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57 ABSTRACT 

Image intensifier device and method for image intensification 
in which a bundle of ionizing radiation containing an intel 
ligence pattern impinges upon a fluorescent layer of an anode 
luminary structure to produce fluorescence and whose 
fluorescent output excites the further emission of photons 
from an adjacent image intensifier structure of the solid state 
type, the latter being connected in series with a unipotential 
source of high voltage and high frequency and said high volt 
age effecting further light emission from said intensifier struc 
ture, said unipotential source being further connected to a 
conducting layer of said fluorescent anode and to an actuating 
relay in a series arrangement such that said unipotential of 
high frequency is released to said image intensifier in an in 
stantaneous "surge flow" concurrent with the transmission of 
the ionizing bundle through the face of an evacuated tube con 
taining said fluorescing anode luminary unit and said image in 
tensifier structure in cascade arrangement and further; said 
image intensifier being connected to a source of high alternat 
ing field frequency to further activate said image intensifier to 
produce light emission and an intensified image therefrom; the 
said activation being due to excitation of a dielectric layer so 
that the ionizing bundle evokes "charge transport' 
therethrough to an adjoining radiation-transparent opaque 
layer, and a photoelectro-luminescent phosphor layer, said 
activation being reinforced by the concurrently applied high 
voltage potentials to the conductor boundary layers of said in 
tensifier structure, to produce a stored conductivity pattern 
upon an image target having a long-time storage function for 
scansion by a cathode-ray beam of electrons, said pattern 
being a replica of the original image inherent in the ionizing 
bundle of rays. 

7 Claims, 1 Drawing Figure 
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3,663,821 1 
IMAGENTENSIFIER DEVICE AND METHODFOR 
RECEIVENGRADANT ENERGYMAGESFOR 

CONVERSION AND INTENSIFICATION 
This is a continuation-in-part of both application Ser. No. 

306,897, filed Sept. 5, 1963, now U.S. Pat. No. 3,436,550, and 
application Ser. No. 459,529, filed May 24, 1965, now U.S. 
Pat. No. 3,482,104, 
The above abstract together with the following specification 

and drawing constitutes a preferred embodiment of my inven 
tive device which I prefer to call by the name of "TELEX 
ICON"taken from the Greek and meaning: "to transmit X-ray 
images at a distance,' being a device for receiving X-ray 
images for reproduction and transmission. 
This invention relates to an improved method of image in 

tensification and a novel image transducer device called by me 
a "Telexicon" for use as a receiver of images produced by 
ionizing radiation or such rays emitted by bombardment of 
high energy particles such as neutrons, or by other similar 
means including but not limited to gamma radiation or other 
particulate radiation. More particularly, it relates to an image 
pick-up tube adapted to receive X-ray images of whole body 
radiation of individuals for biologic study by radiologists or of 
inanimate objects by industrial radiologic means for testing 
and examination or for the viewing of interiors of inanimate 
objects. It is not limited to the examination of stationary ob 
jects or persons but is also designed to be used for the ex 
amination of movable objects. 

This invention further relates to the production and inten 
sification of light images produced by ionizing radiation in lu 
minescent materials and to the storage of said luminescent 
images in a special storage target having a long-time storage 
function for later reproduction and review. The invention dif 
fers from prior image intensifiers of similar character by the 
close alignment of a novel fluorescing anode structure to a 
photo-electro-luminescent image intensifier of the solid-state 
type, together with a special circuitry for the concurrent 
stimulation of the fluorescent layers of the units by both the 
input ionizing bundle of radiation and an input potential ac 
tivation means. 

In this novel transducer device it is proposed to make use of 
the phenomenon of photo-electro-luminescence employing 
the joint activation of an image intensifier structure by a 
fluorescent image produced by ionizing rays and by the action 
of the rays on a dielectric photoconductor layer of said image 
intensifier. The input ionizing radiation is utilized to activate 
or excite fluorescence jointly in a fluorescent layer of a novel 
anode structure and in a luminescent layer of an image intensi 
fier structure that adjoins it in order to produce a light image 
that can be intensified by the high voltage potentials serving to 
activate the intensifier structure to electro-luminescence. It is 
inherent in the design of these two structures that the emission 
of said photonic image should have the character and defini 
tion of the input mosaic image inherent in the ionizing bundle 
of radiation causing luminescence. The image intensifier 
structure is concurrently activated by this ionizing bundle as it 
traverses the various layers making up the two structures. It is 
also proposed to make use of a three-layer two-sided special 
target having a long-time storage capacity for light, image 
storage. Such a target can be useful for intermittent scansion 
by a slow-scan cathode-ray beam from a scanning gun for 
image transmission. It is further intended to make use of a 
charging pulse or "surge' of high unipotential source of input 
voltage to the image intensifier structure to provide immediate 
image intensification by means of special relay and circuit 
eas. 

Accordingly, it is an object of this invention to provide an 
improved image intensifier device and method of image inten 
sification employing joint excitation of luminescing structures 
with concurrent activation of said structures by high DC and 
AC potential means with photonic emission of luminescing 
layers and by a change in state in a dielectric by transmission 
of a bundle of ionizing radiation therethrough so that the 
phenomenon of "photo-electro-luminescence" occurs within 
creased amplification. 
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2 
A correllary object of this invention is to provide a new and 

improved image pick-up tube for X-rays and to limit the 
amount of radiation that a patient may receive during radiog raphy. 
Another object of the present invention is to improve the 

image-forming anode structures of photo-electro-luminescent 
devices so that increased image intensification is obtainable. 
A further object is to provide a system of televising X-ray images. 
In the prior art, images were intensified either by contrast 

enchancement of an electron image produced by impinge 
ment of ionizing radiation on a fluorescent layer or photo 
cathode structure alone or in combination together with other 
electron image intensifying means, the resultant intensified 
image thereupon being either viewed directly, stored or 
reproduced by means of a scanning beam. In this invention it 
is proposed to make use of the ionizing action of the bundle of 
X-radiation that passes through the various layers of the lumi 
nary transducer device to serve as an initiator of fluorescent 
light production in the fluorescent image unit (24) as well as 
luminescence in the image intensifier unit (25) stacked in 
cascade arrangement. 
The single drawing FIGURE is a representational embodi 

ment of the preferred invention in cross-section serving to 
show the structure of the new device in detail and taken in 
conjunction with this specification portrays the method of 
operation of the device to produce the aforementioned ob jects. 

It is well known that ionizing rays have the property to alter 
the resistance of a dielectric employed in a typical solid state 
image intensifier unit. The ionizing ray bundle 1" can both 
serve as a light-image-producing agent as well as an initiator of 
electro-luminescence in the image intensifier unit structure. 
Taken in conjunction with the fluorescent image forming 
member 24, the light image produced by the intensifier unit 
structure 25 is a replica of the input image inherent in the 
ionizing bundle 1" which is the activating agent for image for 
mation. The phenomenon of photo-electro-luminescence is 
initiated by the stimulation of the image intensifier unit 25 by 
both the light emitted by the fluorescent layer 4 of lu 
minescent anode unit 24 and the penetrating action of the 
ionizing bundle 1" through the various layers of both units 24 
and 25. 

Referring to the drawing in the Figure a source of ionizing 
radiation (not shown) exterior to tube 1 is activated and the 
ionizing bundle 1' with an image is made to strike the tube 
face towards base plate 2 and penetrates each layer in turn of 
the luminary unit 24. This unit is similar to and can be com 
pared to a typical input fluorescent screen for production of 
X-ray images. The base plate 2 can be formed of any metal 
layer as a support for layer 3 and 4 and to act also as a light 
mirror. The intermediate layer 3 is composed of conductive 
glass and fluorescing layer 4 may be composed of any suitable 
light-emitting phosphor compound with an activator and/or 
halogen as is known in the art. The usage of intermediate layer 
3 is novel in that its function is to transmit a high uni 
directional voltage potential from voltage tap 29 to relay 15 
and thence to image intensifier unit 25, thus activating said 
unit. This voltage pulse takes the form of a “surge' action. 
The phenomenon of photo-electro-luminescence is initiated 

by the X-rays striking the dielectric layer 6 of the image inten 
sifier unit 25. This layer has a high impedance and is com 
posed of any substance whose resistance is high such as stan 
nous chloride deposited in a layer on a base plate 5 of glass 
contiguous with an electro-luminescent phosphor layer 9 and 
intermediate opaque layer 8, to form a sandwich between two 
radiation-transparent conducting layers 7 and 10. The radia 
tion bundle 1" causes a decrease in resistance at each point of 
the dielectric 6 with a flow of holes and electrons through the 
layer 6 so that phosphor layer 9 becomes luminescent. The 
DC and AC activating switches 36 and 37 have been previ 
ously closed so that "charge transport' takes place resulting in 
electro-luminescence, a phenomenon well-known in the art. 
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In addition to the X-radiation from the input beam, the photo 
electro-luminescence is further activated by the light emission 
from fluorescent layer 4 of luminescent anode unit 24. This 
phenomenon will be sustained by the activating potential even 
though the input radiation is cut off. This saves so much ener 
gy in X-ray exposures that the patient's body will not be im 
paired even with prolonged examinations. 
The present invention represents certain improvements and 

modifications in my prior inventions and is particularly 
adapted to the field of X-ray image formation and enhance 
ment. 

The invention differs from the previous image intensifier 
structures employing high voltage potentials to the input leads 
of such structure's layers by reason of use of a "surge' or cata 
lytic effect of the applied DC voltage potential by the employ 
ment of conducting glass layer 3 in the luminary anode unit 24 
and activating relay 15 in series arrangement with unipotential 
voltage source 29. The relay 15 is meant to act as a DC valve 
to permit passage of the unipotential voltage to the input lead 
7 of intensifier structure 25. This “valve" or “relay' may also 
be compared to the geiger counter in action in which "pulses' 
of radiation act to ionize the gas in a geiger tube to be sub 
sequently recorded by a counter. The "valve' thus is means to 
act as a "unidirectional gate' to release a potential "surge' to 
the image intensifier unit 25, thereby activating it to produce 
electro-luminescence. RElay 15 may be constructed in various 
ways as is known in the art to perform in this manner. 
The above-mentioned geiger tube, such as the typical 

Geiger Mueller tube, is well known in the art to be a useful de 
tector of ionizing radiations. The Geiger Mueller tube is used 
for the detection of hard X-ray radiation, gamma radiation 
from radium and cosmic rays. The geiger tube is excited by the 
ionization of the gas therein by fast moving atomic particles 
which enter the geiger tube from the outside and constitute 
the radiation which passes through the geiger tube. Under 
given operating conditions, it may be operated as a propor 
tional counter to give an amplification as high as several mil 
lions, while as a geiger counter it can give an amplification of 
thousands of millions of times. The Geiger Mueller tube has an 
amplification factor so high that the presence of one electron 
within the counter tube is sufficient to cause the geiger tube to 
operate as a relay tube directly without any further amplifica 
tion. 
The conventional geiger tube is glass, inclosing a rarified gas 

under a considerable vacuum. Within the glass tube, standing 
in the rarified gas, is a hollow metal cylinder having a small 
wire inside. The cylinder is connected to the negative pole of a 
"power-pack" machine in a typical counting circuit for count 
ing ionizing pulses of X-rays with an electrical pressure up to 
1,000 volts or more. 
The gas in the geiger tube is not conductive, there being no 

flow of current in the geiger tube until radiation hits it, such as 
the radiations of the input image consisting of X-rays. There is 
however a high electrical voltage pressure in the geiger tube 
between the geiger tube elements. The gas is usually of one of 
the inert gases, such as argon. The conducting cylinder is 
usually copper and the wire is usually of five milstungsten, the 
wire being attached at either end by small springs. The geiger 
tube is preferably constructed of a glass shape including a 
diameter of about 1 inch and a length of about 5 inches. A 
voltage of 300 to 1,500 or more volts is introduced depending 
upon the gas used in the geiger tube, its pressure and the 
geometry of the geiger counter. This voltage must be just less 
than enough to break down the wire-to-cylinder gap. 

In theory, when radiation from some source outside the 
geiger tube, such as the radiations of the input image consist 
ing of X-rays, penetrates the wall of the geiger tube, its gas 
becomes conductive and what is conventionally called 
“ionization' occurs. The planetary system of the gas atoms 
has been disturbed and altered, so that the electrons in each 
orbit has been imparted with energy to move out of the orbital 
shells. The electrons produced in the gas will be moved toward 
the wire with increasing kenetic energy and, in the strong elec 
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4. 
trical field near the wire, obtain sufficient energy to ionize the 
gas, producing thereby more electrons. These in turn are ac 
celerated, and an avalanche of electrical charges is initiated. 
This avalanche sets up a flow of current in the external circuit. 
Thus, before the entrance of the tube by the input rays, there 
was nothing to disturb the electrical balance in the tube, and 
the negative and positive charges of the gaseous atoms were in 
balance, wherein there was no electrical flow. However, the 
input X-rays altered this balance to create a flow of current in 
the tube circuit. The above sets forth only one example of how 
the incident X-rays are capable of activating relay 15, using 
conventional means well known in the art. 
The Sylvania Electric Co. has devised a relay made up of a 

neon lamp and a P.C. Gap Cell operable at 250 volts rms. and 
400 cps. 

For instance, relay 15 may also include a wheatstone bridge 
circuit in balance with it being designed so that the incoming 
high voltage pulse will offset the balance in the circuit and 
thereby allow passage of the "pulse" to conductor layer 7 of 
stratum 25. Such relays are known in the art. 

In the preferred embodiment of this invention, it is contem 
plated also to make use of a "glass threshold switch" as 
described in the publication Physical Review Letters, Nov. 11. 
1968, and based on the invention of Mr. Stanford R. Ovshin 
sky, to employ the "Ovshinsky-Effect" whereby a layer of 
glass of a desired thickness is used in a circuit to permit 
passage of a pulse of current of alternating frequency at a 
threshold dependent upon the thickness of the conducting 
glass. Such a glass has been made by Mr. Ovshinsky composed 
of a mixture of tellurium, arsenic, silicon, germanium, and 
other common elements (manufactured by his firm, Energy 
Conversion Devices, Troy, Mich. For instance, the conductive 
layer 3 of the luminary fluorescent unit 24 can be fabricated of 
this type glass as well as the relay 15. It can be fabricated to 
pass the higher voltage potentials at 800 cps. 

It may be desirable in some instances of radiography to 
change operation of the device from a certain high DC current 
to another high DC current of another frequency in ac 
cordance with the thickness of the body under examination 
and the K.V.P. necessary to be used by the X-ray operator. 
For this purpose I have provided as alternative means, a 
potentiometer switching means 40 for varying the DC voltage 
potential from either source 21 or 22, (low and high voltage 
supply sources). The higher the voltage pulse, the greater light 
emission results. 

It is preferable that a combination of both DC potential and 
AC potential be employed together for best results. The high 
DC current may be cut off by means of switch 36 and the high 
AC potential waveform from source 23 then continued with 
switch 37 remaining closed after photo-electro-luminescence 
has been initiated in the intensifier section 25. 

In another preferred embodiment of this invention, it is 
designed to make use of the ionization action of the input 
radiation beam to ionize a gas-filled tube such as a thyratron in 
relay 15 to permit passage of the high DC voltage potential to 
conductor layer 7 in order to activate unit 25. Such tubes are 
known in the art, and the gating circuitry need not be shown. 
The ionizing rays can thus serve as both a light-image form 

ing agent as well as an initiator of electro-luminescence. The 
latter phenomenon, once initiated is dependent upon the mag 
nitude of the increased voltage applied to the boundary con 
ductor layer 7 and 10 of the image intensifier unit 25. The 
photons emitted by the latter are directed to a typical image 
storage target 26 having a long-time storage characteristic. 
The storage of the emitted light image in the target 26 is cu 
mulative as long as the image intensifier unit 25 persists in 
emitting light. Subsequently, the target 26 is scanned by a 
beam of electrons 18 from a cathode ray gun 27. The target 
can be operated either positively or negatively by varying the 
voltage to the signal layer 12 as is known in the art and the 
stored charges can be either removed by means of the output 
signal lead 31 or otherwise. The return aspect of the cathode 
ray 18" scanning beam is utilized to afford increased electron 
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multiplication by means of electron multiplier assembly 19 as 
is also known in the art. The return beam 18' is made to obtain 
signal intelligence from the rear surface of the target unit 26 
and depending upon the polarity of the charge at each point 
either restores the charge or conveys a surplus of charges to 
the multiplier dynodes 19. The resultant signal is conveyed by 
output lead 33 to either a video amplifier 20 and/or directly to 
another storage tube 34, or to an image duplicator device or to 
a viewer tube 35. Scanning is achieved by means of the deflec 
tion assembly 16 and 17 and 16' and 17' consisting of electro 
magnetic and electrostatic means. A slow scan beam is 
preferably utilized. 

Target structure 26 is a composite-type target of three 
layers with a base layer 11, a signal conductor layer 12 and a 
storage layer 13. The base layer 11 is preferably translucent to 
light emitted by the image-emitting layer 10 of the intensifier 
unit 25 and may be composed of glass or mica in sheet form. 
The signal layer 12 may be formed of a coating of selenium, 
tin oxide or tin chloride, or bismuth which can convert X-rays 
directly into electrons. The layer 13 may be constituted by 
evaporation onto layer 12 by suitable evaporation methods 
known in the art and also layer 12 onto layer 11. Layer 13 may 
be formed of cadmium selenide noted for its long storage abili 
ty, or a mixture of red antimony tri-sulfide and antimony ox 
ide, or lead oxide or amorphous (spongy red variety) seleni 
um. Output lead 31 is connected to a load resistor, a source of 
voltage and a capacitator to develop video signals (not shown 
but known in the art). 

In this invention it is intended to make use of target layers 
having the property of photoconduction, plus charge reten 
tion. As is well known in the art, certain photoconductive 
materials have a high resistance in darkness, and a low re 
sistance when illuminated. Satisfactory photo-conductive 
materials for example are selenium, Cu2)O, germanium, thal 
lium sulfide or lead sulfide or the selenide. Robert J. 
Schneeberger et al. in their U.S. Pat. No. 3,148,297 employ a 
mixture of arsenic and selenium to store an image of half 
tones in response to electron bombardment. In his patent No. 
3,879,400 Schneeberger employs a photoconductive sub 
stance combined with another substance such as gold, having 
an atomic number higher than 51 to produce a charge replica 
in response to X-rays. R.C. Palmer in his U.S. Pat. No. 
2,937,233 employs cadmium sulphide in a photoconductive 
layer adjacent to a fluorescent layer and being light-respon 
sive. Sheldon in U.S. Pat. No. 2,894,159 employs on the other 
hand "specially treated selenium' in his storage target (page 
9, lines 5-12), (page 4, line 51-64). Also, in his U.S. Pat. No. 
2,699,512 issued Jan. 11, 1955, Sheldon employs a photocon 
ductive layer of either antimony tri-sulphide or cadmium sul 
phide deposited upon a layer of selenium (page 5, lines 6-17 
and page 2, lines 77-81). Palmer in his U.S. Pat. No. 
2,937,233 also employs cadmium sulphide as a photoconduc 
tive material (page 2). If the light emitted by the electro-lu 
minescent layer 9 is blue, antimony tri-sulphide being sensitive 
to blue light may be employed as layer 12. The emitted 
fluorescent image produces within the photoconductive layer 
a pattern in the electrical conductivity and on the surface of 
said layer a pattern of potentials according to the pattern of 
said fluorescent light image. 

In storage tubes use is also made of the retentive ability of 
some materials to exhibit photoconductive lag which has been 
observed in some insulators having a high resistance. 
Photoconductive lag means that the conductivity pattern 
within layer 12 and the potential pattern on the uncovered 
surface of layer 13 persists for many seconds or longer de 
pending upon the storage ability of the materials used for layer 
13. R.J. Schneeberger et al. in U.S. Pat. No. 3,148,297, page 4 
lines 45-52, found that utilization of an antimony tri-sulfide 
layer as a storage layer and a mixture of arsenic and selenium 
as photoconductive layer enhances the sensitivity of the target 
with regard to charge retention or storage of an image and also 
that employing an intermediate layer of indium as between 
said layers will further enhance the storage effect of said 
image. 
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6 
In U.S. Pat, to Robert R. Goodrich, No. 2,654,852 issued on 

Oct. 6, 1953 is described one method of forming a target. His 
target employs a combination of antimony oxide with red an 
timony trisulfide. He recommends that the antimony oxide be 
kept below 5 percent by computed volume. See also U.S. Pat. 
No. 2,775,719 to S. Hansen of Dec. 25, 1956. 

Paul K. Weimer in his U.S. Pat. 2,654,853, issued Oct. 6, 
1953 also describes the use of red amorphous selenium and a 
method of preparation of a photoconductive layer utilizing the 
metal for good results. 
While the above two patents employ targets for cathode-ray 

devices, they also have application to the fabrication of 
storage targets of the composite type. Other useful combina 
tions are also known in the art and may be similarly employed 
and it is not intended to restrict the use of such a storage-type 
target with the materials mentioned above. 
Normally in a TV pick-up tube efforts are made to insure 

that picture signals are completely erased each scanning cycle, 
if the fuzzing of moving objects is to be avoided. However, this 
is not necessary for a camera tube for X-ray images as a repeti 
tive image enhances the stored image. My storage tube used as 
an X-ray pick-up tube shows this time lag as a result of a very 
high target capacity in combination with a low velocity and in 
tensity scanning ray beam from a scanning gun. The com 
posite type storage targets are condensers charged positively 
by the photo-conduction and discharged by the scanning 
beam current. The target potential builds up proportionately 
to the time of exposure to the light image impinging upon the 
target. These are the conditions which cause a long time con 
stant for discharge of a condenser. The slope of the charging 
curve of a target is determined by the capacity of the target 
and by the photoconduction which is determined by the 
materials making up the photoconduction layer. With use of 
some materials storage up to an hour or more is possible. The 
capacity and function of a composite storage target may be in 
creased by using a photoconductive layer of a high resistance 
adjoining a signal or backing layer of low resistance for cur 
rent flow, such as silver. The charging and discharging of the 
stored charges has been adequately described in the art. 

Since the ionizing input bundle 1" in traversing the various 
tube unit layers will also traverse the target layers, it may be 
preferable to construct the transparent glass base plate 11 of 
lead glass to avoid any magnifying distortion of the scanned 
image. 
An annular control grid 14 is positioned adjacent to and in 

register with the outer surface of the target layer 13. This con 
trol grid may be maintained at ground potential or at high 
positive potential to attract or repel the scanning ray beam 18 
from the scanning gun 27. 
The opposite side of target 26 is scanned by a low velocity 

beam 18 from cathode ray gun 27 to achieve repeated scan 
sions. It is preferred to have a scanning rate of 800-1,000 line 
frequency as utilized in some radar installations in France. 
This beam is generated by an electron gun consisting of a 
cathode 27, a beam intensity control grid, and a positive ac 
celerating electrode 46 having a potential relative to the 
cathode of, for example, plus 300 volts. The relatively high ini 
tial velocity of the scanning beam is reduced to substantially 
zero when the electrons reach the target by the decelerating 
electrode 14. At the target plate sufficient electrons are 
removed from the beam to neutralize the positive charge at 
that point on the target surface and the remainder return 
toward the electron gun along substantially the same path as 
the scanning beam under the influence of the electric field 
produced partly by the positive electrode at the gun area. The 
returning electrons 18' then strike the dynode plates of the 
electron multiplier 19 where further augmentation of the 
return current through electron multiplication takes place. 
The output current flows through a load resistor 45 as is custo 
mary in the art to output lead 33. Direct current source 44 
supplies the electron multiplier 19 and the accelerating elec 
trode with positive potential. 
The scanning beam 18 is caused to scan over the surface of 

target surface 13 in accordance with a predetermined pattern 
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such as the pattern of a plurality offine closely spaced lines as 
used in television. This pattern is produced by supplying a 
linear sawtooth current of line and frame frequency to the 
horizontal and vertical deflection yoke represented by figures 
16 and 17. These currents are generated by the vertical and 
horizontal deflection circuits associated with the tube as with 
standard practice. Therefore, any modulation of the return 
current 18' constitutes the video signal. (For circuitry in 
detail, see U.S. Pat. No. 2,955,158 of R. H. K. Gebel, issued 
Oct. 4, 1960, and No. 2,549,072 of D. W. Epstein, issued Apr. 
17, 1951 from which this invention is adapted in part: 
scanning systems, etc.) (Also, see U.S. Pat. No. 2,835,822 of 
F. E. Williams, issued May 20, 1958 for E-L Unit construction 
and operation). 
My present invention may be applied, not only to X-ray or 

other image-reproducing means as described above, but also 
to means intended to detect the presence of radiation, or to re 
gister the incidence of each photon of such radiation, without 
indicating the distribution of its intensity in space as is neces 
sary for radiation image reproduction. 

It is not intended to restrict the scope of this invention to the 
employment of X-ray or gamma radiations with fluorescent or 
reactive layers but other corpuscular radiations and suitable 
reactive layers are intended to be similarly comprehended. 
For example, the X-ray reactive fluorescent layer in unit 24 
may be omitted and in its place substituted a neutron reactive 
substance. More particularly, the neutron beam used for the 
internal investigation of a body would pass through the front 
face of the pick-up tube 1 and strike a neutron reactive layer 
preferably containing atoms of the group boron, lithium, 
uranium and gadolinium. Between this layer and the adjoining 
image intensifier unit 25 would be placed a photoconductive 
layer such as amorphous selenium. In place of the transparent 
conductor layer 7 another thin metal film layer may be em 
ployed, such as silver to act as a conductor from one 
photoconductor to the next so that there would be achieved a 
transference of photoconduction holes and electrons to the 
electro-luminescent phosphor layer adjoining the dielectric 
layer 6. 
While I have described my invention in connection with 

specific embodiments and applications, other modifications 
thereof will be readily apparent to those skilled in this art 
without departing from the spirit and scope of the invention as 
defined in the appended claims. 

claim: 
1. An image transducer tube responsive to X-rays, compris 

1ng: 
an evacuated envelope having an entrance end transparent 

to incident X-rays; 
a luminary receiving unit in said envelope disposed adjacent 

said entrance end for irradiation by said X-rays, said 
receiving unit including a radiation-permeable base ad 
jacent said entrance end and a radiation permeable 
fluorescent layer spaced from said base and said entrance 
end with an intermediate radiation-permeable conductive 
layer disposed between said base and said fluorescent 
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8 
layer in a plane with said entrance end, said conductive 
layer being connected in a series arrangement to a source 
of unipotential current; 

relay means disposed in said series arrangement to serve as 
a valve to electronically gate transmission of said 
unipotential current so that a pulsed effect is released, 
said relay means being activated by said X-rays; and 

an image intensifier structure disposed in said envelope con 
fronting said fluorescent layer, said pulsed effect activat 
ing said image intensifier structure for receiving a 
fluorescent image from said fluorescent layer, said 
fluorescent image resulting from both emitted light by 
said fluorescent layer of said unit and penetrating action 
of said X-rays through said unit, said image intensifier 
structure including luminescent means to produce an in 
tensified light image resulting from said fluorescent image 
and said penetrating X-rays. 

2. An image transducer tube as defined in claim 1, wherein 
said tube further comprises a receiving target disposed in said 
envelope for storing energy of said intensified light image and 
beam-generating means for periodically scanning said target. 

3. An image transducer tube as defined in claim 1, wherein 
said image intensifier structure comprises a photoconductive 
layer proximal to said receiving unit, an adjoining barrier layer 
opaque to said light rays and an adjoining photo-electro-lu 
minescent layer defining said luminescent means in a planar 
array sandwiched with said photoconductive layer and said 
photo-electro-luminescent layer having an opaque layer inter 
mediate between them to prevent light spreading in a trans 
verse direction, said planar array being excited jointly by said 
penetrating X-rays from said entrance end and said 
fluorescent image from said receiving unit, and further said 
planar array being activated concurrent with said X-rays 
penetrating therethrough by an electric field applied to said 
array. 

4. An image transducer tube as defined in claim 3, wherein 
said image intensifier structure further comprises a pair of 
conductive layers bracketing said photo-conductive and 
photo-electro-luminescent layers, and a further source of volt 
age including a variable potential connected across said con 
ductive layers to stimulate electro-luminescence of said device 
by ionizing radiation. 

5. An image transducer tube as defined in claim 1, wherein 
said tube further comprises an output storage target for 
storage of photonic image from said image intensifier struc 
ture, said storage target including a translucent base plate, an 
intermediate conductive signal plate, and a storage layer hav 
ing a long-time storage function. 

6. An image transducer tube as defined in claim 5, wherein 
said base plate of said storage target is provided with a lead 
glass material impermeable to ionizing radiation emitted to 
said target from said entrance end of said evacuated envelope. 

7. An image intensifier device as defined in claim 2, wherein 
said receiving target includes a signal layer of spongy selenium 
and a storage layer of cadmium selenide. 
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