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Results of a study of dosimetry characteristics of a prototype of the detector based on a polycrystalline diamond
film (CVD-diamond) produced in NSC KIPT are summarized. The techniques of the detector calibration against the
electron and X-ray radiation dose rate are developed. The conditions of calibration were studied by means of com-
puter simulation. For determination of detector sensitivity to electron radiation, it was placed inside of a standard
polystyrene phantom. An additional filter of electrons was used at measurement in the X-ray field. Every time detec-
tor irradiation was carried out together with the Harwell Red Perpex 4034 dosimeters, which registrations provided
the calibration data. The measurements, executed at the LU-10, EPOS and LU-40 linacs of NSC KIPT, have demon-
strated, that the values of detector sensitivity against each type of radiation are close and conform to ones obtained
earlier for the low-intensity radiation fields. Considering significant radiation durability of the CVD-diamond, it

enables its application in technological dosimetry.
PACS: 07.57.Kp, 29.40.-n, 85.25.Ph, 81.05.ug

INTRODUCTION

Natural diamond has a unique combination of elec-
trophysical properties: wide gap (Eg=5.5 eV), high elec-
trical strength (> 10’ V/ecm) and specific resistance
(> 10" Ohm-cm), and also, large energy of atom dis-
placement from lattice (43 eV). These features allow to
use diamond in radiation and nuclear physics, in par-
ticular in detectors of y- and -radiation (see, for exam-
ple, [1]). An additional possibility of diamond applica-
tion in radiometry has appeared with the development of
synthesis of the polycrystalline diamond films (PDF)
and wafers by a method of chemical vapor deposition
(CVD). This method has allowed to realize a large-scale
manufacturing of detectors with the specific parameters
for application in nuclear instrumentation [2], high en-
ergy physics [3], medicine [4], etc.

The data obtained recently on radiation hardness of
CVD-diamond detectors [5] open also perspectives for
their application in dosimetry of electron and X-Ray
(bremsstrahlung) radiation at industrial accelerators. A
specificity of such installations lays in the large average
(> 10 kW) and pulsed (up to 10 MW) power of an elec-
tron beam, determining the range of radiation and ther-
mal loads on the detector. In this paper, the results of
the measurement of analog sensitivity of the CVD-
diamond detectors, developed in NSC KIPT, in the
fields of the high-power electron and bremsstrahlung
radiation are discussed.

1. METHODS AND MATERIALS

1.1. The PDF films for detectors were synthesised
by the CVD method from a gas phase by activation of a
carbon-hydrogen mixture with the glow dicharge,
stabilized by a magnetic field. The samples obtained
had the area up to 1cm® and thickness up to
350 microns. The quality of PDFs was checked by a
method of infra-red spectroscopy. The parametrization
of films was carried out by a measurement of their
current-to-voltage characteristics. These measurements
were made after each operation of annealing, etching,
and exposure to radiation. With a specific electrical
resistance > 102 Ohm-cm,  samples meet the
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requirements, which the material for detector should
comply with.

In the process of detector manufacturing, its growth
and substrate surfaces were polishied. The metal
contacts (Al, Ti) of various geometry (strip, planar,
coplanar) were then applied by the plasmochemical and
photolytographic techniques.

1.2. The sample of the diamond detector (DD)
(Fig. 1), used in experiments, was grown on a n-type
silicon substrate of 1.5 mm thick. The thickness of PDF
was 180 microns. On its growth surface, the two Al
contacts were evaporated and used as a single common
contact. The substrate was an another contact. The total
area of the contact (the detector surface) was 10 mm?,
The dark resistance of the detector before the exposure
was 1.2:10" Ohm.
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Fig. 1. Diamond detector

1.3. During the calibration measurements, the irradi-
ation of the detector was monitored using the Red Per-
spex 4034 dosimeters [6]. Commonly, they are used as
the routine dosimetry systems in radiation technology
with the use of electron and gamma radiation in the dose
range 5...50 kGy. In our case, they were used for de-
termination of a dose absorbed in DD.

1.4. Considering the high pulsed dose rate
(~10° Gyls), a study of the DD sensitivity under electron
irradiation was carried out in an analog mode (Fig. 2).

\ Detector }—>\ Integrator H Voltmeter

Fig. 2. Coupling of DD at exposure to electron beam

In the measurements with DD, a bias voltage of
100 V from an external source was applied to the detec-
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tor. The integral action time was 1 s. The integrator out-
put voltage was measured with a digital voltmeter B7-
40. After a beam cut off, its value did not exceed
0.3 mV.

1.5. Determination of the DD sensitivity to X-Ray
was carried out in a pulse mode (Fig. 3). The voltage
drop at a load resistance R; was measured with a digital
oscilloscope TDS1012.
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Fig. 3. Couaing of DD at exposure to X-ray

1.6. The analysis of an irradiation field, as well as of
its interaction with the elements of measuring devices
was carried out using a computer simulation technique
based on the program system PENELOPE-2008 [7].

2. ELECTRON RADIATION

2.1. Calibration in a field of the electron radiation
was carried out at an accelerator LU-10 in NSC KIPT
[8] (Fig. 4). The DD was placed inside a standard poly-
styrene RISO phantom [9], positioned at a distance of
110 cm from the outlet window of the accelerator. The
phantom corresponds a parallelepiped 1 from foam pol-
ystyrene measuring 29x29x10 cm, in which centre, an
absorber 2 in form of a disk from polystyrene 13.8 cm
in diameter and 1.8 cm thick is placed. In the median
plane of the disk, there is a 3 mm wide cavity 3, in
which, the DD was positioned. In the same cavity, the
routine dosimeters Red Perspex (RP) were placed. Their
calibration was preliminarily conducted using the refer-
ence polystyrene calorimetric dosimeters RISO, similar
in structure to the phantoms [9].
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Fig. 4. Calibration of the detector in electron beam
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Fig. 5. Depth dose distribution in absorber of phantom
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2.2. The results of simulation of the dose distribution
within the phantom absorber are shown in Fig. 5. It is
seen, that the dose in the median plane of the phantom
(z=0.9 cm) corresponds to its average value over the
volume of the absorber, measured by a calorimetric

method.

2.3. The phantom and detector were irradiated with
the electron beam having the parameters:

width of the beam scanning zone, cm  32;

= electron energy, MeV 9.8;
= mean current, HA 760;
= pulse rate, Hz 250;
= pulse duration, psec 3.5;

scanning frequency, Hz
The results of measurements are given in Table 1.

3.

Table 1

Parameters of DD calibration in electron beam

Dose rate, DD current, DD sleonsitivity
kGy/s HA x10~, C/Gy
2.13 0.77 3.61
1.08 0.36 3.34
0.54 0.17 3.09
3. X-RAY

3.1. For measurement of detector sensitivity in the
bremsstrahlung field with end-point energy 10 MeV, a
converter, cooled with water, was installed at the output
of the LU-10 accelerator (Fig. 6). The converter design
and the parameters of the radiation field are described in
details in Ref. [10]. In particular, it was demonstrated
that the electrons of a primary beam are almost com-
pletely absorbed in the converter. So a practically "pure”
X-ray flux affected the DD. The latter was stacked with
the RP dosimeter and positioned at a distance of 40 cm
downstream the converter. Following them, a free-air
wide-aperture ionization chamber (WIC), which moni-
tored the energy flux of X-ray, was placed at a distance
of ~1.5m.

W

Fig. 6. Calibration of DD in X-ray radiation

The measurements were conducted at a different
pulse repetition rate of the accelerator: 250, 125 and
62.5Hz. The exposition changed in the range
20...60 min providing the absorbed dose values within
an operating range of the RP dosimeters (Table 2).

Table 2
Results of DD calibration (X-ray, 10 MeV)
Pulse Average DD DD sensi-
repetition | dose rate, | current, | tivity x10%,
rate, Hz Gyls nA C/Gy
62.5 2.97 0.8 2.75
125 5.72 1.8 3.14
250 13.32 4.0 3.0
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3.2. Determination of detector sensitivity to the X-
ray radiation with end-point energy 26 MeV was carried
out at an accelerator EPOS. In this case, the bremsstrah-
lung field was formed by interaction of a scanned elec-
tron beam with a technological target [11]. In the meas-
urements, the accelerator generated the beam with fol-
lowing parameters:

0 electron energy, MeV 26;

O average beam current, pA 420;
O pulse duration, usec 4.2;
0 pulse repetition rate, Hz 150.

The average dose rate of bremsstrahlung, measured
with the RP detectors, was 4.90 Gy/s. The DD current
was 1.25 nA, that corresponds to the detector sensitivity
of 2.6x10™° C/Gy.

3.3. Measurement of the DD sensitivity to brems-
strahlung with end-point energy 40 MeV was conducted
at an accelerator LU-40 [12] (Fig. 7). A converter C
consisted of four tantalum plates, each of 1 mm thick
and 30 mm in diameter and divided with the gaps of
1 mm for cooling. Downstream the converter, a filter-
absorber of electrons F (an aluminum cylinder having
the diameter and thickness of 40 mm) was positioned
followed by the DD detector and RP dosimeter.

Ubias
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Fig. 7. Scheme of DD calibration (X-ray, 40 MeV)
The accelerator provided the beam with following

parameters:
= electron energy, MeV 40;
= average beam current, pA 4.5;
= beam pulsed current, mA 55
= pulse width, ps 1.5;
= pulse repetition rate, Hz 50.

The measurements have shown, that the average
bremsstrahlung dose rate in DD was 3.0 kGy/s and the
DD current -0.9nA. Thus, the detector sensitivity
makes 3.0x107'° C/Gy.

3.4. For an independent analysis of the measurement
data, a computer simulation of the DD calibration con-
ditions in the bremsstrahlung field was carried out. The
developed simulation model included the description of
a primary beam with the actual spatial and energy dis-
tribution of electrons, its interaction with the converter
and the influence of a secondary radiation produced on

the target system.
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Fig. 8. Dependence of absorbed dose in DD and RP
on electron beam energy
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Fig. 8 displays the calculated absorbed dose in DD
and RP (solid lines) as well as the measured dose in the
RP (dots). It is seen, that the calculated and measured
data are in good agreement confirming the correctness
of the DD calibration. This result was expected, taking
into account the proximity of atomic numbers (~6) of
sensitive volumes in DD and RP.

3.5. The results of evaluation of a specific sensitivity
of DD to the electron and X-ray radiation are summa-
rized in Table 3. These data show that the DD sensitivi-
ty within an error of measurement (+15%) does not de-
pend on the type and energy of radiation. The major
sources of the error are those, connected with applica-
tion of the Red Perspex dosimeters, as well as with de-
termination of the detector average current using its
pulse value.

Table 3
Specific sensitivity of DD

Radiation Energy, Specific sensitivity
MeV x10", C/Gy-mm°
Electron 9.8 1.81
Photon 10.0 1.64
26.0 1.45
40.0 1.67

CONCLUSIONS

The CVD-diamond detectors can be applied for
technological dosimetry of electron and bremsstrahlung
radiation in the range of dose rate 3...2500 Gy/s at the
electron and photon energy 10...40 MeV with radiation
durability not less than ~10" Gy.

The average value of specific sensitivity, obtained in
this work for an experimental detector, is twice as much
as that determined at the DD calibration under low radi-
ation dose rate [4]. The difference is most likely due to
the specificities of the applied techniques for the CVD-
diamond grows and, as a result, to the detector parame-
ters obtained.
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KAJIMBPOBKA JO3UMETPOB HA OCHOBE CVD-AJIMA3A B ITOJISIX 9JIEKTPOHHOI'O
Y TOPMO3HOI'O U3JIYYEHUMI BOJBIIION MOIITHOCTH

B.E. Kymnuii, B.H. Hukugopos, O.A. Onanes, I0.B. Pozos, A.B. Pvioka, B.A. Illeeéuenxo, H.H. Illnaxos,
B.E. Cmpenvnuykuii, A.3. Tenuwes, B.JI. Yeapos

OrnucaHnbl pe3ynbTaThl UCCIEAO0BAHUS JO3UMETPUUECKHUX XapakTepucTuk usrorosieHHoro 8 HHI X®TU onbit-
HOro o0Opasna AeTeKTopa Ha OCHOBE IMOJMKpUCTAIIMYecKoi anMasHoi ek (CVD-anmasz). PazpabGoransr mero-
JIUKU KaJTHOPOBKHU JIETEKTOPOB O MOIIHOCTH MOMIOMICHHOMN JTO3BI AJIEKTPOHHOI'O U TOPMO3HOTO U3JIy4eHUH. Y cio-
BHSI KaJIMOPOBKU HCCIICAOBAHBI METOJOM KOMITHIOTEPHOI'O MOJACTHPOBAHUS. J[JIs1 ONpeIeNcHUsS 9yBCTBUTCIBHOCTH
JIETEKTOpa K 3JICKTPOHHOMY H3JIYUCHHIO €r0 TIOMEIIAIH BHYTpH (haHTOMA U3 OIUCTUpOIa. [Ipu n3MepeHusx B moje
TOPMO3HOT'O M3JIYYEHHS! HCIIOIb30BAICS JOIMOIHUTENBHBIN (QUIBTP 3JIEKTPOHOB. B KaxaoM ciydae oOiyueHue Je-
TEKTOpa BBIMOJIHSIOCH COBMECTHO ¢ jo3umerpamu Harwell Red Perspex 4034, mo moka3aHusiM KOTOPBIX MPOU3BO-
nmunnack kanmuoposka. [Ipoenennpie Ha yckoputensax JIY-10, OTIOC u JIV-40 HHI[ X®TU usmepenus moka3anim,
YTO 3HAUCHHS YYBCTBUTEIHHOCTH JICTEKTOPA JIUISI KAXKJOT0 BUIA U3TYUCHHS OJIU3KH U COTIACYIOTCS C IMOTyYCHHBIMH
paHee B YCJIOBHUSX IMOJICH W3IyYCHUsS HU3KOH WHTCHCUBHOCTH. YUUTHIBAs BBICOKYIO PaJHAIMOHHYIO CTOMKOCTHh
CVD-anmaza, 310 00ecreqnBaeT BO3SMOXKHOCT €r0 IPUMEHEHHS B TEXHOJIOTMYECKOH JO3UMETPHH.

KAJIIBPYBAHHSI JO3UMETPIB HA OCHOBI CVD-AJIMA3Y B IOJISIX EJIEKTPOHHOI'O
TA F'AJIBMIBHOI'O BUITPOMIHIOBAHB BEJIMKOI IOTYKHOCTI

B.€. Kymuin, B.1. Hikigpopos, O.A. Onanvos, I0.B. Pozos, A.B. Puoka, B.A. Ille¢uenxo, .M. Illnaxos,
B.€. Cmpenvnuyvkuii, A.E. Teniwes, B.JI. Yeapos

OmnycaHO pe3ynbTaTH JTOCIIPKEHHS JJO3UMETPUYHUX XapakTepucTHk BurorosieHoro B HHI X®TI nocnigaoro
3pa3ka JieTeKTopa Ha OCHOBI HoikpHcTaniyHoi anmasHoi miiBka (CVD-anmasz). PozpobieHo MeTomuku kamiopy-
BaHHS JIETEKTOPIB 32 MOTYKHICTIO TMOTJIMHYTOI J03W €IEKTPOHHOIO Ta TaJIbMIBHOTO BHIIPOMiHIOBaHb. MeTomom
KOMIT'FOTEPHOT'O MOJIEIIFOBAHHS JIOCII/KEHI yMOBH KaniOpyBaHb. [[i1s BU3HaUCHHS YyTIIMBOCTI IETEKTOPA 110 €JIEKT-
POHHOTO BHITPOMIHIOBaHHS HOr0 PO3MIIIyBaIM YCEPEAMHI CTaHAApTHOro (aHToMma 3 moiictupory. [Ipu BuMipro-
BaHHSX Y TOJI TaJbMIBHOIO BUIPOMIHIOBaHHS BHKOPHCTOBYBABCS JOJATKOBHH (UIBTP €NEKTPOHIB. Y KOXHOMY
BHIIAJIKy ONPOMIHIOBAHHS JIETEKTOpa BUKOHYBasIoCs CiibHO 3 mosuMerpamu Harwell Red Perpex 4034, 3a moka-
3aHHIMH SIKMX TpoBowiIocs KaniopysanHs. [IpoBeneni Ha mpuckoproBadax JIY-10, EIIOC Ta JIV-40 HHL] X®DTI
BHMIpPIOBaHHS ITOKA3aJH, [0 3HAYEHHS YYTJIMBOCTI JETEKTOpa JJIsl KOXKHOTO By BUIIPOMIHIOBAHHS € ONM3bBKI 1
Y3TOIKYIOTHCS 3 TAaKHMMH, II0 OfIep>KaHi paHille B yMOBax IOJNiB BUINPOMiHIOBAaHHS HU3bKOI IHTEHCHBHOCTI. 3Baxa-
10YM Ha 3Ha4Hy pajiamiiHy criiikicte CVD-anmasy, ne 3abe3nedye MOXIUBICTS HOrO 3aCTOCYBaHHS B TEXHOJIOTIY-
HIil T03UMETPii.
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