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[57] ABSTRACT 
The present invention relates in general to methods 
for making pick-up screens for X-ray image intensifier 
tubes and, more particularly, to an improved method 
wherein the X-ray fluorescent phosphor screen ele-
ment is formed by evaporation of an alkali metal ha-
lide material in vacuum and condensing the evapo-
rated material on an X-ray transparent portion of the 
X-ray intensifier tube, Whereby a curved X-ray image 
pick-up screen is formed which has improved quan-
tum efficiency and resolution. Such improved X-ray 
image intensifier tubes are especially useful for, but 
not limited in use to, X-ray systems and for intensify-
ing gamma ray images obtained in applications of nu-
clear medicine. 

7 Claims, 5 Drawing Figures 
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3,961, 1 
PICK UP SCREENS FOR X-RAY IMAGE 

INTENSIFIER TUBES EMPLOYING EVAPORATED 
ACTIVATED SCINTILLATOR LAYER 

5 
RELATED CASES 

The present application is a divisional application of 
copending application Ser. No. 7,358, filed Feb. 3, 
1970, now U.S. Pat. No. 3,795,531; granted Mar. 5, 
1974 which in-turn is a continuation application of 5 0 

parent application Ser. No. 606,514 filed Dec. 22, 
1966 and now abandoned, all of such applications 
being assigned to the same assignee as the present ap-
plication. 

Heretofore, X-ray image pick-up screens for X-ray 1 5 

image intensifier tubes have been made by settling 
phosphor particles out of a liquid slurry onto an X-ray 
transparent spherical dish, as of aluminum, forming the 
pick-up face of the evacuated image intensifier tube. 
While such techniques are suitable for ZnS pick-up 
screen materials they are generally unsuited for pro-
ducing alkali metal halide screens which should pro-
vide improved X-ray quantum efficiencies. Moreover, 
the particulated screen produced by such settling meth- 2 5 

ods has only about half the density of the bulk material 
and has poorer resolution than that obtainable from a 
screen having a higher density of the screen material. 
Also it would be desirable to use a screen material 
having higher stopping power and quantum conversion 3 0 

efficiency such as that provided by the alkali metal 
halides. 

While it may be possible to form the pick-up screen 
of a thin slab of alkali metal halide, which has been 
deformed to produce the spherical shape, such a defor- 3 5 

mation of the slab of phosphor material may seriously 
degrade the conversion efficiency and, thus, resolution 
of the converted X-ray image because of the plastic 
deformation of the alkali halide. 

In the present invention, the spherical pick-up screen 40 
is formed by evaporation of an alkali halide material, 
such as Csl, KI, Nal, Rbl, CsBr, or Lil, in vacuum onto 
the inside of the spherical X-ray transparent pick-up 
face plate of the image intensifier tube. Such an evapo-
rated pick-up screen has a density which is approxi- 45 
mately equal to that of the bulk material and, therefore, 
will provide enhanced resolution and quantum conver-
sion efficiency. 

In one embodiment of the present invention, the 
alkali halide phosphor screen material is co-evaporated 50 
with its activator material either by evaporation of an 
activated alkali metal halide or by simultaneous evapo-
ration of the alkali metal halide and its activator. 

In another embodiment of the present invention, the 
alkali halide screen is evaporated and condensed in 55 
place and subsequently activated by coating the screen 
with the activator, as by evaporation, and then diffusing 
the activator from the coating into the screen material. 

The principal object of the present invention is the 
provision o f methods for making improved X-ray image 60 
intensifier tubes. 

One feature of the present invention is the provision 
of a method for making the X-ray pick-up screen of an 
image intensifier tube wherein an alkali metal halide 
screen material is evaporated in vacuum onto a curved 65 
X-ray transparent substrate, : whereby a phosphor 
screen is produced which has improved resolution and 
quantum conversion efficiency. 

182 
2 

Another feature of the present invention is the same 
as the preceding wherein the alkali halide material is 
coevaporated with its activator material. 

Another feature of the present invention is the same 
as the preceding feature wherein the alkali halide to be 
evaporated includes its activator. 

Another feature of the present invention is the same 
as the first feature wherein the alkali halide material 
and its activator material are simultaneously evapo-
rated from separate sources onto the substrate mem-
ber. 

Another feature of the present invention is the same 
as the first feature wherein the alkali halide screen, as 
deposited on the substrate, is activated by coating the 
surface of the screen with an activator material and 
then diffusing the activator into the alkali halide screen 
by raising the screen to an elevated temperature. 

Another feature of the present invention is the same 
as any one or more of the preceding features wherein 
the alkali metal halide screen is annealed to remove 
minute residual plastic deformation of the material. 

Other features and advantages of the present inven-
tion will become apparent upon a perusal of the follow-
ing specification taken in connection with the accom-
panying drawings wherein: 

FIG. 1 is a schematic line diagram of an X-ray image 
intensifier tube of the prior art, 

FIG. 2 is an enlarged cross sectional view of a portion 
of the structure of FIG. 1 delineated by line 2—2, 

FIG. 3 is a side view similar to that of FIG. 2 depict-
ing the pick-up screen construction of the present in-
vention, 

FIG. 4 is a schematic line diagram of an apparatus for 
evaporating alkali halide materials in vacuum, and 

FIG. 5 is an alternative evaporator apparatus to that 
depicted in FIG. 4. 

Referring now to FIG. 1, there is shown a prior art 
X-ray system 1 employing an X-ray image intensifier 
tube 2. Such a system is described in an article entitled, 
"X-Ray Image Intensification With A Large Diameter 
Image Intensifier Tube", appearing in the American 
Journal Of Roentgenology Radium Therapy And Nu-
clear Medicine, Volume 85, pages 323-341 of Febru-
ary 1961. Briefly, an X-ray generator 3 serves to pro-
duce and direct a beam of X-rays onto an object 4 to be 
X-rayed. The image intensifier tube 2 is disposed to 
receive the X-ray image of the object 4. 

The image intensifier tube 2 includes a dielectric 
vacuum envelope 5 as of glass approximately 17 inches 
long and 10 inches in diameter. The pick-up face por-
tion 6 of the tube 2 comprises a spheical X-ray trans-
parent portion of the envelope. 5, as of aluminum or 
conductive glass, which is operated at cathode poten-
tial. An image pick-up screen 7 of X-ray sensitive par-
ticulated phosphor such as ZnS is coated onto the in-
side spherical surface of the envelope portion 6 to a 
thickness as of 0 .020 inch. A chemically inert optically 
transparent buffer layer 8 is coated over the phosphor 
layer 7. A photo-cathode layer 9 is formed over the 
buffer layer 8. 

In operation, the X-rays penetrate the object 4 to be 
observed. The local X-ray attenuation depends on both 
the thickness and atomic number of the elements form-
ing the object under observation. Thus, the intensity 
pattern in the X-ray beam after penetration of the ob-
ject 4 contains information concerning the structure of 
the object. The X-ray image passes through the X-ray 
transparent envelope section 6 and falls upon the X-ray 
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sensitive phosphor layer 7 wherein the X-ray photons 
are absorbed and re-emitted as optical photons, typi-
cally in the blue frequency range. The optical photons 
pass through the transparent buffer 8 to the photo-
cathode 9 wherein they produce electrons. The elec- 5 

trons are emitted from the photo-cathode in a pattern 
or image corresponding to the original X-ray image. 
The electrons are accelerated to a high velocity, as of 
30 KV, within the tube 2 and are focused through an 
anode structure 12 onto a fluorescent screen 13 for 1 0 

viewing by the eye or other suitable optical pick-up 
device. Electron focusing electrodes 14 are deposited 
on the interior surfaces of the tube 2 to focus the elec-
trons through the anode 12. 

In the intensifier tube, one 50 Kev photon of X-ray 
energy absorbed by the X-ray sensitive pick-up screen 
produces about 2000 photons of blue light. These 2000 
photons of blue light produce about 400 electrons 
when absorbed in the photo-emitter layer 9. The 400 
electrons emitted from the photo-cathode produce 
about 400,000 photons of light in the visible band when 
absorbed by the fluorescent viewing screen 13. Thus, 
the X-ray image is converted to the visible range and 
greatly intensified for viewing. 2 5 

One of the problems with the prior art intensifier 
tube 2 is that the particulated pick-up screen has less 
than optimum resolution due to the fact that the partic-
ulated material has about one half the density of the 
material in bulk form. Thus, to provide a certain proba- 3{) 
bility of stopping or absorbing an X-ray photon, the 
particulated layer 7 must have about twice the thick-
ness of such a layer if it had bulk density. The thicker 
the layer 7 the poorer its X-ray resolution. Moreover, 
the particulated material serves to scatter the emitted 3 5 
optical photons, thereby still further reducing resolu-
tion. 

In addition, it is desirable to utilize a pick-up screen 
material having a greater intrinsic stopping or absorb-
ing power for X-rays. Such improved materials include 40 
the alkali metal halides such as, for example, Csl, KI, 
Nal, Rbl, CsBr, and Lil. These improved materials such 
as Csl and Nal are obtainable in bulk slab form from 
Harshaw Chemical Company of Cleveland, Ohio. How-
ever, when they are distorted from the slab form into 45 
the spherical slab form, to conform to the spherical 
pick-up face 6 of the image intensifier tube 2, it is 
expected that the conversion efficiency and, hence, 
resolution of the converted X-ray image is deleteriously 
affected. 50 

Referring now to FIGs. 3 - 5 there is shown a section 
of the X-ray pick-up screen formed in accordance with 
the methods of the present invention. More particu-
larly, the alkali halide pick-up screen layer 16 is formed 
on the spherical X-ray transparent substrate member 6 55 
by evaporation in vacuum. 

In a first method, the substrate member 6 is cleaned 
and disposed in a vacuum chamber 17 of a vacuum 
evaporator 18. A crucible 19 containing the activated 
alkali metal halide phosphor 21 in bulk form is heated 60 
to a temperature sufficient to evaporate the phosphor 
material as by an electrical heating element 22. The 
evaporated activated alkali halide is condensed (depos-
ited) on the substrate 6 to the desired thickness, as of 
0.010 inch for an X-ray image intensifier, or to 0.060 65 
inch for a gamma ray intensifier. As used herein, "X-
ray" is defined to include X-rays and other high energy 
radiation including gamma ray radiation. 

The bulk activated alkali halide may include any one 
of a number of different activators to render the pick-
up screen 16 fluorescent upon absorption of X-rays at 
room temperature. For example, Csl may include Til or 
Nal, Na or Lil as activators. 

After the screen layer 16 has been deposited it is 
preferably annealed to remove any residual minute 
plastic deformations thereof because such deforma-
tions have an adverse effect upon quantum conversion 
efficiency. A suitable annealing process is to heat the 
screen 16 as by heater 23 in vacuum to within 10°C of 
the melting point of the screen material for 0.5 to 2.0 
hours and then cool the screen 16 through to 400°C in 
10 hours and then cool to room temperature in another 
10 hours. 

An ultra clean vacuum pump 24 is connected into the 
evaporation chamber 17 to maintain the vacuum within 
the system at about 10 - 9 Torr during the evaporation 
process. 

The deposited layer of phosphor 16 is polycrystalline 
and has a density approximately equal to the bulk den-
sity of the alkali metal halide material. The polycrystal-
line nature of the vacuum evaporated alkali metal ha-
lide material is well known. See, for example, The Phys-
ical Review, Vol. 51 No. 5, of Mar. 1, 1937, pages 
293-299, especially pages 295-297. Therefore, the 
X-ray stopping or absorption power of the layer 16 is 
substantially improved for a given thickness as com-
pared to the prior particulated phosphor screens. Thus, 
the thickness of the layer 16 can be reduced compared 
to the prior screens, thereby providing improved reso-
lution. Moreover, the spherical shape of the layer 16 
does not interfere with resolution as would be expected 
to be encountered if a slab of the alkali halide material 
were shaped to conform to the spherical substrate 6. 

A second method for forming the evaporated pick-up 
screen 16 is essentially the same as the first method 
except that the activator material is not incorporated in 
the bulk phosphor material 21 to be evaporated. In-
stead, the activator material 26 is simultaneously evap-
orated from a second crucible 27 which is heated by a 
separate heater 28. This method provides better con-
trol over relative rates of deposition of the alkali halide 
and its activator in order to assure a better control over 
the distribution of the activator in the deposited screen 
layer 16. As an alternative to employing the second 
crucible 27, the activator is vaporized in the chamber 
17 to form a vapor in equilibrium. The alkali halide 
material, without the activator, is then evaporated 
through the activator vapor and, thus, co-deposited 
with the activator vapor on the substrate 6. 

A third method for forming the screen layer 16 is 
essentially the same as the second method except that 
the activator is post evaporated to form a layer upon 
the previously deposited layer of alkali metal halide 
screen material. The activator is then diffused into the 
alkali metal halide screen layer by annealing as previ-
ously described with regard to the first method. 

A fourth method for forming the pick-up screen layer 
16 is essentially the same as any one of the aforedes-
cribed methods except that the materials to be evapo-
rated from a heated crucible are instead flash evapo-
rated. More particularly, an evaporation plate 31 is 
heated by a heater 32 to a temperature well in excess of 
the evaporation temperature of the constitutents of the 
material to be evaporated. Pellets 33 of the material to 
be evaporated which in some methods, as aforedes-
cribed, include the alkali metal halide with the activa-
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tor incorporated therein, and in others of the aforedes-
cribed methods have the activator separately evapo-
rated, are dropped upon the plate 31 for flash evapora-
tion. The evaporated material is collected on the sub-
strate 6 to form the pick-up polycrystalline screen layer 
16. For the methods wherein the activator is separately 
evaporated the proportions of activator and alkali 
metal halide, in the resultant deposited layer 16, are 
controlled by controlling the rate at which the separate 
activator and alkali metal halide pellets are dropped 
upon the evaporation plate 31. The resultant screen 
layer 16 may be heat treated or annealed, as aforedes-
cribed, to obtain a more uniform distribution of the 
activator within the alkali metal halide material and to 
remove residual plastic deformation. 

Still other methods for evaporation of the alkali 
metal halide material in vacuum onto the curved face 
plate 6 include electron beam and laser beam evapora-
tion methods. 

The buffer layer 8 is formed over the pick-up screen 
layer 16 by evaporating a chemically inert and optically 
transparent material over the layer 16 to a thickness 
less than 10,000 A and preferably 1000 A or less. Suit-
able buffer materials include magnesium oxide, alumi-
num oxide and lithium fluoride. Such materials are 
evaporated in vacuum in the same manner as previ-
ously described for evaporation of the pick-up screen 
materials. As an alternative, the buffer layer 8 is 
formed, in some instances, by evaporating the metal 
constitutent such as aluminum or magnesium and then 
reacting the deposited metal film with the other con-
stitutent of the buffer such as oxygen gas, which is 
introduced into the vacuum chamber 17, to form the 
buffer layer 8. The photo-cathode layer 9, as of CssSb, 
is deposited over the buffer layer 8 by conventional 
vacuum evaporation methods for forming such cath-
odes. Such a method is described in a book entitled, 
"Photoelectronic Materials and Devices" published by 
D. Van Nostrand Company, Inc. in 1965 at pages 
200-201. 

One advantage of the aforedescribed vacuum evapo-
ration methods for forming the pick-up screen 16 and 
subsequent buffer and photo-cathode layers 8 and 9, 
respectively, is that such methods are all performed in 
vacuum such that they lend themselves to a production 
machine which performs the successive steps in vac-
uum without having to take the parts into air for per-
forming successive steps in the manufacture. 

1,182 
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Since many changes could be made in the above 
construction and many apparently widely different 
embodiments of this invention can be made without 
departing from the scope thereof it is intended that all 

5 matter contained in the above description or shown in 
the accompanying drawings shall be interpreted as 
illustrative and not in a limiting sense. 

What is claimed is: 
1. An evacuated x-ray image intensifier tube of im-

1 0 proved conversion efficiency and resolution compris-
ing: 

evacuated envelope means; 
an x-ray pick-up screen disposed within said evacu-

ated envelope means for receiving an x-ray image 
1 5 and converting said x-ray image by scintillation 

into an optical photon image corresponding to the 
received x-ray image, 

said x-ray pick-up screen comprising a vacuum vapor 
deposited polycrystalline layer of alkali metal ha-

2 0 lide scintillator material, said scintillator material 
including an activator so as to be x-ray sensitive 
and selected from the group consisting of Csl, Nal, 
Lil, KI, CsBr, and Rbl, having a density of alkali 
metal halide material approximately equal to that 
of the bulk alkali halide material, and having a 
thickness greater than 0.0005 inch; and 

a photocathode layer behind said x-ray pick-up 
screen for converting said photon image to a corre-

3 0 sponding electron image for emission into said' 
evacuated envelope, 

2. The x-ray image intensifier tube of claim 1 further 
including electrode means for focusing said electron 
image, and an output screen for converting said fo-

3 5 cused image electron image into a visible intensified 
image of said electron image. 

3. The apparatus of claim 1 wherein said scintillator 
layer is activated Csl. 

4. The apparatus of claim 3 wherein said scintillator 
4 ( ) layer includes an activator material selected from the 

class consisting of Til, Nal, Na, and Lil. 
5. The apparatus of claim 1 wherein said scintillator 

layer is curved. 
6. The apparatus of claim 1 wherein said scintillator 

4 5 layer is a layer of material condensed onto a support 
member in vacuum from the vapor phase. 

7. The apparatus of claim 3 wherein said photocath-
ode material includes cesium and antimony. 
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