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(54) Improvements in or relating to 
area detectors for X-radiation 

(57) A flat plate X-ray responsive 
medium which can be used, after 
exposure to a two-dimensional pattern 
of X-radiation, in the production of 
electrical signals indicative of the 
pattern consists of phosphor granules 
embedded in a matrix formed of 
material having a dielectric loss factor 
(tan S) which is less than 0.002. The 
matrix should also exhibit high 
electrical resistance, high breakdown 
strength and solubility in a readily 
available solvent. Suitable materials are 
polystyrene, polyethylene, 
polypropylene, polyfluoroalkoxy resin, 
fluorene-ethylene copolymer, 
phenylene oxide, polyamide and 
polyimide. 
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SPECIFICATION 

Improvements in or relating to area detectors for 
X-radiation 

5 
The present invention relates to area detectors of 

X-radiation, and it relates more particularly to such 
detectors as may be used to replace the conven-
tional X-ray sensitive film in shadowgraph X-ray 

t 10 units and which can be utilised in the generation of 
electrical signals indicative of the pattern of 
X-radiation to which the area detector has been 
exposed. 

In conventional shadowgraph X-ray units, a 
15 source of a pyramidal or conical-shaped beam of 

radiation and a flat, plate-like X-ray detector are dis-
posed on opposite sides of a patient. The source is 
energised for a short time to pass X-rays through the 
patient and the detector responds to the pattern of 

20 radiation transmitted through the patientto develop 
a two-dimensional image of the emergent radiation 
pattern. 

Conventionally, the X-ray detector is constituted 
by an X-ray sensitive fi lm and the image is produced 

25 by processing the film in known manner. There are, 
however, many advantages to be gained from utilis-
ing an area detector which responds to the two-
dimensional pattern of radiation emergent from the 
patient in such a way as to permit the generation of 

30 electrical signals indicative of the pattern. One 
advantage of utilising such a detector is that the elec-
trical signals can be subjected to various processing 
techniques that can improve the usefulness of the 
image with regard to clinical diagnosis. For example, 

35 the signals may be filtered, spatially and/or in fre-
quency. Moreover, the signals could be subjected to 
windowing control, by means of which the extent 
and/or mean level of the dynamic range of signals 
can be adjusted. 

40 These advantages have been recognised for some 
time, but a difficulty has arisen in constructing a 
suitable area detector which is capable of providing 
discrete output signals for many locations, distri-
buted over the two dimensions, as dictated by the 

45 resolution required in the image. 
One approach, disclosed in United States Patent 

No. 3,101,407 has been to utilise a source of a flat fan 
of radiation and a one-dimensional array of detec-
tors, and to scan both the source and the detector 

50 array along the patient so as to gradually build up a 
two-dimensional image of part of the patient's body. 
This approach, however, is subject to a number of 
disadvantages. 

Firstly, it is not compatible with existing film-
55 based systems, as would be desirable to enable 

existing systems to be up-dated to take advantage of 
electronic detectors and associated processing. Sec-
ondly, it calls for a scanning movement to be 
imparted synchronously and concomitantly to the 

60 source and the detector array. It is undesirable to 
have to provide such scanning movement. Thirdly, 
the flat fan-shaped distribution of X-rays is produced 
by collimating the conical or pyramidal shaped 
beam that is produced by the X-ray source (e.g. a 

65 rotating anode X-ray tube) and this is wasteful in 

terms of source efficiency and operation. 
It is an object of this invention to provide an area 

detector arrangement that responds to the pattern of 
X-radiation emergent from a patient and which can 

70 be used in the generation of electrical signals, indica-
tive of said pattern, without introducing the disad-
vantages associated with the approach of the 
aforementioned United States Patent. 

According to one aspect of the invention there is 
75 provided a detector arrangement for responding to a 

two dimensional pattern of X-radiation comprising, 
a plate, responsive to X-radiation, formed of elec-

trically insulating material and electrically conduc-
tive iayers which bound the major surfaces of the 

80 plate, one of the layers being transparent to 
X-radiation, said insulating material comprising a 
binder matrix having a dielectric loss factor of less 
than 0.002 and granules of a phosphor material 
embedded therein, a pattern of X-radiation incident 

85 upon said one conductive layer being detectable as a 
corresponding pattern of electric polarization exhi-
bited in said plate in response to application of an 
electric field gradient between said conductive 
layers. 

90 According to a further aspect of the invention 
there is provided a method of manufacturing a 
detector arrangement for responding to a two 
dimensional pattern of X-radiation comprising the 
steps of, providing a receptacle having a substan-

95 tially flat base, depositing a layer of an electrically 
conductive material, which is transparent to 
X-radiation to cover said base, 

mixing granules of a phosphor material with a 
fluid binder com prising an electrically insulating 

100 material having a dielectric loss factor of less than 
0.002, depositing the mixture in the receptacle to 
form a further layer covering the electrically conduc-
tive layer, 

allowing or causing the mixture to set so that the 
105 electrically conductive layer adheres thereto, 

removing the adhered layers from the receptacle, 
and before or after the further layer has set 

depositing, at the exposed surface thereof, another 
electrically conductive layer. 

110 In order that the invention may be clearly under-
stood and readily carried into effect, some embodi-
ments thereof will now be described, by way of 
example only, with reference to the accompanying 
drawings, of which:-

115 Figures 1 (a) and 1 (b) show, in perspective view, 
the basic elements of a radiographic system employ-
ing an area detector in accordance with one embod-
iment of the present invention, 

Figure 2 shows a schematic cross-sectional view 
120 of the detector, and 

Figure 3 shows a simple circuit for deriving video 
signals, indicative of the stored polarization pattern, 
from the area detector. 

The area detector used in this example of the 
125 invention exhibits so-called permanent induced 

polarization to respond to the pattern of radiation 
emergent from a patientto generate a polarization 
pattern which can be scanned by means of a suitable 
device to generate electrical signals indicative of the 

130 stored pattern. 
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Refsrrin'g nowio d ; ;d . - s s j i - n o 1 of a 
.'•nnicalcrpyramids;besr.- arreting 
X-radiation is supr^r. disposed to Irradiate a 
part of a p s t i e r r f s : y 2. An grea detector of the 

5 kind nr.-: to in the immediately preceding para- 70 
. gicph is shewn at 4 and, in this example, the detec-

tor 4 comprises a phosphor screen. 
it has been known for some time that it is possible 

to selectively poiarize a phosphor in the presence of 
10 radiation, so producing a stored polarization pattern. 75 

This was disclosed, for example, by Kallmann et a! in 
Phys. Rev. 97,6 March 1955. in Photographic Sci. 
and Eng. 6,2 March 1962, Kallmann further dis-
closed thatthe pattern so produced could be read by 

15 scanning a radiating source overthe surface and 80 
measuring the discharge current flow. 

In this example, the phosphor screen, having been 
polarized in response to the pattern of X-radiation 
emergent from the body, is scanned with an intense 

20 iight source such as a Green-Blue Argon iaser 5. 85 
The scanning of laser 5 overthe surface of the 

phosphor screen 4 generates electrical signals indi-
cative of the polarization produced at various loca-
tions of the screen by the aforementioned pattern of 

25 X-radiation. These signals are applied to processing 90 
circuits 6, such as windowing and/or filtering cir-
cuits, and thence to a display 7 which can take any 
suitable form capable of producing a visual display 
of the X-ray pattern. A store 8 is shown connected to 

30 receive the electrical signals in parallel with the pro- 95 
cessing circuits 6 so that the signals can be stored in 
their virgin state, unaffected by the processing, for 
future use. Store 8 can take any convenient form 
such as a magnetic tape, disc or core store orcom-

35 puter memory elements. 100 
The scanning of the laser 5 is effected underthe 

control of a timing circuit 9, which preferably also 
controls the operations of the store 8 and the display 
7, thus synchronising the operations of those com-

40 ponents with the scanning and, moreover, permit- 105 
ting any standards conversion necessary to be prop-
erly implemented and supervised. If desired, the tim-
ing circuit 9 can also control the operations of the 
processing circuits 8, enabling signals relating to dif-

45 ferent areas ofthe screen 4 to be subjected to differ- 110 
ent processing if required. 

The phosphors normally used forthe purposes 
described above tend to be relatively transparent to 
X-rays and thus not very efficient collectors of 

50 X-radiation. They are, in addition, optically opaque 115 
so that, if thick sections are built up to increase the 
X-ray collection efficiency, the efficiency ofthe laser 
scanning is seriously impaired. Thus it can be advan-
tageous to dispose a Csl or other scintillator closely 

55 adjacent the surface of the screen 4 remote from the 120 
X-ray source 1. The scintillator will intercept virtually 
all the X-rays not absorbed by the screen and 
respond to that radiation by emitting light, some of 
which enters the screen 4 and enhances the polarisa-

60 tion pattern. If such a scintillator is employed, it is 125 
preferably disposed so that it is electrically insulated 
from, but in close optical contact with, the phosphor 
screen 4. 

Thus far, the arrangements described have been 
65 similartc those disclosed in British Patent Applica- 130 

*<EMl Limited, 
" f a to the ccnatruc-

" f and, in particular, 
0"i|L.cc ! e r 1 anix in which the 

phosphor granules are embedded. 
Referring now to Figure 2, the screen 4 consists of 

a pair of paralie! plates 41 and 42 of electrically con-
ductive material, at least one ofthe plates being sub-" 
stantialiy transparent to X-radiaticr. The jap bet-
ween the plates is filled with granular, electrically A 

insulating materia! 43, which preferably comprises * 
small single crystals of a sulphide phosphor, (such 
as Zinc Sulphide or Zinc Cadmium Sulphide) 
embedded in a dielectric matrix 44. Preferably the 
crystals of materia! 43 are substantially spherical. 

in operation, the screen is exposed to the two-
dimensional pattern of X-rays emergent from the 
body while a voltage is maintained between the two 
conducting plales 41 and 42. Charge carriers, 
released in the granules by the absorbed X-rays, 
travel apart underthe influence ofthe applied field 
until falling into bulk trapping centres or reaching 
the surface of a granule, where there is a 
superabundance of traps. At the end otthis exposure 
regime, the screen thus contains a bulk polarization 
pattern corresponding to the X-ray image and this 
remains afterthe applied voltage is reduced to zero. 

As described above, the X-ray shadowgraph can 
be obtained in the form of a video signal by 
depolarizing the screen point-by-point by scanning 
with a light beam. The screen is incorporated in a 
circuit which can evaluate the return of the trapped 
carriers to their place of origin; Figure 3 shows a 
suitable circuit. 

It wil l be appreciated that at least the plate 41 must 
be transmissive of X-radiation and at least one ofthe 
plates must be transmissive ofthe visible radiation 
used to scan the screen and thus to generate the 
output video signal. 

Although, as discussed above, the behaviour of 
certain granule materials underthe influence of 
X-rays while a voltage is applied across them is well 
known, the literature apparently contains no refer-
ence to the importance ofthe matrix 44 within the 
granules 43 are embedded. It has been discovered in 
experiments on screens ofthe type described that 
the choice of this material may affectthe magnitude 
of depolarizing currents in the absence of irradiation 
and it can also be shown thatthe dielectric loss 
reduces the signal/noise ratio ofthe output signal. 

In accordance with this invention, the matrix mat- i 

erial is characterised by a dielectric loss (known in 
the art as tan 8) which is less than 0.002. Some suit-
able materials are thermo-plastics polymeric -
insulators, such as polystyrene or polyethylene or 
polypropylene or polyfluoroalkoxy resin or 
fluorene-ethyiene copolymer or phenylene oxide or 
polyamide or polyimide. 

Other characteristics which are desirable forthe 
material of matrix 44 are: 

(a) high electrical resistance (preferably greater 
than1014 ohm-cm). 

(b) high breakdown strength (capable of with-
standing fields of 10kV/mm). 

(c) soluble in a readily available solvent (for ease 
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of manufacture of the screen). 
It can be shown that a significant contribution to 

noise in the video output signal arises through a 
statistical spread in the properties of the granules 

5 from one image point to another. This contribution 
can be removed, or at least reduced, in the following 
manner. 

Since the granules are fixed, the 'grain noise' is 
time-invariant The contribution to the noise is also 

10 proportional to the X-ray intensity. Thus, it is poss-
ible to obtain a stored image of a featureless object 
illuminated with the X-ray source, and then obtain a 
'granule pattern' by scanning with the light. This pat-
tern is stored by some convenient means (e.g. in a 

15 computer store). When the same screen is used sub-
sequently for obtaining an X-ray shadowgram, if the 
amplitude of video output signal is mathematically 
divided point-by-point by the corresponding 'grain 
noise' signal amplitude, the latter contribution to 

20 noise in the screen will be reduced or removed. 
In one example of an area detector actually con-

structed in accordance with an embodiment of the 
invention, the matrix 44 consisted of polystyrene, of 
molecular weight 100,000, dissolved in commer-

25 cially dried toluene in proportions of 1 gram of 
polystyrene to 100 ml. toluene. The phosphor 
granules used were of standard TV yellow sulphide; 
55 % Cadmium sulphide and 45% zinc sulphide of 
particle size in the range from 5-20 fi. 

30 The detector construction included the following 
steps;-
1) adding phosphor granules to the dissolved polys-
tyrene, the granules being dispersed in the mixture 
by ultrasonic agitation; 

35 2) placing a layer of electrically conductive tin oxide 
(nesa), approximately 25 mm in thickness, in the 
base of a suitable receptacle; 
3) pouring the granule dispersion obtained from 
step 1) above into the receptacle to coverthe nesa 

40 layerto a required thickness, and allowing a settle-
ment time often minutes; 
4) syphoning off the supernatant liquid and allow-
ing the settled layerto dry in air whereupon the 
granule dispersion layer adheres to the nesa layer. 

45 Either before or afterthe granule dispersion layer 
has set, a further electrically conductive layer of tin 
oxide is applied to the exposed surface thereof. 

It was found that 1 gram of phosphor dispersed in 
50 ml of the polystyrene-toluene solution yielded a 

50 phosphor density of 25 mg percm. 
Clearly the scale of production can be varied as 

desired by suitable variation of the quantities of 
material used and, moreover, a similar construction 
technique can be used with other phosphors and/or 

55 matrix materials. 
CLAIMS 

1. A detector arrangement for responding to a 
two dimensional pattern of X-radiation comprising, 

a plate, responsive to X-radiation, formed of elec-
60 trically insulating material and electrically conduc-

tive layers which bound the major surfaces of the 
plate, one of the layers being transparent to 
X-radiation, said insulating material comprising a 
binder matrix having a dielectric loss factor of less 

65 than 0.002 and granules of a phosphor material 

embedded therein, a pattern of X-radiation incident 
upon said one conductive layer being detectable as a 
corresponding pattern of electric polarization exhi-
bited in said plate in response to application of an 

70 electric field gradient between said conductive 
layers. 

2. A detector arrangement according to Claim 1 
wherein one said electrically conductive layer is 
transparent to X-radiation and the other layer is 

75 transparentto optical radiation. 
3. AdetectorarrangementaccordingtoClaims 1 

or 2 wherein the binder matrix is selected from a 
group consisting of polystyrene, polyethylene, 
polypropylene, polyfluoroalkoxy resin, fluorene-

80 ethylene copolymer, phenylene oxide, polyamide, 
polyimide. 

4. A detector arrangement according to Claims 1 
to 3 wherein the size of the phosphor granules lies 
between 5 and 20 /im. 

85 5. A detector arrangement according to Claims 1 
to 4 wherein said granules are substantially spheri-
cal. 

6. A detector arrangement according to Claims 1 
to 5 wherein the phosphor material comprises a sul-

90 phide phosphor. 
7. A detector arrangement according to Claim 6 

wherein the phosphor material is zinc sulphide and 
or cadmium sulphide. 

8. A detector arrangement according to Claims 1 
95 to 7 wherein the conductive layers are formed of tin 

oxide. 
9. A method of manufacturing a detector 

arrangement for responding to a two dimensional 
pattern of X-radiation comprising the steps of, pro-

100 viding a receptacle having a substantially flat base, 
depositing a layer of an electrically conductive mat-
erial, which is transparentto X-radiation to cover 
said base, 

mixing granules of a phosphor material with a 
105 fluid binder comprising an electrically insulating 

material having a dielectric loss factor of less than 
0.002, depositing the mixture in the receptacle to 
form a further layercovering the electrically conduc-
tive layer, 

110 allowing or causing the mixture to set so that the 
electrically conductive layer adheres thereto, 

removing the adhered layers from the receptacle, 
and before or after the further layer has set 

depositing, at the exposed surface thereof, another 
115 electrically conductive layer. 

10. A method according to Claim 9 wherein the 
binder material is selected from a group consisting 
of polystyrene, polyethylene, polypropylene, polyf-
luoroalkoxy resin, fluorene-ethylene copolymer, 

120 phenylene oxide, polyamide, polyimide. 
11. A method according to Claims 9 or 10 

wherein the size of the phosphor granules lies bet-
ween 5 and 20 ptm. 

12. A method according to Claims 9 to 11 
125 wherein the granules are substantially spherical. 

13. A method according to Claims 9 to 12 
wherein the phosphor material comprises a sulphide 
phosphor. 

14. A method according to Claim 13 wherein the 
130 phosphor material is Zinc Suiphide and or cadmium 



sulphide. 
15. A method accord!: ,-, io Cisirvsa 9 to 14 

wherein said another sieci.lseiiy conductive layer is 
transparent to optics: radiation. 

16. detector arrangement substantially as 
hereinbefore described by reference to Figure 2 of 
the drawings. 

17. A method substantially as hereinbefore 
described. 
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