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The prototypes of the coordinate-sensitive semiconductor detectors based on polycrystalline diamond films
(CVvD-diamond) have been manufactured in the NSC KIPT. In this communication, a version of the detector with
the strip-type contacts and its characteristics are described. The techniques of the detector calibration both as a
whole and for separate groups of the strips against the absorbed dose rate of the electron and bremsstrahlung radia-
tion are developed. By means of the computer simulations, an independent analysis of conditions of the radiation
field registration with the detector has been conducted. The experiments carried out at the LU-10 accelerator at NSC
KIPT have shown that the sensitivities of the separate elements (strips) of the detector are similar. The results of the
measurements of the volume sensitivity of the detector are in agreement with the data received earlier for a single-
contact detector. The possibility of the detector application in the study of transverse dynamics of an electron beam

is shown.
PACS: 07.57.Kp, 29.40.-n, 85.25.Pb, 81.05.ug

INTRODUCTION

The detectors based on the polycrystalline diamond
films were manufactured by a plasma method, in which
diamond is deposited on a silicon monocrystalline sub-
strate from a mixture of the methane and hydrogen gas-
es. The detectors were manufactured by an original
technology developed at KIPT, in which the synthesis
of the diamond coating is carried out in the plasma DC
glow discharge in crossed ExH fields [1]. This approach
provides the possibility of obtaining a high discharge
power density (up to 150 W/cm®), which allows the
deposition of high-quality diamond coatings on large
areas with fairly high speed.

With the help of this technology, the samples of co-
ordinate-sensitive diamond detectors of ionizing radia-
tion with strip contacts were manufactured. The devel-
oped detectors include a polycrystalline diamond film
deposited on a silicon substrate, which is the common
contact. On the growth surface of the diamond coating,
the ten aluminum contacts (strips) 1 micron thick were
deposited.

This article deals with the detector production tech-
nology and characteristics, as well as the conditions and
results of the detector calibration at an electron accelera-
tor in the fields of electron and bremsstrahlung radia-
tion. The possibility of using the detector for measuring
the profile of the ionizing radiation flux is described.

1. DETECTOR MANUFACTURING

When obtaining the diamond coating of the strip de-
tectors, a holder of 42 mm in diameter was used, on
which the three silicon substrates measuring 24x8%x2 mm
each were placed. The substrates were made from wa-
fers, which were cut from a single crystal silicon ingot
of KDB (111) grade with 50 mm diameter. The surfaces
of the substrates were polished with the silicon carbide
powder. Further the substrates were chemically etched
to remove surface defect layers, which originated from
the powder treatment. Before the application of the dia-
mond coating, the surface of the substrate was treated
with the diamond powder (particle size 2...3 um) to cre-
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ate the desired density of growth nuclei of the diamond
phase. The synthesis of diamond was performed in a
mode that provides a coating thickness up to 200 um
and the detector-grade electrical resistivity of
~10" Q-cm. The average growth rate of the diamond
film in this mode was ~3.7 um/h. The detector is fixed
to a mounting plate made of a metallized ceramic.

The size and appearance of the elements of the strip
diamond detector (SDD) are shown in Fig. 1.
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Fig. 2. Leakage currents between the neighboring
strips of the detector (U=200 V)

ISSN 1562-6016. BAHT. 2016. N23(103)


mailto:shlyahov@kipt.kharkov.ua

Strip number
Fig. 3. Leakage currents between the strips
and the common contact (U=200 V)

After detector fabrication, the dark bulk and creep-
ing currents were measured with a Keithley 6487
picoammeter (Figs. 2 and 3).

2. SIMULATION

An investigation of the conditions of the nonuniform
radiation field registration by the detector was per-
formed by a computer simulation technique on the basis
of a GEANT4 transport code. The detector model used
in the calculation is shown in Fig. 4.

Fig. 4. Model of the strip detector

At the initial stage, the detector response to the ex-
posure of axially symmetric electron beam with a
Gaussian distribution of the particle density at a value of
the standard deviation of 0.5 cm was analyzed. The
electron energy distribution corresponds to the actual
spectrum of the beam of a LU-10 electron accelerator at
NSC KIPT with energy at the spectral maximum of 9.9
MeV.

0.20+

0.154
S 0.104
Z N -0.042 mm
4 6 =4316 mm

0.054

O Charge deposited on strip
Gauss fitting

0.00 4—F——F—7—7—7T—7 11—

r, mm

Fig. 5. Charge distribution for strips
at detector irradiating with the Gaussian electron beam

Carbon with density of 3.515 g/cm® was used to de-
scribe the diamond. Considering the thickness of the
detector sensitive volume to the strip width ratio, it was
assumed that the active (ionization charge collecting)
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diamond zones correspond to the areas under the strips.
Fig. 5 plots the results of the calculation of the ioniza-
tion charge collection by different single strips when the
detector is exposed to the electron beam with the above-
specified parameters.

3. INVESTIGATION OF THE DETECTOR’S
RADIOMETRIC PERFORMANCE

3.1. Radiometry of the a-radiation.

Studies have shown that, due to the low leakage cur-
rents and efficient collection of ionization charge, the
detector can detect the individual a-particles. So Fig. 6
shows the data on the acquisition rate of a-particles
from a 2**Pu source registered by the individual strips.
The exposure time was 30 minutes. The bias voltage
(U=300 V) was applied to the common contact.

When comparing the data shown in Figs. 3 and 6, a
correlation between the observed leakage currents and
the counting rates is seen.
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Fig. 6. Pulse count rate from the ?°Pu source registered
by the individual strips

Fig. 7 demonstrates the pulse-hight distribution reg-
istered by the strip pairs under a-particle irradiation.
The bias voltage (U=450 V) was applied to one strip of
the pair, the exposure time was 30 minutes.
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Fig. 7. Amplitude distribution of the signals
from the strip pairs under a-irradiation

3.2. Radiometry of electron and bremsstrahlung ra-
diation.

3.2.1. To investigate the possibility of the detector
using in the radiation technological processes, its sensi-
tivity to the high-intensity electron and bremsstrahlung
field was studied. The measurements were carried out at
the accelerator LU-10. The strip contacts were com-
bined into the three groups comprising 3 neighbour
strips (1-3, 4-6, 7-9). The analog sensitivity of each
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group to the absorbed dose rate was measured in such a
way.

The detector calibration against the absorbed dose
was performed using the Harwell Red Perspex 4034
(RP) dosimeters. Their calibration equation was provid-
ed by the manufacturer and obtained on a y-radiation
setup with the ®°Co y-source. For the measurements in
the electron flux, the RP detectors were pre-calibrated
on-site using the reference calorimeter dosimeters RISO
Polystyrene. In both cases, the traceability to the UK
national standard of the absorbed dose was provided.

3.2.2. Fig. 8 illustrates the schematic of the meas-
urements in the electron radiation field. The operation
mode of the accelerator was:

e electron energy, MeV —9.3;
average beam current, mA — 777,
beam pulse-repetition rate, Hz — 250;
width of the beam scanning zone, cm — 42.
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Fig. 8. Schematic for the measurements of detector
sensitivity under the electron irradiation:
a — geometry of the output device of the accelerator;
b — detector connection diagram

The SDD and two RP dosimeters were placed at a
distance of 150 cm from the output foil of the accelera-
tor on its axis. The bias voltage U=100 V was applied to
the SDD. A signal from the SDD went to the integrator
(R1C1) with time constant 1 s. The voltage at the inte-
grator’s exit was measured by a voltmeter V (V7-40).

The output devices were irradiated for 10 seconds,
while the current from each group of the strips was
measured. The results are listed in Table 1.

Table 1
Sensitivity of the detector in the field
of electron radiation

e beam pulse-repetition rate, Hz — 250.
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Fig. 9. Schematic for the measurements
of detector sensitivity in the bremsstrahlung field:
a — location of the accelerator and elements
of the output device; b — detector connection diagram

The SDD with nearby RP dosimeters were placed at a
distance of 40 cm downstream from the bremsstrahlung
converter on the accelerator axis. The signal from the
detector was registered with a digital oscilloscope TDS
1012.

Irradiation of SDD was conducted for 10 minutes
with simultaneous current measurement for each group
of the contacts. The results are shown in Table 2.

Table 2
Sensitivity of the detector in the bremsstrahlung field

Contact group Detector sensitivity, C/Gy
1-3 4.9E-11
4-6 4.2E-11
7-9 4.7E-11

Contact group Detector sensitiity, C/Gy
1-3 6.98E-11
4-6 6.51E-11
7-9 6.77E-11

The average value of sensitivity makes 6.75E-11 C/Gy
(u=10%, k=2).

3.2.3. The geometry of the accelerator output devic-
es and the metering circuit for determination of its sen-
sitivity in the bremsstrahlung radiation are shown in
Fig. 9. Taking into account the decrease of the average
absorbed dose by ~2 orders of magnitude, the measure-
ments were performed in a pulsed mode at the following
beam parameters:

o electron energy, MeV - 9.5;

o width of the beam scanning zone, cm — 42;

e beam pulse duration, s —3.3;

e pulse beam current, mA —0.970;
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The average value of the SDD sensitivity makes
4.6E-11 C/Gy (u=10%, k=2) at the absorbed dose rate
of ~ 20 Gyls.

3.2.4. The experimental setup for studying the pos-
sibility of using the detector to characterize the beam
profile is shown in Fig. 10. During this measurement the
beam scanning was switched off. The accelerator was
working at a beam pulse frequency of 1 Hz. The SSD
unit was positioned on the beam axis at a distance of
40 mm from the accelerator exit window. A signal from
the individual strips went to the switch located directly
near the detector. The rest of the recording equipment
had been taken out of the exposure area. The power
supply provided a voltage bias U=100 V to the detector.
The strips were switched sequentially by the control
unit. The signal was recorded by the digital oscilloscope
(TDS1012). The results obtained are shown in Fig. 11.
It is evident, that the actual distribution of the electron
flux density is not axially symmetric. During the meas-
urements, the deviation of the beam axis on the detector
with amplitude of about 1 mm and the period of about
15 s was observed.
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Fig. 10. Experimental setup for measuring
the profile of the electron beam
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Fig. 11. Electron beam profile as measured by SSD
CONCLUSIONS

analog sensitivity for different groups of the strip con-
tacts does not exceed 10%. This indicates a sufficient
homogeneity of the CVD-film and the reproducibility of
its characteristics.

In general, such properties determine a wide range
of applications for the diamond detectors — from the
radiometry and flux profile characterization of the radia-
tion fields to the dosimetric maintenance of industrial
radiation processes in the installations with the electron
accelerators or y-sources.
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Previously, it was found that the radiation detectors 2.
based on CVD-diamond have high radiation resistance
[1]. The investigation of the detector prototype with the
strip contacts, undertaken in this work, has shown that it
is also characterized by low dark leakage current (less
than about 25 pA through the bulk and about 9 pA on
the surface). The analog sensitivity of the strip detector,
normalized to the diamond film volume, is similar to the
previously obtained value for the single-contact detec-
tors [2]. At the same time, the difference between the
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PA3PABOTKA U HCCIIEJOBAHUE XAPAKTEPUCTHUK CTPUIIOBBIX JETEKTOPOB
HA OCHOBE CVD-AJIMA3A

B.E. Kymnuii, A.A. Bepéexun, A.B. Pvioka, C.®. /[yonux, O.A. Onanes, B.E. Cmpenvnuyxuii, A.A. 3axapuenko,
A.3. Tenuwes, BJI. Yeapos, B.A. Illeeuenxo, U.H. Illnaxoe

B HHII X®TH co3nansl onbITHBIE 00pa3iibl KOOPAMHATHO-YYBCTBUTEIBHBIX MOIYIIPOBOIHUKOBBIX JETEKTOPOB
Ha OCHOBE NOJUKpUCTaIUueckoil anmaszHoi mwi€Hku (CVD-anmaz). OnucaHbl BApUAHT JETEKTOPA CO CTPUIIOBBIM
TUIIOM KOHTAKTOB M €ro XapaKTepUCTHKU. Pa3paboTaHbl METONMKH KaIHOPOBKU JIETEKTOpPA B LIEJIOM U €T0 OT/EJb-
HBIX 3JIEMEHTOB (TPYIIII CTPUIIOB) MO MOIIHOCTH HOTTIOMEHHOHN 03Bl 3JIEKTPOHHOT'0 U TOPMO3HOT0 m3nydeHui. He-
3aBUCHMBIA aHAIN3 YCIOBUI PETHCTpALlMK JETEKTOPOM IOJIeH M3ITy4eHHs BBIOIHEH METOJOM KOMIIbIOTEPHOIO
MoznenupoBanus. IIpoenennsie Ha yckoputene JIY-10 HHI[ XDTH skcriepuMeHTH TOKa3ald, YTO 3HAYECHUS TyB-
CTBUTENILHOCTH OTJENBHBIX HJIEMEHTOB (CTPUIIOB) AETEKTOpa OMM3KH MEXAy co00i. Pe3ynpraTel n3mepeHuil HHTe-
IPaJIbHOM 4yBCTBUTEIBHOCTH JAETEKTOpA COTIACYIOTCS C AaHHBIMHU, NTOTYYEHHBIMU paHEE B YCIOBMAX IOJIEH W3Ty-
YEeHUsT HU3KOW MHTEHCHBHOCTH. IIpoleMOHCTpHpoBaHa BO3MOXHOCTh IPHUMEHEHUS E€TEKTOpa B HCCIEIOBAHUIX
MIONIEPEYHON TUHAMHKH ITyYKa 3JIEKTPOHOB.

PO3POBKA TA JOCIJKEHHS XAPAKTEPUCTHUK CTPUIIOBUX JETEKTOPIB
HA OCHOBI CVD-AJIMA3Y

B.€. Kymuin, A.A. Bepvoskin, A.B. Puoka, C.®D. /[yonix, O.A. Onanes, B.€. Cmpenvnuyskuii, 0.0. 3axapuenko,
A.E. Teniwes, B.JI. Yeapos, B.A. Illesuenxo, 1. M. IlInaxos

Y HHII X®TI cTBopeHi mociiaHi 3pa3ku KOOPAMHATHO-UYTIUBUX HAIiBIPOBITHUKOBUX AETEKTOPIB HA OCHOBI
moJikpucTanigHoi giamanToBoi mwiiBku (CVD-anmaz). Ommcano BapiaHT IeTeKkTopa i3 CTPUIIOBUM THIIOM KOHTAKTiB
1 #ioro xapakTepucTUKu. Po3poOiieHi MeTonnkn KamiOpyBaHHS NETEKTOpa B IUIOMY i MOTO OKPEeMHX EIIEMEHTIiB
(rpyII CTpHITIB) 3a MOTYXKHICTIO MOTIMHEHOI 03K EIEKTPOHHOTO i TaJbMIBHOTO BHIIPOMiHIOBaHb. Hesanexuuit ana-
Ji3 YMOB peEecTparlii AeTEKTOPOM MONIB BUIPOMIHIOBaHHS BHKOHAHWN METOJOM KOMITIOTEPHOT'O MOJICITIOBAHHS.
[poBeneni Ha mpuckoproBadi JIY-10 HHI[ X®TI excnepuMeHTH MMOKa3ajiH, M0 3HAYCHHS YYTIMBOCTI OKPEMHUX
€IIEMEHTIB (CTPHUMIB) AeTEKTOpa ONM3bKi Mixk co00r0. Pe3ynbTaTi BUMipIOBaHb iHTETPAbHOI YyTJIMBOCTI IETEKTOpa
Y3TOKYIOTHCS 3 TaHUMH, OTPUMaHUMH PaHillle B yMOBaX ITOJIiB BUMIPOMiHIOBaHHS HI3BKOI iHTeHCHUBHOCTI. [Ipome-
MOHCTpPOBaHa MOXKJIMBICTh 3aCTOCYBaHHA JETEKTOPA B TOCITIKEHHSX MOMEPEYHOI AMHAMIKHY ITydKa eIIEKTPOHIB.
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