


Introduction
Irradiation by garnma rays can produce a charge deposition near the interface of ma-
. terials of different atomic number(Z). The deposition of charge can cause high induced

voltages if one of the materials 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 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 Compton electrons which runs in the direction of

‘the incident radiation beam.” When a perturbating layer of higher-Z material is‘placed
perpendicular to the beam, within the insulator, a space charge will be produced on
-both sides of the higher-Z la}er within the insulator. The accumulation of space charge
"near the perturbating layer continues with increasing "dose until limited by radiation-
induced conductivity or breakdown of the insulator. The phenomena and regulatlons

of charge deposition in higher atomic number materials placed within an insulator and -

irradiated were studied by S.Kronenberg!!,Jin' Shengren®?# and others!®~13. '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, bas’ed’o\n
. principle described above, are further studied. -

Y

- Experiments and Measurements

The structure of an I-type para.llel plate non- power detector is shown in Flg 1. The '

I-type parallel-plate non-power detector consists of: a) a internal electrode of a lugher-Z

material such as Aluminium; b) a dielectric such as polyester film; c) a conducting layer.

such as Carbon which forins the capacitor together with the internal electrode and the

?,‘.4.( EE.

: followmg ratios of the two sided capacltances ofa parallel—plate non-power -d tector -

dlelectrlc? .d) an- induction body of .a low-Z material such as polythene which: produces
photo- and. Compton electronwahen irradiated; ‘e) .a outer shell which is connected .to’
.the conductmg layer; : a.nd f)a measurmg hole which is.as‘small as possible.:The thick-:

“-nesses of the internal electrode, the dielectric; the conductxng layer, the: induction body:

and the outer shell of the I-type para.llel-plate non-pawer detector:were 0.4 mm, 20 pm,:

10 pm, 1 8 mm and 0.2 mm, respectively.. The left-side capacitance of a parallel:plate:
non-power detector is, Cy ( see Fig.1,) which consists of the left:side’ conducting layer:

and the mterna.l electrode The right-side capacitance is:Cz.~The:Cy’and Cy:of Iitype:

~ (;common type ) detectors -are equal . because the two sided; Carbon- conductmg—layer

areas of I—type detectors ‘are.equal..
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»Figureil'The:‘structuré ofa Flgure 2 The plane schematlc

’ pa.ra.llel-plate non-p0wer :detector. S " of the experlment
*The gamma ray source used for the measurements isa vertlca.lly placed ‘column-type
60Co source with:an' 1rrad1at10n rate at 0.1432 (C.kgL. ‘1) 'The ‘plane’ schematlc of
the experlments is xllustrated in Fig.2. Charge densxtles per umt area (Coulomb / cm’)
induced in the internalelectrode by ¢ gamma rays were. measured with a hlgh mput-
resistance electrometer- (FJ-256, made in China).” Time was less than"1 minute from

‘the stop’of 1rrad1atlon to the: start”of measurements with the’ electrometer The"; mea-

surement uncertamty is much less than ilO%, consxstmg of the mherent detector errors
and errors of the measunng system :

Results and Dlscussmns

Based on the I-type parallel—plate non power detector, the ight-side capacltance 02 N
of the detector ( see Fig.1) wlll e changed when only the. nght-51de Carbon conduct— 5
ing layer area is changed and other condxtlonsv € not . changed Some parallel-plate s
non-power detectors thh a dlfferent capacltance Cg ha.ve been made accordmg to the..:

TTVK'='C,/Cr=0,1/3,1/2,2/3and 1.
The" charge densxtles mduced in the mternal electrodes of detectors were measured as

a functlon “of’ the ratlo of the two sided capacxtances Detectors were placed 1.3'm



from the gamma-ray source and 1rrad1ated at-adose of 20 (Gy) The gamma rays"‘:
were from:the left (towards Cy; see Fxg 1) and:the right (¢ towa.rds 02 ) of detectors,f
respectlvely “The experlmental results' are: ‘shown:in’ Flg 3..It"¢an be seen from Fxg 3 "
that the polarities of charges deposited i ini the internal electrodes of the detectors are a.llx
positive for.irradiation incident from: the left: ¢ towards Cy ), but the polarity of chargesr' ’
deposited in the internal’electrode reverses for itradiation incident from the rlght (to-" -

wards Cz ):when K is between 2/3 and 1: The charge den51ty depos:ted in the intern

electrode of the detector when: K=0 is the plus’or minus makimum value ‘for the - two"l.
cases (:towards C,or Cg ) It means that the charge densxty deposlted m the mternalf

left of the detector ( see Fig.l ). The experimental results have proven that a Carbon
conductmg layer stops the transference of photo- and Compton electrons produced in
" induction body. This eﬁ'ect is dependent on the atomic number (Z) of a conducting layer.
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. Figure 3 The 'charge density

thh dlﬂ'erent capacxtanoe ratios. ‘ dlﬁ'erent thlcknesses of the dlelectrxc

In order to study the lnﬂuence of d1electr1c thlckness on the charge densxty depos:ted

in the internal electrode’ of a detector, some parallel plate non-power detectors with dif- -
ferent dielectric’ thlckness have been made, based on the I type detector The dxelectrlc:i__, g
thxcknesses were 20 um; 25 pm, 30 pm, 35 pm and 40° pm, respectlvely Detectors were .,
1rrad1ated at'a dxstance of 1, 2 m from the source. . _ The results of these measurements yiey
which appear in Flg 4; show that the charge dens:ty depos1ted m the mternal electrode

of the detector, for which the dielectric’ thxckness is 35 um or, more, reaches saturatlon- e
at about 50 (Gy) The charge den51ty depos1ted m the lnt';‘ nal electrode of the detector,.. "

* Figuire 4 The charge density with .~

for whlch the d1electr1c thlckness is 20 um, goes up steadlly w1th incr asing irra ation '
(dose, and the llneanty of the curve 1s much better However, the d1electr1c thickness of

~:tor, the more linear, the curve, and the larger the changing gradlent In other words; th
"‘thxcker the mductlon body of the detector is,. the faster the charge densrty depos:ted in.

dlcates that

AT B e NE
Dose (Gy)

Figure 5 The charge density with different.thicknesses of the induction body Lo
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To mvestlgate the relationship of the charge denslty deposrted in the internal elec-,
trode and the thickness of the induction body of a 'detector; which structiire’is shown in
Fig.1, several. para.llel-plate non-power “detectors with different thicknesses of induction
body have been made, based on the I—type detector. The thicknesses of lnducton bodles
were 1.8 mm, 3. 0 mm,55 0 mi ‘and 8.0° mm; respectlvely Détectors were placed 2:8'
m from the source and 1rrad1ated at. a dose of 13.2 (Gy) each ‘time. The experlmental

results, which appear in Fxg 5 indicate that the thinner the induction body of the detec -
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mg gradlent of the curve is. ,The charge densxty deposrted in, the internal electrode of a'’ :
detector witha thxck mductlon body is larger in the low dose range than that depos:ted
in the mterna.l electrode of ‘the’ detector w1th a thm induction body, but smaller than
that depos:ted in the internal electrode of the detector with a thin mductlon body w1th
an increase of lrradlatlon dose. When the thlckness of. the ‘induction’ body of a detector
is'equal to'the maximum range of the secondary electrons produced; w1th1n the. poly- :
thene material, charges can be depos:ted in' the mternal electrode of detector and the

;charge ‘deposition is close to. llnearlty as'a furiction of irradiation dose.

Why does ‘the ‘thickness of thé dielectric and the induction body of the detector '

have such a great influence upon the linearization of the charge deposition? It can be
fexpla.lned 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
formmg a space-charge layer is great becasue of the large number of secondary electrons

produced in the induction body



Conclusidn' A

The Ca.rbon conductxng-l rof a pa.ra.llel—plate non- tor ca.n prevent the‘ S
photo— a.nd Compton electrons produced in the 1nduct10n body from tra.nsfernng, a.nd »
this is dependent on the a.tomlc number () of the conductlng la.yer The cha.rge densnty
deposxted in the mternal electrode of a detector is very sensitive to the thickness of the
‘detector’s dxelectnc and the 1nduct10n body stng these effects a.nd properly selectmg‘

the matena.ls for a detector, the measunng range or sensxtxvxty for gamma-ray dose can
be promoted ;
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