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My invention relates to inspection apparatus, and in 
particular relates to arrangements for determining the 
uniformity in texture, resolving power, and homogeneity 
of the electron phosphor layers of ?uorescent screens 
used for reproducing, in cathode ray tubes, television 
receiving tubes, and various image intensifying tubes, an 
intensi?ed picture image. It produces outstanding re 
sults in the inspection of relatively thin phosphor layers. 

Arrangements have been devised, such as those de~ 
scribed and claimed in the United States Patent 2,555,545 
of Lloyd P. Hunter and Richard L. Longini, issued on 
or about June 5, 1951, entitled “Image Intensi?er” and 
assigned to the assignee of the present application which 
employs an electron lens system cooperating with 
?uorescent screens to reproduce a desired optical image 
at a greatly intensi?ed level of brightness. My inven~ 
tion is particularly useful in testing these screens. 
One of the most important components of such an ar 

rangement, is a ?uorescent screen comprising a layer of 
some electron phosphor, such as zinc sulphide, on which 
electrons corresponding in space distribution to the optical 
image being intensi?ed are incident. 

In order that the light image produced on this 
?uorescent screen shall correspond in intensity, point by 
point with the electron image, it is necessary that the 
layer of phosphor be as uniform and perfect in resolu 
tion as possible. 
My present invention relates to an arrangement for in 

specting such screens during the course of manufactur 
ing to reassure the required uniformity. It‘ is particularly 
adapted to use in quantity production‘ of such screens. 
One object of my invention, accordingly, is to pro 

vide a method of determining the uniformity and 
homogeneity of thin ?uorescent screens. 

Another object of'my invention is to provide an ar 
rangement for inspecting any electron phosphor screen, 
especially when backed by a re?ective coating, for im 
perfections, variations of thickness or sensitivity, and 
the like. 

Other objects of my invention will become apparent 
upon reading the followingdescription taken in connec 
tion with the drawing in which the single ?gure is a 
diagrammatic illustration of an inspection apparatus em 
bodying the principles of my invention. , 

Turning in detail to the drawing, the ?uorescent screen 
comprises an annular member 1 having a periphery suit 
ing it to be sealedglass or otherwise attached to form a 
wall portion of an electrical discharge device. 
.Within the annular member 1 is supported ascreen 

2 comprising a thin glass plate 3 coated on its interior 
surface with a substantially uniform layer 4 of a. ?uores 
cent material such as zinc sulphide. The glass plate 
may be sealed at its outer edge to the annular mem 
her 1. The face of the ?uorescent layer may be coated 
with a thin layer of aluminum or nickel, thin enough 
to be penetrated by electrons passing through an elec 
tron lens which is positioned inside the electrical dis— 
charge tube. Methods of constructing such a screen are 
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described and claimed in the United States Patent 
2,586,304 of J. W. Coltman et al., issued February 19, 
1952, and entitled “Protection of Phosphors From Attack 
by Alkali Vapors,” which is likewise assigned to the as 
signee of this application. 
For inspection purposes, the annular member 1 may 

be af?xed to any suitable support member (not shown) 
in the path of X-rays emanating from an X-ray tube 6 
of any suitable type. For present purposes, the tube 6 
preferably has a line focal spot 7 which is arranged in 
a manner well known in the art, so that the X-rays to 
be used are emitted at a glancing angle from the target 
and tend to form the sharpest detail “shadowgraphs’f 
practical for a given distance of the source from the target. 
Tubes known in the art as X-ray diffraction sources of 
X-rays are of this type and I have found them satisfac 
tory. More to the point, for a given high resolution, the 
focal-spot-to-screen distance can be small so as to permit 
high intensity at the screen, which effect is further aided 
by the line focus principle. The rays from line focus 7 
pass through a window 8 which is preferably of beryllium. 
For the present purpose and for most purposes, it is 
highly desirable to employ relatively soft, long wavelength 
X-rays (i. e., from 1 to 5 Angstroms) from X-ray tubes 
having beryllium windows or other thin or low atomic 
number windows, especially adapted to e?iciently pass 
such X-rays which are well known in the art. Where, 
as in the following description, ‘straight wires or rods are 
used to cast shadows on the screen during testing, the 
line focus is positioned parallel to the wire. 

' After passing from the focal spot 7 from the window 
8 the X-rays impinge on the ?uorescent screen 2. If 
only resolution testing is of primary importance, as in 
the present image tube case, resolution is most im 
portant. But in the general case of testing overall uni 
formity it is desirable that the -X—rays induce luminosity 
which will be substantially uniform if the thickness and 
quality of the phosphor forming thev screen is uniform. 
On the other hand, irregularities in thickness and texture 
of the ?uorescent material will result in corresponding 
non-uniformity in the luminosity of the various portions 
of the screen. For the latter more general purpose it 
is desirable that the focal spot and window arrange 
ments in the X-ray tube 6 shall produce an extremely 
high intensity, broad and uniform beam of X-rays. For 
the more special case of resolution testing, the emphasis 
is on high intensity and sharpness of shadow detail. 

Light from the surface of the screen 2 then passes 
through a heavy plate of lead glass 11 on the opposite 
side of which it may be viewed by the eye 12 of the 
inspector. An optical magnifying lens 13 may be use 
fully employed to scan the area of the screen 2 to aid 
in'de'termining its texture and resolving power. The 
lead glass for operator protection may be quickly re 
moved when the X-rays are off, for changing screens in 
assembly line production testing. 
The ability of the‘ screen 2 to properly resolve ?ne 

detail images projected upon it may be determined by 
positioning a ?ne wire grid 14 close to the inner surface 
of the screen 2. > In this case the line focal spot is pref 
erably' used, and the ?ne wires of this grid are made 
parallel to the line focal spot 7. 

~ Instead. of inspecting the screen 2 by eye as above 
described, a permanent record of the inspection may be 
made by photographing the screen. The plate 11 of lead 
glassfwill protect the eye of the observer, and'will also 
protect the camera used for photography, from X-rays 
which pass unabsorbed through the screen 2. Since elec 
tron phosphors and the glass upon which they are de 
posited are, in general, often poor absorbers of X-rays 
when in thin layers, such provisions for preventing harm 
to the inspector using the equipment are necessary. Suit 
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able screening by lead plates may likewise be provided in 
other parts of the apparatus for ‘protection purposes. 
The X-ray diffraction type of source has the valuable 

property of producing a line focus which is a ?ne, narrow 
line capable of projecting a high intensity beam which 
is highly collimated in its transverse dimension, and can 
be brought much closer to the wires of the testing-grid 
and the phosphor screen than ordinary X-ray sources. 
It further produces readily a soft X-ray beam,‘ and I 
take fullest advantage of the intensity of the soft X-rays 
by employing a beryllium or other similar window to 
sulfuse the phosphor with rays of a wavelength which 
it can effectively absorb even though it is relatively thin. 
The line focus of the diffraction tube enormously in. 
creases the intensity of the light from the phosphor rela-v 
tive to that obtainable with circular focal spots of equal 
focusing power; the correspondence between the direction 
of the line focus and absorbing wires parallel to it 
accounts for the possibility of thus increasing the radia— 
tion intensity without losing focusing effect. 

While the use of my X-ray device is particularly effec 
tive for phosphor screens having a metal or other opaque 
backing, the device has advantages over ultraviolet 
and/or electron radiation of phosphor layers devoid of 
such backing; for example, a. more uniform irradiation 
throughout the thickness of the phosphor layer. 
To give a speci?c example of an inspection carried out 

with the above-described arrangement, a fluorescent: 
screen having a layer of Zinc sulphide approximately 
.001 centimeter thick and coated with a layer of Al 
metal about 0.00002 centimeter thick was positioned 
about ten centimeters away from the focal spot of a 
line-focus beryllium-window X-ray di?raction tube of 
the above-described type operated at 45 kilovolts and 5 
milliamperes input. 
A 30 line per millimeter grid of tungsten wire was 

placed 40 mils from the electron phosphor layer. Under 
such conditions the light given off by the electron phos-v 
phor was found su?icient to overcome the normal illu 
mination present in a laboratory and to permit easily 
detailed inspection of the tungsten grid pattern in a slight 
ly darkened room. The above-mentioned screen had a 
diameter of one inch. Though the target-toascreen dis! 
tance was 10 centimeters, measurements showed that a 
distance of as little as 3 centimeters (with tenfold bright 
ness increase) would have still permitted the desired reso! 
lution. 

While I have described my apparatus as employed for 
inspection of zinc sulphide electron phosphor screens, 
it may likewise be applied for inspecting ?uorescent 
screens in television receiver tubes, cathode ray tubes 
and other similar electron optical screens. In fact, it 
is with these that the most general use of the invention 
is expected. 

I claim as. my invention: 
1,. An apparatus for inspecting a screen of electron 

phosphor about 0.001 centimeter thick having an opaque 
backing which comprises an X-ray tube having a beryl 
lium window, means for supporting said screen in the 
path of X-rays projected through said window and means 
having a high absorbing power for X-rays positioned in 
the path of a portion only of the X-rays passing from 
said window to said screen. 

2. Means for inspecting a zinc sulphide type electron 
phosphor screen about 0.001 centimeters thick which 
comprises an X-ray tube having a line focal spot and a 
berylliumv window, means for- supporting said screen in 
the path of X-rays passing through said window from 
said focal spot. and a material. having a linear.- edge Paral 
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4 
lel to the line of said focal spot having a high absorbing 
power for X-rays in the path of said X-rays which have 
passed from said focal spot through said window. 

3. An apparatus for inspecting a thin electron phosphor 
screen having an opaque backing, said apparatus com 
prising an X-ray di?fraction source of X-rays producing 
a line focus, means for supporting said screen in the path 
of said X-rays, and a ?lament of material which is a poor 
transmitter of X-rays positioned parallel to said focus line 
in said path ahead of said screen. 

4. Apparatus for inspecting a layer of zinc sulphide 
about 0.001 centimeter thick having an opaque backing 
which comprises means for supporting said layer, means 
for producing a beam of soft X-rays and projecting said 
beam through said layer. ‘ 

5. Apparatus for inspecting a layer of zinc sulphide 
about 0.001 centimeter thick and covered with a layer of 
metal which comprises means for supporting said layer, 
a line focus X-ray tube having a beryllium window posi 
tioned to project said X-rays through said layer, and wires 
of material opaque to said projected X-rays positioned 
parallel to said line focus in the path of said projected 
X-rays. 

6. Apparatus for inspecting a layer of zinc sulphide 
electron phosphor about 0.001 centimeter thick which 
comprises means for supporting said layer, means for pro 
ducing a beam of X-rays of 1 to 5 Angstroms wavelength, 
and projecting said beam onto said phosphor. 

7. Apparatus for inspecting a layer of electron phosphor 
which comprises means for supporting said layer, a linear 
type source of X-rays, means for projecting said X-rays 
onto said phosphor, and means relatively opaque to 
X-rays and having a linear edge substantially parallel to 
said source in the path of said X-rays ahead of said 
phosphor. 

8. Apparatus for inspecting a layer of electron phos 
phor about 0.001 centimeters thick which comprises 
means for supporting said layer, an X-ray tube having a 
beryllium window, means for projecting said X-rays 
through said window onto said phosphor, and means rela 
tively opaque to X-rays in the path of said X-rays ahead 
of said phosphor. 

9. Apparatus for inspecting a thin layer of zinc sulphide 
type phosphor which comprises means for supporting said 
layer, a linear source of X-rays, means for projecting said 
X-rays onto said phosphor, and means having a rectilinear 
edge whichis relatively opaque to X-rays and is substan 
tially parallel to said source in the path of said X-rays 
ahead of said phosphor. ' 
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