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Abstract

A new analytic approach considering both electric field and ion-pair non-uniformity has been proposed to accurately analyze the

design characteristics of an ionization chamber and to interpret measurements. It is commonly assumed that ion-pairs are generated

uniformly in the air volume, but such an assumption ignores various source and geometry conditions. The new approach was applied to

angular dependence analysis and to polarity effect assessment in an ionization chamber. For the angular dependence analysis, whole,

uniform, and non-uniform output currents were calculated as a function of the irradiation angle for an 241Am gamma-ray source. The

non-uniform output current proposed in this paper was found to be closer to the measured one. This is because the non-uniform output

current takes into account the ion-pair distribution in the air volume as well as the active volume determined by the electric field. For the

polarity effect assessment, the amount of field distortion due to potential difference and actual current difference was calculated.

Previous methods cannot appropriately estimate the variation of polarity effect because they ignore the influence of the ion-pair

distribution. The polarity effect assessment using the non-uniform output current can be more useful for obtaining the practical current

difference, because this assessment considers both the variation of active volume and the ion-pair non-uniformity according to source

conditions such as the irradiation angle and the distance. It is important to precisely calculate not only the active volume, but also the

variation in the ion-pair distribution.
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1. Introduction

Accurate simulation of an ionization chamber’s output
current aids in the analysis of design characteristics and
measurements. The output current of an ionization
chamber is directly related to the size of the active volume
and the ion-pair distribution in the air volume.

The ion-pair distribution depends mainly on the irradia-
tion source conditions, while the active volume depends on
the ionization chamber design. Former models have
ignored various source and geometry conditions. Such
assumptions need to be examined to accurately model an
ionization chamber.

This paper proposes a new analytic approach that
considers both the electric field and the ion-pair non-
uniformity. An angular dependence analysis and a polarity
effect assessment were carried out for validation.

2. Methods

When an incident radiation interacts with an ionization
chamber, the ion-pairs are not created uniformly within its
air volume, because gamma-ray energy tends to be more
actively deposited in the near wall surface than in the
center. Ions formed in the gas volume can be drawn either
to the guard ring or to the collector. The guard ring is
usually inserted between the collector and the high-voltage
electrode to intercept the leakage current. The ions
collected at the guard ring do not contribute to the output
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current of an ionization chamber. Therefore, the guard ring
design can considerably influence the total amount of
output current. Fig. 1 shows the ion drift lines based on the
electric field and the active volume of two ionization

chambers with a different guard ring design, respectively.
Based on the ion drift lines drawn to the collector, the size
of the active volume was determined. Its area is indicated
with a black solid border. Note that the guard ring of
Type-B ionization chamber is inserted deeper into the gas
volume. MAXWELLs and Garfield programs, long used
in gas detector design, were employed to render the
electron/ion drift lines in the air volume [1].
Through the assessment of ion drift lines, the active

volume can be quantitatively calculated. The Monte Carlo
codes MCNP5 and EGSnrc were used to calculate the ion-
pair distribution in the gas volume. The gas volume was
divided into many small cells and their absorbed doses
were calculated. The number of ion-pairs in each cell was
calculated by dividing the absorbed dose by the W-value
for air.
In this study, the output current simulations were

classified into three types: whole current, uniform current,
and non-uniform current. The whole current assumes that
all ion-pairs generated in the air volume reach the
collecting electrode. Thus, the entire air volume is assumed
to be active. Uniform current considers the electric field in
order to determine active volume, but assumes uniform ion
generation in the air volume. Non-uniform current, as
presented in this paper, determines the active volume from
the electric field, and the ion-pair distribution from various
source conditions. The calculation procedures for non-
uniform output current are shown in Fig. 2.

3. Angular dependence analysis

Both calculations and measurements were performed to
investigate the output current dependence on irradiation
angle from an 241Am source, as shown in Fig. 3 [2].
The current fraction, which is the current ratio to the

whole current, was employed to examine the influence of
the ion-pair distribution. The current fractions for uniform
and non-uniform currents were defined as Funi ¼

Quni=Qwhole and Fnon ¼ Qnon=Qwhole, respectively. Fig. 4
shows the variation of current fraction in the ionization
chamber as a function of the irradiation angle.
The results demonstrate that the current fraction

calculated for non-uniform current is dependent on the
irradiation angle, while uniform current is constant.
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Fig. 1. Active volume of the ionization chambers with Types-A and -B

guard ring.

Fig. 2. Calculation procedures for non-uniform output current.
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