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Our invention relates to image intensifiers and in par 
ticular relates to an arrangement using the property of 
electroluminescene to obtain a light-image which is an 
intensified replica of the space-distribution of a field of 
radiation. One example of this would be to produce a 
light-image on a screen showing a body subjected to X 
rays which is many times brighter than the picture of 
the same body produced by a conventional X-ray fluoro 
SCOpe. 

Electroluminescene is the property which some bodies 
have of emitting light while subject to a varying voltage 
gradient. Examples of this are properly processed Zinc 
sulphide, cadmium sulphide and silicon carbide. The 
brightness of the light at any point is approximately pro 
portional to the rate of change of the voltage gradient 
at any instant, and of course the light disappears when 
the voltage-gradient ceases to change. 
One object of our invention is to provide an improved 

arrangement for producing a light-image which shall vary 
from point-to-point in correspondence with the variation 
point-by-point over the cross-section of a field of pro 
jected radiation. 
Another object of our invention is to provide an im 

proved device for generating a light-picture corresponding 
in intensity point-by-point with the transmission by a body 
subjected to irradiation by an X-ray tube. 
Another object is to provide an X-ray image intensifier 

of a novel type and higher resolving power than was at 
tained by the prior art. 

Still another object is to provide a device capable of 
producing on its output screen a replica in greatly en 
hanced brightness of a pulsed light-image on its input 
SCCC. 

Still another object is to provide a light-amplifier which 
can be superposed on the viewing-screen of an X-ray 
fluoroscope to give a replica in much greater brightness 
of the image on that viewing screen. 

Other objects of our invention will become apparent 
upon reading the following description taken in connec 
tion with the drawings, in which: 
FIGURE 1 is a showing partly diagrammatic and part 

ly structural of an image intensifier embodying our inven 
tion applied to an X-ray apparatus; 

FIG. 2 is an enlarged detail sectional view of a portion 
of the structure of FIG. 1; 

FIG. 3 is a schematic diagram of apparatus embodying 
the application of our invention to amplifying the bright 
ness of a light-picture; and 
FIG. 4 is a section similar to FIG. 2 of a modification 

of our invention in which two intensifying units are cas- 60 
caded. 

Referring in detail to the drawings, a screen 1 prefer 
ably of lead glass is coated with a layer 2 of a fairly 
conductive material which is transparent to light of the 
wave-length generated by time-varying the voltage-gra- 65 
dient in a layer 3 of electroluminescent material. To 
give specific examples, the layer 2 may be of the material 
sold under the trade-name NESA and the layer 3 of zinc 
sulphide processed to render it electroluminescent as de 
scribed in an article by Destriau in the Philosophical 70 
magazine for October 1947, vol. 38, page 700, and en 
titled “The New Phenomenon of Electrophotolumines 
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cence and Its Possibilities for Investigation of Crystal Lat 
tices.’ 
The electroluminescent layer 3 is coated with a high 

resistance layer 4 which may, for example, be carbon ap 
plied very thin. The high-resistance layer 4 may be coat 
ed with a layer 5 of photoconductive material, which may, 
for example, be cadmium sulphide applied as described 
by R. E. Aitchison in the science periodical Nature No. 
4255, May 19, 1951, pages 812 and 813. The surface 
of the photoconductive layer 5 is coated with a conduc 
tive coating 6 which preferably has low absorption for 
X-rays and may, for example, be evaporated aluminum. 
The entire structure so far described may be enclosed 

within a suitable container 7 which may if desired be 
evacuated. The layers 2 and 4 are connected together 
and to one pole of a direct-current voltage source 8 by 
a lead-in wire 9. The other terminal of source 8 is con 
nected by a lead-in wire 11 to the conductive layer 6. 
While it will usually be desirable to use this apparatus 

in environments of low illumination, it will usually be de 
sirable to form the walls of container 7 except at plate 
1 of light-opaque material transparent to X-rays, and to 
make the high-resistance layer 4 opaque to light also. For 
X-ray image intensifying, the layer 5 is positioned to in 
tercept the radiation transmitted through an object 2 
from an X-ray tube 13. 
The mode of operation of the FIG. 1 arrangement is 

as follows. 
To use the apparatus for image-intensification it is set 

up in a darkened room so that initially little or no radia 
tion is incident on the photoconductor layer 5 and the 
latter has a high and fairly uniform resistance at all 
points. The electroluminescent layer 3 is then subjected 
to a steady voltage-gradient at all points and remains Sub 
stantially dark all over until radiation is incident on the 
apparatus. 
When the FIG. 1 assembly is irradiated by X-rays, or 

other radiation, through the casing 7, photons will strike 
various local areas scattered over the photoconductor 
layer 5. When a photon is absorbed in layer 5, it will 
greatly increase the electrical conductivity of the latter, 
but only over a small area of screen surface in its im 
mediate vicinity because the photoconductive substances 
usually take the form of small crystals when deposited 
in layers and the effect of the photon is limited by the 
crystal boundaries. We will hereafter refer to this small 
area as the “stimulus-area.” For example, if cadmium 
sulphide formed as described in the Aitchison article 
above-mentioned is used for layer 5, the stimulus area 
for an X-ray photon of the wave-length used in clinical, 
fluoroscopy will probably be of the order of 2X 10. 
square centimeters. If, however, a photoconductive ma 
terial is used in which the stimulus-area is not thus lim 
ited sufficiently to give a fine-grained picture, the photo 
conductive material may be deposited, not as an undivid 
ed layer but as a mosaic of discrete particles. In this 
case the conductive layer 6 may still be deposited by 
conventional methods and will extend from particle to 
particle. Usual methods of depositing photoconductive 
substance with which we are acquainted naturally re 
sult in discontinuous structure as a matter of fact. 
The increase of conductivity in the stimulus-area of 

layer 5 results in a change of current and voltage-distri 
bution on the high-resistance-layer 4, and a corresponding 
sudden jump in voltage gradient in the portion of electro 
luminescent layer 3 immediately contiguous to the point 
of incidence of the photon. This sudden change of volt 
age-gradient in layer 3 causes a spot of light to appear 
briefly adjacent the incident photon. This spot soon dis 
appears of course as the conductivity-increase produced in 
stimulus-area of layer 5 by the photon decays, and as the 
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voltage-gradient in electroluminescent layer 3 stabilizes. 
Each photon thus produces its brief luminosity adjacent 
its point of impact, and the combined effect on the eye of 
an observer looking through glass plate E is a picture of 
the intensity-distribution of the radiation field. 

It will be noted that it is the rate-of-change of voltage 
gradient in layer 3 which produces light and that the in 
cident radiation produces results only because of its quan 
tum aspects. If the separate quanta incident on a stim 
ulus area followed each other before the photo-conductiv 
ity in layer 5 had time to decay substantially, the voltage 
gradient in electroluminescent layer 3 would undergo no 
time-variation after incidence of the first photon, and only 
the latter would produce a light-flash in electrolumines 
cent layer 3. Calculation shows that in visible light of 
perceptible intensities the photons incident on each stim 
ulus-area follow each other at such close intervals that no 
perceptible light is produced in the electroluminescent 
layer 3. This difficulty can be overcome by periodically 
interrupting or pulsing the light, as by the light-chopper 4 
acting on light from source 15 transmitted through picture 
6 in FIG. 3. 
However, calculation also shows that in the X-rays used 

in clinical fluoroscopy about 200 photons per second 
would strike each stimulus-area at the X-ray intensities 
present in abdominal studies. This timing of 200 per 
second is well within the saturation period of the order 
of 104 second estimated for the screen materials men 
tioned above. Hence for X-ray fluoroscopy the arrange 
ment we have described should operate successfully with 
out any need for artificially pulsing the radiation. 
Where the incident radiation to be intensified is of vis 

ible wave-length the portions of enclosure 7 and layer 6 
which it must traverse to reach photoconductor layer 5 
must of course be transparent to it rather than merely to 
X-rays; otherwise the device utilizing visible radiation 
may be as described above. Since television receiver pic 
tures and motion-pictures consist of pulsed light the modi 
fication now under discussion may be used to intensify 
such pictures without requiring the light-chopper 14. It 
will be noted that since the light generated in the electro 
luminescent layer 3 is pulsed in character one or more 
light-intensifiers of the type shown in FIG. 2 may be in 
terposed between the transparent conductor 2 and the 
glass plate 1, as shown in section in FIG. 4, thereby cas 
cading the intensifying power of each intensifying unit 
any desired number of times. 

Since the light on the screen of an ordinary fluoroscope 
is pulsating by reason of its generation by X-ray photons, 
an intensifier for light fields like the tube described for 
FIG. 1 may be used to intensify the image on the fluores 
cent screen. Unless an optical system to focus the image 
of the fluoroscope screen on the photoconductor layer 5 
of the intensifier is to be used, the spacing between the 
conductor layer 6 and the outside face of casing 7 should 
be designed to be as small as possible however. 

It may be noted that the zinc sulphide as treated to be 
electroluminescent has a high resistivity. Advantage 
might arise in certain field of use if this material were 
made a little more electroconductive, for example by a 
proper admixture of other material such as possibly tin 
oxide, inasmuch as this would help localize the voltage 
gradient adjacent the stimulus-area. In some cases where 
this was done, the high resistance layer 4 could be dis 
pensed with. 

If the high-resistance layer 4 be made transparent to the 
light generated in electroluminescent layer 3, the feed 
back of this light to photoconductor 5 would have a re 
generative effect which might be desirable in intensifying 
certain types of image. 
We claim as our invention: 
1. A radiation image transformer comprising a group 

of layers Superposed in the following order and consisting 
of: a light-transparent conductive layer, an electrolu 
minescent layer, a high-resistance layer, a photoconduc 
tive layer and a low-resistance layer which is transparent 
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4. 
to said radiation; and an enclosure means containing said 
group which is opaque to light except on a wall-portion 
facing said light-transparent conductive layer. 

2. A radiation image transformer comprising a group 
of layers superposed in the following order and consisting 
of: a light-transparent conductive layer, a layer of Zinc 
sulphide, a high-resistance layer, a layer of cadmium. 
sulphide and a low resistance layer which is transparent 
to said radiation; and an enclosure means containing Said 
group which is opaque to light except on a wall-portion 
facing said light-transparent conductive layer. 

3. A radiation image transformer comprising a group 
of layers superposed in the following order and consisting 
of a light-transparent conductive layer, a layer of Zinc 
sulphide processed to render it electroluminescent, a high 
resistance layer, a layer of cadmium sulphide and a low 
resistance layer which is transparent to said radiation; 
and an enclosure means containing said group which is 
opaque to light except on a wall-portion facing said light 
transparent conductive layer. 

4. A radiation image transformer comprising a group 
of layers superposed in the following order and consisting 
of: a light-transparent conductive layer, an electrolumi 
nescent layer, a high-resistance layer, a photoconductive 
layer and a low-resistance layer which is transparent to 
said radiation; and an enclosure means containing Said 
group. 

5. A radiation image transformer comprising a group 
of layers superposed in the following order and consisting 
of: a light-transparent conductive layer, an electrolumi 
nescent layer, a high-resistance layer, a photoconductive 
layer and a low-resistance layer which is transparent to 
said radiation; and an enclosure means containing said 
group, said high-resistance layer being opaque to the light 
of said electroluminescent layer. 

6. A radiation image transformer comprising a group 
of layers Superposed in the following order and consisting 
of: a light-transparent conductive layer, an electrolumi 
nescent layer, a high-resistance layer, a photoconductive 
layer and a low-resistance layer which is transparent to 
said radiation; and an enclosure means containing said 
group which is opaque to light except on a wall-portion 
facing said light-transparent conductive layer, said high 
resistance layer being opaque to the light of said electro 
luminescent layer. 

7. A radiation image transformer comprising a plu 
rality of groups of layers superposed in the following 
order and consisting of an electroluminescent layer having 
one face in contact with a light-transparent conductive 
layer, and its other face in contact with a high-resistance 
layer, a photoconductive layer having one face in contact 
With a low-resistance layer which is transparent to said 
radiation and its other face in contact with said high 
resistance layer, and an enclosure means containing said 
group which is opaque to light except on a wall-portion 
facing said light-transparent conductive layer. 

8. A radiation image transformer comprising a plu 
rality of groups of layers superposed in the following 
order and consisting of: a light-transparent conductive 
layer, an electroluminescent layer, a high-resistance layer, 
a photoconductive layer and a low-resistance layer which 
is transparent to said radiation; and an enclosure means 
containing said groups. 

9. A radiation image transformer comprising a plu 
rality of groups of layers superposed in the following 
order and consisting of a light-transparent conductive 
layer, a layer of Zinc Sulphide, a high-resistance layer, a 
layer of cadmium sulphide and a low resistance layer 
which is transparent to said radiation; and an enclosure 
means containing said groups which is opaque to light 
except on a Wall-portion facing said light-transparent con 
ductive layer. 

16. A device for visualizing X-ray images comprising 
a group of layers Superposed in the following order and 
consisting of a light-transparent conductive layer, an elec 
troluminescent layer, a high-resistance layer, a photocon 



3,210,55. 
5 

ductive layer, and a low-resistance layer which is trans 
parent to X-rays; an enclosure means containing said 
group, and means to project X-ray image-fields into inci 
dence with said photoconductive layer. 

11. A device for visualizing X-ray images comprising 
a plurality of groups of layers superposed in the following 
order and consisting of a light-transparent conductive 
layer, an electroluminescent layer, a high-resistance layer, 
a photoconductive layer, and a low-resistance layer which 
is transparent to X-rays; an enclosure means containing 
Said groups, and means to project X-ray image-fields into 
incidence with said photoconductive layer. 

12. A device for visualizing X-ray images comprising 
a group of Superposed layers in the following order and 
consisting of a light-transparent conductive layer, a layer 
of zinc sulphide processed to render it electroluminescent, 
a high-resistance layer, a layer of cadmium sulphide, and 
a low-resistance layer which is transparent to X-rays; and 
means to project X-ray image-fields into incidence with 
said cadmium sulphide layer. 

13. A device for visualizing radiation images compris 
ing a group of superposed layers in the following order 
and consisting of a light-transparent conductive layer, a 
layer of zinc sulphide processed to render it electrolumi 
nescent, a high-resistance layer, a layer of cadmium sul 
phide, and a low-resistance layer which is transparent to 
said radiation; and means to project said radiation into 
incidence with said cadmium sulphide layer. 

14. A device for visualizing radiation images compris 
ing a plurality of groups of layers superposed in the fol 
lowing order and consisting of a light-transparent con 
ductive layer, an electroluminescent layer, a high-resist 
ance layer, a photoconductive layer, and a low-resistance 
layer which is transparent to said radiation; an enclosure 
means containing said groups, and means to project said 
radiation into incidence with said photoconductive layer. 

15. A radiation image transformer comprising a group 
of layers superposed in the following order and consisting 
of: a light-transparent conductive layer, a zinc sulphide 
layer, a high-resistance layer, a cadmium sulphide layer 
and a low-resistance layer which is transparent to said 
radiation; and an enclosure means containing said group. 

16. A radiant energy image intensifier comprising the 
combination of a stratum of material, the electric im 
pedance of which is subject to change by radiant energy 
excitation, a stratum of electro-luminescent material, 
means for supporting said respective strata in contiguous 
position, means for impressing an electric field on said 
Strata. 

17. The method of producing an intensified optically 
visible image corresponding to a radiant energy image 
comprising the following steps: (a) arranging particles 
of a material which will change in electrical resistivity 
when irradiated with radiant energy as a panel of desired 
spatial configuration and closely adjacent to one another, 
(b) arranging a second panel of an electroluminescent 
phosphor substantially coextensive with and in close 
proximity to said first panel of particles, (c) setting up an 
electric field between said panels, and, (d) subjecting said 
first-mentioned panel to radiant energy whereby resulting 
changes in electric field distribution therein will produce 
an optically visible image in said second-mentioned panel. 

18. A radiant energy image intensifier comprising a 
film of luminescent phosphor, a transparent support there 
for, a layer of cadmium sulfide adjacent to and substan 
tially coextensive with said phosphor, means for making 
electrical contact respectively with said phosphor film 
and said sulfide layer and means for impressing an electric 
field upon said electric contacts. 

19. The method of reproducing, as a visual image, 
variations of a radiant energy beam which consists in 
causing said variations to initiate corresponding varia 
tions of electric impedance in a body of cadmium Sulfide, 
impressing a high frequency electric field on said body, 
and exposing an electroluminescent material to the re 

0. 

20 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

6 
Sulting pattern of electric field variations whereby a cor 
responding and intensified visual pattern is produced. 

20. A dielectric assembly for use in a radiation am 
plifier comprising two elements of dielectric material in 
Series arrangement, one element including electiolumines 
cent material, the other element including a plurality of 
operatively isolated masses of photo-conductive material, 
Said masses constituting electrically independent imped 
ances in series arrangement with said one element. 

21. A radiation-handling device comprising two ele 
ments of dielectric material electrically in series, one ele 
ment including electroluminescent material, the other ele 
ment including a plurality of operatively isolated masses 
of photosensitive material, said photosensitive material 
having impedance characteristics which vary in response 
to varying intensity of incident radiation, said masses 
constituting electrically independent impedances in series 
arrangement with said one element, and means for ap 
plying an electric field in series with said two elements. 

22. An image intensifying X-ray fluoroscopic screen 
comprising a layer of X-ray sensitive light emitting ma 
terial having a characteristic emission when excited by 
incident X-rays, a visible light amplifying cell contiguous 
with said X-ray sensitive material, said light amplifying 
cell having a peak sensitivity to the characteristic emission 
of said X-ray sensitive material, and means for impressing 
an electrical potential difference between opposite sur 
faces of said light amplifying cell. 

23. An image intensifying X-ray fluoroscopic screen 
comprising a layer of X-ray sensitive light emitting ma 
terial which emits visible light within the range of 4000 
to 5500 Angstrom units when excited by incident X-rays, 
a visible light amplifying cell contiguous with said X-ray 
Sensitive material, said light amplifying cell having a peak 
sensitivity to substantially the same wavelength light as 
is emitted by said X-ray sensitive material, and means 
for impressing an electrical potential difference between 
opposite surfaces of said light amplifying cell. 

24. An image intensifying X-ray fluoroscopic screen 
comprising a layer of X-ray sensitive and visible light 
emitting material having a characteristic emission when 
excited by X-rays, a first transparent conducting film 
overlying said X-ray sensitive layer, a layer of a photo 
conductive material having a peak photoconductive sensi 
tivity to the characteristic emission of said X-ray sensi 
tive layer overlying said first transparent conducting film, 
a layer of opaque non-conducting material overlying said 
photoconductive material, a layer of electroluminescent 
phosphor overlying said opaque layer, a second trans 
parent conducting layer overlying said electroluminescent 
layer, a transparent Supporting base plate contacting said 
Second transparent conducting film, and means for im 
pressing an electrical potential difference between said 
first and second transparent conducting films. 

25. A radiation amplifier comprising an elemental lay 
er of photoconductive material having impedance char 
acteristics dependent upon incident radiation, an elemen 
tal layer of electroluminescent material disposed sub 
stantially parallel to said photoconductive layer, conduc 
tive means interconnecting both elemental layers, an elec 
trode terminal conductively connected to said photo 
conductive layer, the portions of said means and said ter 
minal which contact said photoconductive layer being 
physically spaced apart whereby said photoconductive lay 
er is series connected therebetween, and an electrode 
terminal for said electroluminescent layer, both electrode 
terminals being so arranged that an electric field con 
nected thereto will distribute over both layers in accord 
ance with the respective impedances thereof. - 

26. A radiation amplifier comprising an elemental lay 
er of photoconductive material having impedance char 
acteristics dependent upon incident radiation, an elemen 
tal layer of electroluminescent material disposed substan 
tially parallel to said photoconductive layer, a contact 
element having one surface conductively engaging said 
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electroluminescent layer, an electrode terminal conduc 
tively connected to said photoconductive layer, said ele 
ment and said terminal being conductively connected to 
said photoconductive layer at spaced apart points where 
by the latter is connected in series therebetween, and an 
electrode for said electroluminescent layer, both electrode 
terminals being so arranged that an electric field Con 
nected thereto will distribute over both layers thereof. 

27. A radiation amplifier comprising a transparent re 
inforcing member which admits incident radiation there 
through, an elemental layer of photoconductive material 
having impedance characteristics dependent upon in 
cident radiation and carried by said member, said layer 
being disposed in a plane normal to the path of said radia 
tion, an elemental layer of electroluminescent material 
disposed substantially parallel to said photoconductive 
layer, a contact element having one surface conductively 
engaging said electroluminescent layer, an electrode ter 
minal conductively connected to said photoconductive lay 
er, said element and said terminal contacting said photo 
conductive layer at spaced apart points whereby the lat 
ter is connected in series therebetween, and an electrode 
for said electroluminescent layer, both electrode terminals 
being so arranged that an electric field connected thereto 
will distribute over both layers in accordance with the 
respective impedances thereof. 

28. A radiation amplifier comprising a transparent re 
inforcing member which admits incident radiation there 
through, an elemental layer of photoconductive material 
having impedance characteristics dependent upon incident 
radiation and carried by said member, said layer being 
disposed in a plane normal to the path of said radiation, 
an elemental layer of electroluminescent material, an ele 
mental contact having a surface area conductively engag 
ing said electroluminescent layer, means conductively 3 
coupling said contact with said photoconductive layer, a 
voltage-applying terminal engaging said photoconductive 
layer at a point spaced from said means whereby said 

30 

3. 
photoconductive layer is connected in series therebetween, 
and a voltage-applying terminal for said electrolumines 
cent layer, both terminals being so arranged that an elec 
tric field connected thereto will distribute over both layers 

5 in accordance with the respective impedances thereof. 
29. A radiation amplifier comprising a transparent re 

inforcing member having parallel opposite faces, a layer 
of photoconductive material having impedance character 
istics dependent upon incident radiation and disposed on 

10 one of said faces, a first voltage-applying terminal carried 
by said one face in contact with said photoconductive 
layer, a layer of electroluminescent material, a flat con 
tact element having one surface in contact with said 
electroluminescent layer, a conductive member in con 

15 tact with said photoconductive layer and said element, 
Said conductive member contacting said photoconductive 
layer at a point spaced from the contact of said terminal 
with said photoconductive layer whereby the latter is con 
nected in series therewith, and a second voltage-applying 

20 terminal on said electroluminescent layer opposite said 
contact element whereby an electric field applied to both 
terminals will distribute over said layers in accordance 
with the respective impedances thereof. 
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