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·Introduction· 

Irradiation by gamma rays can produce a charge deposition near the interfac-e of 
materials of different atomic number (Z); The deposition of charge can cause high in
duced voltages if one of the material~ 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 o£ the incident radiation beam. When a perturbating layer ofhigher-Z material 
is piaced 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 depositioit in higher atomic number materials placed within an in
sulator and irradiated were studied by S.Kronenberg111, Jin Shengrenl2.3) and others14-lll. 
In this pape~, the characteristics of non-power detectors .with different structures, based 
on the principle described above, are further studied using macromolecule material as 
dielectrics. 

2 

© 06be.IIHHeHHbiH HHCTHT}'T IIJtepHLtX HCCJle.IIO&aHHH. JlytiHa, 1993 

t 

;J 

Experiments 'and Mea~urement~ ,:.~.,: . - .c, 
-~·.:·. ;~:,.'. {''i .· .. :· .·..• ..:.- ;~''".~.:: .-.:.·c-.· ; ·'"···-· ,.'.· j. ·•~! •• 

' Th~ structure ;of the I~typ~ ( ccinimox{' tyPe') p>~iill~l-pl~t~;~on:~~w~r detectoi' is 
shown in Fig.l. By proi>erly chailging tlie shape:and_ size/ the:u::typ~ (do~ble~ply) 
detector and the S-type (three-ply) detector are ob_tll.ined. The'I-type, parall~l-plate. 
non-power detector consists of: a) an internal electrode of a.' higher-Z material suCh as 
Aluminiuni;. b) a dielectric suCh_ a.S ·polyeste~ film; c) ~'oonducting hLyer· sri~ a.S Carbon . 
which fonn; :a capacitor together' with the internal ele~tr~de an<f the dielectric; d)' an 
induction bodyoflow-Z materlal'suchc~·polythene which prodU:ces phot0:-~d-Comp
to~ electrond'wlien irraw~ted; e)"an' outershell which is connected t~ th;; conducting 
layer; and f);a measuring h~le, whiCh,is ~- ~IIl~ as'p~s~ible: ' :. : ., " ~- ;.:.. . ... . . . , ~: -~ ;; : . . . ,; . . : . . i: , . . . ·7 F . 
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, .. Figure 1 . The structure of a . .: . , - ' Figure 2 The plane schematic 
_parallel-plate non-power detector:. ·' · of the eX:periment:- ' 
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The gamma ray so~.ce used for the meas~ements is a verti~y-placed column-type 
60Co source with an irra:diation rate of 0.1432 (C.kg-1:s-1) •. _The plane schematic of the 
experiments is illustrated in Fig.2. Charge densities per uni(area (Coulomb/cm2) in- . 
duced iii the inte'rnal electrode by gamma ray are measured with a high input-resistance 
electrometer (FJ-256, made iri-China):'Time.wasless.thaill'niimltefrom the stop of 
irradiation to the start -i'>fmea.Sureinents, witk'th~ ei~ctroD:i~ter:· The fne~urement un
certainty is much less than ±10%,' which consists of, the inherent detector errors and 
errorsofthemeii.BUririjfsystem;1:1rvo• ~.::·::'~''• ')~Ji:)!,; ; ~ .j_:J:;;:;,-_: 
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··- .. ~The.I-t;Ype;,U~type and S-type parll.llel-plate non-power detectors were·sxmultane-
. ously iii-a<liat~d;'The'd~te~t"O~s'were.plared o.3 m: trom'the source; where ilie.dose r~te 
'\~~ ·1:99 (Gy /~):The'ciiiige'derisiti~s· pe'r' iuiit'area ilidueediii' the i~tema1'eleetrode by 
-. 

60Co-g8.inn:i:a: 'rays-6£'difrerent doses \ver~'ixleasured with tli~'et~~trometer .: Tlie "res~ts of 
.. th¢' tneas~eriients ai~ '~hown in Fig.3: It can be seen from Fig:3 tliat posfti\re Ch~g~ :ii:re 
, deiiosited in the in~illate'd int~rn:a.t Clectrode in' au cas~· though 'tb:~ sh~pe -~d 'stru~tUre 
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of these detectors are different. The charge densities deposited in the internal electrode 
are nonlinear with respect to irrawation ·a~~~.--w;;d all of th~ decr~ase afte~ t~nding 
towards saturation~ The order of saturation dose corresponding to the saturation charge 

- densities ofdiff~rent d~t'ecto~ is S-typ~;U-typ~>l-type~ ·: : . . .. 
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Figure 3.The charge_d~~~ity 
induce<f iri:ciiiferent detectors.· 
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Figure 4 Charge density ~f'the I-type 
detector at 0.3m and 1.0~ from the source. 
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Fig~r~ '~ The'clia:rg~ d~~~itrai ~o~s_in~~~~r~~l~~~.' 
An 1-type parallel-plate non-power detector is placed 0.3 m and1.0 m respec~ively 

from 60Co g~a ray source and irradiated at'thesam~'aos~ each tini~:i±he\:h.arge 
densities per unit area induced in the internal ·electrode at different· distances from 

. the' SOUrce were nieas~d\vitli' an ei~ctromet'er asOi'furicti~xi 6tiiTidiiii~n-'d~s~:' The 
, results, whiCh appearin·Fig>i, ~how that th~ ch~gede~iti~sdepositedi~·thi:d~t~~;u 
electr~e are obviously differ~nt, because.of the,diff~ent dist'an~es between the d~tect~r 
and the source th~ugh the irradiati~ii doses were. the same: :the s'at~ation doses: are 
definitely dependent .on the distance betw~n the' detector ~d th~' sour~e. The farther 
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the deteCtor is from the source; the more parallel the gamma rays from 60CO point ~our~e 
are, the more li~early the Charge density deposited in the internal electrode changes with 
irradiati~n dose .. _,·'· ·.: ·•· • · ' c • ···•· · · ' ·- "-· :.:· • .: .-' _y-.· ,~, ' 

To investiga~e the <iirecti?nalityof parallel-plate non-po~er d,et~ctors -~~ dep~itin:g. 
charge, the charge densities induced in the internal electrode were measured at the same 
distance, 2~0.m; from the ~Co gamma ray source, but at various gaml:iiaray incident 
angles, 0°,30°,45°,60°,75° and 90°, respectively. The inherent capacitance of the_I-type 
detector was 22500'(pf), and the area of the internal electrode was 160 (cm2 ) • .-,1'he 

·irradiation dose was 26 (Gy) each time. The results of the measurements; which appear 
in Fig.5, indicate that the parallel-plate non-power detector is quite sensitive to the in
cident direction of gamma rays from this source. The charge deposition has an obviouS 
directionality with the existanceof a maximum value between 60° and 75°. The reason 
why, for this kind of so~rce, the charge deposition i~ internal electrodes irradiated at 

. the s~e dose is dependent on the distance between the detector. and. the so~~e ~ay 
be infe~ed from these results (see Fig.4 ). When the distance between the detector 
and the source is changed, the correSponding solid angle of the point source related to 
the parallel-plate non-power detector changes, therefore, the incident ~gle changes as 
well. 

Conclusion 

The charge densities deposit~d in internal. ele~trodes of aiff~r~nt kind~ of detectors 
are nonlinear as a function of irradiation dose, and decrease after tending towards satu
ration. In the case of a 60Co gamma ray point source, t'he 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 applications of parallel
plate non-power detectors are limited, but these detectors can be 'used to distinguish 
the direction of gamma rays . 
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THH IDeu:lKeH, JIH MHu<l>eii: 
3KcnepHMeHTaJibHOe H3y'leHHe xapaKTepHCTHK. 
nJIOCKHX AeTeKTOpoB, He Tpro)'IO~X nHTaHIDI 
AJIR H3MepeHIDI A03 raMMa-H3JIYlleHIDI -

MaroroBJieHo uecKOJThKO THnOB nJIOCKHX AeTeKrop 
Tpe6yroll:\HX nHTaHIDI AJI5I H3MepeHIDI A03 raMMa-Hinyt; 
TepHCTHiCH TaKHX AeTeKTOpoB C pa3HI>lMH CTpyKTypaMil 
AaiOTC51 nonyqeum.~e peayJibTaTbl. 06cy:lK]J;aiOTC51 rpau 
ueHIDI H pa6o11lie yCJioBIDI AJI5I AeTeKTOpoB TaKoro THII< 

Pa6oTa BHnonueua B 0TAeJie <l>H3HKH CeBepo-Boc 
KHP H B Jla6oparopHH ueii:TpoHHOH <l>H3HKH mum: . 

Coo6w.eHHe OGI.ewmeHHoro HHCTmyTa smepH&IX HCCJJefiO 

Jin Shengren, Li Mingfei 
Experimental Study of Non-Power Detectors for Meas 
of Gamma:.. Ray Dose 

Several kinds of plate-type non-power detectors (c 
ment of gamma-ray dose have been made. The char< 
detectors with different structures are studied 
experimental results are given and systematically disc 
and limits of the plate-type non-power detectors are di 

The inv.estigation has been performed at the Depar1 
eastern Normal University, P.R.China and at the 
Physics, JINR. 
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