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(71) We, GENERAL ELECTRIC COMPANY, a corporation organized and existing 
under the laws of the State of New York, United States of America, of 1 River Road, 
Schenectady 12305, State of New York, United States of America, do hereby declare the 
invention, for which we pray that a patent may be granted to us, and the method by which it 

5 is to be performed, to be particularly described in and by the following statement:- 5 
This invention concerns ionization chamber x-ray detectors. More specifically, this 

invention concerns arrays of parallel plate ionization chambers cells. 
Our copending Patent Applications Nos. 5331/76 Serial No 1543651 and 39713/76 Serial 

No 1561174 describe arrays of ionization chamber type x-ray detectors which incorporate 
10 high pressure xenon gas. A preferred embodiment of those detectors comprises a linear 10 

array of parallel plate electrodes defining a series of spatially distinct detection cells. 
Alternate electrode plates in the array are connected to electronic current sensors to 
produce signals which may be utilized to calculate a spatial distribution of x-ray intensity. 
Detectors of this type, by way of example, are particularly suited for use in computerized 

15 x-ray axial tomography systems. 15 
The parallel plate electrodes of the above-described detector array operate in close 

proximity at relatively large potential difference. Mechanical vibration transmitted to the 
plates may, therefore, significantly vary the capacitance between electrodes and thus 
introduce microphonic current changes which are detected in the current sensing electronics 

20 and may introduce errors into an x-ray measurement. Glass or ceramic insulators, which are 20 
commonly used for mounting electrodes in ionization chambers, tend to transmit such 
mechanical vibrations to the detector electrodes. 

Plastic resins and composite materials have been used to support and insulate electrodes 
in ionization chambers. Many dielectrics of the prior art exhibit relatively high 

25 photoconductive effects in the presence of x-ray electromagnetic energy. These photocon- 25 
ductive currents combine with the ionization current in the xenon gas to produce errors in 
the output signals of the above described detector array. 

The present invention provides an array of ionization chamber X-ray detector cells of the 
type comprising substantially parallel metal plate cathodes disposed approximately 

30 equidistant between substantially parallel metal plate anodes in an ionizable gas, and 30 
including a mounting for said parallel plate cathodes and anodes incorporating dielectric 
sheet insulators comprising a composite of silicone resin and glass fibers disposed between 
and adjacent said anodes and said cathodes whereby microphonic vibrations of said 
cathodes and said anodes are reduced and X-ray induced photocurrents between said 

35 cathodes and said anodes are substantially eliminated. 35 
The silicone resin is sufficiently elastic to dampen mechanical vibrations which would 

otherwise be transmitted along the detector array. We have, furthermore, determined that 
x-ray photoconductive currents in our silicone-glass fiber dielectric are several orders of 
magnitude less than those in other, prior art, dielectric resins. The use of silicone-glass fiber 

40 material tends, therefore, to reduce error signals originating in the dielectric insulator. 40 
The present invention will be further described by way of example only with reference to 

the accompanying drawings in which :-
Figure 1 is a top view of an ionization chamber array of the present invention; 
Figure 2 is a side view of the detector array of Figure 1; 

45 Figure 3 is a partial sectional view of the support structure utilized in the array of Figures 45 
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1 and 2. 
The above-referenced patent applications Nos. 5331/76 Serial No 1543651 and 59713/76 

Serial N o 1561174 describe an array of ionization chambers for use with x-ray tomography 
equipment and are incorporated by reference herein. The detectors comprise parallel plate 

5 electrodes supported within a mass of xenon detector gas having a pressure from 5 

approximately 10 atmospheres to approximately 50 atmospheres. X-ray photons impinging 
on the detector gas produce electron-ion pairs between the electrode plates. An electric 
potential applied between adjacent plates attracts the electrons and ions to opposite 
electrodes producing a net electric current flow between them. Electric current flow 

10 between the electrodes is thus a function of the total number of x-ray photons interacting in ^ 
the vicinity of those electrodes. The x-ray detectors of that invention operate in the 
ionization chamber region: that is, the electric current flow in a detector cell is a linear 
function o f t h e x-ray intensity in that cell; the electric field being insufficient to cause charge 
carrier multiplication. 

15 The electrodes of the above-mentioned detector array form a closely spaced parallel plate ^ 
capacitor operating at a relatively large potential difference. Mechanical vibration of the 
plates tends to vary the capacitance between them and thus to induce microphonic current 
flow in external detector circuits. This phenomenon is, in many respects, similar to the 
operation of a condenser microphone and tends to introduce significant random error 

20 currents in the output of the detector array. 2 0 

The parallel plate electrodes in the aforementioned array are supported and insulated by 
dielectric posts which may, for example, comprise glass, ceramic, or plastic resins. X-ray 
photons which impinge on the dielectric posts induce photocurrents which flow between the 
electrodes and are indistinguishable from ionization currents in the xenon gas. These 

25 photocurrents may also contribute to measurement errors which may, for example, 25 
interfere with accurate measurement and imaging of tomographic x-ray transmission data. 

Figures 1 ,2 , and 3 are an improved ionization chamber array of the present invention. A 
plurality of parallel metal plate cathodes 12 are stacked on support rods 20 between parallel 
metal anodes 10. The anodes 10 and cathodes 12 are separated by dielectric sheet insulators 

30 16 and 19 (more particularly described below) to form substantially parallel detector cells ™ 
13. Guard ring electrodes 14 are disposed in the insulators 16 and 19 between the parallel 
electrodes 10 and 12 to drain surface currents which might otherwise interfere with detector 
measurements. The anodes 10, cathodes 12, insulators 16, 19, and guard rings 14 are 
stacked on metallic support rods 20 and maintained under compression by nuts 22. Each 

35 anode 10 is electrically connected to a current sensing circuit 26 which produces an output 35 
signal proportional to the current flowing from that anode. The cathodes 12 are connected 
in parallel to the negative terminal of a potential source 28. The positive terminal of the 
potential source 28 is connected to the guard rings 14 and to the current sensing circuit 26 in 
series with the anodes 10. 

40 The insulators 16 and 19 comprise sheets of silicone resin reinforced with glass fibers. By ^ 
way of example, the insulators 16 and 19 may comprise Fiberglass (Registered Trade Mark) 
reinforced silicone resin (of NEMA grade G-7) produced by the American Cyanamid Co., 
Wayne, New Jersey. We have determined that this material is relatively insensitive to 
photocurrents induced by x-ray photons. By way of example, the photocurrents induced by 

45 an 8mR/sec, 90 KVP x-ray beam in samples of common insulators in vacuum are indicated 4 -
in Table I. 

Table I 

50 Material Voltage Photocurrent 5( 

55 

I 0.75 mm Teflon (Registered Trade 400 v 1.1 x 10™11 amp 
Mark) (poly tetrafluoroethylene) 
sheet 

II acrylic plastic rod 400 v 1.6 x 10~ u amp 

III silicone-Fiberglass (Registered 400 v x 10 13 amp 
Trade Mark) sheet (G-7) 

60 6< 
The silicone-glass fiber insulation of the present invention is, therefore, from one to two 
orders of magnitude more resistant to x-ray photoconductive effects than are common 
insulating plastics of the prior art. The dielectric is, also, relatively elastic and tends to damp 
out vibrations in the electrode plates which might otherwise contribute to the generation of 

65 microphonic currents in the detector. 6! 
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Referring particularly to Figure 2, and comparing the side view of Figure 2 with the top 
view of Figure 1, it is seen that the dielectric sheet insulators 16 and 19 extend along the 
entire length of cathodes 12 and anodes 10 substantially parallel to the direction of an 
incident x-ray beam, at the sides of the cells between the support rods 20. 

5 It is often desirable to curve detector arrays so that x-ray photons emanating from an 5 
approximate point source will enter the various cells in a direction relatively parallel to the 
detector plates. The volume of detector gas interacting with the x-ray photons and the 
efficiency of the detector array are thereby increased. The array of the present invention 
may be curved in this manner by tapering some or all of the dielectric sheets 19 to provide 

10 angular separation between adjacent bands of detector signals. The metal support rods 20 10 
may be curved to conform to the radius of the detector array and may be insulated with a 
sleeve 24 of nylon or other dielectric material. 

By way of example and to permit others to more easily practice this invention, a typical 
array comprises 127 detector cells spaced on approximately 3.7 mm centers. The individual 

15 cathode and anode plates comprise 0.05 mm thick tungsten or molybdenum. Every fourth 15 
silicone-glass fiber insulator of the array 19 is ground to a taper to produce a slight curvature 
whereby the array may be focused on a point x-ray source of the type utilized for axial x-ray 
tomography. 

The mechanical construction and silicone-glass fiber insulating material of the present 
20 invention allows the construction of ionization chamber arrays which are substantially less 20 

sensitive to microphonic and photoelectric current errors than were arrays of the prior art. 
While the invention has been described with reference to a preferred embodiment, many 

modifications and changes will readily occur to those skilled in the art. For example, the 
individual electrodes of the detector array have been described herein as cathodes and 

25 anodes. It is to be understood, however, that the polarity of the electrodes may be reversed 25 
without significantly affecting the operation of the detectors. 

WHAT WE CLAIM IS:-
1. An array of ionization chamber x-ray detector cells of the type comprising 

substantially parallel metal plate cathodes disposed approximately equi-distant between 
30 substantially parallel metal plate anodes in an ionizable gas, and including a mounting for 30 

said parallel plate cathodes and anodes incorporating dielectric sheet insulators comprising 
a composite of silicone resin and glss fibers disposed between and adjacent said anodes and 
said cathodes whereby microphonic vibrations of said cathodes and said anodes are reduced 
and x-ray induced photocurrents between said cathodes and said anodes are substantially 

35 eliminated. 35 
2. An array as claimed in claim 1 wherein said dielectric sheet insulators extend along 

the entire length of said cathodes and said anodes substantially parallel to the direction of 
an incident x-ray beam. 

3. An array as claimed in claim 1 or claim 2 wherein one or more of said dielectric sheet 
40 insulators taper in a plane substantially parallel to an incident x-ray beam whereby angular 40 

separation is achieved between adjacent detector cells. 
4. An array as claimed in any one of the preceding claims further comprising conductive 

guard rings disposed in said dielectric sheet insulators between said anodes and said 
cathodes and a source of electric potential connected to maintain said anodes and said 

45 guard electrodes at a first potential, with respect to said cathodes, whereby electrons and 45 
ions generated between said cathodes and said anodes are attracted thereto and leakage 
currents in said insulators are drained to said guard electrodes. 

5. An array of ionization chamber cells as claimed in claim 1 substantially as 
hereinbefore described in the accompanying drawings. 

50 50 
J. A. BLEACH 

Agent for the Applicants. 
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