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Introduction 

Irradiation by gamma rays can produce a charge deposition near the interface of ma
terials of different atomic number (Z). 'fhe 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 absorp.tion length of gamma rays but 
thicker than the maximum range of the electrons produced within it by gamma rays will 
produce a current o£ photo- and Compton electrons .which runs in the direction of the 
incident radiation beam. When a perturbating layer o£ higher-Z material is placed per
pendicular to the beam, within the insulator, a space charge will be produced on both 
sides of the higher-Z layer within the insulator. The accumulation o£ space charge near 
the·perturbating layer continues with increasing dose until limited by radiation-induced 
conductivity or breakdown o£ the insulator. The phenomena and regulations-o£ charge 
deposition in higher atomic number materials placed within an insulator and irradiated 
were studied by S.Kronenberg111, Jin Shengren11- 61 and others!T-u). Some characteris
tics o£ plate-type non-power detectors with different structures were studiedll-s). The 
results indicated that the application o£ plate-type non-power detectors, even with differ-· 
ent structures, was limited. In this paper, the characteristics o£ column-type non-power 
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detectors, .with different structures, are further studied .and compared with the charac
teristics of plate-: type n;;n~power' dete~t~i:s with differerit 'stiu"cture~.' ; ·· •· . · .. , '.,: 
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The ~tructu~e ~fa 'oolu~-(ype nbn-p~wi~ detect6~ i;;~h~Wn: i~ Fig.f. Th~' ~ol~-rim
type non~p~we~i detector: c~nsists of: a) . ~. i~ienial' ~lectJ:ode of ~. higher~z :'mat'eriai' 
such. as Al~~inium; b) a dieleCtric such ~- polyes'te~ film; c) a conducting iay~i: such as 
Carbon ~hich f(;dns ·a;. capa~it~r togeth~r irith the' in:tehuil ele~irode and:the di~le~trici. 
d) llll inductidn'·.body or' a low-z lllateriiJ.! -~~ch:as p~olytnenewhi~ p~odu~es photo-. ~a 
Compton ele~t~b'I'lJ'\vheri · irr~diated; e) aiJ.' 'olii;;r sh~ll 'whiffi.:is:.~~l?cted to .the 'con
ducting layer; and f) a .m,easuring hole which is as small as possible. · 
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Figure 1 The structur~ of·a 
colum,nctype Iion-power'dete~tor. 

Figure 2 The'plane schematic 
_;, 'ofthe'e~eniii~D.t. 

The gamma ray source used for the measurements is a verti~ally-placed column-type 
60Cosource,·~ith an irradiation' ~ate. o£0.1432 (C.kg-~:s:-1 ). :The J>l~e schematic of 

. the experiments is illustrated. in Fig~2. ·Charge densities per unit area (CoUlomb/ cm2
) 

. indu~ed in th~ iil:terrial.electrode by'g~ma-rays·wer~·measU'~ed with a'. high input
resistancedec_trometer (FJ~2S6, m'a<!e in.Chin'a). Time wasless th~ i minuie from the 
stop of irradiation to the start 'of' measurements with 'thci ele'ctrometer: Th~ measure
ment uncertainty is m\lch less tfi~ ±10%, · ~Iisisting. of iliherent detector errors and 
errors of the measuring system. . . • -

Res~lts and Discussion~ 
,' ~ 

Column-type non-power detectors with different diameters were simultaneously irra
diated_. :The internal el~ctrode diameters of the ~himii~i)rp~'non~power detectors were 
1.4 em; 4.1 em and 6.1 em, respectively. ··.The -detectors1were placed 0.3 m from the 
source, where the dose rate was 1.99 (Gyjs). The charge densities per unit area induced 
in the. internal electrodes by 00Co gamma ray~ of differ~nt doses ~~re mea.Sured ~th 

Yt, -:-.,:-. ;::<., , ··. , ;(·.-<· ~,~ ... ,, ~.:: ;:-~ ,·': i.;,;; · 

;;:-::-:~~,- .. ~;~~;:~ 
~ t~r'.:l;;.. ,·,v ... tlwr. R.-,;...o:.:.t"> ~ t 3· . # 

~ '1Hl··,..u•·.-'·!: "~"'""'"nn""f'ili . t:l --. .. ..,- .. ;~---~ a..t...,..J ...... ".,.Ji,il~""l 

~ GfiSJI~tOTEHA 
.,~ ', ~-



the electrdineter. The ~esults of ui~ ci~asmem~~ts ;;;e shown i; Fig~~·.:~~~~~~ b; seen 
from Fig.3 and compared \~rith Fig.4 that p~sitive Charges are also depo~it~d i~ the i;;
sulated internal electrodes of column-type non-power detectors, though.the shape and 
structure ofthese detectors are different:' Tbe.charge deD:sities dep~sited.in th~:int;~al 
electrodes of column-type non-power detectors are also nonlinear with respect to i~a
diation' dose, and all of thei!l decrea,;;e iUtedending to~ards saturation~ Th~ ~rder of, 
satura:ti!;n: dose carresp'onding to the ~~turation Charge densities or' diff~r~nt d~tectors is. 
S-type >'U-type > I-tjpe ~d ¢6.3 em> (p4.1 em >¢1:4 em . .The l~g;;~the.diain~ter 1 
of a column-type n~n-power net~c~or, the larg~r: the ~ue_ci th~ '"s~tl'irati~~ do~e, and 
. . • . · .. ; : . - ' .•. ;, -,~ '--~·' • 1.~,.-_ .-," ., ~~-·;.f •. !!·} ' - " 

the more hnearly the charge dens1ty depos1ted m the mternal electrode of a detector. 
changes with irradiation dose. · ; · · · · ' · · · · · ;,·--· · ' 
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Figur~· 3;Ch~g~ d~n~ity induced in,pl~te::~~~~ detectors.-
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Figure 4 Charge density' induced in column~type·detectors: ·. · 
.. '; ~ 

. .. -."-~_:. ___ -~"-·>:--·->· ·-..r·· t:· ·f.,..- ·.:~·.]· ':~J-:-
.A column~type non-power detector with a diameter of 4.1 em was placed p.3 m,.1.1 

' m,. 2.0. m a.n'd. 2.8 ~. resp;cti~~ly; from the .60C~ ganrm~ r~y source and irradiated at 
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. the. same dos:~acli titne. \ ''l'he charl~ 'densiti~' ~~r.tiiut ar~~ ind~~~d in th~ i~t~~~ 
ele~t~od~ at differe~i· distanee~'fr~rit the scitiri:e·were' ~eluiln-ed ·with an ~lectrometer 
as a furiction of irradiation·. dose .. The results, which appear in Fig.5, show that· the 
charge densities deposited in the internal electrode'W.e ob~o~ly different,: b~~aus~ of 
the different distances between the detector and the' sorirce,- though the irradilitiori' 
dose~ were the same. The saturation dos~s are deficitely dependent on the distance 
between the detector and th~· source. The farther the det~ct~r is from'the source,'tne.' 
inor~ parall~l the g~marays fron; ~Go point sourc~ are, the more linearly.the charge 
density d~posited in th~ inten{al'ele'ct~~de cha:Dges with ir;~di~ii~n dose. · · 
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Figure 5 The charg~ density of the column-type non-power 
detector at different distance from the source. 

. Conclusion 
. ' 

..... 1 

The .charge dens;ti~s deposited in the i~ternal electrodes of column-type non-power 
detectors with different djameters are nonlinear as a function of irradiation dose, and 
decrease after tending towards saturation, as do platectype non-powerdetectors. In the·· 
case of a 60Co gamma ray point source, the charge densities deposited in the internal 
electrodes of detectors are dependent· on the. distance between the detector and the 
source, and the diameter of the column-type non-power detector .. 
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TnH llleH::>KeH, Jln MHHIPe:H 
I-13yiieHne xapaKTepnCTHK IJ,WIHH,I~pnqecKnx AeTeJ 
He Tpe6yroiiJ;nx nnTaHIDI AJHI H3MepeHIDI A03 raMM 

M3I'OTOBReHo HeCKOJIDKo IJ,WIHHApriecKHX AI 
· poB, He Tpe6yroliJ,IIX nHTaHIDI AJH1 H3MepeHH51 A03 1 

Hhle.KaiieCTBeHHhle xapaKTepHCTHKH CpaBHHBaiOTC 
pHCTHKaMH AJH1 WIOCKHX AeTeKTOpoB. IlpHBOA51TC: 
Hhle pe3yJibTaThi. 

Pa60Ta BhlnOJIHeHa B 0TAMe ¢n3HKH CeBepo 
KPH n B Jia6opaTopnn He:HTpoHHo:H ll>n3HKH OliSI 

Coo6~eHHe 06he.l1HHeHHoro HHCTHT)'Ta Sl.llepHhiX 11cc 

Jin Shengren, Li Mingfei 
Study of Characteristics of Column-Type Non-Pov 
for Measun:ment of Gainma-Ray Dose 

Several column-type non.:power detectors with 
measurement of gamma-ray doses have been m< 
c,:olumn-type non-power detectors with different str 
studied and compared with the . characteristics 
detectors. Some measurement results are given and 
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