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57 ABSTRACT 

The luminescent screen collecting the photo-electrons 
of an imaging device is provided with a cover layer 
that decelerates the electrons so that luminescence oc 
curs only if the photo-electrons have been accelerated 
to at least a quarter and preferably at least one half of 
the value of the nominal operating voltage thereby in 
creasing the control range of the permissible intensity 
variations within the acceptable image definition limits 
of the device. 

22 Claims, 2 Drawing Figures 
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IMAGING DEVICE COMPRISING AN 
IMAGE-NTENSFYING TUBE 

The invention relates to an imaging device provided 
with an image-intensifying tube, comprising a photo 
cathode and a luminescent layer for collecting elec 
trons emitted by the photocathode, the side of the lumi 
nescent layer facing the photocathode being provided 
with a light-impervious, electrically conducting cover 
layer, said device comprising means for applying an ad 
justable acceleration voltage between the photocath 
ode and the cover layer, and furthermore relates to an 
image-intensifying tube for use in a device of this kind. 
In imaging devices of the kind set forth, the adjust 

ability of the voltage to be applied to the tube is utilized 
for adjusting the intensity of the image produced by the 
luminescent screen. This adjustability is utilized in par 
ticular when displaying X-ray images, and the image 
intensifying tube is a tube for intensifying X-ray images 
and hence is provided with a luminescent entrance 
screen which converts the X-rays into light and which 
is optically coupled to the photocathode. The control 
of the intensity of the image produced by the lumines 
cent layer collecting the electrons is important if adap 
tation of the eye is involved, or when a television cam 
era tube is coupled to the image-intensifying tube and 
control of the intensity of the image radiation collected 
by the image intensifier is not desirable or not very well 
possible, which is frequently the case when working 
with X-rays. In the case of intensity control by adjust 
ment of the operating voltage of the tube, this operat 
ing voltage can practically not be decreased further 
than approximately half the value of the nominal oper 
ating voltage of the tube since the electron-optical sys 
tem then ceases to produce a sufficiently defined im 
age. The nominal operating voltage of the tube is to be 
understood to mean the accelerating voltage between 
photocathode and cover layer which ensures correct 
imaging and to which the construction of the tube 
(configuration of the electrodes, including the photo 
cathode and the luminescent layer with cover layer col 
lecting the electrons) is adapted. 

In the known imaging devices of the kind set forth an 
intensity ratio of the luminescent image produced by 
the electrons of approximately 1 to one-third can be re 
alized by controlling the voltage from the nominal op 
erating voltage to approximately half the value thereof, 
which is often experienced to be too small. 
The invention has for its object to provide a measure 

by which the control range of the said intensity can be 
substantially increased, said measure being based on 
the recognition of the fact that this can be achieved by 
constructing the cover layer such that with an everin 
creasing operating voltage of the tube, an ever 
increasing portion of the electrons impinging upon the 
cover layer lose their energy in this cover layer. 
To this end, the imaging device according to the in 

vention is characterized in that the nature of the mate 
rial and the thickness of the cover layer are chosen to 
be such that at an operating voltage of the tube which 
is less than one quarter of the value of the nominal op 
erating voltage of the tube the cover layer allows sub 
stantially no further electrons to pass which cause the 
luminescent layer to luminesce. 

In an advantageous embodiment of the imaging de 
vice according to the invention, the cover layer is con 
structed such that luminescence of the luminescent 
layer occurs only at an operating voltage which 
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2 
amounts to 50 to 80 percent of the nominal operating 
voltage. An image intensifying tube for use in the imag 
ing device according to the invention, said tube having 
an entrance screen with a photocathode and a lumines 
cent screen collecting electrons originating from the 
photocathode, said luminescent screen comprising a 
luminescent layer which is covered on the side of the 
photocathode by an electrically conducting, light 
impervious cover layer, is characterized in that the na 
ture of the material and the thickness of the cover layer 
are chosen to be such that at an operating voltage of 
the tube which is less than a quarter of the nominal op 
erating voltage of the tube, the cover layer allows sub 
stantially no electrons to pass which cause the lumines 
cent layer to luminesce. In an image intensifying tube 
of this kind the cover layer is preferably constructed 
such that luminescence of the luminescent layer occurs 
only at an operating voltage which amounts to 50 to 80 
percent of the nominal operating voltage of the tube. 
The invention will be described in detail hereinafter 

with reference to some embodiments shown in the ac 
companying drawing. Therein: 
FIG. 1 is a schematic view of an imaging device hav 

ing an X-ray image intensifier and an adjustable operat 
ing voltage, while 
FIG. 2 is a graph showing the relationship which is 

found between the operating voltage on the tube and 
the luminescence of the luminescent layer in the case 
of a commonly used X-ray image intensifier and in the 
case of different X-ray image intensifiers to be used in 
the imaging device according to the invention. 

In the imaging device which is schematically shown 
in FIG. 1, X-rays emitted by an X-ray tube 1 are col 
lected, after having passed an object 2 to be examined, 
by the entrance screen 4 of an X-ray image-intensifying 
tube 3. This tube 3 has a glass envelope 5 and com 
prises a curved front face 6, the inner side of which ac 
commodates the entrance screen 4. This entrance 
screen 4 is composed of a luminescent layer 7 which is 
provided directly on the glass of the front face 6, a thin 
transparent separating layer 8, and a photocathode 
layer 9 which is sensitive to the luminescent light of the 
layer 7. At the other end of the envelope 5, the tube is 
provided with an exit window 10 on which is provided 
an exit screen 11 consisting of a luminescent layer 12 
which is covered on the side facing the entrance screen 
4 by an electrically conducting, light-impervious cover 
layer 13. The exit screen is surrounded by and electri 
cally connected to a funnel-like anode 14. Further 
more, a rotating intermediate electrode 15 is provided 
on the inner wall of the envelope 5. 
For the electrical supply of the X-ray image 

intensifying tube 3 a voltage source 20 is provided, 
which is bridged by a resistor 21 which is constructed 
as a potentiometer. The photocathode 9, the intermedi 
ate electrode 15, and the anode 14 together with the 
exit screen 11 are connected to this potentiometer, the 
photocathode being connected to an adjustable contact 
22, the anode 14 and the exit screen 11 together being 
connected to an adjustable contact 23. The intermedi 
ate electrode 15 is connected to a fixed point of the po 
tentiometer 21, so that this intermediate electrode 15 
carries a positive potential of 200 to 250 volts with re 
spect to the photocathode 9. The positive voltage (tube 
voltage) V, carried by the anode 14 together with the 
exit screen 11 with respect to the photocathode 9, is 
adjustable from the voltage of the voltage source V - 
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equal to or slightly higher than the nominal operating 
voltage V of the image-intensifying tube 3- to approxi 
mately one quarter of the value thereof. The nominal 
operating voltage V of an image-intensifying tube is to 
be understood to mean the voltage to be applied be 
tween the photocathode and the luminescent layer col 
lecting the photo-electrons for obtaining the most 
favourable electron-optical image of the photocathode 
on the luminescent layer at the given tube configura 
tor. 
The intensity of the image produced by the lumines 

cent layer 12 can be varied by adjusting the tube volt 
age V by means of the contacts 22 and 23, the former 
contact serving to enable adaptation of the voltage dif 
ference between the photocathode 9 and the interme 
diate electrode 15 to the changing tube voltage. 
Thus far the device shown in FIG. 1 does not differ 

from known devices. 
In these known devices the cover layer 13 is formed 

on the luminescent layer 12 by a thin layer of vapour 
deposited aluminum (the so-termed metal backing), 
having a thickness of 1,000 to a maximum of 3,000 A, 
the common value being approximately 1,250 A. 
A first object of such a layer - also commonly used 

in television display tubes and other cathode-ray tubes 
having a cathode luminescent layer - is to reflect the 
light transmitted to the cover layer by the luminescent 
layer, a second object being the conducting away of the 
electrons impinging on the exit screen, while a layer of 
this kind can also serve to prevent interaction between 
the material of the photocathode, for example, cae 
sium, and that of the luminescent layer. An aluminum 
layer having the above-mentioned thickness of 3,000 A 
is permeable to electrons having a velocity of 3 to 4 kV. 
The penetration depth S of electrons into a material 
generally satisfies the formula S = Cv/p, in which C is 
a constant, p is the specific gravity of the layer material, 
and V is the voltage by which the electrons have been 
accelerated when they reach the layer. 

In an imaging device according to the invention and 
constructed as shown in FIG. 1, the cover layer 13 in 
the image-intensifying tube is considerably thicker than 
usual, and it may also consist of different sublayers of 
different material. The decisive fact is that this cover 
layer is less permeable to electrons than the commonly 
used cover layer, so that electrons originating from the 
photocathode 9 can penetrate the cover layer and 
cause the luminescent layer 12 to luminesce only if the 
tube voltage is higher than the above-mentioned accel 
eration voltage of 3 to 4 kV. According to the inven 
tion, the cover layer 13 is to be constructed such that 
photoelectrons cause luminescence only at a tube volt 
age V which amounts to one quarter of the value of the 
nominal operating voltage V; this should preferably 
occur only at a tube voltage amounting from 50 to 80 
percent of the nominal operating voltage V of the 
image-intensifying tube 3. 
The effect of the measure according to the invention 

can be illustrated by means of FIG. 2, in which the vari 
ation in the luminance I of the exit screen is plotted as 
a function of the tube voltage V, for cover layers of dif 
ferent photoelectron-permeability, the luminance at 
the nominal operating voltage V being each time as 
sumed to be equal to 1. A nominal operating voltage of 
22 to 25 kV is commonly used for image-intensifying 
tubes; FIG. 2 relates to an X-ray image intensifier 
where V = 25 kV. 
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4. 
Curve a in FIG. 2 relates to an X-ray image intensifier 

having the usual aluminum cover layer of a thickness 
of 1,000 to 2,000 A, curves b, c and d relating to X-ray 
image intensifiers in the device according to the inven 
tion. Curve b applied to an X-ray image intensifier hav 
ing a cover layer consisting of an aluminum layer of a 
thickness of approximately 10,000 A which is only per 
meable to electrons which have been accelerated be 
yond approximately 8 kV. Curves c and d apply to 
image intensifiers whose cover layer is permeable only 
to electrons accelerated beyond 12.5 kV, i.e. half the 
nominal operating voltage V, or more than 16 kV, re 
spectively. 
When the device as described with reference to FIG. 

1 is used, it is impracticable to reduce the tube voltage 
V to less than half the nominal operating voltage V and 
still obtain an image of reasonable quality. This is in 
herent in the electron-optical properties of the image 
intensifier. Interpreted in FIG. 2, this means that the 
luminance of the luminescent layer 12 of the image in 
tensifier can in practice be controlled by varying the 
adjustment of the tube voltage only in accordance with 
the portion of the curves a, b, c and d which is situated 
to the right of the dotted line V = % V. If the control 
range of the luminance is understood to mean the ratio 
between the luminance at the nominal operating volt 
age V, and the minimum luminance achievable without 
decreasing the tube voltage to less than half the nomi 
nal operating voltage, FIG. 2 clearly illustrates that 
such a control range is approximately 3 in the known 
image intensifier (curve a), this range being approxi 
mately 10 in the image intensifier to be used in the de 
vice according to the invention and provided with an 
aluminum cover layer having a thickness of 10,000 AE, 
while for image intensifiers which are subject to the 
curves c and d the control range is substantially larger 
yet; in practice it can even be as high as 100. The mea 
sure according to the invention, consequently, provides 
a substantially larger control possibility for adaptation 
of the luminance of the exit screen to, for example, the 
eye or a television camera tube than is possible with the 
known devices. 
Because the deposition, i.e., vapour-deposition, of an 

aluminum cover layer having a thickness exceeding ap 
proximtely 10,000 A is difficult, it is desirable to use a 
different method of forming cover layers which are 
only penetrated by electrons which have been acceler 
ated beyond 8 kV. For example, other metals such as 
titanium, silver, lead and especially gold can be used, 
it often being advantageous to use a thin layer of alumi 
num on the side of the photocathode and also on the 
side of the luminescent layer so as to avoid contamina 
tion. The cover layer is then composed of a number of 
sublayers. An example thereof is a cover layer consist 
ing of three sublayers, i.e. a first layer of aluminum hav 
ing a thickness of about 1,000 A which is provided di 
rectly on the luminescent layer, a gold or lead layer 
having a thickness of 3,000 to 6,000 A which is pro 
vided on this aluminum layer, and on this lead or gold 
layer a second aluminum layer having a thickness of, 
for example, approximately 600 A. Another example is 
a titanium layer having a thickness of approximately 
1,200 A which is provided directly on the luminescent 
layer, an aluminum layer of approximately 1,000 A 
being provided on the side thereof which faces the pho 
tocathode 9. A guide for determining the required 
thickness of a layer or sublayer is the fact that thick 
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nesses of different materials which are equivalent for 
electron absorption relate inversely to the specific 
gravities of those materials. Other possibilities of realiz 
ing a cover layer in accordance with the measure of the 
invention can be found in the application of metal ox 
ides such as titanium monoxide (TiO), specific gravity 
4.93 consequently, almost twice as high as that of alu 
minum and titanium dioxide, specific gravity 4.17 or 
3.84, depending on the modification. Another possibil 
ity yet can be found in the form of a sublayer of lumi 
nescent material, for example, the same as used in the 
luminescent layer 12, however, without activator so 
that this material absorbs electrons without radiation of 
light. A suitable material for this purpose is zinc cad 
mium sulphide (Zn CdS) without activator, the specific 
gravity (approximately 4.5) of which is slightly more 
than one and a half times that of aluminum. An exam 
ple in this respect is a cover layer 13 consisting of two 
sublayers: a first layer directly adjoining the lumines 
cent layer 12 and composed of a sublayer of zinc cad 
mium sulphide and having a thickness of approximately 
15,000 A which is obtained, for example, by settling, 
and vapour-deposited thereon an aluminum layer hav 
ing a thickness of 500 to 1,000 A. 

I claim: 
1. An image-intensifying tube comprising a photo 

cathode, a luminescent screen spaced apart from said 
photocathode for collecting electrons originating from 
the photocathode, an electrically conducting, light 
impervious cover layer on the side of said luminescent 
layer facing the photocathode, the material and the 
thickness of the cover layer being such that the cover 
layer substantially prevents electrons from passing 
through that cause the luminescent screen to luminesce 
at voltages less than one quarter of the value of the 
nominal operating voltage of the tube. 

2. An image-intensifying tube as claimed in claim 1, 
wherein the cover layer is such that luminescence of 
the luminescent layer initially occurs at voltages from 
50 to 80 percent of the nominal operating voltage of 
the tube. 

3. An image-intensifying tube as claimed in claim 1, 
wherein the cover layer is formed by a layer of alumi 
num having a thickness of approximately 10,000A. 

4. An image-intensifying tube as claimed in claim 1, 
wherein the cover layer is formed by a plurality of mu 
tually adjoining sublayers, at least one of said sublayers 
being made of metal. 

5. An image-intensifying tube as claimed in claim 4, 
wherein said sublayer of the cover layer adjoining the 
luminescent layer essentially consists of a luminescent 
material which produces minimum light emission when 
electrons originating from the photo-cathode penetrate 
said material. 

6. An image-intensifying tube as claimed in claim 4, 
wherein the cover layer comprises two layers of alumi 
num and a layer of gold provided between said alumi 
num layers. 

7. An image-intensifying tube as claimed in claim 6, 
wherein the cover layer comprises an aluminum layer 
adjoining the luminescent layer, said luminescent layer 
having a thickness of approximately 1,000A, said gold 
layer having a thickness of 3,000 to 6,000A, and said 
second aluminum layer having a thickness of 500 to 
1,000A on the side facing the photocathode. 
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6 
8. An image-intensifying tube as claimed in claim 4, 

wherein the cover layer comprises a sublayer of a metal 
oxide. 

9. An image-intensifying tube as claimed in claim 8, 
wherein the metal oxide sublayer essentially consists of 
titanium oxide. 

10. An image-intensifying tube as claimed in claim 4, 
wherein the cover layer comprises at least one alumi 
num layer and a sublayer of a second metal. 

11. An image-intensifying tube as claimed in claim 
10, wherein the sublayer of said second metal is se 
lected from the group consisting of titanium, silver and 
lead. 

12. An imaging system for an image-intensifying 
tube, comprising a photocathode, a luminescent layer 
positioned for collecting electrons emitted by said pho 
tocathode, an electrically conducting, light impervious 
cover layer on the side of said luminescent layer facing 
the photocathode, and means for applying an adjust 
able acceleration voltage between said photocathode 
and said cover layer, said tube having a nominal operat 
ing voltage V, and undergoing decelerates changes in 
the image produced thereby upon reduction of the op 
erating voltage thereof to a value less than one-fourth 
of said nominal voltage value, the dimensions and char 
acteristics of said cover layer being chosen so as to sub 
stantially prevent electrons originating in said photo 
cathode from causing said luminescent screen to lumi 
nesce at acceleration voltages between said photocath 
ode and said cover layer less than one quarter of the 
nominal operating voltage of said tube. 

13. An imaging system as claimed in claim 12, 
wherein the cover layer is such that luminescence of 
the luminescent screen initially occurs at voltages of 
from 50 to 80 percent of the nominal operating voltage 
of said tube. 

14. An imaging system as claimed in claim 12, 
wherein the cover layer is formed by a thin layer of alu 
minum having a thickness of approximately 10,000A. 

15. An imaging system as claimed in claim 12, 
wherein the cover layer is formed from a plurality of 
mutually adjoining sublayers, at least one of said sub 
layers being made of metal. 

16. An imaging system as claimed in claim 15, 
wherein said sublayer adjoining the luminescent layer 
essentially consists of luminescent material having sub 
stantially minimum light emission when electrons origi 
nating from the photocathode penetrate said material. 

17. An imaging system as claimed in claim 15, 
wherein the cover layer comprises two layers of alumi 
num and one layer of gold provided between said alu 
minum layers. 

18. An imaging system as claimed in claim 17, 
wherein the cover layer comprises an aluminum layer 
adjoining the luminescent layer, said luminescent layer 
having a thickness of approximately 1,000A, said gold 
layer having a thickness of 3,000 to 6,000A and said 
second aluminum layer having a thickness of 500 to 
1,000A on the side facing the photocathode. 

19. An imaging system as claimed in claim 15, 
wherein the cover layer comprises a sublayer of a metal 
oxide. 
20. An imaging system as claimed in claim 19 

wherein the metal oxide sublayer essentially consists of 
titanium oxide. 
21. An imaging system as claimed in claim 15, 

wherein the cover layer comprises at least one alumi 
num layer and a sublayer of a second metal. 
22. An imaging system as claimed in claim 21, 

wherein the sublayer of said second metal is selected 
from the group consisting of titanium, silver and lead. 
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