


'Introduction .

’ Irradiation by gaxnma rays can produce a charge deposition near the interface’of
. materials of different atomic number (Z): The deposition of charge can cause high in-

duced voltages if one of the matenals is an'insulator. This effect can be in the kilovolt

range under conditions using the better insulators. For example, irradiation of a plate
of a low-Z insulator which is much thinner than the absorption length of gamma rays
but thicker than the maximum range of the electrons produced within it by gamma

- rays will produce a current of photo- and Compton electrons which runs in the direc-’

. tion of the incident radiation beam. When a perturbating layer of hlgher-Z material

is placed perpendicular to the beam, within the insulator, a space charge will be pro- =~ -

duced on both sides of the higher-Z layer within the insulator. The accumulation of
space charge near the perturbating layer continues with increasing doses until limited by
radiation-induced conductivity or the breakdown of the insulator. The phenomena and
regulations of charge deposition in higher atomic number materials placed within an in-
sulator and irradiated were studicd by S.Kronenberg!!, Jin Shengren?*! and othersi-11l,

In this paper, the characteristics of non-power detectors with different structures, based

on the principle descrxbed above, are further studxed using macromolecule matenal as
dielectrics.
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: *Experlments and Measurements*

= The structure of the I-type‘(: common’ type ) para.llel‘plate non-p wer detector is

~ shown in Fig.1. By properly ‘changing the shape and’ size; the’ U-type (double-ply)‘

detector and the S- -type (three-ply) detector ‘are obta.xned The I-type. pa.ra.llel-plate
non-power detector consists of: a) an mtema.l electrode of a “higher-Z material. such as
Aluminium;. b) a d1electr1c suchas polyester fili; c)a conductlng layer such as Carbon' :

. which' forms a capacxtor together with: the internal electrode and the d1electr1c, d)

induction body of’ low-Z material such as polythene wh ch produces photo— and- Comp—
ton electrons when xtradxated ‘€)an’ outer shell Wthh s _connected.: to the conductlng
layer, and f) a measurmg hole, whlch 1s as sma.ll as possxble '
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Flgure 1.The structure of a -, “uf

, Flgure 2 The plane schematlc
i ypa.rallel-plate non-p'ower detecto'rI :

of the expenment

The gamma ray source used for the measurements isa vertxcally-placed column-typev
$9Co source with an irradiation rate of 0.1432 (C.kg~1.5-1)..The plane schematic of the
expenments is 1llustrated in Fig.2. Charge densities per umt area (Coulomb/cm?) in-

‘duced in the internal electrode by gamma ray are measured w1th a high input-resistance .

electrometer (FJ-256, made in Chma) "Time was less than 1 mxnute from the stop of
irradiation to the start of measurements. withthe electrometer "The measurement un-
certa.lnty is much less than :l:lO%,,whlch consnsts of the mherent detector errors and

PRI

:'was 1. 99 (Gy/ s) The charge'densxtxes per umt area 1nduce in the 1nterna.l electrode by
6"Co ga.mma rays of different doses* were' measured w1th ‘the electrometer. The r ults of
_/'"the measurements’ are ‘shown in Flg 3. It can be seen from Flg 3 that posntlve charges are
“deposited in the inslated internal electrode in all casm though the shape and’ structure
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of these detectors are different. . The charge densxtxes deposxted in the internal electrode
are nonlinear with respect to irradiation dose, ‘and all of them decrease after tendxng
’ _-towards saturation.. The order of saturation dose correspondmg to the saturation charge
densrtles of dxﬁ'erent detectors is S-type>U-type>I-type. . : ‘
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Flgure 4 Charge densrty of ‘the I-type
detector at 0.3m and 1. Om from the source.

: A’from $0Co ga.mma ray source and irradiated at the samie dose each tlmh.‘:' The’ charge

_densrtres per umt area mduced in; the internal electrode at dlﬁ'erent dxstances from' L
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o [5] L D. Smgletary,et al IEEE Trans. Nuel.Sci.,vol. NS- 21 No.6(1974)291 o '

the’ detector is from the source; the more para.llel the ga.mma rays from 6°CO polnt source

- are, the more lmearly the charge denSIty depos1ted in the mternal electrode changes wrth :
irradxatron dose. '

“To investigate. the, dxrectlonahty ‘of parallel-plate non-power detectors to deposrtmg!
charge, the charge densities induced i in the internal electrode were measured at the same
distance, 2.0.m; from the ®Co’ gamma ray source, but at:various' gamma ray incident
angles, 0°,30°,45°, 60°, 75° and 90° respectively. The inherent capacltauce of the I-type

. detector was 22500 ‘(pf), and the area of the internal’ electrode was 160 (cm?).::The
'1rrad1atxon dose was 26 (Gy) each time. The results of the measurements; which appear

in Fig.5, indicate that the para.llel-plate non-power detector is quite sensitive to the in-
cident d|rect|on of gamma rays from this source.- The charge deposition has an obvious
directionality with the existance of a maximum value between 60° and 75°. The reason

: why, for this kmd of source, the charge deposition in- internal electrodes irradiated at
- .the same dose is dependent on the distance between the detector and the source may
“be inferred from these results ( see Frg 4). When the distance between the detector

and the source is changed the correspondmg solid angle of the point source related to
the parallel-plate non-power detector changes, therefore, the incident angle changes as

~well.

Conclusion‘ e

__ The charge dens1t|es dep051ted in mternal electrodes of dxfferent kmds of detectors
are nonlinear as a functron of irradiation dose, and decrease after tending towards satu-
ration. In the case of a ®Co gamma ray point source, the ‘charge densities deposited in
internal electrodes of detectors are dependent on the distance between the detector and

“the source and the gamma ray ‘incident angle. As a result, the appllcatlons of parallel-

plate non-power detectors are. hmrted but these detectors can be used to dlstmgulsh
the direction of gamma rays ' : :
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