers are separated 
only by a very thin, light, transparent, chemically inac 
tive, barrier layer. The previous combinations of ?uo 
rescent and photoemissive layers were not successful be 
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2 
cause of detrimental chemical interaction of both layers, 
due to lack of a barrier between them, therefore the in 
troduction of light transparent barrier layer represents 
a very important part of this invention. The photoemis 
sive layer of semi-transparent type is characterized by 
emission of electrons on the side opposite to the side of 
the incident light. The photo-electrons emitted from the 
photoemissive layer in a pattern corresponding to. the 
incident light pattern are focussed by *means of magnetic 
and/or electric ?elds on the target which serves as a 
secondary emission electrode and electron storage place. 
This division of the photo-surface into photoemissive 
section and secondary emission-storage section allows to 
obtain many-fold gain in efficiency as compared with the 
mosaic type of photoemissive surfaces where both photo 
emissive action and storage action are combined in one 
layer. In other cases in order to increase further the 
ef?ciency of this system the electron-emissive elfect and 
storage effect are separated from each other by using one 
special plate for electron emission and another one for 
electron storage. In some cases it may be desirable to 
use a cooling system for a photocathode and secondary 
emission electrode to inhibit thermionic emission. 

Further intensi?cation of the neutron image was ob 
tained by the use of novel image ampli?cation system. 
The ampli?cation section of the tube consists of one 

or a few screens each of them composed of a very thin, 
light-re?ecting, electron pervious layer, of a fluorescent 
layer and of a photoemissive layer in close apposition to 
each other. It is necessary to include a very thin, light 
transparent, chemically inactive barrier layer between the 
?uorescent and photoemissive layers in order to prevent 
their chemical interaction. The electrons from the pick 
up section of the image tube are focussed by magnetic 
or electro-static ?elds on the ?uorescent layer of a screen 
described above. The luminescence of the ?uorescent 
layer of the ampli?cation screen will cause the emission 
of electrons from the photoemissive layer of the screen. 
This process can be repeated a few times, using a few 
screens described above, resulting in 10~100 times in 
tensi?cation of the original electron image. 

In another modi?cation to be used in this invention 
there is an additional multiplier section which consists 
of a few stages of grid multiplier and can give an addi 
tional intensi?cation of the electron image by secondary 
electron emission. 
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The electrons leaving the amplifying section are‘ ac 
celerated by means of high voltage electrostatic ?elds. 
The accelerating system can be of a conventional type 
well known in the art. Much better results with higher 
voltages will be achieved with an electrostatic multi-lens 
system. 

Next the electron image is demagni?ed, which results 
in its additional intensi?cation. The electron diminution 
of the image, in order to gain its intensi?cation, is well 
known in the art, therefore does not have» to be described 
in detail. 
The diminished electron image is projected on the 

?uorescent screen at the end of the tube, where it can 
be viewed by the observer directly or by means of an 
optical magnifying eye piece through the light transparent 
end wall of the tube. 
The use of an optical eye piece to magnify optically 

the electronically diminished image appearing on the ?uo 
rescent screen is also well known in the art, therefore 
does not need further description. _. 
The combination of the above described features of 

the neutron sensitive image tube allows one to obtain 
intensi?cation of the original neutron image, which was 
the primary objective, of this invention. Having such 
a marked intensi?cation of the original neutron image, 
it will be possible now to use a much ?ner grain of 
?uorescent screens than was practical until now and to 
improve this way detail and contrast of‘ the ?nal image, 
which was another purpose of this invention. 
There are known in the art X-ray and neutron image 

tubes which have the feature of elimination of the opti~ 
cal focussing system. These tubes, however, rely for 
intensi?cation completely on the electron acceleration. It 
is well known that the intensi?cation of the electron image 
by acceleration can not be used beyond 20 kv. because of 
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'unavoidable ‘ion emission 2from different parts of the tube, 
because .of-?eld emission .and_.also..because .of .electron 
optical complications at the high voltage. The .20 kv. 
:acceleration results in only ten-fold intensi?cation of 
:the original image, whereas for (the purposes -:outlme_d 
above thousand-fold intensi?cation is necessary. It. is 
obvious, therefore, that the use ofa novel p1ck~upsect1on 
.consisting of separate photoemissive and storage layers 
:and of novel cascade ampli?cation system represents an 
invention without which the intensifying X-ray .orfneutron 
iimage tube could not operate. _ _ g 

The invention will appear more clearly from _-the fol 
lowing detailed description when taken in connection with 
the accompanying drawings by way of example only 
(of the preferred embodiments of the inventive idea. 

In the drawings: 1 V _ 

Figure 1 represents the X-ray image intensifying tube. 
Figure 2 represents a modi?cation of X-ray image 

intensifying tube. I p " H 

ijFigure .3 represents a curved X-ray image intenslfying 
in e. 

' Figure 4 represents neutron image intensifying tube. 
Figure 5 shows a modi?cation of the .photoca'thode in 

the neutron image intensifying tube. ‘ 
Figure .6 shows another modi?cation of the photo 

cathode in the neutron image intensifying tube. 
'Fig. 1 shows an X-ray image intensifying tube. The 

X-ray image tube is not a part of the present invention. 
The description of this tube is necessary in order to ex 
plain ‘later the operation of a neutron image intensifying - 
tube, shown in Fig. 4. 
The face .1 ‘of the image tube shown in Fig. 1 must be 

of a material transparent to the type of radiation to be 
used. Inside theface of the tube there is a very thin, light 
re?ecting aluminum layer 2 which prevents the loss of 
light from the ?uorescent screen 3. An extremely thin 
barrier layer 4 separates the ?uorescent screen~3 from 
the photoemissive layer 5. The ?uorescent 3 and photo 
emissive layers 5 should be correlated so that under the 
in?uence of the particular radiation used there is obtained _ 
a maximum output of photoemission. More particularly 
the ?uorescent screen should be composed of a material 
having its greatest sensitivity to the type of radiation to 
be used, and the photoemissive material likewise should 
have its maximum sensitivity 'to the wave length,emitted 
by the ?uorescent screen. Fluorescent substances that 
may be used are willemite, or other zinc silicates, zinc 
se'lenides, zinc sulphides, calcium ?uoride or calcium 
tungstate, with or without activators. The satisfactory 
photoemissive materials will be caesium oxide, caesium 
oxide activated by silver, caesium with antimony, with 
bismuth or arsenic or antimony, with lithium or po 
tassium. The barrier layer 4 between the ?uorescent 
and photoemissive surfaces can be an exceedingly thin 
transparent ?lm of mica, glass, of organic substance 
such as nitrocellulose or gelatine, of silicon or of a suit 
able plastic. The thickness of separating layer should 
not exceed 0.15 millimeter. 
The electron image obtained on the photoemissive layer 

5 is not projected on the secondary emission target Sal-5b 
by means of magnetic and/or electrostatic?eld. 
The electron image obtained in the pick-up section is 

then transferred to the ?rst screen of the amplifying 
section 7 by means of focussing magnetic or electrostatic 
?eld, which is not indicated since it is well known in 
the art and would only serve to complicate the illustration. 
The amplifying section 7 uses one or a few successively 

arranged special screens, Fig. 2, each of them consisting 
of an electron pervious, light-re?ecting layer 8, of a 
?uorescent layer 9, of a light transparent barrier layer 
10 and of a photoemissive layer 11. Fluorescent sub 
stances that may be used are willemite or other zinc 
silicates, zinc selenides, zinc sulphide, calcium ?uoride or 
calcium tungstate with or without activators. The satis 
factory photoemissive materials will be caesium oxide, 
caesium oxide activated by silver, caesium with antimony, 
with bismuth or arsenic or antimony with lithium or 
potassium. The barrier layer 10 between the ‘?uorescent 
and photoemissive surfaces can be an exceedingly thin 
transparent ?lm of mica, glass, or organic substance 
such as. e. g. nitrocellulose or gelatine, of silicon, or of 
a-suitable plastic. The ampli?cation achieved by this sys~ 
tern results in marked intensi?cation of the original 
image. 

In some applications it may be preferable to use in 
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' additional elements. 

conjunction with amplifying system the electron multi 
plier section 6 consisting of one or a few stages of sec 
ondary electron multipliers vwhich serves to intensify fur 
ther the electronic image. In such a case the electron 
image from the pick-up section of the tube is focussed 
by means of magnetic ?eld on the ?rst stage of the mul 
tiplier section. The secondary electrons from the ?rst 
stage are focussed the .same way on the second stage of 
the multipliersection and 'so "on. 
The 'electronsemerging .from‘the amplifying section 

are now accelerated and image by means of electro 
magnetic ?elds 19. to ‘the "desired velocity, giving this 
further intensi?cation of the ‘electron image. Next the 
electron image ‘is diminished by means of electro-magnetic 
lenses 19a to the desired size, resulting in image intensi 
?cation proportional to the square power of the linear 
diminution and is projected through the electron pervious, 
light re?ecting aluminum layer 20 on the ?uorescent 
screen .21 made of ?negrains of Zn0,.Zn silicates or ‘ZnS 
with appropriate activators where it can be viewed by 
the observer. .In some cases it may be more d'e 
sirable to have the‘ ?uorescent screen mounted ‘outside 
the vacuum tube; insuch cases thin "electron transparent 
layer ‘of chromium or aluminum is placed on the ‘end 
wall 22 of the vacuum tube made of fernico glass. The 
image appearing on the ?uorescent screen can be “viewed 
directly or by means o‘frsan optical eye-piece 123 giving 
the desired optical magni?cation of the image. In other 
cases the ?uorescent screen 21 is substituted by .‘photo 
graphic layer ‘or by‘ photographic layer in combination 
with ?uorescent screen, thus permitting one toobtain a 
permanent record of the ‘electron image. - 

In another alternative of this invention the tube is 
curved, Fig. 3, and theelectron beam is de?ected by 
proper magnetic ?elds. This arrangement will prevent 
ghe positive ions from reaching the photoemissive ‘sec 
- 101'1. ‘ 

p The embodiment of the ‘invention adapted for intensi 
?cation of neutron images is illustrated in Fig. 4, wherein 
a neutron reactive layer 26 preferably from the group 
boron, l1thium,-gado1inium and uranium or of .pa'ra?ine 
is placed on the face of the image tube to act as a photo 
cathode. The protons or electrons liberated from this 
layer 26 under the impact of neutron radiation will vstrike 
through a vthin electron .perviou‘s chemically inactive 
barrier layer 40, a suitable ?uorescent layer 27, 
causing it to ?uoresce and activate a suitable ‘photoemis 
sive layer 29 through the light ‘transparent barrier layer 
28. In other cases a neutron reactive layer of cadmium 
or copper will be more advantageous, because of its 
gamma emls'sion. 

‘In; some cases it may be more desirable, Fig. 5, to 
eliminate the ?uorescent layer 27 and to cause protons 
and electrons from the layer 26 to act on electron-emis 
sive vlayer 31 either by apposition, in which case electron 
pervious chemically inactive barrier layer 30 has to be 
used to prevent chemical interaction of adjacent layers, 
or by focussing them on electron-emissive layer 31 with 
magnetic or electrostatic ?elds, Fig. 6. 
The ?uorescent layer to be used in the neutron sensitive 

tube may be of similar composition as described above 
in the X-ray sensitive image tube, but it has also to be 
adapted to respond most e?iciently to the radiation emitted 
from neutron sensitive layer by enriching it with proper 

The photoemissive layer has again 
to be correlated with spectral emission of ?uorescent 
layer. The amplifying system, the multiplier system, the 
accelerating system, the electronic diminution are the same 
for neutron sensitive image tube and for X-ray sensitive 
image tube. 

Although the particular embodiments and forms of this 
invention have been illustrated and, it is understood that 
modi?cations may be made by those skilled in the art, 
without departing from the full scope and spirit of the 
foregoing disclosure. ‘ 

Having thus described my invention, I claim as new 
and desire to secure by Letters Patent: 

1. In atomic-particles-sensitive tubes, an evacuated 
envelope, having in combination, a composite photo 
cathode consisting of a ?uorescent layer having distributed 
throughout said layer elements reactive to atomic par 
ticles, a light transparent separating layer, and of a photo 
electric layer, said light transparent layer of a thickness 
not exceeding 0.15 millimeter, accelerating means and 
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an electron reactive screen spaced apart from said photo 
cathode. 

2. In a device as de?ned in claim 1, said composite 
photocathode having an atomic particles reactive layer, a 
light opaque layer, a ?uorescent layer reactive to radia 
tion emitted by said atomic particles, reactive layer, a 
separating layer of a thickness not exceeding 0.15 mil 
limeter and independent of walls of said tube, and a photo emissive layer. 

3. In a device as de?ned in claim 1, said photocathode 
having an atomic particles reactive layer, a ?uorescent 
layer reactive to radiation emitted by said atomic particles 
reactive layer, a light transparent layer of a thickness not 

millimeter, and a photoemissive layer. 

spaced apart from said photocathode. 
5. In atomic particles sensitive image tubes, an evacuted 
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6 
envelope having in combination atomic particles reactive 
means for receiving an atomic particles image, ?uorescent 
means responsive to radiation emitted by said atomic par 
ticle reactive means, light transparent separating means 

electron reactive screen spaced apart from said photoelec 
tric means. 

6. A device as de?ned in claim 4, wherein said light 
transparent separating means are independent of Walls 
of said envelope. 
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