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€) The chamber contains a first and a second measuring
electrode and a third electrode. The first measuring elec-
trode is essentially a first fiat ring portion. The second
measuring electrode comprises an inner circular area to the
periphery of which a second flat ring portion adjoins in an
electrically conducting manner. The first and the second
measuring electrodes are arranged in a first plane. The first
.and the second ring portion are combined approximately
360°. The third electrode is arranged in a second plane

N parallel to and spaced from the first plane. When ionizing
radiation (X-rays, electrons) enters the space between the
first and second measuring electrodes on the one side and
the third electrode on the other side, electrical signals will
be derived from said respective first and second electrode.
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EBACKGROUND OF THE INVENTIO

1. Field of the Invengigg

The present invention relates to a dose monitor chamber
for radiation. In particular, this invention relates to
a dose monitor chamber for electrons or X-rays, prefera-

bly for use in or in conjunction with a linear accelera-
tor.

2. Description of the Prior Art

U.S. Patent No. 4,131,799 discloses a dose monitor chamber
or ionization chamber which is employed to monitor the
radiation exiting from a particle accelerator. Of interest
is not only the totally emitted radiation intensity but
also the (uniform or irregular) distribution of the radi-
ation within the emitted radiation cone. The known
monitor chamber detects all kinds of nonhomogeneities

of the dose rate. In particular, it is applicable for
determining asymmetries as well as changes of electron

or X-ray distribution. The ionization chamber according

to the prior art comprises essentially a first electrode
arrancement in a first plane and a second electrode ar-
rancement located in a second plane parallel to the first
plane. The first arrancgement contains a round central
plate which functions &s an electrode and which is sur-
rounded by four further plates. These plates are in-

sulated from each other zné are symmetrically asrranced

0

with respect to the central plate. They also serve as
electrodes. The ionization chamber further comprises
a spacing ring for keeping the second arrangement of

electrodes in a plane parallel to the first arrangowent,
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thereby forming a first charmber. The second electrode
arrangement is a round plate which is supplied by a high
voltage. The current derived from the individual measur-
ing electrodes is prbportional to the dose rate received
in the corresponding measuring volume. To the ionization
chamber is connected a second chamber, where the totally

received dose rate is measured.

In such a dose monitor chamber having a multi-electrode
system the problem arises that a plurality of electric
signals must be conducted out of the chamber (s) without
electrical interference and then must be processed.
This means that a comparatively large number of pream-
plifiers and of subseguent electronic components is
necessary. Furthermore, cables and insulated boxes or

openings for the electric wires are required in corre-

- sponding number. It is apparent that such a dose monitor

chamber having a multi-electrode system is expensive and

presents a complicated mechanical construction.
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SUMMARY OF THE INVENTION

1. Objects

It is an object of this invention to provide a dcse

monitor chamber for the identification of signal asymme-
tries and nonhomogeneities, such monitor chamber having

a high resolution and a simple design.

It is another object of this invention to provide a dose
monitor chamber wherein the number of electronic compo-
nents which are necessary to determine a signal indica-
tive of radiation asymmetry and/or a signal indicative

of radiation nonhomogeneity is reduced.

It is still another object of this invention to provide
a dose monitor chamber wherein the number of terminals
connected to the measuring electrodes and leading out of
the chamber is reduced.

It is still another object of this invention to provide
a dose monitor chamber for electrons or X-rays, whereiln
relatively large individual signals can be obtained from
the individual measuring electrodes so that the signal-

to-noise relationship is reduced.

2. Summary

hccording to the invention a dose monitor chamber com-
prises a first and a second measuring electrode. The
first measuring electrode is essentially a first ring
portion which at its circumference extends from 0° to
approximately 180°, in particular a little less than

180° or a little more than 180°. The second measuring
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electrode is located in the same plane a2s the first meas-
uring electrode. It comprises a full inner circular area
to the periphery of which a second ring portion adjoins
in an electrically conducting manner. The first ring
portion and the second ring portion are electrically
separated from one another at their facing ends. 8Simi-
larly, the inner rim of the first ring portion is
electrically separated form the rim of the inner circular
area. In other words, the measuring electrodes are
electrically insulated from each other by a given dis-
tance. The construction is such that the first and the

second ring portion combined are approximately 360°.

The measuring electrodes are preferably thin electrically

conductive layers affixed to an insulating material.

With such a dose monitor chamber two electrical signals
can be obtained. One signal is detected by the first
measuring electrode, and the other signal is detected

by the second measuring electrode.

For the purpose of producing a symmetry signal, both
electrode signals are weighted and then compared with
each other in a comparator. If radiation symmetry pre-

vails, the weighted electrode signals will be egqual.

In order to obtain a flatness signal there is the fol-

lowing possibility: The sum of both electrode sicnals

as well as their wéighted difference are formed. 1In

a comparator (e.g. difference amplifier) the sum signal
and the difference signal are compared to each other.

The output signal of this comparator yields informaticn
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about the radiation homogeneity and can thus be addressed
as a substantially flat or homogeneity signal. A change
of the homogeneity signal indicates a change of the radi-
ation homoéeneity.' In most cases it is also an indica-
tion that the energy of the linear accelerator has
changed. When there is homogeneity, the weighted input
signals of the comparator are equal.

It is especially advantageous when each of the areas of
the first and of the second ring portion is half the

area of the inner circular area. Conseguently, in case
of symmetry and homogeneity, one electrode signal is
smaller than the other by a factor of 3. This imbalance
can be adjusted by weighting during the processing of the
signals.

According to further embodiments, the first ring portion
of the first measuring electrode may extend from 0° to
approximately 160°; j.e. a little less than 180°, or it
may extend from 0° to approximately 200°, i.e. a little
more than 1B0°. Thus, also asymmetries can be detected
in a radial axis which passes along the facing edges of
both ring portions. In designs actually implemented
values of 157.5° and 202.5°, respectively, have been
applied.

As in the prior art, the distance between the first and
the second measuring electrodes is chosen in accorcance
with the applied voltage and with the insulating ability

of the applied insulating material.

In comparison with the ionization chamber available in

the prior art (U.S. Patent No. 4,131,799), the following
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advantages have been achieved: The individual signals
derived from the individual measuring electrodes are
larger 6win§ to the larger areas of the measuring elec-
trodes. The signal resolution, however, r:iains the
same. Furthermore, only two measuring electrodes are
required, and only two signal channels are necessary for
processing the electrode signals derived therefrom. 2As
a result there is a significant reduction of terminals,
connection leads and components. Thus, the construction
of an ionization chamber according to this invention is

simplified thereby reducing costs of production.

The foregoing and other objects,rfeatures and advantages
of the invention will be apparent from the following uore
particular description of preferred embodiments of the

invention, as illustrated in the accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

Fig. 1 is a diagram of an even and several uneven inten-

sity distributions of radiation of a linear accelerator;

Fig. 2 is a cross-sectional exploded view of an ioniza-

tion chamber according to the invention;

Fig. 3 is a plan view of a two-electrode arrangement in

an ionization chamber according to the invention;

Fig. 4 is a processing circuitry for the electrode signal

derived from the two-electrode arrangement; and

Fig. 5 is a plan view of another two-electrode arrange-

ment according to the invention.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

With reference to Fig. 1, the distribution of the radia-
tion intensity or dose rate I is platted in a direction r
across to the central beam of a linear accelerator. The
radiation can be electron or X-ray radiation. The loca-
tions +R and -R indicate the points of the strongest rise
of intensity I and concurrently roughly the radius of the

ionization chamber illustrated in Fig. 2.

In the adjusted state of the linear accelerator a regular
or even distribution of intensity I is attained, which is
represented by the curve g in Fig. 1. 1In all other cases
an uneven or irregular distribution of intensity I is ob-
tained. The curve a shows, for instance, an asymmetrical
distribution. In this curve a the intensities in the
outer areas, that is close to the locations +R, -R, are
of differing size...As a further example, the curve il
shows a nonhomogeneous intensity distribution whereby a
certain symmetry prevails and whereby the intensity in
the region of the central beam (r=0) is higher than in
the outer regions (+R, -R). In contrast thereto, the
curve i2 shows a nonhomogeneity, whereby the intensity

in the region of the central beam (r=0) is smaller than
in the outer regions (4R, —-R). Here again the distri-
bution of the intensity I is symmetrical with respect to

the central beam at r=0.

In a linear accelerator there may occur still other ir-
regular curve patterns, (that is, patterns deviating
from the curve g), especially mixed forms of the curves

a, il and i2. In a linear accelerator it is of primary
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concern to determine deviations from the curve g with
respect to symmetry and flatness guickly and effectiﬁely
and subseguently to introduce countermeasures. With the -
ionization chamber shown in Figs. 2 - 4 asymme£}ies and
nonhomogeneities in the radiation of a linear accelerator
can be detected quickly, accurately and easily.

According to Figs. 2 and 3 the measuring space 4 of an
ionization chamber 2 is essentially formed by a first
electrode plate 6, a spacing ring 8 and a second electrode
plate 10. The first electrode plate 6 contains a first
circular insulating plate 12 which is provided on its
upper side with an electrically cdnductive layer 14 that
is electrically grounded. The first insulating plate 12
can be either a ceramic plate or a plastic foil. A ceram-
ic plate is preferably applicable for X-ray radiation
monitoring, and a synthetic foil is preferred for monitor-
ing or measuring electrons. The lower side of the fifstd
insulating plate 12 is provided on its outer riﬁ with én.
auxiliary electrode which acts as a protective ring 16
and which is also grounded. In the middle region of the
lower side of this first insulating plate 12 there is
located a two-electrode arrangement. As shown in detail
in Fig. 3, two flat measuring electrodes 18 and 20 are
applied here to the insulator plate 12, for instance, by

evaporation. They are both located in the same plane.

The two-electrode arrangement 18,20 has a characteristic
design. The first measuring electrode 18 is essentially
a first ring portion which extends from one face end to

the other from 0° to 202.5°. The second measuring

electrode 20 consists of a somewhat more complex struc-—
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ture. One caﬁ visualize that this second measuring
electrode 20 encompasses a full inner circular area 22
{indicated by broken lines), which is surrounded by a
second ring pértion 24, Both ring portions 18 and 24
have the same inner and outer radius. At both its ends
the second ring portion 24 is electrically separated from
the ends of the first ring portion 18 by a nonconductive
gap or separating groove 26 and 28, respectively. Simi-
larly there is an electrical separation 30 between the
rim or circumferential edges of the inner circular area
22 and the inner edge of the first ring portion 18. All "
the separations or grooves 26, 28 and 30 preferably have
the same width which may be between 1 an 2 mm. The

width depends on the voltage applied.

Both outer ring portions 18, 24 combined peripherally ex-

tend over approximately 360°. The area of the circular

disk 22 is preferably approximately as large as the area

20

of the first and second ring portions 18 or 24 combined.

From both electrodes 18 and 20 electrode signals Il and

* 12 respectively, are derived. For this purpose terminals

25

30

or contact fingers 32 and 34 are provided. The connect-
ing leads are led out perpendicular to the plane of the
surfaces 18, 20, 24, etc. The two-electrode arrangement
18, 20 is surrounded by the protecting ring 16. Open-
ings and recesses serve to guide the connection leads.
The outer circumference of both electrodes 18 and 20 is
approximately equal in size to the outer circﬁmference of

the radiation cone at the place of the ionization chamber.

Referring to the exploded view of Fig. 2 the spacing ring 8
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will be attached to the lower side of the first electrode
plate 6. On its upper and its lower side the spacing
ring 8 has an electrically conducting outer ring surface
36, 38, respectively. These rings 36 and 38 are also
grounded.

The second electrode plate 10 contains a second circular
insulating plate 40, which may be made of the same in-
sulating material as the first insulating plate 12. The
plates 12, 40 are parallel to each other. The second in-
sulating plate 40 supports on its upper side an elec-
trically conductive outer circular ring 42. This ring 42
is'electrically grounded. In the central portion of the
upper side is located a circular disk-shaped high voltage
electrode 44. This electrode 44 is provided with a volt-
age (measured against ground) which can be between 300
and 1000 volts. Thus, the high voltage electrode 44 and
the first measuring electrode 18 form a first capacitor
whose dielectric is determined by the gas located in the
space between them. At the same time the high voltage
electrode 44 and the second measuring electrode 20 form

a second capacitor whose dielectric is likewise deteimined
by the gas in the space between them. These capacitors
consitute two individual ionization chambers. The under-
side or lower end face of the second insulating plate 40
is completely covered with an electrically conducting

layer 46 which is grounded.

All the electrodes and conducting areas referenced above
can preferably be made by vaporized thin layers out of
an electrically conductive material. For X-ray radiation

nonconductors 12, 40 of aluminium oxide lined with silver
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electrodes may preferably be used. These two materials
aluminum oxide and silver afford an-airtight encapsula-"-
tion or sealing of thé‘measuring space 4. For electrons
a synthetlc or plastic film or foil nonCOnducto s 12, 40
lined with gold electrodes may preferably be éiégf With
these substances generally an airtight sealing is hard

to achieve.

It should also be mentioned that the ionization chamber
thus far described can be associated with or connected to
a second chamber which measures the total average dose

rate. -

For a determination of symmetry and/or flatness the charge
flowing from both measurement electrodes 18, 20 to ground
is being measured. This produces the two electrode sig-

nals I1 and I2 mentioned previously._ In Pig. 4 are shown

embodiments of evaluation 01rcu1ts for proce551ng both

electrode 51gnals Il and I2.

Eccording to Fig. 4 both electrode signals Il and I2 are
fed into preamplifiers 50 and 52, respectively.r The
preamplified signals may be passed on as Monitor Signal
I and Monitor Signal II, respectively, for further pro-
cessing in well known manner. The amplification factors

of the preamplifiers 50 and 52 are assumed to be the same.

The preamplified signal Il is fed into an adjustable
emplifier 53. The amplifier 53 serves for adjﬁsting
or weighting purposes such that in case of symmetry its
output signal is as large as the preamplified signal I2.

If the area of the measuring electrode 18 is approximate-
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ly one third the area of the measuring electrode 20, the
amplification factor to be chosen should be approximately
3. Both preamplified signals are sent to a comparator
54, for instance, a difference amplifier.- This compara-
tor 54 compares the size of its two input signals.
Generally this can be a difference amplifier that reacts
only after a threshold has been exceeded. At the output
of the comparator 54 a symmetry signal s is emitted. If
symmetry prevails and if the two input signals are equal
due to electronic balancing in the amplifier 53, the
symmetry signal s will be zero. If symmetry no longer
prevails, the symmetry signal s will be different from
zero.

With reference to Fig. 4, there are two ways of producing
a flatness signal hl or h2.

According to the first ﬁethod of producing a flatness
signal hl, both electrode signals Il and 12 are fed
into a summing or adding member 56 as well as into a
subtractor or subtracting member 58. Connected to the
output of the subtracting member 58 is an adjusting or
weighting amplifier 59. The summation signal (Il + I2)
and the weighted difference signal (Il - I2) will be
equal to each other in case of homogeneity or flatness.
Both signals are passed into another comparator 60.
This comparator 60 can also be a difference amplifier
to which is assigned a threshold. From the output of

this comparator 60 the flatness signal hl is derived.

Lccording to the second method of producing the flatness

signal h2 a summation signal (Il + I2) and a difference
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signal (I1 - I2) are formed in a summnation and a subtrac-

tion device 62 and 64, respectively. Subsaguently these

‘signals (I1 + I2) and (Il - I2) are subtractad fram each other in a

subtractor 66. The result corresponds to the s'ignal of
the total outer ring 18, 24. It is passed on to a com-
parator 68. The difference signal (Il - I2) corresponds

to the signal of the inner circular area 22. This dif-

ference signal (I1 - I2) is fed into an adjusting ampli-
fier 67 for weighting. The output signal of the adjust-
ing amplifier 67 is likewise fed into the comparator 68.
At the output of the comparator 68 the flatness signal
h2 is produced. If a homogeneous intensity distribution
prevails and if both input signals are equal to each

other, it will be zero.

The second method»(signalrhg) produces better resolution

-for detecting homogeneity differences than does the first

method (signal hl).

It has already been mentioned that as illustrated in
Fig. 4 the output signal of the preamplifier 50 is fed
into an adjustable amplifier 53. This adjustable am-
plifier 53 serves to adjust its output signal so that
when symmetry occurs this output signal is as large as
the output signal of the preamplifier 52. Under the as-
sumption that the inner circular plate 22 is approxi-
mately the same size as the area of the complete outer
ring 18, 24, then when symmetry occurs, the signal T1
will be approximately one third the size of the signal
I2. This means that the amplifier 53 has to amplify
the output signal of the preamplifiér 50 by approximate-
ly a factor of 3 so that its output signal is approxi-

mately the same as the output signal of the preamplifier
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52.

First it will be assumed that the symmetrical intensity
distribution g shown in Fig. 1 prevails along the line
X-X in Fig. 3. 1In this case the second measuring elec-
trode 20 issues a measuring signal I2 that is approxi-
mately three times as 1argé as the measuring signal Il
of the first measuring electrode 18. BAs a result of the
selected adjustment of.the preamplifier 53, both input
signals of the comparator 54 are the same size, and the

output signal s of the comparator 54 is zero.

Now it is assumed that the symmetrical intensity distri-

"bution a shown in Fig. 1 prevails along the line X-X in

Fig. 3. In this case the second electrode 20 will pro-
duce a smaller measuring signal I2 as compared with the
symmetrical case of the curve g. The first electrode
18, however, will produce a larger measuring signal Il
as compared with the symmetrical case of the curve g.
This is due to the increased intensity in the right area
close to the location +R. This means that the signals
at the input of the comparator 54 are no longer egual.
The input signal at the positive input of the compara-
tor 54 prevails. Therefore, the symmetry signal s no

longer equals zero; it becomes a positive value.

The same result will be obtained when the asymmetrical
curve a as a vhole is larcer or smaller than the sym-
metrical curve g. It is evident that only the inten-
sity difference between the left rim region (-R) and

the right rim region (4+R) is of any importance.
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Next it is assumed that the asymmnetrical intensity dis-
tribution of the curve a in Fig. 1 prevails aloag the
line Y-Y in Fig. 3, whereby the rim region of stronger
intensity (right rim as illustrated) lies on the second
measuring electrode 20. In this case the first measur-
ing electrode 18 provides a smaller output signal I1 as
compared with the symmetrical case of curve g, while

the second measuring electrode 20 produces a larger out-
put signal I2. In this case, therefore, the input sig-
nal at the negative input of the comparator 54 is larger
than the input signal at the positive input. Conseguent-
ly, the symmetry signal a is now negative. The polarity
(+ or - sign) of the symmerry signal s indicates in which

direction an asymmetry prevails.

It has already been mentioned that in case of homogene-
ous intensity distribution, at the inputs of the com-

parator 60 signals of egqual size prevail.

First it will be assumed that the nonhomogeneous signal
il of Fig. 1 prevails along the line X-X in Fig. 3. 1In
this case the circular disk 22 (area factor 2) receives
a larger intensity than the first ring portion 18 (area
factor 1) and the second ring portion 24. Conseguently
the measuring signal I2 has increased with respect to
the measuring signal 11 of the first electrode 18 when
compared to the case of uniform distribution of inten-
sity g. 'Consequently percentace of the output'signal of
the amplifier 59 has gained with respect to the output
signal of the addition element 56. At the inputs of
the comparator 60 the input signal which has been de-

livered by the adjustable amplifier 59 will prevail so
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that there results a negative flatness signal hl. This
is an indication that the X-ray radiation cone or the
electron beam of the linear accelerator is no longer ho-
mogeneous, | ' )

If, however, the nonhomogeneous curve i2 prevails along
the X-X axis, then a positive flatness signal hl will

be produced in correspondence with the reasons mentioned

above.

In the case of homogeneity or flatness (curve g in Fig. 1)
the second measuring signal I2 is here again larger than
the first measuring signal Il by a factor of 3. The ad-
dition of both signals Il, I2 in the addition element 62
produces a corresponding sum signal (Il + I2), while the
subtraction in the subtractor 64 produces a correspond-
ing difference signal {12 - I1). The output signals of .
the componenets 66 and 67 are equal to each other. T@is
is determined by the comparator 68. —

Now it is assumed that the nonhomogeneous curve il of

Fig. 1 prevails along the line X-X in Fig. 2. In con-

trast to the homogeneous case of the curve g, the sec-

ond measuring signal I2 has become larger in relation
to the first measuring signal Il. The output signal of
the subtractor 66 remains unchanged. Yet the output
signal of the amplifier 67 has increased. Thus a nega-
tive flatness signal h2 is delivered by the comparator
68.

In like manner a positive flatness signal h2 is pro-
duced when the intensity curve i2 prevails along the

line X¥-X in Fig. 3.
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In Fig. 5 an embodiment of the two-electrode arrangement
is shown in which the first ring portion 18 is shorter

"along its periphery than the second ring portion 24. 1In

this case also both ring portions 18, 24 combined extend
to an angle of approximately 360°. In particular, the'
sector of the first ring electrode 18 covers approxi-
mately 180°. In the illustrated example an angle of
157.5° was chosen. Thus, two radially extending separa-
tion grooves 26, 28 are located at 0° and 157.5°, re-
spectively. ‘The function of this two-electrode arrange-
ment is similar to that of Fig. 3.

While the forms of the dose monitor chamber for electron
or X-ray radiation herein described constitute preferred
embodiments of the invention, it is to be understood
that the invention is not limited to these precise

forms of assembly, and_that a variety of changes may be -
made therein without departing from the scope of the
invention. ’ ' ’
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WEAT IS CLAIMED 1IS:
1. A dose monitor chamber for X-rays or elec- -
trons, comprising in combination: "

a) a first electrode which is formed as a
portion of a first flat ring, said first

electrode being arranged in a first plane;

b) a second electrode which is formed as

a flat circular disk adjoining along its
periphery the periphery of a second flat ring,
said second electrode being arranged in said
first plane at a distance from said first
electrode, whereby said portion of said first

ring and said portion of said second ring ex-

R ~ “tend together over approximately 360°, and . .. - .

c) a third electrode arranged in a éécggdwwu
plane parallel to and spaced from said first
rlane.

2. The dose monitor chamber according to claim 1,
wherein the separation of the rims of said first and

said second electrode is consistently equal.

3. The dose monitor chamber according to claim 1,
wherein the area of said circular disk is approximately
as large as the area of said first and of said second

ring portion combined.
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4. The dose monitor chamber according to claim
1, wherein said portion of said first ring extends pe-

ripherally over a sector of more than 180°.

5. The dose monitor chamber according to claim

4, wherein said portion of said first ring extends over
a sector of more than 200°.

6. The dose monitor chamber according to claim

4, wherein said first and said second electrode form

two radially extending separaiion grboves, which are
located circumferentially at 0° and 202.5°, respectiveiy.
7. The dose monitor chamber according to claim

2, wherein said distance between said electrodes has a

value which is between 1 and 2 mm.

8. . . The dose monitor chamber according to claim 1,
wherein said portion of said first ring extends periph-

erally over a sector of less than 180°.

9. The dose monitor chamber according to claim 8,
. wherein said first ring portion extends over a sector
0of less than 160°.
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