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57) ABSTRACT 
A radiation image device having a scintillator, a plu 
rality of photomultiplier tubes positioned to receive 
light from the scintillator and a light conductor be 
tween the scintillator and the photomultiplier tubes. 
Dimming means are positioned between the scintilla 
tor and photomultiplier tubes. 

8 Claims, 2 Drawing Figures 
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ATTENUATED LIGHT COUPLNG BETWEEN 
SCINTILLATION AND PHOTOMULTIPLER 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifi 
cation; matter printed in italics indicates the additions 
made by reissue. 

SUMMARY OF THE INVENTION 

The present invention relates to a radiation image de 
vice and in particular to means for increasing the sensi 
tivity uniformity of such a device. 
One purpose is a radiation image device in which a 

plurality of opaque areas or light dimming areas are po 
sitioned between the scintillator and the photomulti 
plier tubes to reduce variations in the total output from 
the photomultiplier tubes as a function of light position. 
Another purpose is a radiation image device of the 

type described which has improved resolution and sen 
sitivity uniformity. 
Another purpose is a reliably operable relatively in 

expensive means for increasing sensitivity uniformity in 
a radiation image device. 
Other purposes will appear in the ensuing specifica 

tion, drawings and claims. 
BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is illustrated diagrammatically in the 
following drawings wherein: 

FIG. 1 is a diagrammatic illustration of a radiation 
image device of the type described, and 
FIG. 2 is a section along plane 2-2 of FIG. 1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The present invention relates to a radiation image de 
vice of the general type shown in U.S. Pat. No. 
3,01 1,057 in which collimator directed radiation from 
a radioactive body strikes a scintillating crystal which 
emits visible light to a plurality of photomultiplier 
tubes. The photomultiplier tubes in turn, through the 
use of various types of electronic circuitry, can be used 
to provide an image of the radiation received by the 
scintillator. Although the photomultiplier tubes are po 
sitioned adjacent one another, because they are round 
in cross section, there are necessarily spaces between 
adjacent tubes. Light emitted beneath a space between 
photomultiplier tubes does not cause the same ampli 
tude electric signal in the total output of all photomulti 
plier tubes, as does light emitted directly beneath one 
of the photomultiplier tubes. The result is a variation in 
the sensitivity of the instrument or camera which is un 
desirable in that the total output signal from the photo 
multiplier tubes varies as a function of the position of 
the emitted light relative to the tubes. 
Various means have been proposed in the prior art to 

overcome this sensitivity problem. For example, it has 
been proposed to manufacture the photomultiplier 
tubes in a hexagonal shape to reduce or essentially 
eliminate the space between tubes. However, manufac 
turing considerations have prevented such an arrange 
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ment from becoming a commercial reality. Various 6S 
forms of mirrors have been placed in the area between 
photomultiplier tubes so that any light emitted beneath 
a space between the tubes will be directed toward the 

2 
tubes. However, such a mirror arrangement increases 
the thickness of the light conductor between the scintil 
lator and phototubes to the point where resolution of 
the image device is affected. The present invention not 
only improves sensitivity uniformity, but also improves 
resolution of the image device by decreasing the thick 
ness of the light conductor. 

In FIG. 1, a scintillating crystal of a known type is in 
dicated at 10 and a light conductor is indicated at 12. 
For example, the light conductor 12 may be made of 
quartz glass or a similar light conductive material. A 
holder 14 may conveniently position the scintillator 10 
and the light conductor 12 relative to each other. A 
plurality of phototubes are indicated diagrammatically 
at 16, with each of the phototubes being arranged to 
provide a stream of electrons in response to light strik 
ing their photo cathodes. The phototubes 16 may be 
arranged in a variety of arrays, and one satisfactory ar 
rangement is to have 19 such tubes, as indicated in FIG. 
2. There is a central phototube 18 surrounded by a first 
ring of six tubes 20 and a second ring of 12 tubes 22. 
With such an arrangement and appropriate electronic 
circuitry it is possible to precisely locate each light 
emission relative to X and Y axes drawn through the 
central tube 18. The above-mentioned U.S. Pat. No. 
3,01 1,057 shows one form of circuitry which has been 
found to be satisfactory for giving the X and Y coordi 
nate position of any particular light emission from the 
scintillator 0. 
A light emission at any location on the scintillator 10 

will cause a signal to be emitted from of the phototubes 
16. The particular position of the light emission will 
cause signals of varying strength to be emitted from dif 
ferent phototubes and it is the variation in signal 
strength from each of the phototubes which enables the 
electronic circuitry to locate the light emission relative 
to X and Y coordinates. It has been found, however, 
that the sensitivity uniformity of the above-described 
arrangement is less than satisfactory due to the fact that 
a light emission directly beneath a space 24 between 
adjacent phototubes provides a total signal strength 
from all of the phototubes less than that caused by a 
light emission directly beneath any one of the photo 
tubes. This variation in signal strength as a function of 
the position of the light emission decreases the sensitiv 
ity uniformity of the instrument. As indicated above, a 
desirable result is to have the total signal strength from 
all phototubes the same regardless of the position of the 
light emission, assuming that the light emissions are 
equal in intensity. 
An opaque area or light dimming area 26 is posi 

tioned in general axial alignment with each of the pho 
totubes 16, as indicated in FIG. 2. The opaque areas 26 
prevent a selected amount of the light from each light 
emission on the scintillator from reaching each of the 
phototubes. By reducing the amount of light reaching 
each tube, or by reducing the active area of the photo 
cathode of each of the photomultiplier tubes, the sensi 
tivity uniformity of the instrument is increased as the 
total signal derived from any light emission is generally 
the same, regardless of whether the light emission is 
from a space between phototubes or directly under one 
of the phototubes. 
As indicated in FIG. 2, the opaque area or dimming 

area 26 may take on the shape of a star with each of the 
points of the star indicated at 28 being directed toward 
the axis of an adjacent photomultiplier tube. This par 
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ticular configuration for the light dimming area is the 
most desirable from the standpoint of increasing sensi 
tivity uniformity. As a practical application, it has been 
found that a spot, round in configuration, will provide 
satisfactory results. In like manner, it has also been de 
termined that the opaque area or the area of the photo 
cathode which is rendered inactive does not have to be 
a single spot, but can be a plurality of spots. The partic 
ular shape of the spot, the number of spots or areas for 
each photomultiplier tube can vary. What is important 
is to reduce the active area of the photocathode of each 
photomultiplier tube to the point where the total signal 
from all photomultiplier tubes for any light emission is, 
as close as possible, the same, regardless of the particu 
lar position of the light emission on the scintillator. In 
some applications each area 26 may not be totally 
opaque, but may only reduce the amount of light trans 
mitted. 
The dimming or opaque areas 26 may be placed on 

the surface 30 of the light conductor 12, which is di 
rectly adjacent the photomultiplier tubes 16. It has also 
been found satisfactory to place the dimming areas on 
the surface 32 between the light conductor 12 and the 
scintillator 10. In practice, it is preferable to have the 
dimming areas as close as possible to the photocath 
odes. 
Two of the most important parameters for an instru 

ment of the type described are resolution and sensitiv 
ity. By having an extremely thin light conductor or light 
pipe, the resolution of the instrument is improved, but 
sensitivity uniformity suffers. In like manner, by having 
a thick light conductor, the sensitivity uniformity of the 
instrument is substantially increased but the resolution 
decreases. The present arrangement of providing 
opaque areas or of making inactive certain areas of the 
photocathodes of each of the photomultiplier tubes, 
makes it possible to obtain improved resolution and im 
proved sensitivity uniformity. 
As indicated above, the precise shape of the opaque 

areas, or light dimming areas, can vary, as can the posi 
tion of such areas. Not only is it possible to place the 
opaque areas on either side of the light conductor 12, 
but in some applications the photocathode may be ren 
dered inactive within the photomultiplier tube itself. 
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4 
Whereas the preferred form of the invention has 

been shown and described herein, it should be realized 
that there may be many modifications, substitutions 
and alterations thereto. 

I claim: 
1. In a radiation image device having a scintillator, 

means for emitting electrons in response to light from 
said scintillator, and light conductive means between 
the scintillator and electron emitting means, the im 
provement comprising means on either the light con 
ductive means or the electron emitting means and be 
tween the scintillator and the electron emitting means 
for selectively attenuating the light emitted by said 
scintillator. 

2. In a radiation image device having a scintillator, a 
plurality of photomultiplier tubes positioned to receive 
light from the scintillator, and light conductive means 
between the scintillator and the photomultiplier tubes, 
the improvement comprising means on either the light 
conductive means or the photomultiplier tube for se 
lectively attenuating the light emitted by the scintillator 
which is received by the photomultiplier tubes. 

3. The structure of claim 2 further characterized in 
that the means for attenuating the light received by the 
photomultiplier tubes includes a plurality of opaque 
areas positioned on a surface of the light conductive 
e2S. 
4. The structure of claim 3 further characterized in 

that said opaque areas are positioned on that surface of 
the light conductive means nearest the photomultiplier 
tubes. 

5. The structure of claim 3 further characterized in 
that said opaque areas are each in alignment with a 
photomultiplier tube. 

6. The structure of claim 5 further characterized in 
that there is at least one opaque area in general axial 
alignment with each photomultiplier tube. 

7. The structure of claim 6 further characterized in 
that each opaque area is located generally in the center 
of each photomultiplier tube. 

8. The structure of claim 7 further characterized in 
that each of said opaque areas are generally the same 
in size and configuration. 
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