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ABSTRACT 

 
The deposition of amorphous Carbon mixed with Nickel (C/Ni) as electrodes 
for a diamond radiation detector using Pulsed Laser Deposition (PLD) was 
demonstrated previously as a novel technique for producing near-tissue 
equivalent X-ray dosimeters based on polycrystalline diamond. In this study, 
we present the first characterisation of a single crystal CVD diamond 
sandwich detector (of 80 nm thickness) fabricated with this method, labelled 
SC-C/Ni. To examine the performance of PLD C/Ni as an electrical contact, 
alpha spectroscopy and x-ray induced photocurrents were studied as a 
function of applied bias voltage at room temperature and compared to those 
of polycrystalline CVD diamond detectors (PC-C/Ni); the spectroscopy data 
allows us to separate electron and hole contributions to the charge transport, 
whereas the X-ray data was investigated in terms of, linearity and dose rate 
dependence, sensitivity, signal to noise ratio, photoconductive gain, 
reproducibility and time response (rise and fall-off times). In the case of 
electron sensitive alpha induced signals, a charge collection efficiency (CCE) 
higher than 90 % has been observed at a bias of -40 V and 100 % CCE at -
300 V, with an energy resolution of ~3 % for 5.49 MeV alpha particles. The 
hole sample showed very poor spectroscopy performance for hole sensitive 
signals up to 200 Volt; this inhibited a similar numerical analysis to be 
carried out in a meaningful way. The dosimetric characteristic show a high 
signal to noise ratio (SNR) of ~7.3×103, an approximately linear relationship 
between the photocurrent and the dose rate and a sensitivity of 4.87 
μC/Gy.mm3. The photoconductive gain is estimated to around 20, this gain 
might be supported by hole trapping effects as indicated in the alpha 
spectroscopy. The observed rise and fall-off times are less than 2 and 0.56 
seconds, respectively – and mainly reflect the switching time of the X-ray 
tube used.The reproducibility of (0.504 %) approaches the value 
recommended by the IAEA (~ 0.5 %) and hence minor improvements in 
processing parameters and device geometry have the potential to fulfil this 
requirement.   

 
Keywords: CVD diamond, radiation detector, alpha spectroscopy, dosimetric 
characteristics, carbon electrode, PLD 
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INTRODUCTION 
 
      The radiation hardness and the corrosion resistance of diamond allow it to be used for 
measuring radiation in difficult circumstances / hostile environments such as in nuclear waste 
monitoring [1]. The strong atomic bonding in the crystal structure is an advantage in diamond, 
which gives the material the ability to measure high intensity ionizing radiation with a long 
device life time. 
      Diamond is an attractive material for radiation detection purposes especially when used in 
medical applications. One of its advantages is its near tissue equivalence [1-6] where its 
atomic number is comparable to that of human tissue (Z=6 for diamond and Z≈7.5 for human 
tissues). Thus the energy absorbed by diamond is similar to that absorbed by human tissue, 
which reduces the need for correction mechanisms as with other semiconductor materials [6]. 
Its high bandgap (5.5 eV) [1, 3, 7-9] ensures a low dark current and hence a low background 
noise. It also has a high electron and hole mobility [2, 3, 7, 8], which permits a fast time 
response of the signal. 
      It is preferable to use electrical contacts with low thickness and low atomic number in 
medical applications. For this reason, carbon is considered the optimum choice as electrical 
contact. Pulsed Laser Deposition (PLD) of amorphous carbon and carbon/metal mixtures 
allow us to control the electrical properties of the electrode layer by the variation of 
deposition parameters. Amorphous carbon films (containing a high proportion of sp3 bonds) 
are called diamond-like carbon (DLC) as they have similar properties to diamond. Of 
particular interest in this context are radiation hardness, tissue equivalence, non-toxicity and 
chemical inertness [2, 3]. Therefore the development of DLC as electrode films will help 
applications in medical x-ray dosimetry. The deposition by laser helps the formation of a layer 
of carbon with a high quality and a low percentage of sp2 hybridization [3], which in turn 
reduces the conductivity of the material and consequently reduces the dark current. The 
quality of this film depends on the ratio of sp3/sp2 bonded carbon in the film that can be 
influenced by many preparation parameters such as the laser fluence, number of laser shots 
used, pulse duration, and nature of the graphite target [4]. 
     In this work, spectroscopic and dosimetric characterization results of a single crystal CVD 
diamond (SC-C/Ni) with a mixed C/Ni contact was fabricated using pulsed laser ablation of a 
mixed graphite/Nickel target in an attempt to remove the dose rate dependence in 
polycrystalline CVD diamond detector (PC-C/Ni), which published in a previous report [10], 
and a comparison drawn to the previous polycrystalline device. Finally using alpha particle 
spectroscopy the electron and hole transport properties were separately investigated for SC-
C/Ni device confirming the results of some of the measurements undertaken using x-rays. 
 

DEVICE FABRICATION 
     Due to the superior properties of the polycrystalline diamond with a contact of C/Ni 
(at.80:20) in a previous report [10] , Poly-C/Ni, investigated as x-ray dosimeters, another 
device with the same electrical contact (C/Ni (at.80:20) was produced using the same 
technique, on a single crystal CVD diamond material. This device was labelled SC-C/Ni. The 
description of the device fabrication has been published previously and can be found in detail 
in [10]. A single crystal electronic grade chemical vapour deposited diamond sample (area 4 x 
4 mm2, 0.4 mm thickness) was procured from Element Six Limited and  with C/Ni contacts of 
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80 nm thickness were produced in sandwich geometry on both sides sample as described in 
[10].  
     Prior to the electrode deposition, the base material was chemically treated for oxidation 
before DLC deposition to improve the surface properties and ensure an oxygen terminated 
surface with high resistivity. For the oxidation of the material 5 grams of potassium nitrate 
(KNO3) were mixed with 20 mL of concentrated sulphuric acid (H2SO4) and heated to a 
temperature of 300 0C [11]. The sample is then submerged in the boiling solution for 5 
minutes; the sample is washed with de-ionized water and then acetone. This was then 
followed by washing it in isopropanol and finally another wash by using de-ionized water. 
The main set-up, as shown in figure (1), is simply composed of two components, the vacuum 
(growth) chamber and a source which is a high-power laser. The former has multiple sample 
holders and a rotating target holder is housed inside the vacuum chamber (typically operated 
at 6×10-6 Torr). A 25 ns pulsed KrF excimer laser (Lambda- Physik LPX 210i) operating at 
248 nm is focused through a quartz window onto the target to evaporate the material and form 
a plasma plume which then deposits a thin film on the surface of the sample. The deposited 
material is amorphous in nature. By ablating an sp2 rich target with short laser pulses a 
plasma plume with energetic species (ions, small carbon clusters) are formed. Due to the lack 
of a background gas, the carbon deposited on the substrate is also highly energetic in nature 
and leads to the formation of an amorphous film that is more Diamond like in nature [12]. 
     The focused laser beam falls on the carbon target surface (which is 6 cm away from the 
samples) with an angle of 45o with respect to the normal of the target surface. Before any 
deposition the target is cleaned for 10 minutes while rotating with a speed of 40 rpm to 
improve the adhesion of the deposited thin film, on to the crystal (sample) through the 
removal of any contamination present on the top layer of the target surface. During the 
deposition process, the target is also rotated at the same speed. Deposition of each film was 
carried out using 2500 laser shots.   
 

 

 

 

 

 

 

Figure (1): Schematic diagram of the thin film deposition on the single-crystal diamond 
using the Pulsed Laser Deposition (PLD) technique. 
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     In order to determine the optimum fluence required for the carbon to adhere to the diamond 
sample and to give a film with a good quality, four different fluence values were investigated 
on low cost SiO2 samples. The values of the fluence used were 3, 4, 5 and 6 J/cm2. It was 
found that the increase of the fluence results in the increase of stress which results in poor 
adhesion (adherence) of the deposited layer. A fluence of 4 J/cm2 (focused to a spot size of 
2×0.5 mm2) was found to be the optimum and was achieved using 40 mJ of energy per pulse 
with a repetition rate of 10 Hz. 
    The target used for the fabrication was C/Ni: 80:20 (at. %). The C/Ni contact deposited on 
the centre of the sample on both sides using a shadow mask with dimensions 2×2 mm2. The 
entire procedure is repeated for the other face of the crystal. The shadow mask used in the 
second deposition is a mirror image of the first one to keep the symmetry of the deposited 
devices on both sides of the crystal as shown in figure (2).  
     After contact deposition, the SC-C/Ni device was annealed at 600 oC for 10 minutes, to 
increase electron   delocalization through graphitization leading to better electrical properties 
[12]. This was achieved using a Lenton low pressure furnace operated with 100 sccm of 
Helium. The ramp rate of the heating oven is in the 15-20 oC/min range. Then the sample was 
mounted on a printed circuit board (PCB), using a small dot of Colloidal Graphite Epoxy on 
the centre of the deposited square. A gold wire (thickness of 24 μm) was attached to the 
contact on the top using Conductive Silver Epoxy. The other end of the gold wires was 
connected to their corresponding copper pads on the PCB using silver paint. The pads are 
connected with standard electrical wires connected to a BNC bulkhead connector. 
 

 

 

 

 

Figure (2): Schematic diagram of the SC-C/Ni diamond detector. 

 

     In this work, the alpha response of the SC-C/Ni device will be reported. Alpha spectra were 
acquired and used to measure the energy resolution, charge collection efficiency (CCE) and 
mobility-lifetime (μτ) product. This was performed using a 3.5 kBq 241Am alpha source with a 
mean energy of 5.49 MeV. 
The diamond device was irradiated in a vacuum chamber with alpha particles from the 241Am 
source as shown in figure (3). These measurements were performed in the dark, at room 
temperature with pressure less than 10-1 mbar. The benefit of performing these measurements 
in a vacuum is to avoid the loss of energy from the alpha particles due to attenuation in air. 
The device was connected to a charge sensitive preamplifier (ORTEC 142) and the output 
signal connected to a shaping amplifier (ORTEC 570), followed by a multi-channel analyzer 
(MCA, DSP-spect). During the irradiation with alpha particles, a high voltage was applied to 
the detector via the preamplifier as shown in figure (3). The pre-amplifier is disconnected 
from the detector and directly connected to a 2.31 pf capacitor and pulser during the energy 
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calibration. This allows an absolute system calibration of the electronics in the system to be 
performed.  
 
 

 

 

 

 

 

 

Figure (3): Schematic diagram of the α-spectroscopic set-up for the SC-C/Ni 
diamond device irradiated by 3.5 kBq 241Am α-source of 5.49 MeV. 

Alpha spectroscopy of the SC-C/Ni 
      
The range of a 5.49 MeV alpha particles within diamond is of the order of 15 μm [13] (and as 
such very close to the surface of the detector). For this reason when irradiating the surface of 
the detector where a positive bias is applied, the majority of the signal produced within the 
device will be from holes. This is due to the electron hole pairs being produced close to the 
anode and as such the holes travel though almost the entire thickness of the device till they 
reach the cathode whereas the electrons move through only a small portion of the device till 
they reach the anode. It is therefore possible to investigate the properties of electrons and 
holes separately by changing the applied bias to the irradiated surface. 
  
Alpha spectra 
     Figure (4) shows the spectra of the 241Am of 5.49 MeV alpha particles (3.5 kBq) acquired 
with the SC-C/Ni diamond device at different bias voltages (negative and positive bias, drift 
of electrons and holes, respectively) ranging from 50 to 200 V. With an increase in negative 
bias voltage the centroid peak is shifted to a higher energy position and the resolution is 
improved.  
However, at a positive bias (hole transport) the behaviour of the device is clearly different i.e. 
the centroid channel number (peak position) is far lower than that of an equivalent negative 
bias. This gives the impression that the charge collection efficiency increases more slowly 
with increasing positive bias and has not yet reached the plateau level at 300V. Furthermore, 
there is no significant change in the peak amplitude with the bias and there is an increase in 
peak broadening as shown in figure (4). This contrast is believed to be due to the polarization 
effects.  
     All these observations give the impression that the electron transport properties for SC-
C/Ni are superior compared to holes. It should be noted that the experiments were repeated 
twice to investigate the reproducibility of the measurements. The repeat measurements 
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showed reasonable reproducibility for this sample. 
 

 

 

 

 

 

 

 

Figure (4): Alpha spectra of the SC-C/Ni diamond device under 241Am α-source at (a) 
negative (b) positive bias. 

Energy resolution 
      Because of the asymmetry in the shape of the peak, the results of the Gaussian fit (used to 
determine the centroid location and FWHM) are sensitive to where you define the region of 
interest (ROI) included in the fit. In this particular case various ranges were chosen for the 
ROI and it was found that the maximum variation in both the centroid position and FWHM 
are ~ 0.5%. 
By fitting Gaussian curves to the main peaks of the diamond spectra, the FWHM of 160 keV 
for negative bias (for electron transport) and consequently ∆E/Eα ≈ 3 %, was found at -150 V. 
As for the positive bias, as a result of the broadening peaks, as shown in figure (4), it is seen 
that the value of the FWHM is higher than its corresponding value at the negative bias and it 
reaches a value of around 400 keV (∆E/Eα ≈ 8.5 %) at 150 V. It should be noted that even at 
high voltages the FWHM of the spectra is still large. The relatively broad width of the 
FWHM, which reduces the energy resolution, for hole transport is caused by a high density of 
hole traps, combined with a non uniform distribution for the electric field.    
The measured values of the FWHM, at negative bias, are consistent with the typical value 
(~3%) suggested by Galbiati et al [15] for a single crystal diamond having DLC/Pt/Au 
contacts when exposed to a 241Am 5.49 MeV alpha source. The comparison shows a good 
agreement between the experimental and the published data.  
 
Charge Collection Efficiency and Mobility-lifetime product 
      The CCE of a radiation detector can be calculated according to the Hecht equation [19]: 
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where µτ is the mobility – lifetime product of the charge carriers, V is the detector bias and d 
is the detector thickness. Figure (5) shows the obtained CCE and the corresponding Hecht 
equation fit for both electrons (negative bias) and holes (positive bias). 
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      It is clear from figure (5) that at negative bias (electron drift) high CCEs > 90% are 
obtained over a wide range of bias starting from -40 V and a max CCE of ~100% is observed. 
Additionally, a high mobility-lifetime (μeτe) product is estimated (~1.16×10-4 ±3.4×10-5 
cm2.V-1).  
      As for positive bias (hole drift), it is obvious that the CCE plot differs from that which is 
obtained at negative bias. The CCE increases with bias reaching a maximum CCE value of 
~89%. A significant lower mobility-lifetime (μhτh) product of ~1.55×10-5 ±1.1×10-6 (cm2.V-1) 
is obtained for holes, which indicates that the transport properties of the holes are worse than 
that of the electrons. 
 

 

 

 

 

 

 

 

Figure (5): The CCE and the Hecht plot of the SC-C/Ni diamond device as 
a function of both negative and positive bias. 

 

Although generally it is reported that the hole mobility in diamond is higher than the electron 
mobility however in this device the CCE of electrons is higher than of holes. This could be 
related to a high density of hole traps. All the previous observations confirm that the electron 
transport properties in this device are better than that of the hole transport ones. 
 
Electrical characterisation and x-ray measurements 
I-V characteristics 
     The I-V characteristic of the SC-C/Ni diamond device was investigated in both dark 
conditions and under X-ray irradiation as illustrated in figure (6). The broad beam X-ray 
irradiation of the device was carried out in air using a 50 kVp X-ray tube with a molybdenum 
reflection target (Oxford instruments XF50 11). The irradiated curves were obtained at two 
different dose rates of 1.5 and 2.45 Gy/min which were set by varying the anode current. The 
quoted values correspond to the air kerma near the sample position calibrated by a 0.6 cm3 
ionization chamber of model number NE2571A; this gives a crude approximation of the 
energy deposited in the samples neglecting differences due to air ionization and scattering, 
and absorption effects by the sample mounting material.  
The bias voltage is applied through the top contact and varied from -150 V to 0 then from 0 to 
+150 V in steps of 2 V. All current measurements were performed using a Keithley 487 Pico 
ampere meter which was adjusted to record the current after 30 seconds stabilisation time, in 
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order to measure the equilibrium current. The device was pre-irradiated with an x-ray dose of 
~10 Gy before any measurements were taken.  
It is obvious from figure (6) that in the SC-C/Ni device the dark current has a relatively low 
value (below 30 and 18 pA at -150 V and +150 V, respectively) resulting in a minimum 
resistivity of ~5×1012 Ω.cm - deduced from the highest dark current at -150 V. Additionally, 
there is a slight difference in the I-V plot at negative and positive bias of the SC-C/Ni device.  
     The dark current observed in SC-C/Ni could be attributed to the presence of defects, either 
presented in the bulk material or at the contact-material interface. The above results may 
indicate that the defects may be introduced in the carbon-diamond interface during the 
deposition of C/Ni onto the diamond sample. These defects create energy levels within the 
bandgap of the device. These defect levels increase the transition probability of electrons from 
valance band (VB) to conduction band (CB) via thermal excitation. A valence band electron 
can be thermally excited readily to a defect level and subsequently to the CB there by 
generating a free electron-hole pair. This kind of defect assisted in the thermal generation of 
electron hole pairs, which increase the magnitude of the dark current. Another possible 
explanation could be the C/Ni deposition process changed the sp3 bonds between the carbon 
atoms in the diamond surface, below the contacted area, into a sp2 bonds which is more stable 
at room temperature. As such this surface area could be changed to a graphite film, which has 
a high conductivity leading to a reduction in the surface resistance after annealing which 
could contribute to the electrical conduction of the dark current. It is believed that the addition 
of nickel to the carbon could be participated in part of the darkcurrent value due to its high 
conductivity. The amorphous carbon upon annealing is highly conductive. Again proof of this 
has been given in [12] where excellent electrical properties were achieved in both pure carbon 
and Ni doped films through annealing at lower temperatures than the ones used for this work.  
The significant increase in the current signal with increasing bias voltage can be interpreted as 
described in previous reports [20-23] where the higher the bias voltage, the greater the charge 
collection in the device and hence the rapid rate of e-h recombination phenomenon can be 
overcome. However the dark current increases. 
 

 

 

 

 

 

 

 

 
Figure (6): I-V characteristics of the SC-C/Ni diamond detectorboth in dark 

conditions and under different dose rates of 1.5 and 2.45 Gy/min. 
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Under x-ray irradiation increasing the dose rate results in a shift to higher currents – as seen in 
figure (6). Additionally, the photocurrent plots in the SC-C/Ni show a similar behaviour 
starting from bias voltages higher than 50 V and less than -50 V (the induced current at a 
positive bias is approximately the same at a negative bias - within 7 %). However, the two 
curves look systematically different in the range of -50 to 50 V. Furthermore, figure (6) shows 
a high difference ratio between the irradiated plots and the dark current plot and a SNR is 
higher than 1000, satisfying the recommendations of the IAEA for dosimetry [24]. 
All current measurements for the subsequent characterisation for this device was performed at 
50 V bias voltages because it provided the best SNR whilst at the same time providing the 
optimum signal in terms of time response and stability. 
  
Signal amplitude 
Performing a linear regression on the data points obtained from the dose rate dependence of 
the SC-C/Ni diamond device, as seen in figure (8), the value for the device sensitivity was 
calculated to be ~7.8 μC/Gy, corresponding to a specific sensitivity of 4.87 μC/Gy.mm3. This 
is a larger sensitivity compared to Poly-C/Ni, which has been published in a previous report 
[10] as 65 nC/Gy.. This is attributed to the lower density of defects in the single crystal 
material leading to a higher CCE than in polycrystalline samples [26].  
A high sensitivity value was also reported by Cirrone et al. [25] with a value of 1.19 μC/Gy 
for commercial CVD diamond, produced by De Beers, using 6 MV photon beams..  
Photoconductive gain or the charge collection efficiency (CCE), of an ionizing radiation 
detector, is considered one of the most important parameters that can determine the efficiency 
of the device in use for radiation detection. Generally, when the detector is irradiated, a 
current (Igenerated) will be generated in the detector, which sequentially induces a current 
(Imeasured) in the external circuit. The photoconductive gain value is known as the ratio between 
the current measured by the current meter and the theoretical current generated within the 
detector as a result of irradiation, i.e. dose rate. The expected value of the theoretical current 
can be calculated from the equation: 

w
evDI generated

ρ
=  

Where: D, ρ,e,v and w are the dose rate, density of diamond, elementary charge, sensitive 
volume and the energy required to produce e-h pair in diamond (13.2 eV in natural diamond) 
respectively.  
Table (1) shows the generated current within the crystal and the measured current in the 
external circuit and from these two values the photoconductive gain is calculated. All these 
measurements were performed at a bias and a dose rate of 50 V and 1.5 Gy/min, respectively.  
It is obvious from table (1) that SC-C/Ni has a high photoconductive gain. The gain value of 
the SC-C/Ni (~20) is approximately 450 times greater than the typical value of Poly-C/Ni 
(~44×10-3) as mentioned in a previous report [10]. The high photoconductive gain in SC-C/Ni 
could be attributed to the sensitization effects. This effect appears only when a particular type 
of trap exists in the crystal which has the ability to capture only one type of carrier (electron 
or hole), while the other type remains free [27, 28]. When ionizing radiation of energy greater 
than the band gap (5.5 eV) is incident on the diamond crystal, an electron-hole pair is 
generated (i.e. electrons in the conduction band and holes in the valence band). For example, 
if holes are captured immediately in the traps, the corresponding electrons remain free in the 
conduction band and contribute to the conductivity until they recombine with the thermally 
de-trapped holes, thereby increasing the average lifetime of the electrons and thus increasing 
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the photoconductive gain of the device [27, 28].  The α-spectroscopy of this sample showed 
that α-spectra are only observed under a negative bias which suggests that holes suffer from a 
larger amount of trapping than electrons. This supports the assumption of the photoconductive 
gain by Sensitizing effect. 
  

Table (1): The gain factor, sensitivity, specific sensitivity and SNR of SC-C/Ni were 
obtained with irradiation by a dose rate of 1.5 Gy/min and under bias. 

 

A very high photoconductive gain was obtained in previous reports with values from 6×104 to 
105  
Using the data obtained from table (1) to measure both the average currents under irradiation 
and dark current a significant high signal to noise ratio (SNR) was observed for the SC-C/Ni 
device. The SNR is satisfactory as per the recommendations of the IAEA (>1000) i.e. 
~7.2×103. This value is more than two times greater than the Poly-C/Ni (~3.3×103) value. The 
SNR of the SC-C/Ni is between a value reported by Galbiati et al. [15] who found a SNR of 
3.3×104 for single crystal CVD diamond with argon magnetron sputtered DLC/Pt/Au contacts 
on both sides when exposed to Co-60 γ-rays at 100 V and a SNR of 776 found in another 
report [30] for single crystal diamond with a contact of nickel on one side and gold on the 
other side. 
 
Time response (Rise and fall-off times) 
      The aim of this section is to present the rise and fall-off times of the SC-C/Ni diamond 
samples. The rise time, τ10%-90%, is the time between 10% and 90% of the steady state current. 
The fall-off time is calculated by measuring the time between 90% and 10% of the steady 
state current. All measurements were achieved under irradiation by a dose rate and at a bias 
voltage of 1.5 Gy/min and 50 V, respectively. For a good estimate of the time to reach the 
stable detector current, a Keithley electrometer was set to record the current with a sampling 
time of 0.4 seconds. 
      Figure (7) shows that a rise time of about 2 seconds and fall-off time of ~0.56 seconds are 
observed. These values are slightly higher (slower) than the time response of the Poly-C/Ni 
(the minimum time value measured in polycrystalline sample was ~0.4 sec [10]) device. This 
is attributed to priming effects, from thermal detrapping of the shallow trapping level defects. 
The current plateau is inclined due to filling of the trapping levels in the band gap of the 
material until it saturates when an equilibrium rate of trapping and detrapping is achieved. A 
fast time response is required of any radiation detector as it leads to the ability to detect 
sudden changes in the x-ray irradiation. 
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Figure (7): (a) Time response and (b) magnified rise and fall-off times of the SC-C/Ni at 
bias voltage and dose rate of 50 V and 1.5 Gy/min, respectively. 

 

The measured values of the rise and fall-off times for the SC-C/Ni are consistent with the 
typical values reported by Descamps et al. [26] (1.29 and 0.78 seconds, respectively) for 
synthetic single crystal CVD diamond and (2.08 and 1.58 seconds, respectively) for PTW 
natural diamond under irradiation with medical linear accelerators. The authors acknowledge 
that part of these values could be limited by the electronic device set-up. A fast time response 
was obtained in a previous report by Galbiati et al [15] with a value of 0.2 seconds for a single 
crystal CVD diamond with DLC/Pt/Au contacts when the Co-60 γ-ray source was switched 
on or switched off. He suggests that this fast response shows that there is no memory or 
pumping effect.  
 
Reproducibility 
Reproducibility (or repeatability) is considered one of the main parameters that should be 
fulfilled for use in dosimetric applications. It should be less than 0.5% as recommended by 
the International Atomic Energy Agency (IAEA) [24]. The stability and the reproducibility of 
the current response were estimated by taking the percentage ratio of the standard deviation 
(SD) to the average photocurrent value under exposure of a fixed test dose rate of 1.5 Gy/min 
and 50 V bias voltages.   

(Reproducibility = ⎥
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Looking at the obtained data in table (2) a reproducibility close to that recommended by the 
IAEA (~ 0.504%) is obtained for the SC-C/Ni. It should be noted that this value is consistent 
with the results obtained from Poly-C/Ni under the same conditions. This is indicative of a 
low fluctuation in the signals. This value is consistent with the results reported by Galbiati et 
al. [15] (~0.32 %) for a single crystal diamond with a deposition of DLC/Pt/Au on both sides 
under irradiation by Co-60 γ-rays at an electric field of 0.2 V/μm. 
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Table (2): Reproducibility of the SC-C/Ni diamond device under fixed bias 
voltage and dose rate of 50 V and 1.5 Gy/min, respectively 

 Sample 
No. of 
re‐use 

Average 
current (A) 

SD  Reproducibility % 

1st  2.149e‐7  1.102e‐9  0.51 

2nd  2.155e‐7  1.056e‐9  0.48 

3rd  2.156e‐7  1.137e‐9  0.52 
SC‐C/Ni 

Σ  2.154e‐7  1.098e‐9  0.504 

         

 
1.8 Linearity and dose rate dependence 

This section is used to discuss the linearity of the photocurrent as a function of the irradiated 
dose rates for the SC-C/Ni diamond device. The dose rates are changed from 15.5 to 245.5 
(cGy/min) at fixed bias voltages of 50 V. 
The linearity of a radiation detector, i.e. the variation of the current I as a function of the 
irradiated dose rate (D), can be expressed using the Fowler relationship [31]: 
                Δ+= RDII dark  
Where: Idark is the dark current. The exponent Δ, sometimes referred to as the fitting 
coefficient, or the linearity index is a constant showing the deviation from linearity. It usually 
varies between 0.5 and 1.0 if all the traps in the crystal have the same capture cross section. 
The measured value of Δ is expected to equal one if all the traps are distributed uniformly or 
quasi uniformly inside the diamond material. Additionally, the value of Δ can exceed one, if 
the traps in the crystal have different capture cross sections or are distributed non-uniformly.  
Measuring Δ is particularly important in the case of x-ray dosimetry, because it determines a 
corrective factor needed to calculate absorbed dose. In the case of Δ equals one, the integrated 
photocurrent of the device does not depend on the dose rate, which is an advantage in 
dosimetry applications.    
  

 
 
 
 

 

 

 
 

Figure (8): Dose rate dependence of the SC-C/Ni at different dose rates ranging from 15.5 to 
245.5 cGy/min. The measurements were performed under 50V bias voltage. 
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Figure (8) shows the linearity of the photocurrent as a function of the dose rate for the SC-
C/Ni device. A linear relationship was observed between the current and the dose rate for the 
SC-C/Ni device with Δ value of 0.97 obtained, as compared to the Poly-C/Ni (~0.86) [10] 
device. This value indicates two things; firstly there is an approximately uniform distribution 
of the traps within the single crystal device and secondly, by using a single crystal, the 
diamond device with C/Ni contact shows a linear current response with dose rate obtained. 
The comparison of the Δ values from the polycrystalline samples and the single crystal 
sample (SC-C/Ni) showed that Δ is changing according to the nature of the detector material.   
The measured value of Δ for the SC-C/Ni is consistent with the typical values reported by 
Descamps et al. [26] (0.98) for SC CVD diamond, with an electrical contact of 50 nm gold, 
using a linear accelerator with 6 MV x-ray photons at varying dose rates from 1 to 6 Gy/min. 
Furthermore the measured values are consistent with De Angelis et al. [32] with value of  0.98 
for PTW natural diamond using 6 MV photon beam at varying dose rates from 0.9 to 4.65 
Gy/min was measured at 100 V. 

CONCLUSIONS 
      The purpose of this study was to develop a near-tissue equivalent dosimeter for X-rays 
based on free standing single crystal diamond with C/Ni electrodes deposited using PLD. In 
the SC-C/Ni sample the dark current was low (below 30 pA between -150 V and +150 V) 
with high resistivity of ~5×1012 Ω.cm.  
 The linear current response with dose rate improved with a Δ value change of 0.86 to 0.97. 
This suggests that Δ is changing according to the nature of the detector material.   
The sensitivity and specific sensitivity of the SC-C/Ni device showed a value of ~7.8 μC/Gy 
and 4.87 μC/Gy.mm3, respectively. The higher sensitivity in SC-C/Ni than in Poly-C/Ni is 
believe to be due to the lower density of defects than in the polycrystalline sample and the 
higher CCE in the single crystal sample (SC-C/Ni) as seen in alpha spectroscopy. The gain 
value of the SC-C/Ni (~20) device is approximately 450 times greater than the typical value 
of Poly-C/Ni. The high photoconductive gain in SC-C/Ni could be attributed to the 
sensitization effects, with the alpha spectroscopy of this sample suggesting that holes suffer 
from a greater quantity of trapping than electrons. This suggests that the gain originates from 
the electrons rather than the holes.  
      A reproducibility close to that recommended by the IAEA (~ 0.504%) is obtained for the 
SC-C/Ni. The SNR was satisfactory as per the recommendations of the IAEA (>1000) i.e. 
~7.3×103. The SC-C/Ni device shows a fast time response, with rise and fall-off times of ~2 
and ~0.56 seconds, respectively.  
Spectroscopic response of a SC-C/Ni detector to alpha particles has been studied. In the case 
of electron drift, a CCE higher than 90 % has been observed at a bias of -40 V and 100 % 
CCE at -300 V. In the case of hole drift, a lower CCE of 89 % was observed at bias of 300 V. 
The SC-C/Ni showed a superior electron energy resolution of ~3 % to 5.49 MeV alpha 
particles than the corresponding value for hole drift which was ~8.5 %. Additionally, a 
mobility-lifetime (μeτe) product for electrons was estimated at ~1.16×10-4 cm2.V-1 and a 
mobility-lifetime (μhτh) product for holes at ~1.55×10-5 cm2.V-1. These observations suggest 
that the electron transport properties for SC-C/Ni is superior to that of hole transport. This is 
believed to be due to the presence of deep (hole) traps within the material. 
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