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Abstract 9 
A Commercial-Off-The-Shelf (COTS) 4H-SiC p-n photodiode (sold as a UV detector) was investigated as 10 
detector of electrons (β

-
 particles) over the temperature range 100 °C to 20 °C.  The photodiode had an active 11 

area of 0.06 mm
2
.  The currents of the photodiode were measured in dark condition and under the illumination 12 

of a 
63

Ni radioisotope β
-
 particle source (endpoint energy = 66 keV).  The photodiode was then coupled to a 13 

custom-made low-noise charge-sensitive preamplifier to make a direct detection particle counting electron 14 
spectrometer.  

63
Ni β

-
 particle spectra were accumulated with the spectrometer operating at temperatures up to 15 

100 °C.  The quantum efficiency of the photodiode as well as the spectrum expected to be detected were 16 
calculated via Monte Carlo simulations produced using the CASINO computer program.  Comparisons between 17 
the simulated and detected 

63
Ni β

-
 particle spectra are presented.  The work was motivated by efforts to apply 18 

COTS technologies to develop low-cost space science instrumentation; a low-cost electron spectrometer of this 19 
type could be included on a university-led CubeSat mission for space plasma physics and magnetosphere 20 
experiments. 21 
 22 
1.  Introduction 23 
Many wide bandgap semiconductor materials have been studied for their potential utility as radiation detectors 24 
for operation in harsh terrestrial environments and for future space missions. Compared with narrower bandgap 25 
semiconductors, e.g. Si (Eg = 1.12 eV at room temperature [1]), the wide bandgap semiconductor silicon 26 
carbide (4H-SiC, Eg = 3.27 eV at room temperature [2]) has a higher breakdown field, lower intrinsic carrier 27 
concentration, and better carrier saturation velocity [1] [3], which can bring benefits for high temperature 28 
operation. Moreover, SiC detectors have high radiation tolerance [4-5], which can be an important feature for 29 
both terrestrial and space applications.  Therefore, SiC is expected to play a major role in future spacecraft 30 
electronics, particularly as a material for semiconductor radiation detectors used in spectrometers. 31 
 32 
SiC was first reported as a particle detector in 1999; detectors made from a 310 μm thick semi-insulating 33 
4H-SiC substrate and with different sizes of circular Ohmic contacts (1 mm to 3 mm diameter) were illuminated 34 
with a 

90
Sr β

-
 particle source [6].  Since then, SiC has been studied intensively for particle detection.  SiC 35 

particle detectors can have high charge collection efficiencies [7-8], good linear energy response, and excellent 36 
energy resolution [9-10].  SiC particle detectors have also shown stability for extended periods and suitability 37 
for operation over a wide range of temperatures (27 °C to 227 °C) [11].  Outside of particle detection, 38 
significant work developing SiC for photon counting X-ray spectroscopy has been conducted and reported with 39 
superb results [12-13].  Recently, SiC p-n photodiodes intended for UV detection have become widely 40 
commercially available.  With well-developed fabrication technology and high-quality material, low-cost 41 
Commercial-Off-The-Shelf (COTS) SiC detectors open the possibility of using SiC detectors for applications 42 
such as industrial monitoring (e.g. monitoring and controlling the thickness of materials, and monitoring of 43 
spent nuclear fuel assemblies) as well as low-cost space science (e.g. as electron spectrometers to measure the 44 
energy and particle density of electrons in low earth orbit and elsewhere).  Much valuable work has also been 45 
reported considering SiC detectors for use in laser-plasma diagnostics and the related fields [14-17]. 46 
 47 
Whilst larger space missions (those comparable to ESA Cosmic Vision S-, M-, and L- Class missions) are likely 48 
to continue use custom-detectors for the foreseeable future, mass-produced COTS SiC detectors, like those 49 
reported here, may be of value to groups developing CubeSat space science missions at universities and other 50 
organisations.  Previously, results demonstrating the use of commercial 4H-SiC p-n photodiodes for X-ray 51 
spectrometers have been reported [18-20].  In this paper, we present work investigating such photodiodes for 52 
their suitability as detectors in electron spectrometer at temperatures up to 100 °C. 53 
 54 
2.  4H-SiC photodiodes 55 
The 4H-SiC UV p-n photodiode (active area of 0.06 mm

2
) was manufactured by sglux SolGel Technologies 56 

GmbH, Berlin, Germany [21] and purchased from a standard electronics retailer in the UK.  The 4H-SiC 57 
structure had an epitaxial layer consisting of a 0.15 μm thick p type layer and a ~5 μm thick n-type layer on top 58 
of a 4H-SiC substrate.  The geometry of the devices can be found in Ref. [22].  The device was packaged in 59 
TO-18 can with UV-transparent window.  The window was removed as per Ref. [18] so that the device could be 60 
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directly illuminated with the 
63

Ni radioisotope β
-
 particle source.  Despite the manufacture’s stated epilayer 61 

thickness (5.15 µm), previous capacitance measurements suggested that the thickness of the device’s depletion 62 
region was 2.37 µm assuming a parallel place capacitance [19].  However, the X-ray photocurrent 63 
measurements in Ref. [19] suggested that the thickness of the detector’s active region extended beyond the 64 
epilayer to include a portion of the substrate, yielding an apparent active layer thickness of 34.5 µm.  However, 65 
the leakage current of the detector during the X-ray illuminated measurements may have been greater than that 66 
measured before illumination.  If this was the case, the photocurrent may have been smaller than the 67 
measurement indicated, and thus the thickness of the active region of the detector may have been smaller than 68 
the photocurrent measurement implied [19].  Therefore, some doubt existed at the start of the measurements 69 
reported in the present manuscript as to whether the active region of the detector was 5.15 µm, 2.37 µm, or 34.5 70 
µm.  In this present article, by illuminating the detector with β

-
 particles we show that the active region of the 71 

detector is 5.15 µm; i.e. equal to the manufacturer stated epilayer thickness. 72 
 73 
3.  Experiments 74 
3.1.  Measurements of the detector’s leakage current as functions of applied reverse bias 75 
The leakage current of the detector was measured as a function of applied reverse bias from 0 V to 100 V in 1 V 76 
increments, at temperatures from 100 °C to 20 °C in steps of 20 °C.  To do this, the detector was installed inside 77 
a light-tight electromagnetically-shielded box inside a TAS Micro MT Environmental Test Chamber.  A dry 78 
nitrogen environment (relative humidity < 5%) was maintained inside the chamber in order to eliminate any 79 
humidity related effects.  A Keithley 6487 Picoammeter/Voltage Source was used to bias the detector.  National 80 
Instruments Labview software was used to automate the measurements.  To ensure thermal equilibrium, the 81 
detector was allowed 30 min to stabilise at each temperature before measurements were started.  The results are 82 
presented in Fig. 1.  The leakage current of the detector at 100 V reverse bias and the highest investigated 83 
temperature (100 °C) was found to be 44.9 pA ± 0.5 pA (corresponding to leakage current density of 74.9 84 
nA/cm

2
 ± 0.9 nA/cm

2
).  The leakage currents of the device were < 1 pA at temperatures ≤ 40 °C.  It should be 85 

emphasised that the measured currents include the leakage current of the TO-18 can.  The Keithley 6487 86 
Picoammeter/Voltage Source had a measurement uncertainty of ± 0.4 pA; as such, the measurements at 40 °C 87 
and 20 °C shown in Fig. 1 are considered to be below the noise floor of the picoammeter. 88 
 89 

 90 
Fig. 1.  Leakage currents as functions of applied reverse bias for the 0.06 mm

2 
photodiode in the range of 91 

temperature from 100 °C to 20 °C. 92 
 93 
3.2.  Current mode β

-
 particle measurements 94 

A 
63

Ni radioisotope β
-
 particle source (consisting of a 3 µm thick 

63
Ni layer electroplated onto an ~50 µm thick 95 

inactive Ni foil substrate and then covered with a protective 1 µm thick inactive electroplated Ni overlayer) was 96 
placed 4.5 mm ± 1.0 mm above the photodiode to investigate the β

-
 particle response of the photodiode.  The 97 

63
Ni radioisotope β

-
 particle source had an active face area of 49 mm

2
 and an apparent activity of 136 MBq.  The 98 

resultant current was measured using the same method as was used for the leakage current measurements (see 99 
Section 3.1).  The apparent measured β

-
 particle created current (i.e. the current measured with each device 100 

illuminated with the 
63

Ni radioisotope β
-
 particle source with the previously measured leakage current 101 

subtracted) as a function of applied reverse bias for the device at temperatures from 100 °C to 20 °C is presented 102 
in Fig. 2. 103 
 104 



 105 
Fig. 2.  Measured apparent β

-
 particle created currents as functions of reverse bias for the 0.06 mm

2 
photodiode 106 

in the range of temperature from 100 °C to 20 °C. 107 
 108 
Previous X-ray measurements with the photodiode suggested that despite the detector having a stated epilayer 109 
thickness of 5.15 µm and a depletion region thickness of 2.37 µm (assuming a parallel plate capacitance) [19], 110 
collection of charge carriers created by X-rays absorbed substrate may have contributed significantly to the 111 
detected signal [19].  These previous measurements suggested that the detector appeared to have an active 112 
region which was 34.5 µm thick [19].  Therefore, to compare with the experimental results, calculations were 113 
performed to predict the β

-
 particle created current expected to be detected under the circumstances that the 114 

active region thickness was (a) 5.15 µm, (b) 2.37 µm, and (c) 34.5 µm.  The expected β
-
 particle created current, 115 

I, was calculated using, 116 
 117 

   
 

 
   

    

   
   

 

    

                 
              Eq. 1 118 

 119 
which included consideration of the apparent activity of the 

63
Ni radioisotope β

-
 particle source (136 MBq), i.e. 120 

including the self-absorption, A (in units of Bq) [23], the emission probability of the 
63

Ni radioisotope β
-
 particle 121 

source adjusted for self-absorption, Emi (a dimensionless quantity) [24], the ratio of the area of the detector (0.06 122 
mm

2
) and the source (49 mm

2
 ± 0.2 mm

2
), ASiC/ANi , the percentage of each electron energy deposited in the 123 

active region of the detector, considering the losses in the inactive 1 µm Ni overlayer of the source and the 4.5 124 
mm ± 1.0 mm dry N2 atmosphere between the source and the detector, and the quantum efficiency of the 125 
detector, DEi (a dimensionless quantity).  The quantum efficiency simulations on which the calculations were 126 
based are described in Section 4.  The electron-hole pair creation energy, ωSiC (in units of eV), was assumed to 127 
be 7.8 eV [3] at room temperature.  The elementary charge, q, was taken as 1.6 × 10

-19
 C. 128 

 129 
The predicted β

-
 particle created current of the 0.06 mm

2
 photodiode at room temperature was calculated to be 130 

12.5 pA assuming a 5.15 µm thick active region, 9.2 pA assuming a 2.37 µm active region, and 13.8 pA 131 
assuming a 34.5 µm thick active region.  However, the experimentally measured β

-
 particle created current of 132 

the 0.06 mm
2
 photodiode was found to be 92 pA ± 1 pA at 100 V reverse bias and 20 °C. 133 

 134 
The explanation of the difference in the predicted β

-
 particle created currents and the experimental β

-
 particle 135 

created currents of the 0.06 mm
2
 photodiode is still not known with absolute certainty.  However, the 136 

experimentally measured β
-
 particle created currents were found to be greater at higher temperatures (see Fig. 2).  137 

In part, this may be explained by the average energy consumed in the generation of an electron-hole pair (the 138 
quantity commonly called the electron-hole pair creation energy) reducing with increasing temperature [25-26].  139 
Assuming Si, GaAs, and 4H-SiC have a linear relationship between the electron-hole pair creation energy and 140 
the bandgap energy at 100 °C, the electron-hole pair creation energy of 4H-SiC at this temperature can be 141 
estimated to be 7.24 eV.  Therefore, at 100 °C, the predicted β

-
 particle created current for the 0.06 mm

2
 142 

photodiode (active region thickness = 5.15 µm) would increase to 13.5 pA from 12.5 pA at 20 °C.  However, the 143 
apparent β

-
 particle created currents in the detector showed a much more significant increase at reverse 144 

biases > 60 V at temperatures > 40 °C.  As such, this effect may be due to the variation of the leakage 145 
component of the current which may have varied between measurement in dark condition and measurement 146 
when illuminated with the 

63
Ni radioisotope β

-
 particle source.  If the leakage component of the current was 147 

greater in the measurement with the device illuminated than when the device was measured in dark condition it 148 
would have produced an apparently (but not truly) greater β

-
 particle created current.  However, a variation in 149 

leakage current of such size would be surprising.  Use of a chopper wheel and lock-in amplifier apparatus to 150 
measure the response of the photodiode in both dark and illuminated condition within one experiment would 151 



have eliminated any effects from this, but regrettably we do not possess such equipment at our laboratory at 152 
present. 153 
 154 
3.3.  

63
Ni β

- 
particle spectroscopy 155 

The detector was connected to a custom-made low-noise charge-sensitive preamplifier with a wire-ended 156 
packaged 2N4416A silicon input JFET (capacitance = 2 pF) and installed in a TAS Micro MT climatic cabinet 157 
for temperature control as per the current-mode measurements.  The preamplifier was of feedback resistorless 158 
design similar to Ref. [27].  An ORTEC 572A shaping amplifier and an ORTEC EASY-MCA 8k multi-channel 159 
analyser (MCA) were connected to the preamplifier’s output. 160 
 161 
The distance between the 

63
Ni radioisotope β

-
 particle source and the photodiode’s top surface was 4.5 mm ± 162 

1.0 mm.  The accumulation live time for each 
63

Ni β
-
 particle spectrum was 720 s.  The β

-
 particle spectra were 163 

accumulated at the temperatures from 100 °C to 20 °C with 20 °C decrements.  Since the accumulated spectra at 164 
each temperatures were relatively similar, for clarity only the spectra accumulated at 100 °C and 20 °C are 165 
presented in Fig. 3.  The shaping time of the shaping amplifier was set at 1 μs for the spectrum accumulated at 166 
100 °C and at 2 μs for 20 °C.  The results demonstrated that these detectors can be used as detectors for particle 167 
counting β

-
 (electron) spectroscopy at temperatures up to 100 °C. 168 

 169 
Effects such as the change in electron-hole pair creation energy with temperature, and the change in preamplifier 170 
conversion factor with temperature will have been responsible in part for the change in apparent end point 171 
channel between temperatures.  A degradation in the energy resolution of the spectrometer at higher 172 
temperatures (as was reported for the devices when used for photon counting X-ray spectroscopy [19]), will 173 
have blurred the end point channel more at higher temperatures than at lower temperatures.  Furthermore, 174 
changing the shaping time of the shaping amplifier will have also effectively changed the width of the MCA 175 
channels in terms of eV per channel.  The variation with temperature of the densities of the 

63
Ni radioisotope β

-
 176 

particle source, the N2 atmosphere, and the detector will also have had some small effects (e.g. the lower density 177 
of the N2 atmosphere at higher temperatures will have resulted in reduced energy losses in the N2) but they are 178 
expected to have been less significant in effect than the changes in the other aspects outlined above. 179 
 180 
In Section 5, the experimentally obtained 

63
Ni β

-
 particle spectrum at 20 °C is compared with the spectrum 181 

predicted from the Monte Carlo modelling in Section 4. 182 
 183 

 184 
Fig. 3.  

63
Ni β

-
 spectra obtained with the 0.06 mm

2
 photodiode at 100 V reverse bias at 20 °C (grey line) and 185 

100 °C (black line). 186 
 187 
4.  CASINO simulations 188 
The trajectories of electrons (β

-
 particles) passing through materials can be simulated using the CASINO 189 

computer program [28-29].  Such simulations can be used to give an indication of how the structure of the 190 
photodiode (e.g. thickness of dead layers and active layers) affected the total energy deposited in the active layer 191 
of the device and hence what charge was detected.  Electron energy losses in the photodiode’s contact were 192 
negligible because it had an optical window.  However, the β

-
 particles did lose energy as they travelled between 193 

the atom from which they were emitted and the photodiode.  These energy losses occurred through 194 
self-absorption in the 

63
Ni radioisotope β

-
 particle source [30], in the 1 μm thick protective inactive nickel 195 

overlayer of the source (density = 8.908 g/cm
3
 at room temperature [31]), and in the dry N2 atmosphere (density 196 

= 0.0012 g/cm
3
 at room temperature [32]).  Simulations were conducted to model these effects. 197 

 198 



The aims of the simulations were to predict (a) the electron spectrum incident on the photodiode (i.e. taking into 199 
account energy losses from self-absorption, the inactive Ni overlayer, and the dry N2 atmosphere), and (b) the 200 
electron spectrum detected by the photodiode to account for the fact that the remaining energy of the electrons 201 
may not have been fully absorbed by the relatively thin photodiode.  The simulations tracked the path of each 202 
simulated electron through the various media and recorded the quantities and locations of the deposited energy 203 
along each track.  The simulations were parallelised across 10 computers with Intel Core i7-6700 CPUs.  Each 204 
computer had 32 GB of random access memory.  As per Section 3.2, since there was doubt about the thickness 205 
of the detector’s active region simulations were conducted to model three different active region thickness: (a) 206 
5.15 μm, (b) 2.37 μm, and (c) 34.5 μm. 207 
 208 
The simulations were conducted in three stages.  Firstly, the electron (β

-
 particle) quantum efficiency of the 209 

photodiode in each case was computed.  Secondly, the electron (β
-
 particle) spectrum expected to reach the 210 

detector was computed.  Thirdly, the first and second stages were combined to predict the detected spectrum 211 
(excluding the noise processes known to broaden the energy resolution of photodiode radiation detectors i.e. 212 
Fano noise, electronic noise, and charge trapping noise [1]). 213 
 214 
In the first stage, for electron energies from 1 keV to 66 keV, in 1 keV steps, 4000 electrons at each energy were 215 
simulated to be incident on the face of the photodiode.  The quantum efficiency of the photodiode at each 216 
energy, defined as the ratio between the energy deposited in the active region and the energy incident on the 217 
photodiode, was computed.  The results are presented in Fig. 4 for the active region thicknesses outlined above.  218 
The quantum efficiency in each case was found to be similar at energies < 20 keV.  At these energies, the 219 
quantum efficiency in all three cases was > 90%.  At energies > 20 keV and > 30 keV, the quantum efficiencies 220 
associated with the 2.37 µm and 5.15 µm active region thicknesses, respectively, were reduced. 221 
 222 

 223 
Fig. 4.  Electron (β

-
 particle) quantum efficiency computed for the detector assuming active region thicknesses 224 

of 34.5 μm (filled circles), 5.15 μm (open squares), and 2.37 μm (open circles). 225 
 226 
In the second stage, the spectrum of electron energies incident on the detector from the 

63
Ni radioisotope β

-
 227 

particle source was simulated.  Electrons were simulated to be emitted from the 
63

Ni at energies from 1 keV to 228 
66 keV in 1 keV steps in the relative emission ratios for 

63
Ni and taking account of self-absorption [24].  A total 229 

of 1.84 × 10
7
 electrons were simulated to be emitted.  Passage of the electrons through the 1 µm thick inactive 230 

Ni overlayer and the 4.5 mm thick N2 atmosphere was simulated.  For every electron which was not entirely 231 
absorbed in the Ni overlayer or the N2 atmosphere, the energy remaining after the transmission was stored in the 232 
computer.  The dataset was then binned into energy channels of 1 keV width to produce a histogram showing 233 
the distribution of remaining electron energies.  This histogram is the spectrum of electron energies predicted to 234 
be incident on the detector.  It is shown in Fig. 5 together with the 

63
Ni emission spectrum taking into account 235 

the self-absorption of the source. 236 
 237 

 238 



   239 
Fig. 5.  Comparison between the β

-
 particle spectra emitted from the 

63
Ni radioisotope β

-
 particle source 240 

including self-absorption but excluding attenuation in the 1 µm inactive overlayer (+ symbols) and incident on 241 
the top of the photodiode taking into account losses in the 1 µm inactive overlayer and the N2 atmosphere (open 242 
circles). 243 
 244 
In the third (and final) stage, the results of the first two stages were combined to produce the spectra predicted to 245 
be detected by the spectrometer for each simulated photodiode active layer thicknesses.  The predicted spectra 246 
exclude effects such as pulse pile-up, noise processes, and detector edge effects.  The spectra are shown in 247 
Fig. 6.  248 

 249 
Fig. 6.  Comparison of the β

-
 particle spectra predicted to be detected by the spectrometer in the case that the 250 

detectors active region thickness is 34.5 μm (open triangles), 5.15 μm (× symbols), and 2.37 μm (open circles).  251 
The spectra do not include effects such as pulse pile-up, noise processes, and detector edge effects. 252 
 253 
For the simulations of the 34.5 µm and 5.15 µm active region thickness, the spectra had smooth shapes at 254 
detected energies up to 59 keV.  However, the 2.37 µm active region thickness simulations predicted an 255 
increased number of counts around 5 keV.  This is a consequence of the thinner active region detecting only a 256 
portion of the energy of electrons with greater total energy; that is to say that there is an increased likelihood 257 
that the β

-
 particles in this case deposit only ~ 5 keV in the detector before leaving the active region in this case.  258 

A further interesting feature of the spectra corresponding to the 34.5 µm and 5.15 µm cases is the rapid decrease 259 
in detected counts at energies > 59 keV.  Whilst the emission spectrum of 

63
Ni does rapidly reduce at energies 260 

close to its endpoint energy, a further effect is at work in the spectra shown in Fig. 6.  Here, the natural rapid 261 
drop is enhanced by the low and compounding probabilities of electrons retaining such large amounts of energy 262 
after their passage through the source’s inactive overlayer and the 4.5 mm thick N2 layer, and then depositing 263 
such large amounts of energy in the detector. 264 
 265 
5.  Comparison of simulation and experimental results 266 
The simulated detected β

-
 spectrum was then compared with the experimentally accumulated spectrum at 20 °C.  267 

The heights of the simulated spectra have been normalised to the experimental spectrum by the same factor to 268 
take account of the accumulation time of the experimental spectrum and the 

63
Ni radioisotope β

-
 particle 269 

source’s activity.  The comparison is presented in Fig. 7. 270 
 271 



 272 
Fig. 7.  Comparison between the experimentally detected 

63
Ni β

-
 particle spectrum at 20 °C (grey solid line), and 273 

the simulated spectra assuming active region thicknesses of: 34.5 μm (open triangles), 5.15 μm (× symbols), and 274 
2.37 μm (open circles). 275 
 276 
Comparing the shapes of the β

-
 spectra simulated using the CASINO simulations and the spectrum 277 

experimentally obtained at a temperature of 20 °C, it can be seen that the simulation using an active region 278 
thickness of 5.15 µm produces a good agreement with experimental β

-
 particle spectrum.  In contrast, the 279 

simulations using active region thicknesses of 2.37 µm and 34.5 µm do not match the experimental spectrum.  280 
As such, this is an indication that the thickness of the active region of the detector was 5.15 µm, which is the 281 
thickness of the epilayer as stated by manufacturer.  The few detected counts seen in the spectrum above 57 keV 282 
may be due to the statistical effects of pulse pile-up and other noise contributions. 283 
 284 
6.  Conclusions 285 
A commercial 4H-SiC p-n photodiode with an active area of 0.06 mm

2
 was investigated as current mode and 286 

pulse mode detector of β
-
 particles over the temperature range 100 

°
C to 20 

°
C. 287 

 288 
The leakage currents as functions of applied reverse bias for the device was studied at different temperatures, 289 
and the results showed the leakage currents of the device decreased with decreasing temperature.  At the highest 290 
investigated temperature (100 

°
C), the leakage current of this device was found to be < 45 pA (corresponding to 291 

leakage current density of 75 nA/cm
2
) at 100 V reverse bias.  The performance of the device as temperature 292 

tolerant electron detector was investigated by measuring the β
-
 generated current whilst the device was 293 

illuminated by a 
63

Ni
 
radioisotope β

- 
particle source.  At the highest investigated reverse bias (100 V), the 294 

apparent β
-
 particle generated current in the 0.06 mm

2
 photodiode was found to be 92 pA ± 1 pA at a 295 

temperature of 20 °C.  However, doubt exists whether the extra current measured with the photodiode 296 
illuminated can be entirely attributed to the β

-
 particles, or if there was some increase in the leakage current 297 

component as well. 298 
 299 
The photodiode was connected to a custom-made low-noise charge-sensitive preamplifier and found to function 300 
as electron spectrometer under the illumination of a 

63
Ni radioisotope β

- 
particle source across the temperature 301 

range of 100 
°
C to 20 

°
C.  The CASINO computer program was used to calculate the quantum efficiency of the 302 

photodiode assuming three different active region thicknesses (5.15 μm, 2.37 μm, and 34.5 μm).  CASINO was 303 
also used to simulate the β

-
 particle spectra incident upon, and detected by, the photodiode.  Agreement was 304 

found between the experimentally measured and simulated 
63

Ni β
-
 particle spectra when a detector active region 305 

thickness of 5.15 μm was simulated.  This suggests that the entire 5.15 µm thick epilayer is sensitive to β
-
 306 

particles, but that β
-
 particles absorbed in the substrate are lost. 307 

 308 
The results demonstrate that this type of low-cost COTS SiC photodiode can be coupled to a low-noise charge-309 
sensitive preamplifier and standard signal processing electronics (a shaping amplifier and an MCA), to produce 310 
spectrometer which can detect electrons of energy up to 57 keV.  This lays the foundations for university groups 311 
and other cost-sensitive organisations to use such devices as detectors for CubeSat space plasma physics 312 
missions, or for commercial organisations to use such detectors for industrial electron spectroscopy. 313 
 314 
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Fig. 1.  Leakage currents as functions of applied reverse bias for the 0.06 mm
2 
photodiode in the range of 

temperature from 100 °C to 20 °C. 

 

Fig. 2.  Measured apparent β
-
 particle created currents as functions of reverse bias for the 0.06 mm

2 
photodiode 

in the range of temperature from 100 °C to 20 °C. 

 

Fig. 3.  
63

Ni β
-
 spectra obtained with the 0.06 mm

2
 photodiode at 100 V reverse bias at 20 °C (grey line) and 

100 °C (black line). 

 

Fig. 4.  Electron (β
-
 particle) quantum efficiency computed for the detector assuming active region thicknesses 

of 34.5 μm (filled circles), 5.15 μm (open squares), and 2.37 μm (open circles). 

 

Fig. 5.  Comparison between the β
-
 particle spectra emitted from the 

63
Ni radioisotope β

-
 particle source 

including self-absorption but excluding attenuation in the 1 µm inactive overlayer (+ symbols) and incident on 

the top of the photodiode taking into account losses in the 1 µm inactive overlayer and the N2 atmosphere (open 

circles). 

 

Fig. 6.  Comparison of the β
-
 particle spectra predicted to be detected by the spectrometer in the case that the 

detectors active region thickness is 34.5 μm (open triangles), 5.15 μm (× symbols), and 2.37 μm (open circles).  

The spectra do not include effects such as pulse pile-up, noise processes, and detector edge effects. 

 

Fig. 7.  Comparison between the experimentally detected 
63

Ni β
-
 particle spectrum at 20 °C (grey solid line), and 

the simulated spectra assuming active region thicknesses of: 34.5 μm (open triangles), 5.15 μm (× symbols), and 

2.37 μm (open circles). 
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