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This invention relates to image producing systems of 
the type in which a radiation image received on an input 
Screen produces an amplified output. 
The present invention is particularly applicable to the 

field of X-ray image intensification. It is well known 
that present X-ray image intensifier tubes have insuf 
ficient brightness gain to permit the use of the minimum 
dosages required to realize the full resolution capability. 
It can also be shown that practical considerations of total 
voltage and field size prevent the realization of the re 
quired gain in a single stage device. 

It is, therefore, an object of the present invention to 
provide an improved type of image pick-up tube. 

Another object is to provide improved multiple stage 
image tube. 
A further object is to provide amplification of the 

electron image prior to bombardment of the target elec 
trode. 
A still further object is to provide an improved image 

tube having a large area input screen and a small area 
output target. 

Stated briefly, the prevent invention describes an image 
intensification tube having a large area input screen. 
Radiation impingent upon the input screen results in an 
electron image corresponding thereto which is minified 
and directed onto an electron amplification electrode. The 
amplified electron image resulting from this latter elec 
trode is then directed onto an output target to provide an 
output image of increased brightness. 

Further objects and advantages of the invention will 
become apparent as the following description proceeds 
and features of novelty which characterize the invention 
will be pointed out in particularity in the claims annexed 
to and forming a part of this specification. 

For a better understanding of the invention, reference 
may be had to the accompanying drawings, in which: 
FIG. 1 is an elevational view in section of a device 

embodying the present invention; and, 
FIG. 2 is an enlarged sectional view of one form of 

electron amplification electrode which may be used in ac 
cordance with the present invention. 

Referring now to FIG. 1, an electron discharge tube 
is shown comprising an envelope 10 having an enlarged 
cylindrical portion 12 and a restricted cylindrical portion 
14. The envelope 10 is made of a suitable material such 
as glass. The enlarged portion 12 is closed off by an 
end plate 16 which may be formed as an integral part of 
the envelope 10 while the restricted portion 14 is closed 
off by an end plate 19, which is hermetically sealed to the 
portion 14. 
An input screen 20 is positioned near to the end plate 

16. As the illustrated embodiment is designed for X-ray 
image intensification, the input screen 20 includes a mem 
ber 22 of X-ray sensitive material, for example zinc cad 
mium sulfide. An X-ray image impingent upon one sur 
face of the member 22 causes the emission of a light 
image corresponding thereto from the opposite surface 
of the member 22. The input screen 20 also includes a 
photocathode 24, of suitable material such as cesium 
antimony, which is in close optical contact with the X 
ray sensitive layer 22. The photocathode 24 receives the 
light image from the layer 22 and emits an electron image 
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which corresponds to the light image impingent thereon. 
A barrier layer 25, which may be made of glass, is inter 
posed between the layer 22 and the photocathode 24 to 
prevent actual physical contact of these latter two ele 
ments. The nature of the input screen 20, that is, one 
which changes an X-ray image to a light image and then 
to an electron image is one which is well known in the 
art. In the present example, the input screen 20 is ap 
proximately six inches in diameter. 
An electron multiplication means 32 is positioned re 

motely from the input screen 20 within the restricted por 
tion 14. In the preferred embodiment, the multiplication 
means 32 is a transmission-secondary emission type 
dynode; that is, a dynode which emits secondary elec 
trons from one surface thereof in response to electron 
bombardment of the other surface thereof. The con-. 
struction of the dynode 32 may best be understood with 
reference to FIG. 2. Dynode 32 comprises a thin layer 
of electrically conductive material 34, for example alu 
minum, having a thickness in the order of .05 micron. A 
layer 35 of material exhibiting transmission-secondary 
emission properties, for example potassium chloride, 
barium fluoride and magnesium oxide, is deposited upon 
the conducting layer 34. The layer 35 is preferably in 
the form of a spongy or porous deposit having a density 
of less than ten percent of the bulk or normal density 
of the material of which it is composed. The layer 35 
may have a thickness in the range of from ten to one hun 
dred microns. It is desirable that the above structure be 
Secured to a Support ring 33 which is of suitable material 
such as copper or nickel to provide mechanical support 
for the dynode structure. For a more complete explana 
tion and description of dynodes of this nature, reference 
is made to U.S. Patent 3,197,662, filed March 11, 1960, 
entitled "Electron Discharge Devices” by Robert J. 
Schneeberger and which is assigned to the assignee of the 
present invention. In the embodiment illustrated, the 
dynode 32 has a diameter of approximately 1.2 inches. 

In accordance with the present invention, means are 
provided intermediate the input screen 20 and the dynode 
32 for the minification of the electron image emitted from 
the Screen 20 onto the dynode 32. The minification means 
is in the form of an electrostatic lens system 26 which 
Orprises a plurality of cylindrically shaped members 

27-31 of electrically conductive material. The members 
731 are of diminishing physical size and are connected 
by leads 45-49 to a source of power which is external to 
the envelope 10. The members 27-31 are maintained at 
different values of potential and in accordance with the 
ratio of sizes of the input screen 20 to the dynode 32 pro 
y minification or demagnification in the ratio of about 

O . 

The minified electron image which is directed Onto one 
Surface of the dynode 32 results in the electrons being 
Secondarily emitted from the other surface thereof. 
These Secondarily emitted electrons are directed onto an 
output target 18 which may be approximately the same 
size as the dynode 32. Output target 18 includes a con 
ducting layer of suitable light transmissive material 21, 
such as tin oxide, onto which is deposited a layer 23 of 
suitable flourescent material, such as zinc cadmium sul. 
phide, which emits light in the visible region in response 
to electron bombardment. 
A suitable focusing system may be provided around 

the restricted portion of the envelope 14 for focusing the 
electrons between the dynode 32 and the target 18. In 
the specific embodiment, the focusing device is shown as 
a permanent magnet 40 which provides a longitudinal 
magnetic field within the envelope. 
A control grid 42 of large open area is positioned in 

termediate the dynode 32 and the target 18. The Spac 
ings between the dynode 32 control grid 42, and target 
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18 are adjusted to best obtain focus of the amplified 
image with the selected operating voltages and magnetic 
focusing field. It is also possible to utilize the grid 42 
to limit the potential to which the surface of the layer 
35 can rise. The grid 42 should be held at a voltage of 
about 10 to 200 volts positive with respect to the con 
ducting coating 34. 
The requisite potential for the elements within the en 

velope 10 may be obtained from a potentiometer or other 
suitable device. In the specific device shown in FIG. 1, 
we have utilized a battery 38 having its negative terminal 
connected by means of a conductor 52 to the input screen 
20 and its positive terminal connected by a lead 53 to the 
conductive layer 2 of the target 18. A resistor 39 con 
nected in shunt with the battery 38 provides means where 
by the remaining elements within the envelope 12 may be 
connected, by means of leads 45-5i to potentials of in 
termediate values. 

In one specific example of a tube built in accordance 
with the present invention, it was found that a total po 
tential difference of approximately 8 kilovolts between the 
input screen 20 and the dynode 32 accelerated the pri 
mary electrons striking the dynode film to an energy 
which would produce the maximum number of second 
aries from the dynode. In this example, the control grid 
42 was held slightly positive with respect to the dynode 
32 and a potential difference of approximately 20 kilo 
volts was placed between the dynode 32 and the target 
18. The 20 kilovolt potential difference between the dy 
node 32 and the target 18 serves to accelerate the sec 
ondarily emitted electrons onto the output phosphor to 
greatly enhance the brightness. In the arrangement de 
scribed, it was found that the brightness gain was 15 
times that of a conventional single stage tube operated 
with the same total voltage applied. 

While there has been shown and described what is at 
present considered to be the preferred embodiment of 
the invention, modifications thereto will readily occur to 
those skilled in the art. For example, if it were desired 
to operate the device as a visual image pick-up tube, the 
X-ray sensitive layer 22 of the input screen could be 
eliminated. Also, other forms of electron multiplication 
other than transmissive-secondary emission type dynodes 
may be employed. Included in these would be an electron 
emissive photocathode in contact with a phosphor screen 
which emits secondary electrons in response to priinary 
electron bombardment in a ratio of greater than one to 
one. In addition, fiber optic means could be utilized as 
either a radiation input or output for the device. 

It is not desired, therefore, that the invention be limited 
to the specific arrangements shown and described and it 
is intended to cover in the appended claims all such modi 
fications as fall within the true spirit and scope of the 
invention. 
We claim as our invention: 
1. An image tube comprising an envelope, cathode 

means within said envelope for the production of an elec 
tron image in response to a radiation image thereon, dy 
node means including a porous layer of material spaced 
from said cathode means for receiving said electron image, 
said porous layer exhibiting transmission-secondary emis 
sion properties to provide the emission of secondary elec 
trons on one surface of said dynode in response to electron 
bombardment of the opposite side, said porous layer hav 
ing a density less than ten percent of the bulk density of 
said material, means intermediate said cathode means and 
said dynode means for the minification of said electron 
image from said cathode means, and means for receiving 
said secondarily emitted electrons from said dynode. 
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4. 
2. An image tube comprising an evacuated envelope, 

cathode means responsive to incident radiation for the 
production of an electron image disposed at one end of 
Said envelope, dynode means including a porous layer of 
material disposed within said envelope and spaced from 
said cathode means for receiving the electron image from 
said cathode means, said porous layer having a density 
less than ten percent of the bulk density of said material 
and exhibiting transmission-secondary emission properties, 
means intermediate said cathode means and said dynode 
means to demagnify the electron image, and target means 
disposed at the other end of said envelope for receiving 
electrons from said dynode means. 

3. An electrical device comprising an envelope, an in 
put screen responsive to X-ray radiation to produce a light 
image disposed at one end of said envelope, a photo 
cathode positioned in close optical contact with said input 
screen for producing an electron image corresponding to 
said light image, a dynode including a porous layer of 
material having a density of less than ten percent of the 
bulk density of said material spaced from said photo 
cathode for receiving said electron image, said dynode 
exhibiting transmission-secondary emission properties to 
provide the emission of secondary electrons on one side 
of said dynode in response to electron bombardment of 
the opposite side thereof, means intermediate said photo 
cathode and said dynode for the minification of said 
electron image from said photocathode, and target means 
for receiving electrons from said dynode. 

4. An image tube comprising a photo emissive cathode 
for the production of an electron image in response to a 
radiation image thereon, dynode means spaced from said 
cathode for receiving said electron image, said dynode 
including a porous layer of material having a density of 
less than ten percent of the bulk density of said material 
exhibiting the property of Secondary electron emission 
rom one surface in response to electron bombardment of 

the other surface thereof, said cathode having a surface 
area approximately 25 times that of said dynode, minifica 
tion means intermediate said cathode and said dynode to 
focus said electron image onto said dynode and target 
means for receiving the secondarily emitted electrons from 
said dynode. 

5. An image device comprising electron emissive means 
for the production of an electron image in response to a 
radiation image impingent thereon, electron multiplica 
tion means positioned in a spaced relationship with respect 
to said input screen for receiving electrons from said elec 
tron emissive means, said electron multiplication means 
including a porous layer of material exhibiting transmis 
Sion-secondary emission properties, a minifying electrosta 
tic lens system intermediate said electron emissive means 
and said electron multiplication means, target means 
spaced from said electron multiplication means for re 
ceiving electrons therefrom, and grid means intermediate 
said porous layer and said target means, and means for 
supplying an electrical potential to said grid whereby the 
potential to which said porous layers can rise is limited. 
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