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[57] ABSTRACT 

Disclosed is an intensifying screen for X-ray radio 
graph use having a striped or checkered pattern of 
metal strips embedded in a high-sensitive phosphor 
layer, thereby reducing “mottles” which are offensive 
to the eye in examining an X-ray picture and at the 
same time absorbing the scattered X-ray in the screen. 
The combined effects of reduction of “mottles” and 
absorption of scattered X-rays improve the image 
quality of an X-ray picture. 

17 Claims, 17 Drawing Figures 
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INTENSIFYING SCREEN FOR RADIOGRAPH USE 
This invention in general, relates to a luminescent or 

intensifying screen for radiograph use, and in particular 
to such an intensifying screen which permits the full use 
of a relatively high sensitivity radiographic ?lm or par 
ticularly, an X-ray photographic ?lm by compensating 
for the reduction of sharpness accompanied by allow 
ing the X-ray to pass through luminescent or phosphor 
layers and thereby intensifying the light which is used 
to produce an image on the photographic ?lm. 

In the conventional art of taking a radiograph or an 
X-ray photograph for a medical diagnosis, a lamination 
consisting of a radiographic or X-ray photographic ?lm 
and two intensifying screens laid on both surfaces of 
the radiographic ?lm is used. 
A radiographic or X-ray ?lm comprises a support or 

carrier of whose surfaces have an emulsion applied 
thereto. An intensifying screen is a plate having granu 
lated phosphor crystal applied to one surface thereof 
by means of a proper binder such as nitrocellulose, 
gelatine, etc. 
The sharpness and the granularity of the radio 

graphic ?lm are, in fact, of a satisfactory ?gure of 
merit, as is commonly admitted in the art. However, an 
intensifying screen laid on an X-ray ?lm tends to inten 
sify the light which is used to produce an image on the 
?lm, but unfortunately also tends to deteriorate the 
sharpness of the image appearing in the ?lm, to ten 
times lower than the sharpness of the corresponding 
image of an X-ray photograph taken without using an 
intensifying screen. This adverse effect caused by the 
use of the intensifying screen will increase with the in 
tensifying factor of the screen used. . 

Additionally the scattering of an X-ray caused by the 
presence of the intensifying screen tends to deteriorate 
the sharpness of the image. 
Almost all the causes for lowering the quality of an 

image appearing on the ?lm are found in the X-ray 
emission tube and the intensifying screen. Stated other 
wise, in order to improve the quality of the image of the 
X-ray photograph, it is best to improve the X-ray emis 
sion tube and/or the intensifying screen. 

Referring to FIG. 3, it shows different response-to 
spatial frequency relationships pertaining to an X-ray 
source having 300 p. X 300 pt dimensions (See curve a), 
and X-ray photographic ?lm having an emulsion ap 
plied to one surface thereof and an X-ray source having 
50 p. X 50 a focus dimensions (See curve b), a conven 
tional high sensitive intensifying screen (See curve c), 
and ?nally an X-ray photographic ?lm having an emul 
sion applied to both surfaces thereof (See curve d). As 
seen from this graphic representation the response of 
the conventional intensifying screen is very poor. 
As is apparent from this fact, the improvement of the 

response of the intensifying screen will substantially 
contribute to improve the whole or resultant response 
of the X-ray photographic system including an X-ray 
source, an X-ray photographic ?lm, an intensifying 
screen etc. 

This invention is directed to improve one of the 
major factors above mentioned, i.e., the intensifying 
screen. 

The object of this invention is, in general, to improve 
the quality of the image of the X-ray photograph taken 
with the use of an intensifying screen. This object is at 
tained by embedding a number of metal strips in the 
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2 
phosphor coating in a striped or checkered pattern, 
thereby ?rst, dividing a “mottle” or an image of ag 
glomeration of phosphor grains into a group of small 
sections which are not offensive to the eye of the ob 
server in examining the X-ray photograph, and second, 
absorbing the scattered X-ray in the metal grid of the 
phosphor coating, thus con?ning the luminescence 
glow in the very small region de?ned by the mesh of the 
grid. 
As seen from the above, this invention permits the 

use of phosphor material of high sensitivity by reducing 
relatively large “mottles” inherent to such material to 
the extent that they may not be offensive to the eye, 
thus improving the sensitivity of the intensifying screen 
without lowering the sharpness of the image of the X 
ray photograph. 
The advantages of this invention are listed below: 
I. The granularity is substantially improved by divid 
ing the image into ?ne stripe or minute square sec 
tions. 

2. The sharpness is improved by absorbing the scat 
tered X-rays with the metal strips. 

3. The detecting capability i.e., signal-to-noise ratio 
is improved as a consequence of above items I and 
2. 

4. The sensitivity is increased, because a high sensi 
tive phosphor material can be used without the ad 
verse effect of lowering the granularity and the 
sharpness. 

This invention will be better understood from the fol 
lowing description which is made with reference to the 
accompanying drawings in which: 

FIG. 1 is a plan view showing a part of the striped 
pattern type intensifying screen according to this inven 
tion; 

FIG. 2 is a plan view showing a part of the checkered 
pattern type intensifying screen according to this inven 
tion; 

FIG. 3 is a graph showing spatial frequency-response 
function relationships pertaining to different X-ray 
?lms and X-ray sources; 

FIG. 4 is a graph showing the relationships between 
the width WM of metal strip and the number N of metal 
and phosphor strip pairs per millimeter and between 
the width WM of metal strip and the relative sensitivity 
S of the phosphor screen; 

FIGS. 5 — 7 show examples of one type of this inven 
tion; - 

FIGS. 8 — 17 show examples of a different type of this 
invention. 

Referring to FIG. 1, a part of the stripe type intensi 
fying screen is shown. This screen is shaped in the form 
of arranged phosphor and metal strips 1 and 2 in an al 
ternate and equi-spaced fashion. 
Assuming that the width of the metal strip WM is 

equal to that of the phosphor strip W,, this is given in 
the following equation: 

wherein N (lines/mm) indicates the number of pairs of 
metal and phosphor strips per millimeter. The relative 
sensitivity S" of the stripe type intensifying screen (i.e., 
the sensitivity ratio of the stripe type phosphor coating 
to the plain phosphor coating) is given in the following 
equation: ' 
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S” = l — N WM 

Referring to FIG. 2, a part of the checker type inten 
sifying screen is shown. This screen is shaped in the 
form of arranged metal and phosphor strips 1 and 2 in a 
checkered and cqui-spaced fashion. Assuming that the 
width of the metal strip WM is equal to that of the 
phosphor strip W,, the area A of the square section of 
the phosphor coating is given in the following: 

The relative sensitivity S # of the checker type intensi 
fying screen (i.e., the ratio of the sensitivity of the 
checkered phosphor coating ( l/N)2 to that of the plain 
phosphor coating ( l/N — WM)2 ) is given by the follow 
ing equation: 

In order'to take a photograph of a ?ber so clear that 
the ?laments per millimeter are easily detectable to the 
eye, the response function of the intensifying screen 
must be 20 lines per millimeter. 

If the width of the phosphor strip 2 of the stripe type 
intensifying screen is equal to that of the metal strip 1, 
and if the number of the phosphor strip 2 is 20 lines per 
millimeter, the width of the phosphor strip 2 is given 
by: 

FIG. 4 shows how the relative sensitivity S" or S # 
varies withthe width of the metal strip. These curves 
S" and S # are determined by the equations 

_ and 

S# =( l—N WM)Z 

for the particular width of the phosphor strip, i.e., 

W‘ = IL. 

As seen from FIG. 4, the relative sensitivity increases 
with the decrease of the metal strip width. For the par 
ticular sensitivity, i.e., one-half, the width W,, of the 
metal strip of the stripe type intensifying screen is 
about 25 ,u., whereas the width of W,, of the metal strip 
of the checker type intensifying screen is about 10 a. 
As for the number of the stripe (phosphor or metal 
stripe) per millimeter for one-half relative sensitivity, 
the stripe number of the stripe type intensifying screen 
is about 19 (lines/mm), whereas the stripe number of 
the checker type one is about 28 (lines/mm). 
‘The decrease of the sensitivity due to the stripe or 

checker pattern of metalstrips, however, is compen 
sated by using a phosphor material of high sensitivity, 
because the “mottle” problem inherent to such a high 
sensitive phosphor material is solved by the metal grid, 
as hereinabove mentioned. 
The ratios of phosphors of medium and high sen 

sitivity commercially available to the phosphor of low 
sensitivity and high sharpness are 1.6 and 2.4 respec 
tively. As is well known, a conventional intensifying 
screen uses a phosphor of low sensitivity and high 
sharpness. This is due to the fact that the sharpness and 
the granularity of a phosphor of higher sensitivity is, in 
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fact, lower than the sharpness and granularity of a_ 
phosphor of lower sensitivity. The sharpness and granu 
larity of the intensifying screen according to this inven 
tion depends simply upon the size of the elemental 
mesh of the metal net pattern, and not on the actual 
phosphor and granularity of the phosphor material. 
Thus, the decrease of the sensitivity due to the metal 
stripe or checker pattern can be fully compensated by 
the use of a highly sensitive phosphor material, pro 
vided thatthe area which the phosphor material occu 
pies is, in fact, larger than the area which the metal oc 
cupies. 

Referring to‘ FIG. 5, the section of an intensifying 
screen is shown. A number of metal strips 1 are laid 
upon the support member or carrier plate 3 in an equi 
spaced relationship and a phosphor material 2 is 
moulded between the metal strips so that the resultant 
phosphor strips may be ?ush with the metal-strips. A 
protecting coating 4 is applied to the upper surface of 
the stripe pattern. FIGS. 6 and 7 show an intensifying 
screen having respectively trapezoid-sectional metal 
strips and one having corrugated metal strips. The 
distances indicated by W, and WM depend upon the 
kind of object and characteristics of the camera used, 
but such distances will be found in the following ranges: 
T .- 1O - 300p. 

W, 1 l0 - 200p. 

W,, : 5 - 100;; 
The light released from the intensifying screen in 
creases with the thickness T of the phosphor coating 
until it reaches a de?nite value, which remains constant 

, even though the thickness of the phosphor layer may 
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further increase. In view of this saturating nature, the 
minimum phosphor layer thickness beyond which the 
increase of the available light ceases, is chosen for the 
proper thickness of the phosphor coating. Such a value, 
however, depends on the kind of phosphor material or 
binder used in the intensifying screen. The support 
member 3 is a sheet made of cellulose triacetate, 
polyethylene terephthalate, phenol resin, acrylic resin, 
etc.. The support member 3 must have a strength suf? 
cient to support the phosphor part and the metal part, 
the latter of which is preferably made of a metal having 
a large X-ray-absorbing capability, more speci?cally a 
heavy metal having a large ?gure of atomic numbers. 
The protecting coating 4 is preferably made of a 
material with light transparent characteristics and sub 
stantial physical strength, such as gelatine, polyvinyl al 
cohol, cellulose‘ triacetate, etc.. The coating 4 is 
preferably as thin as possible, and the thickness of the 
coating is generally within the range from 1 to 10 
microns. 

‘As for the phosphor material and binder, they are 
well known in the art, and therefore no detailed ex 
planation is needed. 7 

F I08. 8 - 17 show embodiments of a different type of 
this invention, in which the upper end of a metal strip 
reaches short of the upper or lower surface of the 
phosphor moulding. In these ?gures the same type of 
members are indicated by the same numbers as used in 
FIGS. 1 and 2. 

FIG. 9 shows an intensifying screen having a light 
re?ecting layer (or a light-absorbing layer) 5 provided 
on the support 3. ' 
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FIG. 10 shows an intensifying screen having a metal 
coating 6 provided on the metal strip 1, the atomic 
number of the metal of this metal coating 6 being larger 
than that of the metal of the metal strip with a view to 
further absorb the scattered X-ray. 

FIGS. 11 _ 13 show intensifying screen in which the 
metal strips are partly embedded in the support as in 
dicated at TM’, thereby intensifying the absorbing ef 
fect of the scattered X-rays. 

FIG. 14 shows the section of the intensifying screen 
having the metal strips provided ?ush with the 
phosphor moulding, and FIG. 15 shows one having the 
metal strips provided at the middle level of the 
phosphor moulding. The dimensions indicated by T, 
and TM are found in the following ranges: 

Wm=5—200p., where T, is equal to T,,I+T," 
As for the light-reflecting or light-absorbing layer 5, 

it is formed by applying titanium white to the surface of 
the support or by evaporating a metal such as alu 
minum, silver, etc. to the same, thus functioning as a 
re?ector for a low-sensitive intensifying screen, 
whereas it is formed by applying a light-absorbing sub 
stance, for instance carbon to the surface of the sup 
port with a view to improve thesharpness, thus func 
tioning as an absorber for a high-sensitive intensifying 
screen, just like a halation protecting layer on radio 
graphic ?lms. 

FIGS. 16 and 17 show phosphor screens using two 
different kinds of phosphor material constituting two 
different phosphor layers with a view to improve the 
granularity of the intensifying screen. As mentioned 
earlier, the use of a high sensitive (or coarsely granu 
lated) screen is necessitated in order to compensate for 
the decrease of sensitivity due to the presence of the 
metal strips in the phosphor coating. The granularity 
can be improved by applying a low-sensitive phosphor 
material on the high-sensitive and coarsely granulated 
phosphor layer 2’, provided that the upper layer 2 of a 
low-sensitive phosphor material is thinner than the 
lower layer 2' of a high-sensitive phosphor material, 
preferably three times or more thinner than the lower 
phosphor layer. For similar purposes, a tricomposite 
phosphor layer, or a phosphor layer of a mixture of dif 
ferent phosphor materials can be applied to the sup 
port. 

In making an intensifying screen according to this in 
vention, a metal layer is deposited on a carrier by elec 
troplating, for instance, copper on the surface of the 
carrier, and then the metal layer thus deposited is 
partly removed to leave a striped or checkered pattern 
by photoetching with or without electroplating, electri 
cal discharge machining ‘or laser machining. Then, a 
liquid containing phosphor material is applied to the 
striped or checkered metal pattern. 

Alternately, a striped or checkered pattern is formed 
by depositing metal particles on a carrier by printing or 
xeroprinting, and then, a liquid containing a phosphor 
material is applied to the striped or checkered metal 
pattern thus formed. This method is particularly suita 
ble for making intensifying screens, such as shown in 
FIGS. 5, 6, 7, 8, 9 and l0. 
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6 
Likewise, an intensifying screen according to this in 

vention can be produced by embedding in a lu 
minescent layer, a metal mesh or a perforated metal 
foil of the type which is used in spectrophotometry. 
The metal mesh can be produced by the reprica 
method or etching. The liquid containing a phosphor 
material is applied on the carrier, and then the metal 
mesh is put in the luminescent layer thus deposited, 
while it is wet. The wet luminescent layer which is ?ush 
with the metal pattern, is dried and solidi?ed. If this in 
termediate product is covered with a protecting coat 
ing, an intensifying screen, such as shown in FIG. 14 
can be obtained, whereas if another wet luminescent 
layer is applied to the intermediate product above men 
tioned, and if this second luminescent layer after it is 
dried, is covered with a protecting coating, an intensify 
ing screen such as shown in FIG. 15 can be obtained. In 
producing intensifying screens, such as shown in FIGS. 
11, 12 and 13, it is advantageous to embed a metal pat 
tern in a carrier before applying a luminescent layer to 
the carrier. 

Although the invention has been described hereinbe 
fore with reference to some specific embodiments 
thereof, it will be understood that many modifications 
are possible within the scope of the invention as set 
forth in the appended claims. 
What is claimed is: 
1. An intensifying screen for radiograph use compris 

ing a support, a layer of ?nely divided luminescent 
crystals deposited on said support and metal dividing 
means dividing said luminescent layer into a plurality of 
separated sections, said metal dividing means compris 
ing a plurality of metal strips disposed in the lu 
minescent layer, said metal strips having a longitudinal 
dimension TM and a width W“, the sections of said lu 
minescent layer having a longitudinal dimension T, and 
a width W,, the aforementioned dimensions being 
within the following ranges: 
TM : l0 - 300;; 
W,, : 5 - 200a 
T, : l0 - 300p. 
W, : l0 — 200p. ~ 

thereby dividing an image of agglomeration of In 
minescent crystal grains into small sections which are 
not offensive to the eye of an observer examining the 
radiograph. 

2. An intensifying screen according to claim 1, 
wherein said metal dividing means comprise a plurality 
of metal strips embedded in the luminescent layer in a 
striped pattern. ~ 

3. An intensifying screen according to claim 1, 
wherein said metal dividing means comprise a plurality 
of metal strips embedded in the luminescent layer in a 
checkered pattern. 

4. An intensifying screen according to claim ll, 
wherein said metal dividing means comprise a per 
forated metal foil embedded in the luminescent layer. 

5. An intensifying screen according to claim 1, 
further comprising a light-re?ecting layer provided on 
said support between said carrier and said luminescent 
layer. 

6. An intensifying screen according to claim 1, 
further comprising a light absorbing layer provided on 
said support between said support and said luminescent 
layer. 
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7. An intensifying screen according to claim 1, 
wherein said metal dividing means comprise metal 
strips which are rectangular in cross section. 

8. An intensifying screen according to claim 1, 
wherein said metal dividing means comprise metal 
strips which are trapezoidal in cross section. 

9. An intensifying screen according to claim 1, 
wherein said metal dividing means comprise metal 
strips which are corrugated in cross section. 

10. An intensifying screen according to claim 1, 
wherein said. metal dividing means comprise metal 
strips embedded ?ush with the upper surface of said lu 
minescent layer. 

11. An intensifying screen according .to claim 1, in 
which said luminescent layer comprising a lamination 
of an upper layer of finely divided crystals and a lower 
layer of coarsely divided crystals. 

12. An intensifying screen according to claim 1, in 
which said luminescent layer comprising a layer of a 
mixture of different luminescent materials. 

13. An intensifying screen according to claim 1, in 
which a protective coating is provided on the lu 
minescent layer. 

14. An intensifying screen according to claim 13, in 
which ‘the protective coating is made of a member 
selected from the group consisting of gelatine, polyvi 
nyl alcohol or cellulose triacetate. 

15. An intensifying screen according to claim 14, in 
which the thickness of the protective coating is within 
the range from 1 to 10 microns. 
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8 
16. An intensifying screen for radiograph use com 

prising a support, a layer of ?nely divided luminescent 
crystals deposited on such support, metal dividing 
means dividing said luminescent layers into a plurality 
of separated sections, and a metal coating provided on 
said metal dividing means, the atomic number of the 
metal coating being larger than that of the metal divid 
ing means, said sections being of a size small enough to 
divide an image of agglomeration of luminescent 
crystal grains into small sections which are not offen 
sive to the eye of an observer examining the radio 
graph. 

17. An intensifying screen for radiograph use com 
prising a support, a layer of ?nely divided luminescent 
crystals deposited on said support, and metal dividing 
means dividing said luminescent layer into a plurality of 
separated sections, said metal dividing means compris 
ing metal strips, and in which the thickness of the lu 
minescent layer T, the width of each section W, and the 
width of the metal strips WM are within the following 
ranges: 
T 1 10 - 300“ 

w,; 10- 200“ 
w, 1 5 - 100,‘, 

thereby dividing an image of agglomeration of lu 
minescent crystal grains into small sections which are 
not offensive to the eye of an observer examining the 
radiograph. 


