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In trod uctiori 

Irradiation by gamma 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 kilov~lt range 
~nder conditions using the better insulators. For example, irradiation of a plate of. a 
low-Z insulator which is much thinner. than the absorptimi length of the gamma rays 

·but thicker than the maximum range of ihe electrons produced within it by gamma rays 
will produce a current ofphoto- and Compton electrons which runs in the direction of 
the incident radiation beam. \Vhcn a pcrturbating layer of higher-Z material is placed 
perpendicular to· the beam, within the insulator, a space charge will be produced. on 
both sides o£ the higher-Z layer within the insulator. The accumulation of sp"ace charge 

:near the perturbating layer continues with increasing dose untilli.mited by ~adiation
induced conductivity or breakdown o£ the insulat~r. The phenomena and regulations 
of charge deposition in higher atomic number materials placed within an insulator and 
irradiated were studied by S.Kronenbergl1l,Jin Shengrenl2.3·41 and othersl5- 121. 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 structure of an I-type parallel-plate non-J>ower detector is shown in Fig.l. The ' 
1-type parallel-plate non-power ~letector consists of: a) a intermil electrode of a higher-Z 
material such as Aluminium; b) a dielectric such as poly~ster 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 
pho~~ .. ~<;! ,Cm.~p~'?n' _elec~ron~ iWhen• irradiated; ;e) a outer shell which is connected. to· 

. the con~uctinglayer; and f) a._ m'easuring hole .~hich is .as small as possible: :The, thick-> 
n~ss'es of ,th(!-internal electrode;·:the dielectri~; the wnducting layer; the induction body; 
~~d th~ '~~t~r-;hell of -th~·I-type parallel: plat~ non°power deteetonwere· 0.4 mni, 20 p.m,; 

_ 10 /l~, 1:8 n;.~ and 0.2 m~, resp;cth:eiy.:,The left-side capacitance of a.par"allel~plate• 
. n_o·n-:_po~er.detector .is C 1 {see Fig.1J which consists of theJeft:side'conductirig layer;' 

and.theinternal electrode. The right-side ~apacitance is:C2 • :The Cr'and C2 ·of I2type 
(, ~o~~ou'.,t~~.). d;tectors. are equal peca~se. the. two sided\ Carbon:Conductirig~layer. 
a;~~ ofi~type,det~cto;s are equal. ; ,·, .,. ,;. > ·· ,. · .,: : .. ::::!:.1; 
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Figure T The stru~ture of a 
parallel-plate non-power 'detector. 

Figure·. 2 The plane scheniatic · .. · .· 

of the e~perimeni: . 

' The gamma ray source ~sed forth~ measurements is a verticaJ.ly-placeic61~~2type 
6°Co source with ai:i •irradiation ~ate' at 0.1432 (C.kg-1 .s-l ): The 'plane ·schem~tic' of 
the experiments i~ illustrated in Fig.2. Charge densities per ~nit ~~ea (Coulomb/cin2) 

induced in the int~rnal' ~lectrode by g'anima rays were'. ineasur~d .with a high input
resistance electrorrie"te{(FJ-~56, x'nadei~ China). Time w~ le~s_than 1 minute from 
the stop'of irradiation to the start· of measurements with the electrometer. The mea
surement uncertainty is niuch less than ±10%, consisting of the inhereht detector errors 
and errors of the measuring system. . . . . . . . ' . . ' 
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· Resul~s -and Discris~fons · 
' ~. '. 
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;Based on the 1-t:ype parallel-plate:non~power deteCtor, the'right7side capacitanceC2 , 

of th~ detector( ~ee Fig.l) will. b~-~hanged:~hen ollly th~·nght-sid~ Car boll' conduct- ·.; 
ing layer area is Changed an.d' othef ~onditiori~ 'are, not . Changed; .. S~me p~~el~plate::. 
non~power detecto~. with a diff~~ent. capa~itan~~. c2 ha~e been m~de a~cording. to. the .... ; 
folloWing ratios of the; two sided c~pacitances 'of a: parallel~p}~te' ilon~po~~r .detecto~-. .. . 

·• · .. : · · ~ \! K,:::: c2;c;·_;;. o, 1/3,1/2; 2/3. ~d, i:· . ·· · ·. :.,_... ':. . 
The charge densities iilducedin'the internal electrodes ofdetectors .were measured.as, 
a f~ctimto(tlie rati~ of the two-sided cap.;.~it~~- Detector~ ~~re placed Lim 

nsll'i~ili.tc-':>aikgl R:>C'rntj! -, 
H ruteStm~.x· ~c::-.'>t:l1Hl!E~fi , 
~ 6t1SIIt-!OTEf\A ---- ~---· 



from the gamma-ray: source arid irradiated ah..:'dose o£'26 (Gy),' The g~mma r~y~' 
were from.the left ( towards Ct,·See Fig.l }and•the right (tow'ards c2 )of"detectors;' 
respectively. <fhe experimental results' are:sliown in 'Fig.3. dt'-cari be ~eexi;from'Fig~3; 
that the polarities of charges deposited in the internal_ electrodes ~f_ the det~Ct~r~ are ,all . 
p~sitive for. irradiation incident from. the -left; ( · tciw~rds Ct ) ;- hut the poh1rity 'o,f _charges, 
deposited in the internal!electrode' reverses for irradiation incident from the righ( ( to>' . 
wards C2 ).when Kis between_2/3 and L The ch!u!ge density deposited iri the interii'al; 
electrode·of the detei:toi.'when K=O is the phis· oi minus 'maximum Valiie:f~i th~;t~o' 
ca,;es (• towards Ct or C:i-'); It means that the cllarge density depo'sited in'the'iitferiial 
electrode of a detector is maximum when ther.!)l'is no Carbon coridui:ting'layef cin'tl:le' 
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 differeitt capacitance ratios. 
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Figure 4 The charge den~ity with 
. different . thicknesses of ~he ~i.electric .. 

. In order to study th~influence of dielecti:ic thicknesson the chargedensitydeposited 
in the internal eledrod~'ofa' d~tector, ~~me p;Jallel~piate. ~on-power detect~rs with,dif-; 
ferent dieledric'thicknes~have beeri made'; based ori th~ I~typ~ detector, Th~ ~iel~<:t~:ic < 
thicknesses were 20 pm, 25 ,_,.m, 30 ,_,.m, 35 'itril_aml 40 Jim; ~espectively. 'Detectors w.er~ , ,. 
irradiated af a 'distance of 1.2 m from the source. The results' of these measurements, , 
which appear in Fig'.4; show that' the· charge. deh~ity depo~i t~d in the· internal electrode. 
of the detector' for which the dieiectric tliiCkn'ess is 35 j.tm ormoi:e, reaChes .saturation;. :' 
at about 50 ( Gy ):: The chargedensitydep~site~t'in the i~iernal eleCtrode of. the detect~r, ... 
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· for which the dielectric thickness is 20 I'm, goes up steadily with increasing irradiation 
· dose, and theliriearity of th'ecurve is much better. Howe've~, the dielectric thickness of 
the detectof is'toc} thiil to ensure its insul<i.tirig st~engili:'·The ~~peri~e~t i~dic~tes: that, 
""- :._ • _'; ... •' . '-~~ -~-' •• ;:·,_-c . ' -: , ~ .• ·: .• _:·~·-' ,:)~.-~~~-~~.-·- ., -·). 
the dtelectnc thtclmess mtist be' th1cker than 15 f.tm~ ·- ' , 
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Figure ,5 The charge <}ensity with different. thiCknesses ofthe induction nody.i· 
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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 stnictui:e'is sho~n in 
Fig.l,_ ~everal, parallel-plate· non-power· aetectors with different thfckriesses of induction· 
body have been made, based on the I-type detector. Thethic;knesses of inducton bodies 
were 1.8 mm, 3.0 ~xri,±·5:(j nufi-,.;,r{~i S.O mm;·respectively. Dete~tors were pl~c~d 2:S~ 
m from the so~~<,:e; ~~~i~r:t~iat~d. ?L~,d?~e,,()f:!.~~2 (Gy) each _time. ~he experimental. 
results, whiCh appear in Fig.5; indicate that the thinner the induction body of the detec- :·· 
tor, the more linear, the curve, and theJarger the changing gradient: In other w~rds; th~). 
thickerthe induction body of the detector is, the faster the charge density deposited in
the i~ternal electrode ofthb 'det~~tor a:pJ>ioach~~ ~a.h~ration, and thg smauA th~ ~li~g:· 
ing g~adient or th~ curve is. ,The charge d.ensitydeposited in the internal electrode of a! 
detector with a thi~k'lhd~ction ~;{dy is i.:Xge~·in: the l~w dos~-~~~~ge than that d~po~ited 
in the internal 'e!e.c~r~de ~(the ,detector ,with a thit1 induction body, but sinailer than1

'·; 

that deposited in the internal eleCtrode of the detector with a thin induction b~dy, with : 
an increas-e ~f irr~di~tion dose:·wheu'the thi~kness ofthe'induction body\}£ a: detector' 
is equat to'the -~aximum range o( tli~ second~ry eiectrons produced:within the:poly
thene material, ~harg~s CM be d~posited in the int~rnai elect~~d~' ~f detector and the 

. charge deposition is close to linearity as a function of irradiation dose. 
Why does the thiclmess of the dielectric and the induction body of the detector 

'have such a great influence upon the linearization of the charge deposition? It can he 
explained by "the space-Charge layer". If the dielectric of. a detector is toothin; the ' 
space~Chargelayeds unable to thicken because of the limit of the dielectric thickness, 
therefore the action of the sp~ce-Charge layer to stop charge transference is small, ~d 
linearity is good. If the induction body of a detector i~. too thick, the probability of 
forming a sp~ce-Charge layer is great becasue ~~ the_large n~~ber of secondary electrons 

· produced in the induction body. 
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Conclusion 
'! ~' "- : 

'i'' -~.· >·· .. ,.'.· .. ·• .. :~·<>n·.' •'. :•.> '.,; < :>·/;,,[;'•"\,,.·;/.1 >:">.•:'''.o•ff'c;;.·; . .c•:·,~·; 
The Carbon-conducting-lay'ei: of a parallel-plate nmi~P()'fer: detecto~ can prevent the 

ph~to-: and dompt~n de~trons p~od~c~d iri' the i~duction. b~dy from· t;~·sferrlng; _an<l 
this is depex{derit on th~ ~tomic number (Z)' ~f the.conduai;g l.;_yer: Th~ cltarg~ density 

. deposited i~ the internal ele~trod~ of~ d~tect~r is vecy sensiti~eto the thickness of the 
detector's dielt;ctric ~d th~ inductioli body. ~Usiilg these 'effects~d p·~operlys~lecting 
the materials for a det~Ctor, the me~uring'rangeor sensiti~ity for gamma-ray dose can 
be pro~~~~d. · ·. · -~ .... - · · · 

.·:r~-- -~· . 
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THH llleHX<eH, Jin Mumpe:H 
M3y1.1eHue xapaKTepHCTHK IIJIOCKHX AeTeKTopoB, 
nuTaHHH AIDI H3MepeHHSl A03 raMMa-H3JlyqeHllil 

M3roTOBJieHo HeCKOJThKO IIJIOCKHX AeTeKTopo 
SJieKTpHKOB H pa3HI:.IMH OTHOilleHIDIMH ABYXCTOp 
ID;HX llHTaHllil AJlll H3MepeHIDIA03 raMMa-H3Jly1.Jei 
KH"TaKHX AeTeKTopoB c pa3HI>IMH CTPYJ<TypaMH. 
noJiyqeHHhle pe3Y.JibTaThl. 06cyX<JJ:aiOTCH HaWiyt: 
paOOl.JHe yCJIOBHSl AJISl AeTeKTOpoB TaKOI'O THna. 

Pa6oTa BhlnOJIHeHa B 0TAeJie qm3HKH CeBe_p 
KHP H B Jia6opaTopuu He:HTpoHHo:H <I>H3HKH OR 

Coo6~eHHe OfYheJ{HHeHHOro HHCTHT)'Ta ll~epHbiX 11 

Jin Shengren, Li Mingfei 
Characteristic Study of Non-Power Detectors 
for Measurement of Gamma-Ray Dose 

Some plate-type non-power detectors for the 
doses with different thicknesses of the dielectric 
different ratios of the two sided capacitances h 
teristics of· plate-type non-power detectors wi 
stidued quantitatively. Some measurement res1 
systematically. The best possibilities and work 
non-power detector are discussed. 

The investigation has been performed at the [ 
eastern Normal University, P.R.China and at 
Physics, JINR. 
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