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Introduction 
Irradiation by gamma rays гаи produce a charge deposition near the interface of ma

terials of different atomic nuinhrr(Z). The deposition of charge can cause high induced 
voltages if one of the materials is an insulator. This effert can be in the kilovolt range 
under conditions using the better insulators. For rxample, irradiation of a plate of a 
low-Z insulator which is much thinner than the absorption length of the gamma rays 
but thicker than the maximum range of the electrons produced within it by gamma rays 
will produce a current of photo- and Omipton elections which runs in the direction of 
the incident radiation beam. When a piTturbatiug layer of liigher-2 material is placed 
perpendicular to the beam, within the insulator, a space charge will be produced on 
both sides of the higher-Z layer within the insulator. Th accumulation of space charge 
near the per turba t ing layer continues with increasing гике until limited by radiation-
induced conductivity or breakdown of the insulator. The phenomena and regulations 
of charge deposition in higher atomic number materials placed within an insulator and 
irradiated were studied by S.Kronen bergl 'Uin Slieiigrcnl'3-''! and othersl5"12). In this 
paper , the characteristics of non-power detectors with different thicknesses of the di
electric and induction body and different ratios of two sided capacitances, based on 
principle described above, are further studied. 

Experiments and Measurements: 
The s t ructure of an I-type parallel-plate non-power detector is shown in Fig 1. The 

I-type parallel-plate non-power detector consists of: a) a internal electrode of a higher-Z 
material such as Aluminium; b) a dielectric such as polyester film; c) a conducting layer 
such as Carbon which forms the capacitor together with the internal electrode and the 
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dielectric; d) an induction body of a low-Z material such as polythene which produces 
photo- and Compton electrons when irradiated; e) a outer shell which is connected to 
the conducting layer; and f) a measuring hole which is as small as possible. The thick
nesses of the internal electrode, the dielectric, the conducting layer, the induction body 
and the outer shell of the I-type parallel-plate non-power detector were 0.4 mm, 20 /im, 
10 /лп, 1.8 mm and 0.2 mm, respectively. The left-side capacitance of a parallel-plate 
non-power detector is C| ( see Fig. 1 ) which consists of the left-side conducting layer 
and the internal electrode. The right-side capacitance is Сг- The Ci and Cj of I-type 
( common type ) detectors are equal because the two sided Carbon-conducting-layer 
areas of i-type detectors are equal. 
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Figure 1 The structure of a 
parallel-plate non-power detector. 

Figure 2 The plane schematic 
of the experiment. 

The gamma ray source used for the measurements is a vertically-placed column-type 
eoCo source with an irradiation rate at 0.1432 (C.kg~'.s~'). The plane schematic of 
the experiments is illustrated in Fig.2. Charge densities per unit area (Coulomb/cm2) 
induced in the internal electrode by gamma rays were measured with a high input-
resistance electrometer (FJ-256, made in China). Time was less than 1 minute from 
the stop of irradiation to the start of measurements with the electrometer. The mea
surement uncertainty is much less than ±10%, consisting of the inherent detector errors 
and errors of the measuring system. 

Results and Discussions 
Based on the I-type parallel-plate non-power detector, the right-side capacitance Сг 

of the detector ( see Fig.l ) will be changed when only the right-side Carbon conduct
ing layer area is changed and other conditions are not changed. Some parallel-plate 
non-power detectors with a different capacitance Cj have been made according to the 
following ratios of the two sided capacitances of a parallel-plate non-power detector 

К = C2 /C, = 0, 1/3, 1/2, 2/3 and 1. 
The charge densities induced in the internal electrodes of detectors were measured as 
a function of the ratio of the two sided capacitances. Detectors were placed 1.3 m 
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from the gamma-ray source and irradiated at a dose of 20 (Gy). The gamma rays 
were from the left ( towards Ci, see Fig.l ) and the right ( towards C2 ) of detectors, 
respectively. The experimental results are shown in Fig.3. It can be seen from Fig.3 
that the polarities of charges deposited in the internal electrodes of the detectors are all 
positive for irradiation incident from the left ( towards Ci ), but the polarity of charges 
deposited in the internal electrode reveises for irradiation incident from the right ( to
wards С? ) when К is between 2/3 and 1. The charge density deposited in the internal 
electrode of the detector when K=0 is the plus or minus maximum value for the two 
cases ( towards Ci or Cj ). It means that the charge density deposited in the internal 
electrode of a detector is maximum when there is no Carbon conducting layer on the 
left of the detector ( see Fig.l ). The experimental results have proven that a Carbon 
conducting layer stops the transference of photo- and Compton electrons produced in 
induction body. This effect is dependent on the atomic number (Z) of a conducting layer. 
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Figure 3 The charge density 
with different capacitance ratios. 

Figure 4 The charge density with 
different thicknesses of the dielectric. 

In order to study the influence of dielectric thickness on the charge density deposited 
in the internal electrode of a detector, some parallel-plate non-power detectors with dif
ferent dielectric thickness have been made, based on the I-type detector. The dielectric 
thicknesses were 20 /im, 25 /im, 30 /an, 35 /jm and 40 /xm, respectively. Detectors were 
irradiated at a distance of 1.2 m from the source. The results of these measurements, 
which appear in Fig.4, show that the charge density deposited in the internal electrode 
of the detector, for which the dielectric thickness is 35 /im or more, reaches saturation 
at about 50 (Gy). The charge density deposited in the internal electrode of the detector, 
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for which the dielectric thickness is 20 fim, goes up steadily with increasing irradiation 
dose, and the linearity of the curve is much better. However, the dielectric thickness of 
the detector is too thin to ensure its insulating strength. The experiment indicates that 
the dielectric thickness must be thicker than 15 pm. 
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Figure 5 The charge density with different thicknesses of the induction body. 

To investigate the relationship of the charge density deposited in the internal elec
trode and the thickness of the induction body of a detector, which structure is shown in 
Fig.l, several parallel-plate non-power detectors with different thicknesses of induction 
body have been made, based on the I-type detector. The thicknesses of inducton bodies 
were 1.8 mm, 3.0 mm, 5.0 mm and 8.0 mm, respectively. Detectors were placed 2.8 
m from the source and irradiated at a dose of 13.2 (Gy) each time. The experimental 
results, which appear in Fig.5, indicate that the thinner the induction body of the detec
tor, the more linear the curve, and the larger the changing gradient. In other words, the 
thicker the induction body of the detector is, the faster the charge density deposited in 
the internal electrode of the detector approaches saturation, and the smaller the chang
ing gradient of the curve is. The charge density deposited in the internal electrode of a 
detector with a thick induction body is larger in the low dose range than that deposited 
in the internal electrode of the detector with a thin induction body, but smaller than 
that deposited in the internal electrode of the detector with a thin induction body with 
an increase of irradiation dose. When the thickness of the induction body of a detector 
is equal to the maximum range of the secondary electrons produced within the poly
thene material, charges can be deposited in the internal electrode of detector and the 
charge deposition is close to linearity as a function of irradiation dose. 

Why does the thickness of the dielectric and the induction body of the detector 
have such a great influence upon the linearization of the charge deposition? It can be 
explained by "the space-charge layer". If the dielectric of a detector is too thin, the 
space-charge layer is unable to thicken because of the limit of the dielectric thickness, 
therefore the action of the space-charge layer to stop charge transference is small, and 
linearity is good. If the induction body of a detector is too thick, the probability of 
forming a space-charge layer is great becasue of the large number of secondary electrons 

produced in the induction body. 
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Conclusion 

The Carbon-conducting-layer of a parallel-plate non-power detector can prevent the 
photo- and Compton electrons produced in the induction body from transferring, and 
this is dependent on the atomic number (Z) of the conducting layer. The charge density 
deposited in the internal electrode of a detector is very sensitive to the thickness of the 
detector's dielectric and the induction body. Using these effects and properly selecting 
the materials for a detector, the measuring range or sensitivity for gamma-ray dose can 
be promoted. 
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Тин Шенжен, Ли Минфей Е13-93-390 
Изучение характеристик плоских детекторов, не требующих 
питания для измерения доз гамма-излучения 

Изготовлено несколько плоских детекторов с разными толщинами ди
электриков и разными отношениями двухсторонних емкостей, не требую
щих питания для измерения доз гамма-излучения. Изучены характеристи
ки таких детекторов с разными структурами. Приводятся и обсуждаются 
полученные результаты. Обсуждаются наилучшие условия применения и 
рабочие условия для детекторов такого типа. 

Работа выполнена в Отделе физики Северо-восточного университета, 
КНР и в Лаборатории нейтронной физики ОИЯИ. 
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Jin Shengren, Li Mingfei El3-93-390 
Characteristic Study of Non-Power Detectors 
for Measurement of Gamma-Ray Dose 

Some plate-type non-power detectors for the measurement of gamma-ray 
doses with different thicknesses of the dielectric and the induction body and 
different ratios of the two sided capacitances have been made. The charac
teristics of plate-type non-power detectors with different structures were 
stidued quantitatively. Some measurement results are given and discussed 
systematically. The best possibilities and work conditions of the plate-type 
non-power detector are discussed. 

The investigation has been performed at the Department of Physics North
eastern Normal University. P.R.China and at the Laboratory of Neutron 
Physics, JINR. 
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