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In 2016, the NATO Science for Peace and Security Programme funded research project "Engineering Silicon
Carbide for Border and Port Security" — E-SiCure was launched, its objective being the development of
radiation-hard silicon carbide (SiC) based detectors of special nuclear materials (SNM), with the aim to enhance
border and port security barriers. Detector prototypes based on SiC Schottky Barrier Diodes (SBDs) and neutron
converter films were developed. This paper presents the results of a dedicated experimental testing campaign
performed at the JoZef Stefan Institute (JSI) TRIGA reactor in which several SiC detector prototypes equipped
with 1B and °LiF converter films were irradiated in the Dry Chamber of the reactor. The obtained results
demonstrate a clearly measurable neutron response, which varies linearly with the neutron flux. The measured
particle spectra from the SiC detectors exhibit a clear structure, attributable to the nature and energy of
secondary particles originating as reaction products from nuclear reactions involving '°B and °Li isotopes.
The determined sensitivity of the detectors, their active volume being 1 mm x 1 mm X 25 pm, 1 mm X
1 mm x 69 ym and 1 mm x 1 mm x 170 pm, was of the order of 2 x 107> counts per second, per unit of
neutron flux [counts s™! per n cm~2s7'] (for neutron energies between 0 and 5 eV). Scaling the detection
sensitivity by a factor of 10°, i.e. to an array with a surface of around 20 cm X 2 m, comparable to large
BF; or *He detectors, would theoretically enable an overall sensitivity of around 2 counts s~! per n cm™2s7!,
which is already comparable to typical neutron sensitivity values of gas detectors, in the range from several
to over 100 counts s~! per n cm~2s71. Due to its outstanding tolerance to harsh environments (including high
temperatures and radiation fields) and superior electronic properties when compared to other semiconductors,
SiC is a promising base material for the fabrication of solid-state detectors with stable and long life-time.
Improvements in sensitivity combined with the capability of fabricating large modules (SiC arrays), could
make SiC an important detection technology, applicable also in the context of border and port security barrier
monitoring.

1. Introduction enforcement of non-proliferation and arms-control treatises [1-3]) to

public-wide applications, ranging from agriculture to homeland secu-
Increasingly complex risks like geopolitical instability or decen-

rity [4,5]. Recent progress in the manufacturing of high-quality bulk
tralized terrorism threats, have led to the urge for deploying nuclear y [4,5] prog & sra y

screening systems for detection of illicit trafficking of nuclear materials,
and consequently, to a growing interest in the field of research and
development of new radiation detection technologies suitable for home-
land security applications. Development of neutron-sensing detectors in
the last two decades was driven by specific applications, shifting from
niche (scientific research, fuel monitoring in nuclear power stations,
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and epitaxial silicon carbide (SiC) driven by a mature and grow-
ing industry of power electronics [6-8], could enable unprecedented
opportunities for future SiC-based detection of neutron and alpha par-
ticle sources. Unlike existing and commonly used gas-based neutron

detectors, SiC-based devices have the potential advantages of high
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Fig. 1. Schematic display of the SiC SBD fabrication process.

production scalability, low operation voltage, portability, on-chip inte-
gration and pixelization, as well as good discrimination against gamma
radiation. More importantly, due to its extreme radiation hardness,
silicon carbide (more specifically its 4H hexagonal phase - 4H-SiC) [9,
10], has been seen as a promising semiconductor to be used as the
active volume for solid-state radiation and particle detectors, including
X-rays [11], alpha-particles [12,13] and neutrons [14-18].

In 2016, the NATO Science for Peace and Security Programme
funded research project “Engineering Silicon Carbide for Border and
Port Security” - E-SiCure was launched, with the main objective of
combining theoretical, experimental and applied research towards the
development of radiation-hard SiC-based detectors of special nuclear
materials (SNM), in order to enhance border and port security barri-
ers. The initial project activities were devoted to studies of material
radiation hardness and modification processes in order to manipu-
late the most severe electrically active defects which trap or anni-
hilate free charge carriers, by specific ion implantation and defect
engineering [19-21].

This paper presents the results of neutron detection testing activities
performed at the Jozef Stefan Institute (JSI) TRIGA reactor in the
framework of the E-SiCure project. Section 2 presents SiC Schottky
Barrier Diode (SBD) detector prototypes and a data acquisition system
developed within the E-SiCure project. It also presents the results
from initial testing using an 2*!Am alpha particle source. Section 3
describes the realization of SiC detector prototypes, including neutron
converter films based on 1°B and °LiF. Section 3 also describes a series
of tests using an 241 Am alpha particle source and the results of neutron
irradiation testing in the JSI TRIGA reactor. Section 4 gives a discussion
of the obtained results and outlines future areas of investigation.

2. SiC detector prototypes and data acquisition system

Several prototype neutron detectors were manufactured at the Na-
tional Institutes for Quantum and Radiological Science and Technology
in Japan (QST), specifically for experimental testing of alpha particle
and neutron response. The detectors were based on n-type 4H-SiC SBDs
with several active layer thicknesses and dopant concentrations (N p):
25 um (Np = 4.7x10"* cm=3), 69 pm (N = 9.1x10'* cm=3) and 170 pm
(Np =48x 10 cm™3), their lateral dimensions being 1 mm x 1 mm.
The diodes were fabricated by growth of a SiC epitaxial layer onto the
SiC substrate and subsequent deposition and sintering of nickel Ohmic
and Schottky contacts. The contact quality was verified with I-V and C-
V measurements. The fabrication process of SiC SBDs is schematically
displayed in Fig. 1.

The detectors consisted of SBDs, surface-mounted onto chip carriers
with wire bonded electrical contacts, as displayed in Fig. 2. The chip
carriers were enclosed in 3D-printed plastic holders in order to com-
pletely isolate the electrical contacts under high voltage. The holders
were mounted in aluminium enclosures; the holders and aluminium

 Film

Fig. 3. Prototype detectors. Left: assembled detector prototype in aluminium enclosure.
Right: prototype detector components: SiC SBD mounted onto chip carrier with contacts,
installed in 3D printed holder with opening, converter films (with '°B and °LiF powder),
open aluminium enclosure with opening.

enclosures had an opening directly above the SBD to enable charged
particles to reach the SBD surface, as displayed in Fig. 3.

The electronic system for particle event processing and recording
consisted of a preamplifier and a shaping amplifier (PCB modules
CR-150-R5 and CR-160-R7) manufactured by CREMAT, and a digital
signal processing multichannel analyser (DSP-MCA) manufactured by
AMPTEK (model no. 8000D), operated by a laptop computer. Fig. 4
displays a schematic diagram of the electronic data acquisition system.

Power to the electronic system (preamplifier and shaping amplifier)
was provided by a standalone battery-powered voltage source, in order
to avoid the use of mains power. The latter often carries electronic noise
which can negatively affect the measurement performance. The voltage
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Fig. 4. Schematic diagram of the electronic data acquisition system.
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Fig. 5. Detector system under development: (a) A SBD detector being tested using a
241Am source. (b) Electronic system for operation of a detector and data acquisition
during initial testing at ANSTO.

source also provided power to a separate high voltage bias module,
used to apply reverse bias to the SBDs. Reverse negative bias was
connected to the front Schottky contact of the SBDs, the back Ohmic
contact of the prepared prototype detectors was grounded.

Initial testing of the detectors and acquisition system was performed
in low-AC-noise environment in the detector laboratory at the Aus-
tralian Nuclear Science and Technology Organisation (ANSTO). The
acquisition system was tested using a precision pulse generator. An
241Am alpha particle source was used to test the detector response
to energetic charged particles. The experimental setup for the initial
testing is displayed in Fig. 5.

In order to keep a low capacitance input (10 pF) to the preamplifier
stage, we used a CREMAT CR-110-R2 preamplifier chip and tested the
detection energy resolution with the shaping PCB module equipped
with a CR-200-R2 chip with shaping times of 0.5 and 1.0 ps. The total
gain for event signal amplification was kept constant. Pole/Zero (P/Z)
was adjusted for different shaping constants. Recorded events were
sorted by the MCA in 2k-channel energy spectra. The performance
of the detection system was observed for shaping times of 0.5 and
1.0 ps and reverse bias voltages of 50 and 100 V. The combination of a
reverse bias voltage of 50 V and a shaping time of 1 ps resulted in best
spectroscopic performance. The initial testing results demonstrated the

functionality of the detector prototypes and the electronic measurement
system.

3. Neutron detection testing
3.1. Neutron detector prototypes

Following the results obtained from the initial testing, an exper-
imental campaign was performed at the JSI TRIGA reactor in May
2018 aiming at demonstrating and quantifying the neutron detection
capabilities of the prototype detectors in terms of their neutron de-
tection sensitivity. For the test, four new detectors were realized. The
detector prototypes were equipped with converting films for thermal
neutron detection. Due to the very large thermal neutron cross sections
of the 1°B(n, )’Li and °Li(n, r)*He reactions (around 3843 b and 938
b respectively, at an incident neutron energy of 0.0253 eV [22]), and
the production of detectable energetic charged particles, the chosen
converting materials were enriched 1°B and °LiF powders. The 1B and
SLiF powders were applied onto plastic film and mounted above the
openings of the 3D-printed SBD holders, at a distance of approximately
2 mm from the SBD surface. Fig. 3 shows two prototype detectors used
in the experimental tests (fully enclosed and open).

3.2.241Am dlpha particle testing

Firstly, the detectors were tested without neutron converters and
no radiation sources, with an applied HV bias of 50 V. All the ob-
tained spectra showed a large peak at low channel numbers, which
was attributed to electronic noise, and no counts appeared at higher
channels. The detectors were then tested using an 241 Am alpha source,
its nominal activity being 416 kBq. Measurements were taken at two
different times, in the first session using a 25 pm and a 170 pm detector,
in the second using a 69 pm detector the same 170 pm detector as in
the first session. In all the recorded spectra, a clear peak due to the
alpha particles emitted from 24'Am at high channels was observed,
confirming the functioning of the SBDs as detectors of charged particles.
Fig. 6 displays the recorded 2*!Am particle spectra. The 2*!Am «
peak (E = 5485.6 keV) appears in the range between channels 4500-
4700. In Fig. 6, (1) and (2) indicate the first and second measurement
of the 2! Am « particle spectrum using the 170 um detector. The
observed slight difference in the position of the 2! Am « particle peak
(around 5%) between the detector spectra is attributable to several



V. Radulovié, Y. Yamazaki, Z. Pastuovi¢ et al.

Recorded **'Am alpha particle spectra

10 4
Low channel peak - 25 pm x 1 mm x 1 mm

electronic noise 170 um x 1 mm > 1 mm (1)
/ —— 69 umx1mmx1mm

< — ——170 um x 1 mm x 1 mm (2)

o
=

0,01 —

1E-3

Count rates [counts s']

T T T T T T T T T T 1
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500

Channel

Nuclear Inst. and Methods in Physics Research, A 972 (2020) 164122

Recorded **'Am alpha particle spectra

0,25
241
J—— 25 mx1mmx1mm m alpha peaks
0,20 — 170 pm x 1 mm x 1 mm (1)
69 umx1mmx1mm
T 1——170 um x 1 mm x 1 mm (2) ‘ M
2 015 “
=]
8 |
L
: il
& 010 |
g [}
3 |
(e}
© 0,05
3500 4000 4500 5000

Channel

Fig. 6. Recorded >*'Am particle spectra.
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Fig. 7. Photograph and schematic view of the main components of the JSI TRIGA
reactor.

possible causes, e.g. temporal drifts in the acquisition system param-
eters, polarization effects due e.g. to differences in the quality of the
electrical contacts, and differences in the source-to-detector distance
during these measurements (estimated at 5 mm + 2 mm). It is worth
noting that these measurements were performed essentially as a means
of verification of the functioning of the detectors and acquisition system
before irradiation with neutrons; each irradiation involving a rather
time-consuming manipulation procedure.

3.3. Neutron irradiation testing

Following the a particle tests, the neutron converter films were
applied to the detectors and neutron irradiations were performed in
the Dry Chamber of the JSI TRIGA reactor. The Dry Chamber is a large
irradiation room in the concrete body of the reactor, connected with
the reactor core by a graphite thermalizing column [23]. It is mostly
used for radiation hardness testing of detectors, electronic components
and systems [24,25]. Fig. 7 displays a photograph of the JSI TRIGA
reactor and a schematic view of its main components, including the
Dry Chamber.

Measurements were taken firstly with 25 pm and 170 pm thick
detector prototypes, both equipped with 1°B converter films at the
following reactor power levels: 10 kW, 50 kW, 100 kW, 180 kW and
250 kW. The determination of the corresponding neutron flux levels
is discussed in Section 3.5; Table 1 reports the neutron flux levels
corresponding to each power level the detectors were irradiated at. In
all the recorded spectra we observed a significant number of counts at
higher energy channels. We also observed a distinctive structure, which
was similar in all the recorded spectra.

Measurements were continued with 69 pm and 170 pm thick detector
prototypes equipped with °LiF and 1°B converter films, respectively

Table 1

Neutron flux levels in the Dry Chamber of the JSI
TRIGA reactor corresponding to the power levels at
which the prototype SiC detectors were irradiated. ¢,,,
are the total flux values, ¢, s .y are the flux values
in the range from 0 to 5 eV, relevant for the'®B(n, a)
and®Li(n, 1) nuclear reactions (Section 3.5).

P [kW] ¢, [nem™2s7!']  ¢ys.y [n em™2s7!]
0 0 0

10 6.4 x 10° 35x10°

50 32x10° 1.8 x 100

100 6.4 % 10° 3.5x%10°

170 1.1x 107 6.0 x 10°

180 1.2x 107 6.3 % 10°

250 1.6 x 107 8.8 x 10°

(the latter film was prepared using a smaller quantity of 1°B powder), at
the following reactor power levels: 10 kW, 50 kW, 100 kW, 170 kW and
250 kW. As for the 19B converter film, with the ®LiF converter film we
also observed a significant number of counts at higher energy channels.
In the measured spectra obtained with the 69 pm detector prototype
equipped with the °LiF converter film, we also observed a distinctive
structure in all the spectra, which was qualitatively different to the one
observed using 1°B converter film.

The energy calibration (relation between energy and channel num-
ber) for the recorded spectra was obtained from the measurements of
241Am alpha peaks only. Measurements were performed with other
alpha particle sources (23°Th and 232Th), however their activities were
not sufficiently high to be able to obtain usable particle spectra. There-
fore a linear relationship was assumed with intercept at zero. Figs. 8
and 9 display the measured spectra in which the structure was the
clearest, obtained with a 25 pm x 1 mm x 1 mm SiC SBD, equipped with
a 10B converter film and a 69 pm x 1 mm x 1 mm SiC SBD, equipped
with a ®LiF converter film, respectively, with the energy calibrations
applied.

3.4. Interpretation of the measured spectra

The reactions used for the conversion of neutrons to charged par-
ticles are 19B(n, @) and °Li(n,1). The 1°B(n, a) reaction can take place
through two reaction channels:

0B+ n — (1776 keV) + "Li (1013 keV); BR = 6.3%; Q = 2789.5 keV
0B 4+ — (1472 keV) + "Li* (840 keV); BR = 93.7%; O = 2311.9 keV,
where "Li* represents an excited state of 'Li, BR denotes the branching

ratio and Q the reaction Q value. The measured spectra using the
25 pm x 1 mm x 1 mm SiC SBD, equipped with a 19B converter layer
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Fig. 9. Spectra from 69 pm with °LiF converter layer.

(Fig. 8) display a distinctive structure, attributable to the secondary
charged particles originating from 1°B(n, a) reactions. The main features
(regions) in the spectra are denoted with “R0” - “R4”. Table 2 gives
the energy ranges of the observed regions and possible interpretations
of the detected events.

The ®Li(n, ) reaction takes place through one reaction channel:

SLi+n — 12731 keV) + (2052 keV); Q = 4783 keV

In the case of the spectra obtained using the °LiF converter layer
the interpretation is not straightforward. The broad regions observed
in the spectra are denoted with “R0” - “R2”. Table 3 gives the en-
ergy ranges of the observed regions and possible interpretations of
the detected events. The observed low spectroscopic performance of
the detectors equipped with ®LiF converters is probably due to the
low intrinsic energy resolution of the detectors and partial slowing
down of the charged particles in the converter layers themselves. As
a comparison, significantly better energy resolution is achievable with
diamond detectors and thin °LiF converter layers [26].
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Neutron spectrum in JSI TRIGA Dry Chamber (MCNP 6.1 / ENDF/B-VII.1),
1%B(n,a) and °Li(n,t) reaction cross sections (IRDFF-v1-05)
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Fig. 10. Neutron spectrum in the Dry Chamber of the JSI TRIGA reactor obtained
with a Monte Carlo particle transport calculation with the MCNP6.1 code/ENDF/B-VII.1
nuclear data library.

3.5. Neutron flux determination through activation measurements

In order to determine the order of magnitude of the neutron sen-
sitivity of the prototype detectors, activation dosimetry measurements
for the 197 Au(n, y)!9Au reaction were carried out in the Dry Chamber
of the JSI TRIGA reactor in the location used for the measurements
with SiC detectors. The measured 197 Au(n, y)!°8Au reaction rate was
7.4(1 +0.03) x 1071% 571 per target atom. The total neutron flux level
was determined on the basis of the measured reaction rate, and the
neutron spectrum in the irradiation location in the Dry Chamber,
obtained from a Monte Carlo particle transport calculations with the
MCNP6.1 code [27] in conjunction with the ENDF/B-VII.1 nuclear data
library [28], using a detailed, verified and validated computational
model of the JSI TRIGA reactor [29-33].

Fig. 10 displays the calculated neutron spectrum in the Dry Chamber
of the JSI TRIGA reactor, along with the 1°B(n, @) and ®Li(n, r) reaction
cross-sections. The total neutron flux level was determined assuming
the calculated neutron spectrum shape, and normalizing the total neu-
tron flux level to reproduce the experimental 197 Au(n, )!98 Au reaction
rate value. The determined total neutron flux at full reactor power at
the position in which the prototype neutron detectors were tested was
1.6 x 107 n em~2 s~1. The neutron flux is linearly proportional to the
reactor power.

The 1°B(n, @) and ®Li(n, t) reactions both have 1/v dependent cross-
sections practically up to the fission neutron energy range, and are
therefore predominantly sensitive to thermal neutrons. Therefore, for
the determination of the neutron detection sensitivity, instead of the
total neutron flux, it is physically more appropriate to consider only the
neutron energy range which gives rise to the majority of the detected
signal. In the present work, we consider E = 0 as the bottom energy
limit and E = Egyy, (i.e. the energy at which the cumulative reaction
rates reaches 99% of its total values) as the top energy limit.

Fig. 11 displays the cumulative reaction rates for the 19B(n, a),
6Li(n,t) and 1%7Au(n,y) reactions, computed using the JSI developed
code RR_UNC, which calculates reaction rates and their uncertain-
ties due to uncertainties in the reaction cross-sections and neutron
spectra [34]. The cumulative reaction rates were computed with the
neutron spectrum in the Dry Chamber (Fig. 10) and cross-sections
from the IRDFF-v1-05 dosimetry nuclear data library. The cumulative
reaction rates are normalized to the total reaction rate values. Along
with the cumulative reaction rate curves, the Eyy, values are also
denoted. For both 1°B(n, @) and OLi(n, t), the calculated Eqy,, values are
between 4 and 5 eV, therefore, for the sake of consistency, E = 5 eV
was set as the top energy limit.
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Features in the measured spectra using a 25 pm X1 mm X1 mm SiC SBD, equipped with

al'B converter layer.

Detected events

Electronic noise and y background

7Li and "Li* particles
(E = 839.8 keV, E = 1013, 3 keV)

a particles
(E = 1472.1 keV, E = 1776.2 keV)

a particles (E = 1472.1 keV) and
Li* particles (E = 839.8 keV)
from dominant reaction channel
detected simultaneously

« particles (E = 1776.2 keV) and
7Li particles (E = 1013.3 keV)
from less probable reaction channel
detected simultaneously

Region Energy range,
approx. [keV]

RO 0-300

R1 300-1100

R2 1100-1700

R3 1700-2300

R4 2300-2700

Table 3

Features in the measured spectra using a 69 pm x1 mm x1 mm SiC SBD, equipped with

a®LiF converter layer.

Detected events

Region Energy range,
approx. [keV]

RO 0-300

R1 300-1400

R2 1400-3800

Electronic noise and y background

Partial energy
deposition events

Partial energy deposition from
t (E = 2731 keV) and
a (E = 2052 keV) particles

Cumulative reaction rates vs energy (normalized to total)

. ——"Li(n,t) Cumulative RR

: ———"B(n,a) Cumulative RR

i ! ¥Au(n,y) Cumulative RR
————— ®Li(N,t) Eggy,

1 S %B(n,0) E

197

Cumulative reaction rate

99%

Au(n,y) Egg,

Energy [eV]

Fig. 11. Cumulative reaction rates for the °B(n,a), °Li(n,7) and ° Au(n,y) reactions.
The vertical lines denote the energies at which the cumulative reaction rates reach 99%
of their total values. The 1°B(n, a) ®Li(n, f) reactions are sensitive to the neutron energy
region between 0 and 5 eV, highlighted in blue. (For interpretation of the references
to colour in this figure legend, the reader is referred to the web version of this article.)

3.6. Detector response vs. neutron flux

Two very important parameters of a neutron detector are the de-
tection sensitivity and response linearity. In practical applications of
SiC neutron detectors, it is reasonable to assume that the total neutron
signal is derived from the total detector count rates above a certain
energy threshold, applied to suppress the contribution due to elec-
tronic noise. Furthermore, semiconductor detectors are expected to be
combined into arrays to increase the overall detection sensitivity. On
the basis of the measured particle spectra obtained during the testing
campaign at the JSI TRIGA reactor, we applied a threshold at channel

Detector response vs. reactor power / neutron flux
0-5 eV neutron flux [n cm?s™]
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Fig. 12. Total detected count rates (above channel no. 500), i.e. around 600 keV as a
function of reactor power/neutron flux. The lines represent fitted linear relationships
to the data.

no. 500 (corresponding to the incident energy of around 600 keV),
which is definitely above the low energy peak, attributed to electronic
noise. Fig. 12 displays the total detected count rates as a function of
reactor power and corresponding neutron flux. The graphs in Fig. 12
demonstrate excellent response linearity.

The detection sensitivity per unit of neutron flux is represented by
the slope in the graphs in Fig. 12. The computed values for the tested
detectors are reported in Table 4. The neutron flux between 0 and 5 eV
was considered.

In view of the end application, in which SiC detectors would be
employed as monitors in the context of border and port security, it is
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Table 4
Computed detector sensitivities from this work, scaled sensitivity and typical
sensitivities for BF; and *He detectors.

Detector/Converter Sensitivity

[counts s~ per n cm™2 s7!]

25 ym x 1 mm x 1 mm/'°B 1.8x107°
170 pm x 1 mm x 1 mm (1)/!°B 6.4 %1076
69 pm x 1 mm x 1 mm/SLiF 44x107°
170 pm x 1 mm x 1 mm (2)/!°B 1.3x107%
Scaled sensitivity to around 2
100 x 1000 array of SiC detectors

Typical BF, around 4

Typical *He several 10 - above 100

envisaged that a large number of detectors would be configured into
arrays. Typical dimensions of BF; or He neutron monitor detectors
used in this application are 2.54 cm - 5.08 cm (1 inch — 2 inches)
in diameter and 0.3 m - 1.8 m in length. Typical sensitivity values
for BF; detectors are of the order of 4 counts s! per n cm™2s™!, for
3He detectors in the range of several 10 to over 100 counts s~ per n
ecm~2s71, Assuming a uniform neutron field, an array of 100 x 1000
SiC detectors with a neutron sensitivity of 2x10~5 counts s~! per n
cm~2s~! for each single detector (as demonstrated in this work), with
dimensions comparable to large *He neutron monitors (around 0.2 m X
2 m), would theoretically allow an overall sensitivity of around 2 counts
s71 per n em~2s~!, which is already comparable to typical neutron
sensitivity values offered by gas detectors currently available on the
market.

However, for detectors used in the context of border and port
security, there is a strong interest to decrease their complexity and
thereby the associated manufacturing and maintenance cost, while in-
creasing robustness and ease of operation. The obvious way forward is
development work aimed at reducing the required number of single SiC
detectors, as each one requires a separate electronic data acquisition
line, by increasing the sensitivity of single SiC detectors.

There are several important factors influencing the sensitivity of
a SiC-based neutron detector. To some extent, SBDs with a larger
active area would allow a larger neutron count rate, by enabling a
larger fraction of the charged particles emitted from the converter film
to be detected. However, the maximum size of the SBDs is limited
by degradation of the electronic properties due to the manufacturing
process and the overall capacitance, which negatively affects their
charged particle detection performance. In the detector prototypes in
the present work, an air gap exists between the neutron converter film
and the SiC SBDs, which partially slows down the emitted charged
particles. Placing the SiC SBDs and the neutron converter film in an
evacuated environment (as is implemented in a spectrometry devices)
would reduce the dissipation of the kinetic energy of the emitted
charged particles, and therefore improve the detection performance.
Lastly, the thickness of the neutron converter film strongly affects the
self-absorption of the charged particles. An optimal converter thick-
ness enables maximizing the reaction rate and the kinetic energy of
the charged particles escaping from the converter material. For this
purpose, thin films of the order of 1 pm [35] are the most effective.

4. Conclusions and future work

This paper presents the development and testing of SiC SBD neutron
detector prototypes and acquisition systems performed in the NATO
SPS-funded project E-SiCure, with the motivation to pave the way for
the application of SiC detector technology for enhanced border and port
security barriers.

Nuclear Inst. and Methods in Physics Research, A 972 (2020) 164122

It is demonstrated that simple detection devices based on SiC SBDs,
equipped with neutron to charged particle converter films, based on 1°B
and °Li isotopes, have a clearly measurable neutron response, which
varies linearly with the incident neutron flux. Furthermore, extrapo-
lating the experimental neutron sensitivity values of single SiC SBDs
to larger arrays of such detectors, theoretically, a response comparable
to neutron detectors currently in use for this application is achievable.
However, at the present neutron detection sensitivity, very large detec-
tor arrays would be required, implying a high degree of system com-
plexity and serious technical challenges related to the implementation
and operation, and a high cost.

For detector applications in the context of border and port security,
there is a strong interest in reducing the number of single SiC detectors,
which could be made possible by increasing the performance of single
SiC diodes. Further development work is required, aimed at increasing
the sensitivity of single SiC detectors, and, more importantly, at solv-
ing the technical challenges associated to the construction and signal
readout from a large array of single SiC devices.
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