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1131805 ABSTRACT 
S E P . 1 4 1 9 8 2 

Radiography apparatus Including a source of radiation, a 
collimator positioned between the radiation source and aa object to 
be exposed, scintillator apparatus for receiving the radiation passing 
through the object and converting it into light and a self-scanning, 
integrated array of photodiodes for receiving light produced by the 
radiation and emitting responsive electrical signals. Fiber optic 
coupling is provided between the scintillator means and the self-
scanning photodiode array, lite self-scanning array of photodiodes is 
planar and has at least two parallel rows of linear self-scanning 
photodiode arrays. The linear arrays of one row are staggered with 
respect to the linear arrays of a second row. In another embodiment, 
two collimators each being cylindrical and generally hollow are 
provided, the self-scanning arrays need not be two linear rows and the 
optical coupler need not be a fiber optic device. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to radiography apparatus adapted to 

provide improved contrast sensitivity while permitting reduced radiation 

exposure. More specifically, this invention relates to radiography 

apparatus employing a self-scanning array of photodiodes. 

2. Description of the Prior Art 

In the use of radiation, such as x-rays, gamma rays and nuclear 

particles, in view of the potential hazardous effects, means have been 

10 provided in order to minimize the morbidity and mortality of radiation 

exposure. The hazards which result from excessive exposure to radiation 

exist not only where a pateint is being subjected to radiation but also 

with respect to personnel in the surrounding area. One known means for 

controlling or reforming an x-ray beam before it reaches an object and 

also minimizing patient exposure to the radiation is disclosed in "O.S. 

Patent 3,973,127 of Matsuda, et al, issued Aug. 3, 1976, which relates 

to x-ray tomography. See also the following U.S. Patents: 

Inventor Number . Date 

Wagner 3,947,689 March 30, 1976 

20 Hura 3,829,701 August 13, .1974 

Stowe et al 3,934,151 January 20, 1976 

Williams 3,767,931 October 23, 1973 

In respect of the desire to reduce the radiation exposure, 

conflicting objectives are encountered. In general, the clairty of the 

image and ability to perceive contrast so as to reveal the presence of 

small departures from the desired condition, e.g. a small tumor, requires 

meaningful radiation exposure. Mere reduction in radiation exposure 

tends to contribute to deterioration of perception of contrast and detail 

in the image. 

30 U.S. Patent 3,866,047 of Hounsfield, issued Feb. 11, 1975, dis-

closes the use of a plurality of pencil beams of radiation which are 
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collimated and converted into light which impinges upon one or more photo-

multipliers. A computer processes the electrical signals emitted by the 

photomultipliers. Among the problems with this approach are the severe 

limitations on resolution imposed by the relatively large size of the 

photomultipliers and the cost of the same. In addition, an inherent 

difficulty with photomultipliers is their "after-glow" or noise subsequent 

to exposure to very high levels of light intensity. This memory effect 

serves to interfere with the efficiency of the system. In addition, this 

approach is not readily compatible with existing diagnostic x-ray equip-

10 ment. Further, the use of a pencil beam increases the exposure time and 

the heat loading of the x-ray tube. In addition, the support equipment, 

such as independent amplifiers required for each photomultiplier, further 

increases the cost and physical mass of the system. U.S. Patent 4,010,370 

of Lemay, issued March 1, 1977, discloses apparatus for computerized tomo-

graphy wherein a plurality of individual photomultipliers or photodiodes 

are used with collimators and scintillation crystals, in order to convert 

x-ray into light and ultimately into an electrical signal containing the 

image data. The cumbersome use of individual detector means and the 

associated processing electronics perpetuates a number of shortcomings 

20 of U.S. Patent 3,866,047. See also U.S. Patent 4,010,371 of Lemay, issued 

March 1, 1977. U.S. Patent 4,029,964 of Ashe, issued June 14, 1977 dis-

closes a scintillation camera adapted for use in nuclear medicine to re-

ceive gamma rays resulting from radioactive disintegrations of the radio-

isotope administered to a patient. The equipment employs a plurality of 

photodetectors in the form of photomultipliers tubes which are optionally 

coupled as by light pipes to a scintillation detector. 

- 3 -
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There remains, therefore, a need for a diagnostic radiography sys-

tem which is adapted for use with reduced levels of radiation while provid-

ing improved images or image data of improved contrast sensitivity and de-

tail. There is a further need for such equipment which is compatible with 

existing radiography equipment and economical to manufacture and use. 

SUMMARY OF THE INVENTION 
The apparatus of the present invention has met the above-described 

need by providing a radiography apparatus wherein the use of a flat, gener-
ally rectangular beam or a fan-shaped beam of radiation in combination with 

10 collimator means, scintillator means and means for optically coupling a 
self-scanning array of photodiodes to the scintillator means will permit pro-
duction of images or image data with high contrast sensitivity and detail. 
It is contemplated that the self-scanning array of photodiodes may contain 
from about 60 to 2048, and preferably about 256 to 2048, individual photo-
diode elements per inch of object width, thereby permitting maximum data col-
lection to produce a complete image or complete collection of image data. 

It is an object of this invention to provide radiography apparatus 
which substantially reduces the amount of radiation to which the patient is 
exposed while providing an image of desired detail. 

20 It is a further object of the present invention to provide a radio-
graphy system which permits improved contrast sensitivity and detail well be-
yond the limit set by the human eye. 

It is another object of this invention to provide radiography 
equipment which reduces the influence of scattered background radiation upon 
the image or image data without the long exposure time required by a simple 
"flying-spot" technique. 

It is a further object of the invention to provide such radiography 
apparatus which is economical to manufacture and operate and is compatible 
with existing radiography equipment. 

30 It is a further object of this invention to provide such radio-
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graphy apparatus which is adapted for use in both planar scans, linear tom-

ography and axial tomography. 

It is a further object of this invention to provide such apparatus 

which is adapted to cover wide fields of view which can be imaged with 

higher contrast sensitivity than is now available through the combination of 

photographic film with intensifying screens. 

It is a further object of this invention to provide such a system 

which is of relatively low cost and substantially reduced bulk and weight, 

thereby contributing to increased convenience of usage and storage. 

10 It is a further object of the invention to provide such a system 

which is adapted for use in nuclear isotope scanning. 

It is a further object of this invention to provide such a system 

wherein direct electronic readout is provided, and objectionable noise is re-

duced to a minimum level. 

It is another object of the invention to permit very low patient 

exposure consistent with the desired resolution and contrast sensitivity. 

Thus, in accordance with one broad aspect of the invention, there 

is provided radiography apparatus comprising a source of radiation, colli-

mator means interposed between said radiation source and an object to be ex-

20 posed to radiation for converting said radiation into a generally fan-shaped 

beam, scintillator means disposed on the opposite side of said object from 

said radiation source for converting radiation into light, a self-scanning 

integrated array of photodiodes for receiving light produced by said radia-

tion and emitting responsive electrical signals, optical coupling means con-

necting said scintillator means to said self-scanning photodiode array, said 

optical coupling means having fiber optic means operatively associated with 

said scintillator means and said self-scanning array of photodiodes, whereby 

light emitted by said scintillator means will be delivered with substantial 

continuity to said self-scanning array of photodiodes, signal receiving 

30 means operatively associated with said self-scanning photodiode array to 
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store, process or display said image information, said self-scanning array 

of photodiodes being a planar array having at least two parallel rows of 

linear self-scanning photodiode arrays, and said self-scanning array of 

photodiodes having two said rows of linear self-scanning photodiode arrays, 

disposed with said linear arrays o£ a first said row being staggered with 

respect to said linear arrays of a second said row. 

In accordance with another broad aspect of the invention there is 

provided radiography apparatus comprising a source of radiation, collimator 

means interposed between said radiation source and an object to be exposed 

10 to radiation for converting said radiation into a generally fan-shaped beam, 

scintillator means disposed on the opposite side of said object from said 

radiation source for converting radiation into light, a self-scanning inte-

grated array of photodiodes for receiving light produced by said radiation 

and emitting responsive electrical signals, optical coupling means connect-

ing said scintillator means to said self-scanning photodiode array, signal 

receiving means operatively associated with said self-scanning photodiode 

array to store, process or display said image information, said collimator 

means having at least one opening for controlling the amount of radiation 

impinging upon said object, said radiation source having an x-ray generator, 

20 said collimator means including a hollow, generally cylindrical member, hav-

ing at least one generally longitudinal slit and mounted for axial rotation 

or oscillation, said collimator means surrounding said x-ray source, a sec-

ond generally cylindrical member having at least one generally longitudinal 

slit surrounding said self-scanning array of photodiodes and mounted for 

axial rotation or oscillation, and synchronizing means for coordinating ro-

tation or oscillation of said cylindrical members, whereby a fan-shapecl or 

rectangular x-ray beam emerging from a slot in said collimator cylindrical 

member will pass through and be partially absorbed by said object, will sub-

sequently impinge upon said scintillator means which will emit responsive 

30 light which, in turn, will pass through a slit in second generally cylindri-
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cal means and impinge upon said self-scanning array of photodiodes. 

According to another broad aspect of the invention there is pro-
vided radiography apparatus comprising a source of radiation, collimator 
means interposed between said radiation source and an object to be exposed 
to radiation for converting said radiation into a generally fan-shaped beam, 
scintillator means disposed on the opposite side of said object from said 
radiation source for converting radiation into light, a self-scanning inte-
grated array of photodiodes for receiving light produced by said radiation 
and emitting responsive electrical signals, optical coupling means connect-

10 ing said scintillator means to said self-scanning photodiode array, signal 
receiving means operatively associated with said self-scanning photodiode 
array to store, process or display said image information, said self-scanning 
array of photodiodes being a planar array having at least two parallel rows 
of linear self-scanning photodiode arrays, electrical means for energizing 
portions of said planar array of self-scanning photodiodes, means for effect-
ing movement of said collimator means, and said electrical means having 
means for energizing portions of said planar array in synchronized manner 
with respect to said collimator means movement. 

In accordance with another broad aspect of the invention there is 
20 provided radiography apparatus comprising a source of radiation, scintillator 

means disposed on the exit side of an object for converting radiation to 
light, collimator means interposed between said object and said scintillator 
means, a self-scanning integrated array of photodiodes for receiving light 
produced by said radiation and emitting responsive electrical signals, opti-
cal coupling means connecting said scintillator means to said self-scanning 
photodiode array, said optical coupling means having fiber optic means oper-
atively associated with said scintillator means and said self-scanning array 
of photodiodes, whereby light emitted by said scintillator means will be de-
livered with substantial continuity to said self-scanning array of photo-

30 diodes, signal receiving means opexatively associated with said self-scanning 
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photodiode array to store, process or display .image information, said radia-

tion source being a gamma ray emitting isotope disposed within said object, 

said collimator means being a Bucky type fine collimating grid, and said 

self-scanning array of photodiodes including two rows of staggered linear 

arrays. 

These and other objects of the .invention will be more fully under-

stood from the following description of the invention on reference to the 

illustrations appended hereto. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 Figure 1(a) is a schematic illustration of a form of radiography 

system of the present invention wherein the scintillator means is optically 

coupled to the self-scanning photodiode array by means of a lens. 

Figure 1(b) is a schematic illustration similar to Figure 1(a) ex-

cept that fiber optic means are employed to optically couple the scintillator 

means to the self-scanning photodiode array. 

Figure 1(c) is a schematic illustration of the sclntillator-optical 

coupling-photodiode assembly of Figure 1(b). 

Figure 2 is a diagram of a form of self-scanning photodiode array 

which is adapted for use in the radiography apparatus of the present inven-

20 tion. 

Figures 3(a) and 3(b) are, respectively, front elevational and end 

elevational views of a modified form of radiography apparatus of the present 

invention, wherein the radiation generator and collimator means move along 

an arcuate path with respect to the s elè- scanning photodiode array. 

Figure 4 is a schematic illustration of an embodiment of the in-

vention wherein a moving shutter is positioned in front of the self-scanning 

array of photodiodes. 

Figure S is a schematic illustration of a form of radiography 

apparatus of the present invention wherein the scintillator means are posi-

30 tioned on a moving support. 
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Figures 6(a) and 6(b) are schematic illustrations of an embodi-
ment of the invention wherein one or more self-scanning arrays of photo-
diodes axe mounted on a moving support. 

Figure 7 illustrates schematically another embodiment of the in-
vention wherein optical coupling is effected by means of an x-ray image 
intensifier. 

Figure 8 is a schematic illustration showing optical coupling 
effected by means of flexible fiber optics. 

Figure 9 illustrates schematically a form of optical coupling of 
the scintillator means to the self-scanning photodiode array by means of a 
lens. 

Figure 10 illustrates another embodiment of the present invention 
wherein rotating, hollow cylinders coordinate release of radiation and re-
ceipt of radiation from the radiation generator and receipt of light by the 
self-scanning array of photodiodes. 

Figure 11 illustrates an embodiment of the invention adapted to 
be employed in planar tomography. 

Figure 12(a) illustrates schematically an embodiment of the in-
vention adapted to be employed in computerized axial tomography. 

Figure 12(b) illustrates schematically an embodiment similar to 
that of Figure 12(a) except that the system is used generally perpendicularly 
to the line of view of Figure 12(a). 

Figures 13(a) and 13(b) show, respectively, radiography apparatus 
of the present invention adapted for use with conventional diagnostic x-ray 
tables being used for patient examination. 

Figures 14(a) and 14(b) are partially schematic, cross-sectional 
and plan illustrations, respectively, of a multiple self-scanning array of 
linear photodiodes system. 

Figure 15 is an elevational view, partly in section and partly 
schematic, showing a means of adapting existing patient diagnostic radio-
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graphy for use with the present invention. 

Figures 16(a) and 16(b) illustrate schematically, in front and 
side elevation, respectively, an embodiment of the present invention adapted 
for use with fluorescent scanning techniques. 

Figures 17 and 18 illustrate schematically embodiments of the 
present invention adapted to be used with nuclear isotope medicine. 

Figures 19 and 20 illustrate schematically embodiments of the in-
vention adapted to be used in monitoring radiation therapy. 

Figures 21 and 22 illustrate schematically embodiments of the 
10 invention adapted for use with computerized axial tomography. 

Figure 23 illustrates a block diagram of a form of data processing 
means of the present invention. 

DESCRIPTION OP THE PREFERRED EMBODIMENTS 
As used herein, the term "object" or "test object" or words of 

similar import will refer to various types of objects through which it is 
desired to pass radiation for tests or diagnostic!purposes including, but 
not limited to, humans and animals, specimens removed from humans and ani-
mals, non-destructive testing and security purposes. While for purposes of 
clarity of description, specific reference will be made herein to a pre-

20 ferred use in medical environments, it will be appreciated that other forms 
of objects may be employed in connection with the apparatus of this inven-
tion in addition to medical uses and such other uses are expressly contem-
plated. 

As used herein, the terms "self-scanning array of photodiodes", 
"self-scanning integrated array of photodiodes" and words of similar import 
i 

shall mean one or more integrated circuit elements having a plurality of 
photodiodes, each associated with a storage capacitor on which it integrates 
electrical charges and a multiplex switch for periodic readout by means of 
an integrated switch register scanning circuit. This term shall expressly 

30 include, but not be limited to, linear arrays having about 60 to 2048 (pref-

c 
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erably about 256 to 2048) photodiodes per linear inch, and the associated 
circuitry, as well as planar and rectangular arrays thereof. 

As used herein, the term "image information" shall refer to the 
electrical signals emerging from the self-scanning photodiode array, images 
or data created through use of said electrical signals, without or with in-
tervening storage ox modification thereof, and images created with or without 
addition to ox subtxaction fxom the image data. 

Refexxing now, moxe specifically, to Figuxe 1(a), thexe is shown a 
radiation source 2, which, in the form shown, is an x-ray generator. The x-
xay genexatox emits a conical beam of x-ray 4 which impinges upon collimatox 
6 which is preferably made of lead or other high atomic number material and 
contains an elongated slit 8 which permits passage of a portion of the con-
ical x-ray beam 4 therethrough. A fan-shaped x-ray beam 12 impinges upon the 
object 14, which, in the form shown, is a patient. The patient 14 is shown 
reclining on a movable support table 16 which is adapted to be reciprocated 
in the directions indicated by the arxows. This permits sequential exposuxe 
of various poxtions of the patient to the fan-shaped x-xay beam 12, while 
preserving the stationary position of the apparatus apart from the support 
table 16, Altexnatively, if desixed, the patient can be maintained station-
ary and the xest of the apparatus moved relative thexeto to achieve the same 
objective. The portion of the fan-shaped x-xay beam 12 which has passed 
through the patient has been indicated generally by the xeference number 20. 
It impinges upon scintillator means 22, which, in the foxm shown, is a rel-
atively narrow phosphor screen. The scintillator means convexts the x-ray 
enexgy into visible light photons. The beam of light 24 emexging fxom the 
scintillatox means 22 is, by means of lens 26, caused to impinge upon the 
self-scanning axray of photodiodes 30. The lens 26, therefore, serves as an 
optical coupling means to cause the light beam 24 to impinge upon the self-
scanning photodiode axxay 30, which, in the form shown, is a linear arxay. 
The self-scanning linear axxay of photodiodes emits electxical signals coxxe-
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spending to the light which impinges thereon. The electrical signals which 
contain image information are then delivered to the electrical processing 
unit 32 which will be described in greater detail below. The electrical 
processing unit 32 may consist of a digital computer which stores the elec-
trical signals in a memory bank and then, with or without modification 
thereof, presents the desired image in desired output form, such as by pres-
enting a visual image, a stored image or a computer printout of the data. 

If desired, in the form shown in Figure 1(a), as an alternative, 
one may keep the patient 14 and x-ray generator 2 stationary and effect rel-

10 ative movement of the collimator 8, scintillator means 22, lens 26 and diode 
array 30. 

Referring now to Figure 1(b), there is shown a modification of the 
means for receiving x-ray beam 20 and converting the same to an electrical 
signal received by the electrical processing unit 32. In the form shown, the 
scintillator means-optical coupling-self-scanning linear photodiode array 
assembly 38 accomplishes this function. Referring now to Figure 1(c), the 
assembly 38 will be considered in greater detail. It is seen that the scint-
illator means 40 receive the x-ray beam 20 (not shown in this view) and by 
means of fiber optic members 42 deliver the light to self-scanning photodiode 

20 array 44. An x-ray opaque shield (not shown) is preferably provided around 
portions of array 44 hot in contact with fiber optic members 42 to resist 
scattered radiation impinging on array 44. Whereas, in the embodiment shown 
in Figure 1(a), the phosphor screen 22 was longer than the self-scanning 
photodiode array 30, and the lens 26 served the function of converting the 
light beam 24 to a beam which would fall within the linear extent of the 
self-scanning photodiode array 30, in the present form of Figure 1(b), the 
self-scanning photodiode array 44 is generally coextensive in dimension with 
the scintillator means 40, which, in this form, is a phosphor screen and is 
provided with optical coupling by means of the fiber optic members 42 which 

30 are substantially coextensive with the scintillator means 40 and array 44. 

1 2 
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Before discussing Figure 2, a general background on self-scanning 
photodiode arrays will be provided. In the self-scanning photodiode array, 
small integrated circuit switches are connected to each of the collector 
electrodes arranged in a row. These switches can connect each individual 
collector to a common video line on command, so that a series of electrical 
output signals appear at the end of line of photodiodes, each representing 
the amount of charge that has been accumulated during the exposure to light. 

In normal operation of such a device, the individual diode acting 
like a very small electrical capacitor is charged up to a certain potential. 

10 The photons falling on each photodiode cause electrical conduction to take 
place, discharging some of the initial potential. The number of charge car-
riers is directly proportional to the number of photons incident on each 
photodiode, and the charge generated is stored by the capacitance of the 
photodiode during the exposure period. 

In the readout cycle, a solid-state switch is activated and sud-
denly dumps the charge into the common video signal line connected to the 
output of a preamplifier. The switching is accomplished by a pair of dig-
ital shift registers on the semiconductor chip in such a way that when a 
pulse is applied to the first element of the register, the first switch is 

20 closed. At the next pulse, this next switch is closed, every pulse causing 
the next element of the register to be actuated so as to close the next 
switch. 

All the necessary circuitry is included on the chip making a com-
pletely self-scanning device in the sense that the successive actuation of 
the input to the shift register enables one to interrogate sequentially all 

• of the hundreds of diodes on the chip, much like an electron beam scanning 
across the picture elements of a television camera tube reads out the charges 
in the sequential fashion. 

The great advantage of the self-scanning photodiode array, aside 
30 from its small size, is that each picture element can store a much larger 

- 1 3 -
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number of charges than a picture element on a television camera target. 
Thus, typical devices available can store about ten electronic charges be-
fore they saturate, allowing a quantum-limited signal to noise ratio of 

7 1/2 
about (10 ) or about 3000 to 1 due to fluctuation in the number of 
charges per picture element. If one, therefore, arranges matters in such a 
way that each absorbent x-ray releases about one to ten electrical charges 
in the photodiode, dynamic ranges of about 1000 to 1 in x-ray exposure can 
be registered with these devices. 

By contrast, typical image orthicons, isocons and other similar 
10 T.V. cameras can store only about 10 to 10 electronic charges per picture 

element, so that the maximum signal to noise ratio or dynamic range possible 
is about 300 to 1, not much larger than that of film, which is about 100 to 
1 for a one millimeter square area at the patient. 

Another advantage of these devices is their high efficiency for 
registering visible photons, which is close to 100%. On the other hand, 
typical photoelectric surfaces, as used in image intensifiers and television 
cameras, can be made with only about 10-20% quantum efficiency, giving the 
solid-state devices an advantage in speed of about five to ten times. 

The diode arrays are available with spacings from anywhere from 
20 about 60 to 2000 photodiodes per inch and with widths of from about 0.0006 

inch to 0.030 inch mounted in ceramic housings typically about 0.100 inch 
thick and anywhere from about 1 to 1.5 inch along with a width of about 
0.400 inch. Thus, they can be placed into a relatively thin package com-
patible with the thickness of present film-screen cassettes. 

Referring now to Figure 2, there is shown a self-scanning array of 
photodiodes which consists of a series of odd numbered photodiodes 52 shown 
as numbering from (1) through (N-l) and a series of even numbered photo-
diodes 54 shown as numbering from (2) through (N). Each photodiode 52, 54 
is associated with a storage capacitor on which it integrates electric cur-

30 rent and a multiplex switch 56 for periodic readout by way of its associated 

- 14 -
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integrated shift register scanning circuit 58, 60. The number of photo-
diodes 52, 54 which may be provided in the self-scanning array may, for 
example, consist of about 60 to 2048 in a relatively small space. For ex-
ample, the photodiodes 52, 54 may be positioned on 0.001 inch centers. Such 
dimensioning would permit the use of 1000 photodiodes per linear inch of 
self-scanning photodiode array. As a result of this large number of photo-
diodes in the context of the integrated circuit array, there is no need for 
externally positioned electrical equipment for each separate photodiode to 
assist with conversion of the impinging light into a corresponding electri-

10 cal signal. This permits a high degree of retention of image information 
with resultant high degree of spatial resolution, contrast sensitivity and 
dynamic range. 

In the self-scanning photodiode array shown in Figure 2, each 
shift register 58, 60 accesses alternate diodes and connects them into one 
of the two output lines alternately. By clocking the two registers in par-
allel, two parallel signal pulse streams may be obtained from the two out-
puts but representing odd numbered diodes 52 and even numbered diodes 54, 
respectively. Alternatively, the two output terminals could be connected in 
parallel, and the registers clocked alternately. One signal stream is then 

20 obtained representing each diode 52, 54 in the array. Numerous types of 

self-scanning integrated circuits of photodiode arrays may be advantageously 
employed in the apparatus of the present invention. For example, the self-
scanning photodiode arrays sold by Integrated Photomatrix, Inc. of 
Mountainside, New Jersey, under the trademark IPI (M Series) or those sold 
under the trademark RETICON by Reticon Corporation, 910 Benicia Avenue, 
Sunnyvale, California 94086, may be employed. Charge coupled photodiode 
arrays may also be employed advantageously. While not disclosing any ref-
erence to use of the equipment in connection with x-ray gamma ray or nuclear 
particle radiography techniques, additional .information regarding self-scan-

30 ning photodiode arrays and related technology may be obtained from an article 
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entitled "Self-Scanning Photodiode Arrays for Spectroscopy", Research-
Development, April, 1976 and for example, the following United States 
Patents : 

Inventor Number Date 
Weckler et al 3,822,362 July 2, 1974 
Dyck et al 3,717,770 February 20, 1973 
Fellman 3,993,888 November 23, 1976 
Javan 3,947,630 March 30, 1976 
Weimer 3,919,468 November 11, 1975 
Eichelberger et al 3,801,820 April 2, 1974 
Mi chon 3,935,446 January 27, 1976 
Blake et al 3,993,897 November 23, 1976 
Blossfield 3,936,630 February 3, 1976 
Dyment 3,955,082 May 4, 1976 
Javan 3,755,678 August 28, 1973 

Considering further the scintillator means 22, in the form shown 
in Figure 1(a), a phosphor screen was employed to convert that portion of 
the x-ray beam which had passed through the object 14 into visible light 
which corresponds to the intensity and distribution of the impinging x-Tay 
beam. As diagnostic range x-rays generally fall into the photon energy 
range of about 10 to 150 KeV and have a wave length of about 0.12 to 0.008 
nanometers and the coefficient of absorption or absorption efficiency of-a 
self-scanning silicon photodiode array is poor in this range, it is prefer-
able to employ the scintillator means of the present invention, as the ab-
sorption coefficient of silicon for light in the corresponding range of 400 
to 800 nanometers is very good and may exceed 95%. The scintillator means 
of the present invention may consist of a thin, single crystal of a material 
such as bismuth germanate which is capable of absorbing approximately 90% of 
x-rays in the 10 to 150 KeV energy range. The scintillator means may also 

- 16 -
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consist of powdered or evaporated crystals of gadolinium oxy-sulfate on a 
suitable x-ray transparent backing. A preferred form of scintillator means 
for use with high energy x-rays (about 50 to 150 KeV) or gamma rays (about 
50 to 1000 KeV) is a mosaic of thin, single crystals in the form of fibers 
or thin sheets that are optically isolated from each other. This permits 
the mosaic to be made thick in the direction of the incident radiation so 
as to absorb the radiation with the greatest possible efficiency without 
meaningful loss of spatial detail. A mosaic of scintillation crystals sep-
arated by thin sheets of a heavy metal (such as tantalum, tungsten or lead), 

10 designed to minimize x-ray scattering from one crystal to its neighbors, may 
advantageously be employed. Another suitable scintillator means is a fluor-
escent screen. A rare earth oxide (such as gadolinium oxide, for example) 
screen may advantageously be employed as scintillator means. An important 
characteristic of the scintillator means is that x-ray photons will be ad-
sorbed without significant loss of detail. Other forms of scintillator means 
which may advantageously be employed would be an x-ray image intensifier tube 
or a solid-state intensifying panel. 

Referring now to Figures 3(a) and 3(b), there is shown an embodi-

ment of the invention wherein the radiation generating means and collimating 

20 means rotate along the predetermined path, preferably about an axis at or 

closely adjacent to the self-scanning array of photodiodes. The x-ray gen-
erator 66 may be mounted on an arm for rotational movement to a position, 
such as that indicated by the reference number 66'. If desired, conventional 
means may be provided on the arms supporting the x-ray generators 66 so as 
to provide an indication of relative position of the x-ray generator 66 on 
its curved path. Collimator means 68, 70 serve to convert the conical x-ray 
beam into a fan-shaped beam, such as 72, which impinges upon the patient 76 
and provides beam 74 which impinges upon scintillator means 78 and is con-
verted into visible light, which, by means of light coupling means, such as 

30 fiber optics 80, is transmitted to the self-scanning array of photodiodes 
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82. The use of a fan beam contributes to desired rejection of scattered 
radiation. It will be appreciated that by sequentially moving the x-ray 
generator 66 along the curved path, a series of images similar to those pro-
vided by the system shown in Figure 1(b) will be established. 

It is noted that in this embodiment both the patient 76 and the 
combination scintillator means 78-optical coupling means 80-self-scanning 
array of photodiodes 82 are stationary while the x-ray generator 66 and col-
limator means 68, 70 rotate. Also, the collimator means 68, 70 remain at 
the same relative position with respect to the x-ray generator 66. 

10 Referring now to Figures 4, 5, 6(a) and 6(b), several embodiments 
employing a large fixed phosphor screen or a long thin strip as scintillator 
means are shown. A fixed lens is employed as the optical coupling means 
which serve to reduce the image size so that a smaller array of self-scan-
ning photodiodes can be employed. In addition to or in lieu of use of the 
simple lens, a reflecting mirror plus lens system could be employed. For 
example, a linear array of self-scanning photodiodes, one inch in length 
containing about 60 to 2048 photodiode elements in a row might well be em-
ployed for a field of view from about six inches to fourteen inches across. 

In the form shown in Figure 4, two collimators may be employed. A 
20 radiation source 88 is positioned adjacent to a moving slit collimator 90. 

The fan-shaped beam 106 passes through the object 92 and impinges upon scin-
tillator means 94, which, in the form shown, is a fluorescent screen. The 
primary x-ray photons are converted to light photons which emerge as light 
beam 108. The light beam, by means of the lens 96, is caused to pass 
through an opening in the slit moving collimator 98 and impinge upon several 
horizontally oriented, generally parallel linear arrays defining a planar 
array 100. Means (not shown) are provided for coordinating the oppositely 
directed movement of the slit collimator 90 and the moving shutter 98 so as 
to cause the light beam 110 to be sequentially displaced corresponding to 

30 sequential displacement of the fan-shaped x-ray beam 106 through movement of 
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collimator 90 so as to remain incident on the photodiode array 100. It will 
be appreciated that in Figure 4 the linear extent, i.e. the depth in the 
direction looking into the page, of the fluorescent screen 94 may be sub-
stantially greater than the length of the self-scanning array of photodiodes 
100 with the lens 96 serving to establish the desired minification of the 
light beam so as to effect proper placement on the photodiode array 100. 

In the form shown in Figure 5, the system has been modified as 
compared with Figure 4 in order to provide a relatively small scintillator 
means 116 in the form of a fluorescent strip which is mounted on a movable 

10 support 118 and to delete collimator 98. As a result of the movement of 
the support 118 being coordinated with the movement in the same direction 
of'the slit collimator 90, the primary x-ray beam 106 will always impinge 
upon the fluorescent strip 116 which, in turn, will emit visible light pho-
tons, which, by means of lens 96, will be caused to impinge upon the self-
scanning array of photodiodes. 

In the embodiments of Figures 4 and 5 the x-ray generator 88, the 
object 92 and the self-scanning array of photodiodes 100, as well as the 
lens 96, are all maintained stationary. In the embodiment of Figures 6(a) 
and 6(b), the self-scanning array of photodiodes 124 is mounted upon a mov-

20 able support 126, the motion of which is coordinated with the movement of 
slit collimator 90. As a result, the photodiode array 124 will always be 
in proper position to receive the light beam 110. Also shown in Figure 6(b) 
is the use of three collimators 90, 108, 112 in order to provide for improved 
control of beams 106, 110. In the embodiment of Figure 6(b), the second 
collimator 108 is substantially coextensive with scintillator means 94 and 
is positioned between object 92 and scintillator means 94, thereby serving 
as a second x-ray collimator. Also, light collimator 112 is placed in front 
of self-scanning diode array 124 which is mounted on movable support 126. 
Elements 112, 124, 126 are moved as a unit in synchronous fashion with re-

30 spect to collimators 90, 108. It will be appreciated that in Figure 6(a) 
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only collimator 90 is employed, and in Figure 6(b) two additional collimators 
108, 112 are shown, but only one of these collimators 108, 112 could be used 
in combination with movable collimator 90, if desired. Also, if desired, 
second and/or third collimators could be employed advantageously with other 
embodiments of the invention. The additional collimators serve to minimize 
the influence of scattered radiation and scattered light. 

While for purposes of convenience of reference herein, examples 
have been given of linear self-scanning photodiode arrays, i.e. a single 
such array which is elongated, it will be appreciated that additional linear 

10 arrays may be employed, positioned in relative end-to-end orientation with 
respect to each other. Also, where it is desired to cover a larger area in 
a shorter time, two or more parallel lines of linear arrays of self-scanning 
photodiodes may be employed. 

Referring now to Figure 7, there is shown an embodiment of the in-
vention which, while not preferred, may advantageously be employed in sys-
tems wherein a small field size, such as a disc of about nine inch diameter, 
for example, is involved. In this embodiment, an x-ray image intensifier 132 
is employed as the scintillator and optical coupling means. The x-ray beam 
144 which has passed through the object 92 impinges upon screen 134 which 

20 typically is composed of cesium iodide and an efficient photoeléctron emitter 
which converts the x-ray beam 144 into an electron beam 136 which is caused 
to impinge upon the self-scanning array of photodiodes 140 by means of mag-
netic deflection coil 138. The electrical output signals from the self-
scanning array of photodiodes 140 is then delivered to the electrical pro-
cessing unit. Alternately, if desired, the arrays of photodiodes could be 
optically coupled to the image intensifier. 

Referring now to Figure 8, the use of light pipes or fiber optic 
means to deliver light from the scintillator means 152 to the self-scanning 
array of photodiodes 158 is illustrated. While the fiber optics may be of 

30 any size so as to properly correspond to both size of scintillator means and 
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size of self-scanning array of photodiodes, in the form shown, the scintil-
lator means is in the form of an elongated scintillator strip or mosaic, and 
the photodiode means is of lesser longitudinal extent. As a result, the 
light pipes or fiber optic bundles 154, 156 through N are relatively thin 
and flexible. The light received by light pipe 154 is received from a por-
tion of the scintillator means 156 equal to the full width of the light pipe 
154 and, as a result of its being twisted, the light is delivered to a por-
tion of the self-scanning photodiode array which is equal to the thickness 
of the light pipe 154. As a result, a longitudinal unit of the scintillator 

10 means 152 equal to litght pipe width is delivered to a corresponding sector 
of the self-scanning photodiode array 158 equal to the lesser thickness of 
the light pipe 154. The twisted light pipes or guides may conveniently con-
sist of flexible light pipes or fiber optic bundles composed of plastic or 
glass. As a result of the geometric dimension reduction shown in Figure 8, 
an array of photodiode detectors, consisting of 1000 elements with the 
photodiode centers being at one mil center-to-center spacing and having a 
width of 17 mils, the scintillator may be 17 inches long and coupled to the 
photodiode array only one inch in length, for example. The light pipes can 
be made one mil by 17 mils with 1000 of them being provided, i.e. one for 

20 each photodiode sensor. Alternatively, the light pipes may be tapered so as 
to allow the use of scintillator elements wider than one mil. 

An advantage of the use of full scale fiber optic coupled arrays 
such as that shown in Figure 1(c) is the capability of delivering large 
quantities of light to the array when it is desired to reduce patient ex-
posure . 

Another advantage of the embodiment of Figure 8 is that the arrange-
ment permits for shielding means (not shown) to be provided around the self-
scanning photodiode array 152 so as to shield the array from any stray radi-
ation. 

30 Referring now to Figure 9, the embodiment shown in this figure 
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contemplates the use of a planar array (i.e., an array having a number of 
parallel linear arrays of photodiodes rather than a single line of photo-
diodes) and electrical switching of the self-scanning photodiode array as 
a substitute for a second mechanical movement coordinated with movement of 
the slit collimator 90. In this embodiment, the signal produced by the 
light beam 110 (corresponding to the primary radiation beam 106), which im-
pinges upon the self-scanning array of photodiodes, will be received by only 
the row or rows of sensors activated by electrical control means 166, and 
responsive electrical signals will be emitted to signal processing means 32 

10 as previously discussed. The array of self-scanning photodiodes 164 in the 
present embodiment may consist of a generally rectangular array having a 
number of parallel, linear arrays disposed closely adjacent to each other. 
As the light beam 110 is subjected to relative vertical displacement as a 
result of movement of the slit collimator 90, the electrical control means 
166 will cause the recording of the signals only from the particular array 
or arrays on which the light generated by the primary radiation beam 106 
impinges. This embodiment offers the advantage of minimizing the number of 
components of the apparatus which must be moved mechanically, and also per-
mits rejection of scattered radiation by discharging the photodiodes of any 

20 row just before the row is reached by the primary beam. 

Referring now to Figure 10, a further embodiment of the invention 
wherein mechanical means are employed to coordinate creation of the fan-
shaped x-ray beam 106 and exposure of the self-scanning array of photodiodes 
100 (which may be a linear or rectangular array) to light beam 110 will be 
discussed. In this embodiment, the collimator 172 takes the form of a hol-
low cylinder composed of a radio-opaque material having a longitudinally 
oriented slit 174. The cylinder is adapted to rotate or oscillate about its 
longitudinal axis and to sequentially create the fan-shaped x-ray beam 106 
and move it along the object 92. If desired, the x-ray tube 88 may be 

30 pulsed when the slit 174 is in the desired position. A shield member 176 

- 2 2 -



1131805 

is mounted for synchronous rotation or oscillation with the collimator 172 
and has a corresponding elongated slit 178 which permits the light beam 110 
to impinge upon the self-scanning array of photodiodes. The shield 176 is 
preferably composed of a radio-opaque material. Rotation of collimator 172 
is synchronized with the rotation of shield member 176 by any stiitable 
means, such as mechanical synchronization, by gear means operatively associ-
ated with a drive motor or electrical synchronization of a pair of drive 
motors driving collimator 172 and shield member 176. 

Referring now to Figure 11, there is shown another embodiment of 
10 the invention suitable for use as a substitute for x-ray film. In this em-

bodiment of the invention, the x-ray generator 182 and slit collimator means 
184 are adapted to be rotated as a unit, such as from position A to position 
B, shown at the upper portion of Figure 11. The fan-shaped x-ray beam 
passes through the patient 188 with 190 being employed to represent the 
plane of the section being imaged. The rays which pass through the patient 
188 impinge upon fluorescent screen 192 which in position A has its light 
output coupled by means of lens 194 to the multiple row, planar self-scan-
ning array of photodiodes 196. It will be appreciated that this embodiment 
involves the patient 188 being stationary, while the scintillator means 192, 

20 lens 194, self-scanning photodiode array 196 move in coordinated fashion 

with respect to the x-ray generator 182 and the collimator 184. The elec-
trical output of the self-scanning array of photodiodes 196 is delivered to 
signal processing means 198. When the x-ray generator 182 is in position B, 
the fluorescent screen 192', lens 194' and self-scanning photodiode array 
196' will be in the position shown toward the lower left of Figure 11, with 
the means connecting the photodiode array 196' to the signal processing 
means 198 (not shown in this view). This embodiment presents the ability to 
achieve higher image quality than would be the case with present fast film-
screen combinations and provides for greater ability to detect small con-

30 trast differences. In addition, electrically stored images are immediately 
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available. It will be appreciated that when the x-ray generator 182 is at 
a fixed position (such as position A, for example), the collimator .184 will 
be subjected to relative movement as indicated by the arrows in order to 
provide a full seem at position A. Similar procedures are followed at other 
positions. Further, the inherent contrast is increased in respect of pres-
ent film techniques through reduced detection of scattered radiation. This 
embodiment also permits precision subtraction of successive tomographic 
images so as to allow visualization of blood vessels, tumors and other an-
atomical features. 

10 Referring to Figures 12(a) and 12(b), an embodiment of the inven-
tion which is compatible with existing computerized axial tomographic scan-
ners (CAT scanners) will now be considered. As is shown in these figures, 
an x-ray generator 202 cooperates with a slit collimator 204 to define a 
fan-shaped x-xay beam which passes through patient 210 supported by axially 
movable table 208. In one foxm of conventional computerized axial tomog-
raphy, the portion of the x-ray passing through the patient would then im-
pinge upon the array of detectors 206, which have been shown schematically 
in these figuxes. The x-ray generator 202, collimator 204 and detector 
means 206 are adapted fox synchxonized oxbital movement about an axis pass-

20 ing thxough the patient 210. This embodiment of the present invention con-
templates insextion of a combination scintillatox-optical coupling-self-
scanning axxay of photodiodes 214 on the exit side of the patient 210. If 
desixed, the combination scintillatox-optical coupling means-self-scanning 
arxay of photodiodes may. take the foxm of that shown in Figuxe 1(c). By 
providing the combination 214, existing CAT scanner equipment is converted 
to aclineax scannex by simply moving the patient undexneath the combination 
214. This pexmits an entirely new means for detecting low density differences 
and much finex spatial detail indicating lesions ox abnoxmalities to the 
clinician far in excess of that available by means of a sexies of plane 

30 films and without waiting for film development. It also pexmits gxeatly en-

2 4 



1131805 

hancecl use of the existing CAT scanners without the need to acquire a new 
x-ray source and patient table. The combination 214 may readily be moved 
out of the way when not in use and, therefore, will not interfere with the 
normal mode of present CAT scanner operation. It is further contemplated 
that the combination 214 may be movable around the patient so that any de-
sired view may be obtained. 

Referring now to Figures 13(a), 13(b), 14(a) and 14(b), another 
embodiment of the invention will be considered. This embodiment illustrates 
another form of adaptability of the present invention to use with conven-

10 tional equipment. In this embodiment, a self-scanning photodiode assembly 
may be employed in lieu of or in addition to conventional x-ray film.fscreen 
cassettes. In this embodiment, a fixed overhead x-ray generator 220 is asso-
ciated with a pair of slit shutters 222, 224 and emits fan-shaped x-ray beam 
230. The x-ray apparatus is enclosed within housing 226. The fan-shaped x-
ray beam 230 impinges upon patient 232 which is supported by and adapted to 
move with tabletop 234 in the direction indicated by the arrows. Underlying 
and fixedly secured to tabletop 234 and adapted for movement therewith is 
support member 236 which contains x-ray film-screen cassette 238. This pro-
vides for exposure of the conventional x-ray cassette sequentially as the 

20 patient and cassette move under the fixed fan-shaped x-ray beam 230. Base 

244 supports stationary x-ray shutter 246 which is provided with an elongated 
slit 248 through which the fan-shaped beam 230 passes after passing through 
the patient 232. As the shutter 246 is stationary, and the film-screen 
cassette 238 and patient are subjected to synchronized movement, the film-
screen cassette will be sequentially exposed to the x-ray passing through 
slit 248. 

As is shown in Figures 14(a) and 14(b), also fixedly mounted with 
respect to base 244 is the enclosure 252 which contains a pair of self-scan-
ning photodiode arrays 254, 256 which are coupled, respectively, by fiber 

30 optic tubes 260, 258 to a single long strip of scintillator means 262. X-ray 
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passing through slit 248 of shutter 246 will pass through opening 264 in 
enclosure 252 and impinge upon the scintillator means 262 with the light 
emitted by the scintillator means being delivered to the self-scanning photo-
diode arrays 254, 256 by fiber optic means 260, 258. As is shown in Figure 
14(b), in this embodiment the self-scanning photodiode arrays 254, 256 are 
positioned in staggered fashion and are optically coupled to scintillator 
means 262 to provide continuous receipt of light emerging from the scin-
tillator means by the arrays 254, 256. Alternate light pipes provide light 
to alternate photodiode arrays from alternate sections of the scintillator 

10 means 262. As a result, this system permits taking of both permanent pic-
ture, conventional x-rays and the collection of image information contemplat-
ed by the present invention simultaneously or sequentially. While the self-
scanning photodiode array system will function more efficiently without the 
presence of the film-screen cassette, it should be appreciated that even 
with the best x-ray screens, approximately 40-50% of the primary x-ray beam 
will penetrate to the scintillator means 264. 

This embodiment provides a number of advantages in addition to per-
mitting the taking of conventional x-rays coupled with the use of the self-
scanning photodiode array of the present invention simultaneously. Only 

20 slight modification to standard diagnostic tables and overhead x-ray tubes 
are required in order to employ this system. In addition, the x-ray shutter-
ing system is stationary and can be quite massiwe. The system permits em-
ploying high energy x-rays with resultant dose reduction being permitted. 
The effect of scattered radiation is reduced, and the spatial resolution is 
improved as the effective focal spot size is at a. minimum with respect to 
the plane of the fan-shaped beam 230. 

With existing table motion speeds of approximately three inches 
per-second, effective exposure times per line would be only 0.005 seconds. 
With an increase in table speed to ten inches per second, coronary arteries 

30 only two inches long could be scanned in 0.2 seconds with effective exposure 
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length of only about 0.0002 seconds. 

Referring now to Figure 15, a generally similar system to that 
shown in Figures 13(a) and 13(b) will be considered. In this form the 
standard ion chamber 274 and Bucky tray 276 are retained in position. The 
ion chamber 274 serves to monitor beam intensity during exposure. It may 
also be employed as a means for aligning the overhead x-ray generator 220 
with slit 248. Also, a variable speed motor may be employed to drive the 
table and be controlled by a signal derived from the ion chamber in order 
that one can move the patient 232 more slowly through regions of high dens-

10 ity and more rapidly through regions of low density. In the alternative, 
one may adjust beam current to keep a constant average output of the ion 
chamber. The ion chamber may also serve as a safety feature by being set to 
shut off x-rays after a certain predetermined charge has been accumulated. 

While fiber optic means have been shown as the basis for optical 
coupling in the embodiments shown in Figures 14(a), 14(b) and 15, it will be 
appreciated that other forms of optical coupling, such as, for example, those 
expressly disclosed herein or other appropriate means may be employed. 

Referring now to Figures 16(a) and 16(b), application of the pres-
ent invention to so-called fluorescent scanning will be considered. In such 

20 a procedure, a collimated x-ray beam impinges upon the object, such as a 
patient, and excites the fluorescent radiation in the object. In the form 
illustrated, x-ray generator 282 cooperates with collimator 284 to provide a 
fan beam 286 of x-ray which impinges upon object 288. The detector system, 
in the form shown, is oriented generally perpendicularly with respect to the 
fan beam 286. Relative movement is established between object 288 and the 
x-ray generator 282 and collimator 284 to establish a direction of scan such 
as that illustrated by the double-headed arrow "D" in Figure 16(b). An x-
ray filter 290 is interposed between the object 288 and the detector system. 
This filter serves to remove radiation having K-absorption edges above and 

30 below the characteristic trace element, such as iodine, for example. After 
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the characteristic x-ray radiation emitted by the object, such as iodine in 
the thyroid, for example, passes through filter 290 and collimator 292 hav-
ing fine collimating slits, it then impinges upon scintillator mosaic 294. 
The light output from the scintillator mosaic 294 is optically coupled to a 
self-scanning array of photodiodes 298 by optical coupling means 296, such 
as fiber optic means. 

The advantages of the embodiment shown in Figures 16(a) and 16(b) 
over more conventional practice are the ability to handle many more picture 
elements simultaneously than would be possible with a single small detector, 

10 the ability to respond to low energy x-ray radiation that cannot be recorded 
by widely used gamma cameras. In addition, it provides much higher spatial 
resolution, and it is easy to shield the detector strip from stray back-
ground radiation. While not shown, it will be appreciated that the self-
scanning array of photodiodes will generally be housed within an x-ray 
opaque or gamma ray opaque housing except for that portion of the array 
which is intended to be optically coupled to the scintillator means. The 
dosage of radiation to the patient is aiso reduced by comparison with pres-
ent isotope studies. 

Referring now to Figures 17 and 18, application of the present in-
20 vention to nuclear medicine will now be considered. In this embodiment, the 

object 302 becomes, generally through injection or oral consumption of a 
radioactive isotope (such as radioactive iodine), the source of radiation 
which is generally a gamma ray emitting isotope. The emerging radiation 
passes from the exit side of object 302 through collimator 304 and impinges 
upon scintillator 306 from which it is transported as visible light photons 
by means of fiber optics 308 to the staggered self-scanning arrays of photo-
diodes 310. 

Figures 19 and 20 illustrate tivo embodiments of the invention 
adapted to be used as an adjunct to therapy to monitor the effectiveness. 

30 In Figure 19 a radiation source 350 emits a beam of radiation 352 which im-
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pinges upon patient 356 and passes through tumor 360. The portion of the 
beam emerging from the exit side of patient 356 is received by assembly 362 
which may consist of a scintillator, optical coupling means and self-scan-
ning array of photodiodes, as shown in Figure 1(c). The assembly 362 is 
reciprocated in the direction indicated by the arrows in order to sequen-
tially expose the assembly 362 to different portions of the radiation. 

In the form shown in Figure 20, the radiation source 370 emits 
beam 372 which enters patient 374 and passes through tumor 376. Scattered 
radiation passes through slit collimator 382 and impinges on scintillator 

10 386. The .resultant light beam is directed by lens 390 to self-scanning 
photodiode array 392 which is adapted to be reciprocated in a vertical 
direction. 

Referring now to Figures 21 and 22, there are shown other embodi-
ments of the invention applicable to Computerized Axial Tomography scanners 
(CAT scanners). In these embodiments, the conventional individual large 
area scintillators and photomultipliers or other detectors of existing fan-
beam type of CAT scanners are replaced by the present combination of scin-
tillator and self-scanning integrated photodiode arrays of very high spatial 
resolution. Specifically, the substitution of self-scanning detector assem-

20 blies, such as shown in Figure 1(c), leads to advantages over existing xenon 
gas or separate scintillator-photomultiplier detectors. First, it allows 
one to achieve in the same apparatus both fine detail images of the planar 
type and coarser images of sections of the body without the need for a sep-
arate attachment 214 shown in Figures 12(a) and 12(b). Also, it allows one 
to obtain much finer detail for sectional views produced by CAT scanners. 
This cannot be done in present CAT scanners, which are generally limited in 
the spatial resolution they can achieve by the size of their individual de-
tectors, typically about two to three mm, for example. Thus, it would be 
technically and economically totally unfeasible to provide for some 8000 

30 separate scintillator and photomultiplier assemblies that would be needed 
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to achieve a detector element size of 0.5 mm in the system shown in Figure 20 
or 16,000 such separate assemblies if a detail resolution of 1/4 mm were de-
sired, comparable to that of present fast film-screen combinations. 

In the form shown in Figure 21, the radiation source 202 emits a 
beam of radiation which is converted into fan beam 212 by collimator means 
204 and passes through patient 210. The beam then impinges upon the assem-
bly 216 consisting of scintillator means, optical coupling means and self-
scanning array of photodiodes. This assembly may conveniently be composed 
of elements such as those shown in Figure 1(c). The scintillator means may 

10 take the form of small strips having a 1/2 mm by 1/2 mm by 1/2 mm size. The 
assembly 216 in this embodiment is presented in the form of a stationary cir-
cular assembly. In this fashion, orbital movement of the radiation source 
202 along the broken circle will permit patient exposure over a 360 degree 
range. In the form shown, the axis of rotation of the radiation source 202 
passes through the patient 210. 

In the form shown in Figure 22, the assembly 217 consists of an 
arc-like sector which is adapted to rotate or oscillate in synchronous 
fashion with respect to the radiation source 202 to permit 360 degree imaging 
of object 210. 

20 Referring now to Figure 23, a form of electrical processing means 
contemplated for use with the present invention will be discussed. As the 
components and sequence of operations are conventional and are well known to 
those skilled in the art, a detailed explanation is not deemed necessary at 
this point. The diode arrays 302 detect the optical images from the scin-
tillator means by optical coupling means and convert the image into an elec-
tronic signal. The diodes are controlled by a diode control unit 304 and the 
signal goes to the analog to digital converter 306 which converts the analog 
signal to digital signals. The process is controlled by a multiplexer cir-
cuit 308 and the digital pulses go to the computer memory 310 for storage. 

30 The stored signals are digitally processed in the processor 312 and may be 
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displayed on the display 314 and may also be stored for future use with the 
storage devices 316, such as magnetic discs or tapes, digital tape, storage 
tubes, digital computer memory, video tape, photographs or electron beam 
tape recorders. Also, camera 320 may be used to photograph the image on 
display 314. 

It will, therefore, be appreciated that the present invention has 
provided apparatus for improving contrast sensitivity and detail of radio-
graphic systems while permitting the use of reduced radiation exposure. In 
addition, the equipment is compatible with existing radiographic equipment, 

10 such as that presently used in diagnostic radiology and is inexpensive to 
manufacture and use. As a result of the compact size of the equipment, it 
may readily be used and stored without any inconvenience such as that fre-
quently encountered with respect to some present conventional equipment. The 
system is adapted for use with a wide range of conventional and unconvention-
al medical radiographic techniques involving pulsed or continuous x-rays, 
gamma rays and other forms of radiation, as well as other uses not found in 
the medical environment, such as in security systems and non-destructive 
testing, for example. 

While the relationships in size between the scintillator means and 
20 the self-scanning photodiode array, be it linear or planar, such as rectangu-

lar, for example, frequently have been illustrated in the context of certain 
specific optical coupling means, it will be appreciated that other means may 
be employed, and most of the means described and illustrated in the present 
disclosure may be used interchangeably. 

As the means for effecting simple mechanical movement of collim-
ators and shutters, patient supporting tables, and support members, such as 
those used for scintillators, are well known and may be of any conventional 
variety and will be obvious to those skilled in the art, a detailed descrip-
tion of the same has not been provided herein. 

30 While emphasis has been placed herein on the use o£ a scintillator 
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which is physically separated from the self-scanning photodiode array by 
separate optical coupling means, it will be appreciated that, if desired, a 
scintillator material may be deposited, coated or laminated directly on the 
array with the interface therebetween serving as the optical coupling means, 
and such construction is expressly contemplated by this invention. 

While for purposes of illustration collimators with a single slit 
have been emphasized herein, it will be appreciated that for certain uses 
more than one slit may be employed in a collimator. 

While specific reference has been made to a.radiation source pro-
.10 viding x-rays or gamma rays, the invention is not so limited, and other 

forms of radiation, such as particulate radiation including protons and 
mesons, for example, may be employed. In connection with particulate radia-
tion, as well as other forms, a generally rectangular beam having parallel 
sides may be used in lieu of a fan beam. 

It will be apparent that various means may be employed to establish 
the relative movement desired for effecting radiation exposure. For ex-
ample, in the embodiment of Figure 1(a), the patient 14 may remain station-
ary, and the radiation source 2, scintillator means 22, lens 26 and array 
30 moved. 

20 While for purposes of simplicity of description herein, in gen-
eral, the primary radiation beam has been illustrated as being either ver-
tically or horizontally oriented, it will be appreciated that the present 
system is adapted for use with the primary radiation being at a wide range 
of angles including the full spectrum of ranges encountered in connection 
with computerized axial tomography. 

Whereas, particular embodiments of the invention have been de-
scribed above for purposes of illustration, it will be evident to those 
skilled in the art that numerous variations of the details may be made with-
out departing from the invention as defined in the appended claims. 

C 
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE 
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS : 
1. Radiography apparatus comprising a source of radiation, colli-
mator means interposed between said radiation source and an object to 
be exposed to radiation for converting said radiation into a generally 
fan-shaped beam, scintillator means disposed on the opposite side of said 
object from said radiation source for converting radiation into light, 
a self-scanning integrated array of photodiodes for receiving light pro-
duced by said radiation and emitting responsive electrical signals, 
optical coupling means connecting said scintillator means to said self-
scanning photodiode array, said optical coupling means having fiber optic 
•means operatively associated with said scintillator means and said self-
scanning array of photodiodes, whereby light emitted by said scintillator 
means will be delivered with substantial continuity to said self-scanning 
array of photodiodes, signal receiving means operatively associated with 
said self-scanning photodiode array to store, process or display said 
image information, said self-scanning array of photodiodes being a planar 
array having at least two parallel rows of linear self-scanning photodiode 
arrays, and said self-scanning array of photodiodes having two said rows 
of linear self-scanning photodiode arrays, disposed with said linear arrays 
of a first said row being staggered with respect to said linear arrays of 
a second said rowi 

2. The radiography apparatus of claim 1 including said collimator 
means having at least one opening for controlling the amount of radiation 
impinging upon said object. • 

3. The radiography apparatus of claim 2 including means for estab-
lishing relative movement between said object and said collimator means, 
whereby portions of said object will be sequentially exposed to said 
radiation. 

4. The radiography apparatus of claim 2 including said collimator 
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means opening being so configurated as to permit a generally fan-shaped 
radiation beam to pass therethrough. 

5. The radiography apparatus of claim 4 including said collimator 
means opening being a slit. 

6. The radiography apparatus of claim 3 including movement estab-
lishing means having means for moving said collimator means while said 
radiation source, said object and said self-scanning array of photodiodes 
remain stationary. 

7. The radiography apparatus of claim 3 including said movement 
establishing means having means for moving said radiation source and said 
collimator means while said object, said scintillator means-, said optical 
coupling means and said self-scanning array of photodiodes remain 
stationary. 

8. The radiography apparatus of claim 3 including said movement 
establishing means having means for moving said object while said radi-
ation source, said collimator means, said scintillator means, said 
optical coupling means and said self-scanning array of photodiodes remain 
stationary. 

9. The radiography apparatus of claim 3 including said movement 
establishing means having means for moving said radiation source, said 
scintillator means, said optical coupling means, said collimator means 
and said self—scanning array of photodiodes while said object remains 
stationary. 

10. The radiography apparatus of claim 3 including said movement 
establishing means adapted to move said radiation source and said colli-
mator means in an arc-shaped path about a center disposed generally at said 
scintillator means while said scintillator means, said optical coupling 
means and said self-scanning array of photodiodes remain stationary. 
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11. The radiography apparatus of claim 9 including said movement 
establishing means includes means for establishing orbital movement of 
said radiation source, said collimator means, said scintillator means, 
said optical coupling means and said self-scanning array of photodiodes 
about an axis passing through said object. 

12. The radiography apparatus of claim 11 including said object 
being a patient and said axis passing longitudinally through said patient. 

13. The radiography apparatus of claim 10 including object moving 
means for establishing movement of said object generally along the axis 
of said arc-shaped path. 

14. The radiography apparatus of claim 13 including said obj ect 
moving means having a table for supporting a human patient. 

15. The radiography apparatus of claim 2 including said radiation 
source having an x-ray generator. 

16. The radiography apparatus of claim 2 including said scintillator 
means having a fluorescent screen. 

17. The radiography apparatus of claim 1 including said fiber optic 
means alternately connecting portions of said scintillator means with a 
photodiode array from said first row and a photodiode array from said 
second row, whereby adjacent portions of said scintillator means will be 
optically coupled to photodiode arrays in different rows. 

18. The radiography apparatus for claim 17 including said photodiode 
arrays of one said row being so positioned with respect to said photodiode 
arrays of said other row that at least one transverse edge of an array 
of one said row will be substantially aligned with a transverse edge of 
an array of said other row, -whereby appreciable gaps and overlaps will be 
substantially completely eliminated and substantially continuous image 
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information will be created. 

19. The radiography apparatus of claim 17 including a radiation 
opaque housing surrounding said scintillator means, optical coupling 
means and self-scanning photodiode arrays, and said housing having an 
opening generally aligned with said scintillator means. 

20. The radiography apparatus of claim 1 including said fiber 
optic means being substantially coextensive with said scintillator means 
and said self-scanning array of photodiodes, and said fiber optic means 
having fibers of substantially uniform cross-sectional configuration 
throughout their length. 

21. The radiography apparatus of claim 20 including the area of 
contact between said scintillator means and said fiber optic means being 
substantially equal to the area of contact between said fiber optic means 
and said self-scanning array of photodiodes. 

22. The radiography apparatus of claim 2 including said self-scan-
ning array of photodiodes includes a linear array of about 60 to 2048 
photodiodes per linear inch. 

23. The radiography apparatus of claim 22 including said self-scan-
ning array of photodiodes includes more than one linear array of self-
scanning photodiodes, and said arrays being oriented generally parallel 
with respect to each other. 

24. The radiography apparatus of claim 2 including said fibers being 
tapered. 

25. The radiography apparatus of claim 2 including said signal 
receiving means includes means to display an image corresponding to said 
electrical signals received from said self-scanning array of photodiodes. 

26. The radiography apparatus of claim 2 including said signal rece-
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iving means includes means for storing image information. 

27. The radiography apparatus of claim 2 including said signal 
receiving means includes digital computer means for modifying said 
electrical signals received from said self-scanning array of photodiodes 
to enhance portions of the image produced. 

28. The radiography apparatus of claim 26 including said means 
for storing image information having means for storing said image infor-
mation in digital form. 

29. The radiography apparatus of claim 2 including second colli-
mator means interposed between said object and said scintillator means. 

30. The radiography apparatus of claim 29 including additional 
collimator means interposed between said optical coupling means and said 
self-scanning array of photodiodes. 

31. The radiography apparatus of claim 2 including third collimator 
means interposed between said optical coupling means and said self-scan-
ning array of photodiodes. 

32. The radiography apparatus of claim 31 including said self-scan-
ning array of photodiodes being a linear array. 

33. The radiography apparatus of claim 1 including said self-scan-
ning photodiode array having a plurality of parallel rows of linear self-
scanning photodiode arrays. 

34. Radiography apparatus comprising a source of radiation, colli-
mator means interposed between said radiation source and an object to be. 
exposed to radiation for converting said radiation into a generally fan-
shaped beam, scintillator means disposed on the opposite side of said 
object from said radiation source for converting radiation into light, 
a self-scanning integrated array of photodiodes for receiving light pro-
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duced by said radiation and emitting responsive electrical signals, 
optical coupling means connecting said scintillator means to said self-
scanning photodiode array, signal receiving means operatively associated 
with said self-scanning photodiode array to store, process or display said 
image information, said collimator means having at least one opening for 
controlling the amount of radiation impinging upon said object, said 
radiation source having an x-ray generator, said collimator means including 
a hollow, generally cylindrical member, having at least one generally 
longitudinal slit and mounted for axial rotation or oscillation, said 
collimator means surrounding said x-ray source, a second generally cylind-
rical member having at least one generally longitudinal slit Surrounding 
said self-scanning array of photodiodes and mounted for axial rotation 
or oscillation, and synchronizing means for coordinating rotation or 
oscillation of said cylindrical members, whereby a fan-shaped or rect-
angular x—ray beam emerging from a slot in said collimator cylindrical 
member will pass through and be partially absorbed by said object, will 
subsequently impinge upon said scintillator means which will emit respon-
sive light which, in turn, willpass through a slit in second generally 
cylindrical means and impinge upon said self-scanning array of photodiodes. 

35. Radiography apparatus comprising a source of radiation, colli-
mator means interposed between said radiation source and an object to be 
exposed to radiation for converting said radiation into a generally fan-
shaped beam, scintillator means disposed on the opposite side of said 
object from said radiation source for converting radiation into light, 
a self-scanning integrated array of photodiodes for receiving light pro-
duced by said radiation and emitting responsive electrical signals, opti-
cal coupling means connecting said scintillator means to said self-scan-
ning photodiode array, signal receiving means operatively associated with 
said self-scanning photodiode array to store, process or display said 
image information, said self-scanning array of photodiodes being a planar 

38 



1131805 

array having at least two parallel rows of linear self-scanning photo-
diode arrays, electrical means for energizing portions of said planar 
array of self-scanning photodiodes, means for effecting movement of 
said collimator means, and said electrical means having means for ener-
gizing portions of said planar array in synchronized manner with respect 
to said collimator means movement. 

36. Radiography apparatus comprising a source of radiation, scinti-
llator means disposed on the exit side of an object for converting 
radiation to light, collimator means interposed between said object and 
said scintillator means, a self-scanning integrated array of photodiodes 
for receiving light produced by said radiation and emitting responsive 
electrical signals, optical coupling means connecting said scintillator 
means to said self-scanning photodiode array, said optical coupling means 
having fiber optic means operatively associated with said scintillator 
means and said self-scanning array of photodiodes, whereby light emitted 
by said scintillator means will be delivered with substantial continuity 
to said self-scanning array of photodiodes, signal receiving means 
operatively associated with said self-scanning photodiode array to store, 
process or display image information, said radiation source being a gamma 
ray emitting isotope disposed within said object, said collimator means 
being a Bucky type fine collimating grid, and said self-scanning array of 
photodiodes including two rows of staggered linear arrays. 

37. The radiography apparatus of claim 1 including said fiber optic 
means having a generally rectangular cross-sectional configuration, said 
fiber optic means being twisted so that a first end of the fibers of 
said fiber optic means in contact with said scintillator means is oriented 
generally perpendicularly with respect to a second end of said fibers in 
contact with said self-scanning array of photodiodes. 

38. The radiography apparatus of claim 1 including said fibers 

39 



1131805 
being tapered. 

39. The radiography apparatus of claim 1 including said fiber optic 
means being substantially coextensive with said scintillator means and 
said self-scanning array of photodiodes, and said fiber optic means 
having fibers of substantially uniform cross-sectional configuration 
throughout their length. 

40. The radiography apparatus of claim 39 including the area of 
contact between said scintillator means and said fiber optic means 
being substantially equal to the area of contact between said fiber optic 
means and said self-scanning array of photodiodes. 

FETHERSTONHAUGH & CO. 
OTTAWA, CANADA 
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