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THE DETECTOR ON BASIS OF CdZnTe-GAUGE FOR SYSTEMS RADIATING-
TECHNOLOGICAL CONTROL

In the given work it is offered and the device of digital updating of power dependence sensitivity work
of a crystal in account a mode is made of modern element base. Inclusion of the CdZnTe-detector in an
operating mode pulse proportional ionization chambers allows to raise essentially its sensitivity, to expand
a dynamic range of values registered capacity of a doze from background values up to caused with
emergency operation of work peaxmopmnoii installations. Application of a pulse mode allows to realize
practically and other opportunities and, first of all, - indemnification of power dependence sensitivity (PDS),
so-called «course with rigidity». Experimental samples of the developed detectors have been tested in
structure of B/IMI'-CZT in conditions of the control of a condition of nuclear fuel of the Zaporozhye atomic
power station. The structure of the detector contained the block of strengthening, the power supply, the
device of formation of impulses and spectrometer is peak-digitizer.

Keywords: power dependence of sensitivity, CdZnTe-detector, digital updating, dosimetric device,
factor change of frequency.

Statement of a problem. Development of modern blocks of the detecting intended for the
control of a condition of protective barriers by measurement of capacity of a doze scale-radiation in
air, in structure of systems of the radiating control of the atomic power station is the important and
actual problem. Blocks of detecting of system ECRS-03 being now in operation have developed the
resource (ECRS - equipment of the control radiating safety) [1, 2]. The system developed more 20-
ti of years back, not only has developed the resource, but also is morally obsolete [3]. It is obvious,
that new blocks of detecting should possess higher metrological and operational parameters.
Substantial improvement of metrological and operational characteristics of detectors, as shown
above, can be received only on the basis of application of new materials, in particular, with wide
zonsemiconductors, such as CdZnTe [4].

Now dosimetric devices with semi-conductor blocks of detecting on the basis of Si [5, 6]
serially are issued. Advantages CdZnTe before Si - greater value of sensitivity and smaller value of
a power equivalent of noise [7, 8]. However, big effective nuclear number causes also greater (more
than 10) value of power dependence sensitivity (PDS).

In the literature the description of a method of hardware correction PDS by means of the device
collected on discrete elements with a low degree of integration [9, 10, 11, 12] is resulted. Such device
unreliably, dearly, has a low dynamic range. In the given work it is offered and the device of digital
updating PDS is made of modern element base at work of a crystal in cuernom a mode.

The basic part. Numerical value of factor of change of frequency of impulses on an output of
the block of detecting is defined on the basis of analytical dependence of the attitude of sensitivity of
the detector to registered scale-radiation S(E,,x) and sensitivity scale-radiation with energy on

which its graduation was spent S(E ,X):

Xmax

I. S(E},’ X)K(x)dx
E(Ey>: Xmin ,
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. I. S(Eﬂ(,xXx)dx

min

(1)

where Xmin - number of the channel corresponding noise level; & (Ey) - the set relative dependence

of sensitivity of the detector on energy.
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For practical realization of correction target signal of the block detecting it is offered to use
piece-linear interpolation of the set relative analytical dependence sensitivity of the detector from
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Thus, the problem of correction power dependence sensitivity consists in reception of value K
(x) for the certain power range of the registered photons E7j .

Experimental samples of the developed detectors have been tested in structure of BDPS-CZT
in conditions of the control of a condition of nuclear fuel of the Zaporozhye atomic power station.
The structure of the detector contained the block of strengthening, the power supply, the device of
formation of impulses and spectrometer ADC. The design of blocks of detecting and processing of
signals is presented in figures 1 and 2.

Fig. 1. The block of detector (BD)

The preliminary amplifier of a BD has while in service shown conformity earlier to the
described parameters. By results of tests are made changes to the design-technological
documentation. Electronic blocks of the detector are executed by a method of installation on the
printed-circuit-board (fig. 2). The project of the operation manual on the device in a mode of detecting
of capacity doze scale-radiation is developed.

Tests of blocks detecting BDPS-CZT in quantity of 5 pieces are lead in conditions of the
Kharkov scientific research institute of metrology according to GOST. Results of tests are presented
in table 1.
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Fig. 2. A design of the block of processing of a signal of the detector BDPS -CZT

Table 1
Definition of capacity doze scale-radiation on measurement of speed account impulses
Capacity dozes, mk3v/h Average value of speed of the account, imp/s
Block Ne 2
1,5 78,8 89 82 75 77 71
15 103,4 102 99 99 104 113
25 152,4 154 171 154 139 144
Block Ne 3
15 40,4 42 40 40 36 44
15 82,2 89 75 81 79 87
25 142 154 135 143 140 138
Block Ne 4
1,5 14,2 21 16 19 9 6
15 82,8 74 88 92 72 88
25 128,2 103 144 128 102 164
Block Ne 5
15 3,4 3 5 2 5 2
15 28,2 24 28 28 30 31
25 49,4 41 46 49 56 55
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According to table 1 schedules of dependence of capacity doze radiation and speed of the
account of impulses (fig. 3) are constructed. The analysis of schedules shows an opportunity of
adjustment of sensitivity program by without intervention in the scheme of the detector. Besides the
opportunity of performance requirements linearity dependence of speed account from capacity of a
doze proves to be true.
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Fig. 3. Schedules of transformation capacity doze scale-radiation in blocks BDPS-CZT 2 (a) and 5
(b) (on tab. 1)

Check of working capacity of a breadboard model of the developed block of detecting scale-
radiation on the basis of gauge CdZnTe in structure of ECRS-03 on the Zaporozhye atomic power
station is lead. Parameters of work of system correspond to regular norms. Tests have shown stability
of transformation by the developed block of capacity of a doze scale-radiation in speed of the account
of impulses. Parameters of operation, a design of the developed block are executed in full conformity
with the technical project. The developed block of detecting scale-radiation BDPS -CZT can be used
in system ECRS instead of serial block BDPS -41.
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Conclusions. On the basis of the developed model the detector of an ionizing radiation for
dosimetry is created. As its basic difference from known devices application as the primary converter
scale-radiation (gauge) of crystals CdZnTe serves. The advantages of such decision proved by the
previous researches, have allowed to create the detector having:

- greater resolution, no more than 40 keV;

- wider dynamic range of values registered capacity of a doze radiation - from background
before emergency operation of work of a reactor;

Smaller value of a power equivalent of noise.
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A.T.H., mpo¢. Moxkpunbkuii B.A., 1.1T.H., 1ou. Maciaos O.B., 1.T.H., Z[OII.B:‘aHCiaK O.B.
JETEKTOP HA OCHOBI CdZnTe-ZATYUKIB JJIsS1 CUCTEM PATJIALIINHO-
TEXHOJOI'MYHOI'O KOHTPOJIIO

Y oaniii pooomi 3anpononosano ma 6uzomoeneno na 0CHOGI CyuacHol e1emeHmHoi Hazu nPUcmpoIo
UUPPo6020 KopeKuii enepeemuunoi 3a1e3HCHOCmi Yymaneocmi npu podoomi Kpumimanu é paxyHKo8omy
pedxicumi. Brntouenna CdZnTe-0oemexmopa 6 pescumi pobomu imnyiabcHoi nponopuiiinoi ionizauiiinoi
Kamepu 003601:€ iCOMHO RIOBUWUMU 11020 CEHCUGHICMb, POMUPUMU OUHAMIYHUIL 0ianaA30H 3HAYEHb
peccmpauiitnoi nomyxncnocmi 003u 6i0 (ponosux 3Hauenv 00 0OYMOGIEHUX ABAPIUHUMU PEHCUMAMU
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pobomu peakmopnoi ycmamnosku. Bukopucmaumua imnynvcnozo pexycumy 00360713€ HPAKMUYHO
peanizyeamu i iHwii mMoxcaueocmi ma, nepui 3a 6ce, - KOMREHCAUil0 eHePZeMUYHOI 3a1eHcHOCmI ceHcy
(E3C), m.n. «Xooa 3 scopcmxicmion. Excnepumenmansni 3pasku po3podnenux oemexmopie 0yau
eunpooysani ¢ cxknaodi BJIMI- CZT ¢ ymosax konmponio cmany sdepnozo naauea 3anopizekoi AEC.
Cmpykmypa oemexmopa micmums 010Ky HOCUNECHHS, O0MHCEPENO HCUBNEHHA, NPUCMPOL (opmysanns
iMRynbCi6 Ma CHEKMPOMEMPUUHO20 AMRIIMYOHO-YUPPO6O20 Nepemsoplosaya.

Kniouoei cnosa: enepzemuuna 3anexcuicmes wymaueocmi, CdZnTe-oemexkmop, yughposasn xopexuyis,
003uMempuUdHUIL NPUIA0, Koegiyicnm 3IMIHU YACOM.

A.T.H., mnpo¢. Mokpuukuii B.A., 1.1.1., 1ou. Macsgos O.B., 1.1.H., 1ou. ban3zak O.B.
JETEKTOP HA OCHOBE CdZnTe-ZJATYHUKOB A1 CUCTEM PAJIUAIITMOHHO-
TEXHOJOI'NMYECKOI'O KOHTPOJIA

B oannoii pabome npeonosceno u u320moeieHO HA OCHO6E COBPEMEHHOU 3IIEMEHMHOU 0a3bl
yCmpoucmeo uyugpoeoii KOppeKmupoeKu 3IHEPZeMmUYecKol 3A8UCUMOCHU YYECHEUMETbHOCU NPU
pabome Kpucmanna 6 cuemuom pexcume. Brxnwouenue CdZnTe-doemexmopa 6 pexcume padombl
UMRYbCHOUI NPONOPUUOHATBHOU UOHUZAUUOHHOU KAMEPbl NO360J1A€m CYWeCIMEEHHO NO6LICUNL €20
YYECMEUMEIbHOCHb, PACUIUPUMD OUHAMUYECKUI OUANA30H 3HAYEHUI PeUCHPUPYeMOll MOUWHOCMU
00361 om (PoHOGHIX 3HAYEHUII 00 O00YCN0GIEHHBIX AGAPUIHBIMU PEHCUMAMU DPAGOMbL PEAKmOPHO
yemanoeku. Ilpumenenue umnynibcHO20 pedtcuma no360niem RPAKMUYECKU Peanu308amsv u opyue
603MONCHOCIU U, NPEHCOe 6CE20, — KOMNEHCAUUIO IHEPZEMUYECKOU 3A6UCUMOCIU UYECHIGUMETbHOCHU
(33Y), m.H. «x004a ¢ y3cecmKoCmuloy. IKCnepumenmaibHvle 00pa3ubl pazpadonmanHbvix 0emeKmopos ovliau
ucnvimanst 8 cocmase b/IMI-CZT 6 ycnosusax KOHmMpOs cOCMOAHUA A0EPHOZ0 MONIUBA 3ANOPOHCCKOL
AIC. Cmpykmypa Oemekmopa cooepicana 010K ycuieHus, UCMOYHUK RUMAHUA, YCHMPOUCHIEO
dopmuposanus umnynvcos u cneKmpomMempuiecKuil AmMnIumyOHo-yu@poeoi npeodpazosamens.

Knrwowuesvie cnosa: snepzemuueckas 3asucumocmv uyecmeumenvrnocmu, CdZnTe-oemexmop,
uugposas Koppekmuposxa, 003umempuiecKuil npuoop, KoIghduyuenm usmeHeHUA LACHOMbl.
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