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(71)  We, NATIONAL RESEARCH
DEVELOPMENT CORPORATION, a
British Corporation established by Statute, of
Kingsgate House, 66—74 Victoria Street,
London, S.W.1., do hereby declare the inven-
tion for which we pray that a patent may be
granted to us, and the method by which it is to
be performed, to be particularly described in
and by the following statement: —

This invention relates to ionisation chambers,
and has one application in air-equivalent ion-
isation chambers.

In an air-equivalent ionisation chamber the
walls, which may also constitute the electrodes,
are made of a material having a2 mean atomic
number which approximates to that of the air
(approx. 7.4) which fills the chamber, so that
the response of the chamber to ionising radia-
tion approximates to that of air. Such chambers
can be used, for example, for measuring the
output of a medical x-ray source, The walls
and electrodes may be made of a plastics
material such as methyl methacrylate. As the
latter is electrically insulating a conducting
coating must be provided if they are to act as
electrodes, and this may be a thin coating of
graphite applied in colloidal form.

Graphite has atomic number 6, and it has
been found that although at high x-ray
energies, say 200 keV—1.25 MeV, this has
little effect, at lower energies the thickness
of the graphite layer can have a critical effect
on the sensitivity of the chamber. In parti-
cular it has been found difficult to produce
apparently identical chambers having the same
sensitivities at low energies, because the thick-
ness of the graphite coating becomes the critical
factor and it is difficult to make the thickness
uniform from chamber to chamber.

According to the present invention, in an
ionisation chamber whereof the active volume
contacts a surface made of electrically insulat-
ing material and having an electrically conduct-
ing material on said surface, the conducting
material is arranged as a pattern of lines, which
lines occupy only a small proportion of the
area of said surface.

In one form of the invention an air-equi-
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valent chamber of flat cylindrical shape is
formed by two discs of methyl methacrylate
spaced on either side of a third disc of the
same material. The first two discs carry the
polarising electrodes of the chamber, and the
third disc carries the collector electrode of the
chamber. In one embodiment of the invention
both surfaces of the third disc, and the inner
surfaces of the first two, are provided with a
pattern of thin concentric and radial conduct-
ing lines which intersect in the manner of a
spider’s web and to which the usual electrical
connections are made. The conducting lines
may be formed, for example, by engraving the
patterns on the surfaces with a sharp instru-
ment and filling the engraved lines with a con-
ducting material such as colloidal graphite, but
other methods of applying the pattern may
be used.

It is found, surprisingly, that the small con-
ducting areas provided by the lines are suffi~
cient to polarise the chamber to saturation and
to collect all the current produced by ionisation.

As the thin lines occupy only a small pro-
portion of the electrode surface area, for
example 6%, it follows that any variations in
sensitivity between chambers resulting from
non-uniformity of the thickness of the con-
ducting material can only arise from this small
proportion of the surface, and hence any such
variations are correspondingly small.

Electrical contact may be made to the
pattern of lines by means of a conducting coat-
ing applied to the surface outside the pattern
of lines and in contact therewith. This con-
ducting coating should not form part of a
surface bounding the active volume of the
chamber, otherwise part of the advantage of
the invention is lost.

Although particularly applicable to air-
equivalent chambers, the invention is applic-
able to other ionisation chambers whose walls
are made of insulating material, for example
tissue-equivalent chambers, Nor need the
chamber have flat cylindrical geometry.

To enable the nature of the present inven-
tion to be more readily understood, an embodi-
ment of the invention will now be described
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by way of example and with reference to the
accompanying drawings wherein:

Figure 1 is a diametral sectional elevation
of an jonisation chamber embodying the
present invention,

Figure 2 is a plan view of either polarising
electrode of Figure 1 showing the conductor
pattern, and

Figure 3 is a schematic circuit diagram
showing the electrical comnections to the
chamber of Figure 1.

Referring to Figure 1, an air-equivalent
ionisation chamber comprises two methyl
methacrylate discs 1 and 2, secured to opposite
ends of a flat cylindrical aluminium casing 3.
A third methyl methacrylate disc 4 is equi-
spaced between discs 1 and 2 by means of
rings 5, 6, 7 and 8 of the same material, the
disc 4 being clamped in an annular recess
formed between rings 6 and 7. Compressible
O-rings 9 ensure rigidity of the assembly.
Protective polythene rings 10 are fitted to each
end of the chamber. Casing 3 is provided with
a filtered vent 11 which allows atmospheric
air to enter the chamber, as rings 5—8 do not
form a perfect seal.

The two volumes 12 and 13 defined between
discs 1 and 4 and 2 and 4 respectively con-
stitute the active volume of the chamber. It
will be seen that all walls of the active volume
are thus made of methyl methacrylate.

Disc 4 constitutes the collector electrode
and the inner surfaces of discs 1 and 2 con-
stitute the polarising electrodes of the chamber.
In accordance with invention electrically con-
ducting coatings are provided on both sur-
faces of disc 4 and on the inner surfaces of
discs 1 and 2 of the form shown in Figure 2.
Figure 2 shows disc 1 or 2, but the spider’s
web-like pattern of lines 14 thereon is repeated
on both surfaces of disc 4, In the present
embodiment the pattern comprises eight con-
centric circles having diameters increasing by
1 cm to 8 cm, together with the radial lines
shown. The lines are formed by engraving
with a sharp instrument to form approximately
V-shaped grooves about 0.25 mm wide and
0.25 min deep which are filled with colloidal
graphite. Electrical contact is made to the
pattern 14 by an annular graphite coating 15
which contacts the outer concentric circle of
the line pattern. The resistance from the
centre ring to the coating 15 is about 100
kohm, but this value is not critical, nor is the
pattern of lines. Suitable line patterns are
readily found by simple experiment.

As will be seen in Figure 1, the coatings 15
on discs 1 and 2 are in electrical contact with
the casing 3. The corresponding, though
narrower, coatings 15 on disc 4 are connected
via a stud 16 and wire 17 to the central pin
of a tri-axial plug 18 whose ouier case is
mounted on casing 3. A guard-ring is provided
between the polarising electrodes 1 and 2 and
the collector electrode 4 by graphite coatings

19 on the abutting surfaces of rings 5 and 6,
and 7 and 8 respectively, in association with
the annular recesses 20 formed between these
pairs of rings. Any leakage current from discs,
1 and 2 across the surfaces of rings 5 and 8
flows to the coatings 19. The latter are con-
nected by studs 21 and wires 22 to the inter-
mediate contact of plug 18.

Figure 1 is approximately to scale. The discs
1 and 2 are about 11.4 cm in diameter and
4 mm thick, and the disc 4 about 1 mm thick.
The diameter of the active volume of the
chamber is about 7.6 cm and the spacing
between each disc 1 and 2 and disc 4 is about
1.2 cm to give a total active volume (12 plus
13) of about 108 cc.

Referring now to Figure 3, the ionisation
chamber is connected by a tri-axial cable 23
to a metal case 24 which contains the associ-
ated eclectronic circuitry. The conducting
patterns on discs 1 and 2 (the polarising elec-
trodesy are coanected by the outer conductor
of cable 23 directly to case 24. Disc 4 (the
collector electrode) is connected by the inner-
most conductor to the input terminal of a con-
ventional resistor-feedback operational ampli-
fier 25 whose output is displayed on a meter
26. Amplifier 25 is contained in a metal
screening box 27 to which the guard rings 19
(via the intermediate conductor of the cable)
and the “earthy” amplifier input terminal are
connected. The polarising voltage for the
chamber is provided by a DC-to-DC con-
verter unit 28 which maintains the box 27, and
hence amplifier 25 and disc 4, at a positive
potential of +150 V with respect 1o case 24
and discs 1 and 2. Converter 28 is supplied
from a mains-driven power supply unit 29
which also powers amplifier 23.

In the described chamber it is estimated
that the lines 14 occupy only about 6% of the
total surface enclosing the active volume of
the chamber. The responses and sensitivities
of such chambers are found to be substantially
identical, from chamber to chambez, for x-rays
between 68 keV and 1.25 MeV, and at 32
keV are within 5% of one another.

WHAT WE CLAIM IS:—

1. An ionisation chamber the active volume
of which contacts a surface made of electrically
insulating material and which has an electric-
ally conducting material on said surface, the
conducting material being arranged as a pattern
of lines, which lines occupy only a small pro-
portion of the area of said surface.

2. An jonisation chamber as claimed in
Claim 1 and comprising two spaced apart
discs of insulating material and having a third
disc of the same material mounted between
them and insulated from them, the first two
discs carrying the polarising electrodes of the
chamber and the third disc carrying the
collector electrode of the chamber.

3. An ionisation chamber as claimed in
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Claim 2 in which the three discs are made of
methyl methacrylate.

4. An ionisation chamber as claimed in either
Claim 2 or Claim 3 wherein both surfaces of
the third disc and the inner surface of the other
two discs are provided with patterns of thin
concentric and radial conducting lines to which
the usual electrical connections can be made.

5. An ionisation chamber as claimed in
Claim 4 wherein the conducting lines are
formed by engraving the patterns on the sur-
faces with a sharp instrument and filling the
engraved lines with a conducting material.

6. An ionisation chamber as claimed in any
one of the preceding claims wherein the con-
ducting material is colloidal graphite.

7. An ionisation chamber substantially as
hereinbefore described with reference to and
as shown in the accompanying drawings.

I. A. R. MACKENZIE,
Chartered Patent Agent,
Agent for the Applicants.

Printed for Her Majesty’s Stationery Office, by the Courier Press, Leamington Spa, 1974.
Published by The Patent Office, 25 Southampton Buildings, London, WC2A 1AV, from
which copies may be obtained.
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