
UK Patent Application „9,GB „„ 2 0 7 8 773 A 

(21) Application No 8114260 
(22) Date of filing 11 May 1981 
(30) Priority data 
(31) 80/16720 
(32) 21 May 1980 
(33) United Kingdom (GB) 
(43) Application published 

13 Jan 1982 
(51) INT CL3 

C09K 11/38 11/10 G01T 
1/202 

(52) Domestic classification 
C4S311 43Y71Y72Y 
730 747 751 774 

(56) Documents cited 
None 

(58) Field of search 
C4S 

(71) Applicant 
The Rank Organisation 
Limited, 
11 Hill Street, London. 
W1X8AE 

(72) Inventors 
Gordon Ernest Hames, 
Jack Reed, 
Daniel Stewart Robertson 

(74) Agent 
Central Patent 
Department, 
The Rank Organisation 
Limited, 
H. G. Amann, Esq., 
439/445 Godstone Road, 
Whyteleafe, Surrey, CR3 
OYG 

(54) lonising-radiation Detector 

(57) An X or y-ray detector comprises 
a single crystal 10 of Zinc Tungstate 
grown from a melt and optically 

coupled to a photodiode 12. The 
crystal 10 is doped with a trace 
element, for example Ag or Sb, to 
eliminate the characteristic 
rose/amber colour of the pure crystal. 
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SPECIFICATION 
Detector of Ionizing Radiations 

This invention relates to a detector of ionizing 
radiations, in particular a scintillation 

5 crystal/photodiode assembly for the detection of 
X-rays and p-rays. 

„ The fluorescences stimulated by ionizing 
radiations in material used as scintillation 
counters have characteristic emission spectra and 

|,0 decay characteristics which depend upon the 
internal processes occurring within the various 
materials. Materials such as Thallium activated 
Sodium Iodide, Bismuth Germanate, and Thallous 
Chloride produce scintillation spectra which 

15 essentially limit their application to use with 
suitably selected photomultipliers. 

Others, Thallium activated Ceasium Iodide and 
Cadmium Tungstate, have been used in 
conjunction with photodiodes. Cadmium 

20 Tungstate is a very difficult and expensive 
material to produce in quantity since growth of 
Cadmium Tungstate from the melt produces 
crystal material which has a poor yield. Thallium 
activated Ceasium Iodide, whilst being highly 

25 efficient in response, suffers from having variable 
and longer afterglow properties, e.g. the afterglow 
measured at a specific time after the cessation of 
an X-ray pulse increases with both the magnitude 
and number of X-ray pulses to which the brystal is 

30 subjected. 
According to the present invention, there is 

provided a detector of ionizing radiations 
comprising a body of single crystal Zinc Tungstate 
grown from a melt and optically coupled to a 

35 photodiode, the single crystal being doped with at 
least one trace element to substantially remove 
the colour of the pure grown crystal. 

The scintillation crystal used in the present 
invention is single crystal Zinc Tungstate 

40 (ZnW04), modified by the addition of a trace 
element dopant of, for example, Ag or Sb. The 
effect of the trace element dopant is to eliminate 
the characteristic rose/amber colour in the pure 
grown crystal. Reduction of these colour centres 

45 reduces optical absorption and considerably 
enhances the light output, in addition to 
marginally reducing the decay constant. The 
crystal has the following properties: 

v (a) it responds efficiently to X-ray and y-ray 
50 excitation, 

(b) it has a fluorescent spectrum which is 
compatible with the spectral response of 
photodiodes, 

(c) it has a quick decay of the fluorescence and 
55 little residual afterglow, 

(d) it has an almost constant afterglow 
magnitude when measured a fixed time (say 2 m 
sees) after the excitation pulse is stopped, 
irrespective of pulse magnitude of number of 

60 pulses, 
(e) it has a high attenuation coefficient to X and 

y-rays, 
(f) it is chemically stable (not hygroscopic etc.), 

and 

65 (g) it may be grown by pulling from the melt to 
a high degree of structural perfection, and this 
provides a more economically viable detector 
than Cadmium Tungstate. 

The detector according to the invention may be 
70 used as a scintillation crystal/photodiode 

assembly for C.A.T. scanner applications, or as an 
assembly for level gauges, thickness gauges, 
personel dosimetry or general X and y-ray 
detection. 

75 An embodiment of the invention will now be 
described, by way of example, with reference to 
the accompanying drawings, in which: 

Fig. 1 is a greatly enlarged perspective view of 
a Zinc Tungstate/photodiode detector array for a 

80 C.A.T. scanner. 
Fig. 2 is a side view of the detector of figure 1, 
Fig. 3 is a plan view of the detector of figure 1, 

and 
Figure 4 is an end view of the detector of figure 

85 1. 
Referring to the drawings, the detector 

comprises a rectangular parallelepiped single 
crystal 10 of Zinc Tungstate grown by pulling 
from the melt and suitably cut to size, the crystal 

90 having pairs of opposite parallel rectangular 
surfaces A-B, CD and E-F respectively. The crystal 
is modified with a dopant, for example Ag or Sb, 
as previously mentioned, such dopant being 
incorporated as a trace element in the melt from 

95 which the crystal is grown. The surface F is 
polished and is optically coupled by a relatively 
thin intermediate layer 11 of a high refractive 
index coupling compound such as Epotek 301-2 
to a photodiode 12, the compound of the layer 11 

100 being in intimate contact with both the crystal 10 
and the photodiode 12. The X or y radiation 14 is 
incident upon the surface E of the crystal 10 in 
use, and the photodiode 12 is provided with leads 
15 for connection to a preamplifier. 

105 Some or all of the exposed surfaces A to E of 
crystal 10 may be left finely ground or be polished 
dependent upon whether a uniform distribution of 
fluoresced light or maximum intensity is required 
at the photodiode. Furthermore, some or all of 

110 these surfaces A to E of crystal 10 may be coated 
with a white reflecting material or aluminised so 
that the fluoresced light is efficiently directed 
towards the photodiode. 

Thus for uniform light distribution at the 
115 photodiode all the surfaces A to E are finely 

ground and coated with a white reflecting 
material or aluminised. On the other hand, for 
maximum light intensity on the photodiode active 
surface all the surfaces A to E are polished and 

120 coated with a white reflecting material or 
aluminised. As a compromise, surfaces A and B 
may be polished and surfaces C, D and E finely 
ground, again with all the five surfaces being 
provided with a reflective coating. 

125 Claims 
1. A detector of ionizing radiations comprising 

a body of single crystal Zinc Tungstate grown 
from a melt and optically coupled to a 



photodiode, the single crystal being doped with at 
least one trace element to substantially remove 
the colour of the pure grown crystal. 

2. A detector as claimed in claim 1, wherein 
5 the trace element dopant is Ag or Sb. 

3. A detector as claimed in claim 1 or 2, 
wherein the optical coupling is via a layer of high 
refractive index coupling compound intermediate 
a surface of the single crystal body and the 

10 photodiode. 
4. A detector as claimed in claim 3, wherein 

the surface ofthe single crystal body optically 
coupled to the photodiode is polished. 

5. A detector as claimed in claim 4, wherein at 
15 least some of the surfaces of the single crystal 

body, other than the surface optically coupled to 
the photodiode, are provided with a reflective 
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coating. 
6. A detector as claimed in claim 4, wherein at 

20 least some of the surfaces of the single crystal 
body, other than the surface optically coupled to 
the photodiode, are finely ground and provided 
with a reflective coating. 

7. A detector as claimed in claim 4, wherein at 
25 least some of the surfaces of the single crystal s 

body, other than the surface optically coupled to 
the photodiode, are polished and provided with a 
reflective coating. ? 

8. A detector as claimed in any preceding 
30 claim, wherein the single crystal body is in the 

form of a rectangular parallelepiped. 
9. A detector of ionizing radiations 

substantially as described herein with reference to 
the accompanying drawings. 

Printed for Her Majesty's Stationery Office by the Courier Press, Leamington Spa, 1982. Published by the Patent Office. 
25 Southampton Buildings, London, WC2A 1 AY, from which copies may be obtained. 


