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ABSTRACT: Some pancake and spherical type ionization chanbkwarious size have been
designed and fabricated for absolute air kerma mreagent in®®Co and**’Cs y-ray fields at the
Primary Standard Dosimetry Laboratory (PSDL), Nadilolnstitute of Advanced Industrial Science
& Technology (AIST), Tsukuba, Japan. Values of rebination parameters A and’gnof these
ionization chambers are obtained using a methodgsed by De Almeida and Niatel and adopted
by Boutillon. For absolute air kerma measuremerig important to obtain accurate signal currents
by correcting it for ion losses using the valuesAadnd nfg of each of the ionization chambers. It
has been observed from the measurements thatd¢bmbination parameters for pancake ionization
chamber are smaller than spherical ionization clembnd for spherical type ionization chamber
recombination parameter values depend on the diorensf the electrodes and also the size of the
chambers.
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1. INTRODUCTION

lonization chambers are used in a wide range oketima rates. Response of an ionization chamber
depends on the chamber design [1]. When absoluteeaina is measured by an ionization chamber, the
effect of incomplete charge collection has beersittared. The incomplete charge collection corredpon
to initial recombination, volume recombination awmalck diffusion of ions to electrodes. The dominant
process of ion loss is volume recombination [2]tidh recombination occurs when the positive and
negative ions formed in the track of a single iorgzparticle meet and recombine. Initial recombiovat

is an intratrack process and independent of thebeurof tracks per second i.e., of the dose ratgalln
recombination depends only on the initial ion dnsi each track and the field strength normalhe t
tracks which tends to pull the positive and negaiimns column apart. Volume recombination occurs
when the positive and negative ions formed by dbffié ionizing particles meet and recombine as they
drift towards the oppositely charged electrodesistihe amount of volume recombination increases wit
the dose rate. Diffusion loss is due to the badfusion of positive and negative ions to anode and
cathode respectively.

In the present work, ion losses due to volume rdxoation, initial recombination and back diffusitor

four spherical type and two pancake type ionizatbambers are obtained using a method proposed by
De Almeida and Niatel [3] and adopted by Boutillgh. In this method all the ion losses are obtained
simultaneously by measuring the signal currentifgrent applied voltages in different air kernageas.

2. BASIC EQUATIONS

At near saturation i.e., when the ion losses duedombination and diffusion are small, the ragoneen
the saturation curreritg and the ionization currehj measured at an applied voltagecan be obtained
by the eqn. (neglecting the terms of higher order)

I/l, =1+ AV +m?(g/V2)Ig . )
with
m*=af(ek,k) .. )
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whereA is constant for a particular chamhbewolved in the initial recombination and back dsfon,
m®g is also constant for a particular chamber involivethe volume recombination procegss a factor
which depends on the chamber geometryjs the volume recombination coefficient under ammus
irradiation, e is the charge per ionk, and k_are the mobility of the positive and negative ions
respectively.

The first variable term on the right-hand side @fi.e(1) describes the loss of ions by initial rebomation
and diffusion and the second variable term dessrithee volume recombination loss. So, volume
recombination loss depends on applied voltag&kesina rates and the chamber geometry fagtor

If V in egn. (1) is replaced by the lower voltde, a similar expression is obtained for the signal
currentl,, .. Heren is an arbitrary value larger than 1.

Now dividing this egn. by the eqn. (1) we may getdlecting the higher order terms)
/1y =1+ (N-)AN +(n2-2mE(gNV2), 3)

Currentsl, and |, are measured at several different air kerma matesthen the values df, /I,

are plotted as a function bf. The applied voltage must be high enough to enkigte ion collection
efficiency over the whole range of measured custent

For an ideal parallel plate ionization chamber thetor g is given byg :d4/6, whered is the

separation between the parallel electrodes. Andhfioideal spherical ionization chamber in whichhbot
the outer electrode and the central electrodepdrerical shape of radii, b respectively

o [(a - b6)KSph ‘

with

Kan = E (a/b+1+ b/a)r

However, in the present case of the fabricatedzadiin chambers, the chambers are not ideal one and
thus it is not possible to obtain the valugydfom the above expressions.

3. IONIZATON CHAMBERSAND MEASUREMENTS

The spherical and pancake ionization chambers meade of Poco graphite (density 1.82 g¥mnd was
constructed at the Primary Standard Dosimetry Latooy (PSDL), AIST, Tsukuba, Japan. dnder to
measure the ion loss within each of the ionizatbambers signal currents are measure¥Go y-ray
field for S7A, S60A, S900A, P9A and P60A ionizaticiambers and for S60B tWCsy-ray field. The
walls of chamber S60B is thick enough for electtaquilibrium in**’Csy-ray and not ir{°Coy-rays.

The applied voltage¥ andV/n are 1000, 500, 200,100V for S7A; 1000, 600, 3@m), 2L00V for

S60A and S60B; 1000, 600, 400, 300V for S900A; 41, 100, 50V for P9A and 700, 300, 100, 30,
10V for P60A ionization chambers. Air kerma rates &aried by placing Cu plates with the total
thickness ranging from 6 to 60 mm or by tungsten @igk of 25 mm thickness at the collimator of the
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®Co source or by an iron disk placed at the collonatf the*'Cs y-ray source. The measured signal
current is corrected for the temperature 295.1%d @essure 101.325 kPa, but no correction is rfade
the dependence of the signal current on humidiiy. bimidity ranged from 38% to 44% during the
measurement of ionization current from all the iedited ionization chambers at different applied
voltages. Signal current is measured at least ttimess for a particular applied voltage in eachapty.
Therefore, for a particular value of applied vo#tatpere are six values of ionization currents ahbo
polarities. Average of the absolute value of tlgnai currents measured at both polarities of th@ieg
voltage is used as the signal current in ordebtain the effect of ion losses within the chamber.

4. RESULTSAND DISCUSSIONS

Fig. 1 shows variation of the signal current rakip/ |,,,, with |,, obtained for the ionization chamber
S60A. The value oA is obtained from the intercept on the y-axis lgy/lthes fitted to the plotted data and
the volume recombination facten®g is obtained from the slope of the lines. Tablédves the values of

A and m*g for the SB0A ionization chamber at different agglivoltages. It is observed from the results
that the values oh and m?g for a particular ionization chamber are scatténeal relatively wide range.

One of the reasons is that the valueA @hd m?g is not constant for a particular chamber. Thus\gba

depending on the lifetime of ions [5], i.e. andoaldepend on the applied voltage of the ionization
chamber. Another important reason for such scatjes that these values have been obtained frogn ver
small differences of signal currents measuredffgrdint applied voltages and different air kernmasa

Voltages for /1, 1
1: 1000/150
1.03&1 5. 600/150
1 3:300/150
1.025  4:1000/200 3
B {  5:600/200
_> 1.020 6: 200/150
> | 7:300/200 4
g 10 8: 1000/300 5
£ 1015 9:600/300 6
o 1 10: 1000/60
5 1.016 7
) ] 8
9
1.005;
’_-_,_./I/—’F/—’.’_I 10
1.0006

0.00E+000 3.00E-010 6.00E-010 9.00E-010 1.20E-009
I, (A)

Fig. 1: Ratios of the signal currents measuredftrdnt applied voltages for the S60A
lonization Chamber are shown as a function of tiveemit measured for higher applied voltages

In order to observe the dependence of ion loss thithchamber size of spherical chamber, a spherical
ionization chamber of volum¥; with the spherical wall outer radiasand collector radiub as shown in
Fig. 2 is considered.

If Vis the applied voltage to the chamber then at @nligr from the center of the chamber the electric
field strengthg, is

103



Afia Begum & Nobuhisa Takata Recombination parameters of ionization chambers

Er :2#
r@/b-1/a)

Table 1: Values ofA andn?g for S60A ionization chamber

\ Vin 1y /2
(Volt) (Volt) AV) g (s C'V9)
600 0.48%0.187 (6.05720.985)E+11
1000 300 0.609+0.039 (5.04240.126)E+11
200 0.605+0.029 (5.082+0.068)E+11
10¢ 0.5660.03 (5.171+0.068)E+1
300 0.6620.078 (4.82520 218)E+11
600 20¢ 0.63+0.05" (5.00240.107)E+1
100 0.578+0.057 (5.132+0.096)E+11
200 200 0.594%0.033 (5.11120.056)E+11
100 0.534+0.046 (5.20740.065)E+11
200 100 0.474%0.070 (5.271%0.086)E+11

Table 2: Average values ok andn¥g for various ionization chambers

lonization chamber | Cavity volume

type (model) (cm?) A(V) g (s CV?)
Spherical S7, 7.24 0.526+0.01: (2.658+0.025)E+1
Spherical S60A 65.10 0.587+0.028 (5.136+0.053)E+11
Spherical S60 65.1( 0.655+0.01 (5.35540.147)E+1
Spherical S900A 899.68 1.259+0.087 (1.158+0.091FE+1
Pancake P9 8.9C 0.259+0.00. (7.759+2.130)E+
Pancake P60A 60.70 0.107+0.001 (1.838+0.082)E+8

The average electric field strengfy,, within the chamber volume is considered as thetritefield
strength varies with the distancefrom the center of the
spherical chamber.

The average field strengH,, within the spherical volume
of the chamber is

a 2
I R (A'T[(a3—b3)j
br<@l/b-1/a)

‘

_ 4vab adr/("rﬂ(as_bs)) . _3abv.
(@’ -b%)

If b<<a, then neglecting® in the denominator
Figure 2: Cross-sectional view of the

3V spherical ionization chamber

E

ava 2

a

104



Bangladesh Journal of Medical Physics Vol. 4, No.1, 2011

As the initial recombination loss is inversely podjonal to the electric field strength and volume
recombination loss is inversely proportional to Hugiare of the electric field strength, both ihitad
volume recombination loss depend on the ratio efditer and inner electrode radii and also the afize
the spherical ionization chamber. Again since ayeralectric field strength within the spherical
ionization chamber becomes smaller for larger d@ization chambers, the initial and volume
recombination loss become larger for larger sizeegpal ionization chambers.

lons are lost by back diffusion if they are prodiiaeear the vicinity of the electrode where the
electrostatic potential difference from the eledérgs less thakiT /e, wheree is the elementary charde,

the Boltzmann constant afdthe absolute temperature of air within the cham8erce the electric field
strength near the central electrode is high, a&saltrthe diffusion loss is negligible there, wa ceglect

the diffusion loss at the central electrode. Se,lick diffusion loss takes place mainly at théaser of

the outer electrode of the chamber.

The electric field strength at the outer electrofithe spherical chambé, is given by

E = \% _ abV _ bV
° a’(l/b-1/a) a’*(a-b) a(a-b)

Since for spherical ionization chamber, diffusiarsd is inversely proportional to the electric field
strength at the outer electroBigand the surface area of the outer electrode. Thé&s due to diffusion
compared to the total ion-pairs produced withinithtezation volume is proportional to

- 3 _ 3
a(a-b) 47a2/(4n(a3—b3)j _ 3a (? bg _ 23a :
bV 3 V(@ -b®)  bv(a?+ab+b?)

If b<<a thenit becomegji
bv

Therefore, ion loss due to diffusion compared ®tthtal ion pairs produced in the ionization voluafe
the chamber also depends on the ratio between utexr and inner electrode radii of the spherical
ionization chamber.

The average values Afandnrg for different ionization chambers are shown in [€abare obtained from
the values ofA and ng at different applied voltages andvalues by weighing with the inverse of
uncertainties of the results. It can be observerhfthe table that the values Afandnrg are larger for
larger volume spherical ionization chambers, vizthe order of S7A, S60A(B), and S900A. The reason
for the increase of these values is expected dtigetdifferences in the ratio between the outectedde
radius and the collector electrode radius (whiokr 42/1=12 for S7A, 25/2.5=10 for S60A (B), and
60/6=10 for S900A); and the outer electrode radfuthie applied voltages to all these sphericahabers

are same then the diffusion loss in S7A is gretiten that of other spherical chambers such as S60A,
S60B and S900A and the ion loss due to diffusiosdme for S60A, S60B and S900A ionization
chambers.

Since for larger volume spherical chamber theahitcombination loss is larger, so if the appliettage

to all these chambers S60A, S60B and S900A are shemethe initial recombination loss in S900A
ionization chamber is larger than S60A(B) ionizatithambers. For this reason it has been seen from
Table 2 that the value @éffor SO900A is larger than that of the other spta@rtiambers S60A and S60B.
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Separation distance between the electrodes of kanaaization chambers P9A and P60A are very small
which are (4.8-0.3)/2 = 2.25 mm and (8-0.3)/2 =53m8m respectively. In the case of POA lonization
Chamber, the uncertainty in the measurement ofmbatwation parameter is large. This is due to very
small loss of signal currents from the chamberthi@ case of pancake ionization chambers, both the
values forA andnrg are larger for the smaller chamber P9A than ferléinger chamber P60A. This may
be due to large ion losses at the corners of thization volume where the electric field strengsh i
relatively small. The percentage of the corner nwus larger for the smaller ionization chamberAP9
than that for the larger chamber P60A.

5. CONCLUSIONS

From the results it is observed that for sphertgpk ionization chambers recombination parameters
depend on the dimensions of the electrodes and thlsosize of the chambers. The values of
recombination parametess and nfg for pancake chambers are larger for smaller charabd it is
smaller than that for spherical chambers.
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