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ARTICLE INFO ABSTRACT

Handling Editor: Dr. Chris Chantler A custom-made EPI diode-based dosimetry system is thoroughly characterized for diagnostic radiology and
computed tomography beams. The diode has a thin n-type epitaxial layer (50 pm) grown on a thick (300 pm)
Czochralski silicon substrate. It operates as an online radiation dosimeter in the short-circuit current mode. In
this case, the key dosimetric quantity is the dose rate, correlated with the output current from the diode exposed
to radiation. The corresponding collected charge (the integral of the current signal) is proportional to the dose.
Irradiations are performed with the Pantak-Seifert 160HS Isovolt X-ray generator previously standardized by
Radcal RC6-RD and RC3-CT ionization chambers. The data gathered with all radiation quality beams confirm the
linearity with dose and dose rate despite a slight energy dependence. Independently from the beam energy, the
dosimetric parameters of repeatability (<0.3%), long-term stability (0.4%/year), angular response (<3%, + 5°),
dose rate dependence (<3%), and signal-to-noise ratio (>4900) fully adhere to the IEC 61674 recommendations.
Compliance with the accumulated dose stability requirement (1.0%/40 Gy) is almost achieved with the pristine
diode and effectively accomplished through radiation conditioning with ®°°Co gamma rays. Under the latter
condition, the lifespan of the diode can easily reach 15 kGy, assuring the high reusability of this diode for
diagnostic radiology and computed tomography dosimetry before requiring recalibrations.

Keywords:

Diagnostic radiology beam dosimetry
Computed tomography beam dosimetry
Si PIN photodiode dosimeter

X-ray dosimetry

et al., 1999; Grusell and Medin, 2000; Griessbach et al., 2005; Rosenfeld,
2007; Oliveira et al., 2016; Jursinic, 2023). Usually, the diode operates
in the short-circuit current mode and remains unbiased to minimize the

1. Introduction

Semiconductor detectors, mostly based on diodes, transistors, and

diamonds have been increasingly used as relative dosimeters in radia-
tion protection, medical imaging, and radiation therapy (Kumar et al.,
2014; Damulira et al., 2019; Jursinic, 2019). Ionization chambers are
well-established gold standard reference dosimeters essential for
ensuring dose accuracy and calibration of semiconductor dosimeters.
These, in turn, have sensitivities orders of magnitude higher than ioni-
zation chambers, which is advantageous in applications where spatial
resolution is the main concern. Interest in these applications has driven
the development of new transistor manufacturing technologies, partic-
ularly MOSFETs, and synthetic diamonds with characteristics similar to
natural ones and better cost-effectiveness (Rosenfeld, 2002, 2016;
Damulira et al., 2019; Pettinato et al., 2023).

Silicon diodes have been widely applied for electron and photon
beam dosimetry, covering broad dose and dose rate ranges (Khoury

dark current contribution to the radiation-induced current signal. The
dosimetric parameter is the net output current that is, within certain
limits, linearly dependent on the dose rate. The corresponding collected
charge (obtained as the integral of the current signal) is proportional to
the dose. Many articles in the literature report several advantages of
diode-based dosimeters, yet a key drawback is also well known: a
sensitivity decay with increasing accumulated doses. The trend of this
decay is characterized by a very fast current decrease when the irradi-
ation starts, followed by a gradually slower drop as the diode accumu-
lates larger doses (Rikner and Grussel, 1983; Lindstrom et al., 1999; Pini
et al., 2003; Casati et al., 2005; Bruzzi et al., 2007). The physical phe-
nomena underlying this decrease in sensitivity are associated with
radiation-induced defects (mainly the creation of
generation-recombination centers) in the Si bulk and how they affect the
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active volume of the unbiased diode (Liao et al., 2024). Under this
operating mode, the active volume is mostly determined by the minority
carrier diffusion length, which shortens with increasing accumulated
doses. When the diffusion length decreases below the thickness of the
diode, the active volume and then the sensitivity start to decrease
drastically (Goncalves et al., 2020).

Three experimental approaches are adopted to overcome this diffi-
culty: i) Pre-irradiating the diode to introduce many radiation damage
defects that mitigate the relative change of the diffusion length. It has
been accomplished with commercially available silicon diodes, although
less sensitive and slightly dependent on temperature and dose rate (for
pulsed beams) (Barthe, 2001). ii) Choosing thin diodes with thicknesses
smaller than the lowest minority carrier diffusion length anticipated at
the foreseen accumulated dose. This strategy has been validated with
thin optical sensors, which feature low dark currents, high stability, and
a very small temperature coefficient (Jursinic, 2023). Reliable results
have been obtained with thin photodiodes, but a less pronounced decay
is still observed when applied for low-dose radiation processing appli-
cations (Goncalves et al., 2021, 2022). iii) Using diodes with enhanced
radiation tolerance, also called radiation hard diodes, specially devel-
oped in high-energy physics research programs to withstand harsh
irradiation (Candelori, 2006; Lindstrom et al., 2006; Fretwurst et al.,
2007; Harkonen et al., 2007; Honniger et al., 2007; Camargo et al.,
2007; Moll, 2018; Bueno et al., 2022). This issue has been tackled using
two strategies: developing devices with different geometries (thickness,
guard rings, implanted junctions) and tailoring the concentration of the
impurities in the silicon material processed through different tech-
niques. A combined approach of these strategies has been adopted to
produce epitaxial diodes with distinct structures and physical charac-
teristics (Kemmer et al., 2005). Feasibility studies on applying EPI di-
odes as dosimeters have been reported in the literature (Bruzzi et al.,
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2007; Santos et al., 2011; Aldosari et al., 2013; Gongalves et al., 2014).

The EPI diode investigated in this work has a thin n-type epitaxial
layer (25 pm-75 pm) grown on a thick (300 pm-500 pm) Czochralski
silicon substrate with a high oxygen concentration. The p-n junction is
provided by a highly doped p-type silicon layer (= 1 pm) on the front
side of the diode. This structure, which keeps the active volume constant
with less dark current, is the uttermost characteristic of the diode
regarding its outstanding radiation hardness (Lindstrom et al., 2006;
Bruzzi et al., 2007; Fretwurst et al., 2007; Aldosari et al., 2013). This
work aims to study the dosimetric response and the radiation tolerance
of EPI diodes for diagnostic radiology and computed tomography X-rays
to take advantage of their thin structure, low dark current, and negli-
gible entrance dead layer, suitable for low-energy photon detection. A
dosimetric characterization is thoroughly performed in compliance with
the internationally accepted recommendations for diode-based dosim-
eters in standard diagnostic beam dosimetry.

2. Materials and methods
2.1. Diode and dosimetry probe

The starting material of the diode investigated in this work consists
of an n-type epitaxial silicon layer (50 pm thick; resistivity of 50 Q cm)
produced by ITME (Poland) using a highly Sb doped n-type Czochralski
(Cz) silicon wafer (300 pm thick; resistivity of 0.02 Q cm). Pad diodes
(25 mm? active area) are processed by CiS (Germany) in a p*-n-n*
structure with a p* electrode attained through B implantation to a depth
of 0.6 pm into the epitaxial layer. The Cz substrate is the backside n**
ohmic contact, with an area of 1 cm? given by the outer dimension of the
device. More details about the processing technique and diode charac-
teristics can be found elsewhere (Lindstroem et al., 2006; Honniger
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Fig. 1. - a) Top view of the epitaxial diode geometry used in this work; b) Schematic structure of the EPI diode with dimensions out of scale for easy visualization
(Adapted from Junkes, 2011); ¢) photograph of the EPI diode and dosimetric probe.
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et al., 2007). The pad is surrounded by a structure comprising a guard
ring (100 pm wide) and a few thin potential rings arranged to smooth the
potential drop between the guard ring and the outer region of the diode
in case it is reversely biased. For clarity, Fig. 1a and b shows a top view
of the diode geometry and its schematic structure with dimensions out of
scale for easy visualization.

Five similar EPI diodes have been used in this work. They are elec-
trically characterized (I-V curves) to assess the batch uniformity using a
semiconductor device analyzer (Keithley, model SMU 2450). At room
temperature (22 °C), all devices exhibit very low dark currents, 2.2 pA
(0.05 mV) up to 9.8 nA (30 V).

To be employed as dosimeters, each device is fixed on a ceramic plate
(20 x 25 x 0.6 mm?) using conductive epoxy paint and housed in a light-
tight polymethylmethacrylate probe with an entrance window covered
by a thin (8.3 mg/cm?) black paperboard (Fig. 1c). The planar pad (p™)
signal electrode is connected, through low-noise Lemo® coax cable, to
the input of a Keithley® 6517B electrometer with the backplane n™™"
grounded and the guard ring structure floating. The current measure-
ments are taken in the short-circuit mode without externally applied
voltage to the diode.

2.2. Irradiation setups and ionization chambers

The dosimetric parameters are evaluated for radiation quality diag-
nostic radiology RQR-3, RQR-5, RQR-8, and RQR-10, and radiation
quality computed tomography RQT-8, RQT-9, and RQT-10 beams
established according to IEC 61267 (2005). Irradiations are performed
with a Pantak-Seifert 160HS Isovolt X-ray generator previously stan-
dardized by Radcal RC6-RD and RC3-CT ionization chambers. Both
chambers have been calibrated at the Physikalisch-Technische Bunde-
sanstalt (PTB) with a standard deviation of 0.77% and 1.5%, respec-
tively. Unless otherwise stated, each EPI diode used in this work is
positioned at the center of a circular irradiation field of 12 cm diameter,
with 99% homogeneity, at 100 cm from the X-ray tube (focal spot). A
circular plane-parallel transmission ionization chamber, PTW® model
34014-0040, placed at the exit of the X-ray beam, monitors the irradi-
ations with the diagnostic radiology and computed tomography beams
qualities for reference. The air kerma rates and the main characteristics
of the RQR and RQT beams are given in Table 1.

A small-scale °°Co Gammacell-220 irradiator type I (Atomic Energy
of Canada Limited) is also employed to investigate the radiation toler-
ance of EPI diodes and their expected dose lifespan. The facility is
calibrated with standard reference alanine dosimeters (1.7%, k = 2)
traceable to the secondary standard laboratory at the International
Atomic Energy Agency (IAEA). Irradiations are performed at a dose rate
of 335.96 Gy/h, enabling the achievement of accumulated doses up to
100 kGy.

2.3. Dose rate response
The dose rate response, i.e., the current reading as a function of the

Table 1

Characteristics of radiation quality diagnostic radiology (RQR) and radiation
quality computed tomography (RQT) beams from Pantak-Seifert 160HS Isovolt
generator.

Diagnostic Radiology

Quality kv mA Filter (mm) Air Kerma Rate (mGy/min)
RQR-3 50 10 2.40 Al 22.4 +£0.2

RQR-5 70 10 2.80 Al 38.6 £0.3

RQR-8 100 10 3.20 Al 69.3 + 0.5

RQR-10 150 10 4.20 Al 120 + 0.2

Computed Tomography

RQT-8 100 10 3.2 Al 4 0.30 Cu 22.0 £ 0.7

RQT-9 120 10 3.5Al+ 0.35 Cu 34.0 £ 0.1

RQT-10 150 10 4.2 Al + 0.35 Cu 57.0 £ 0.2
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dose rate, is investigated for the reference RQR-5 and RQT-9 beam
qualities. Variations in the dose rates between 6.8 mGy/min and 115.8
mGy/min are accomplished by changing the X-ray tube current (2
mA-30 mA). At each condition, the electrometer continuously acquires
five consecutive irradiation cycles, corresponding to switching the beam
on (60 s) and off (60 s). Leakage currents, acquired when the shutter is
closed, enable the signal-to-noise ratio to be calculated.

2.4. Repeatability parameter

The repeatability of the current signals is quantified for the reference
RQR-5 and RQT-9 beams. Ten consecutive current signals, each lasting
60 s followed by a pause of 60 s, are taken for both beam qualities.
Almost 120 acquisitions are performed during each irradiation cycle,
and are, afterward, averaged to obtain the mean current. The coefficient
of variation (CV) of each set of current readings, defined as the standard
deviation expressed as a percentage of the mean value (IEC 61674,
2012), gives the repeatability parameter.

2.5. Long-term stability

The long-term stability of the response is assessed over one semester
by monthly irradiating the diode with RQR-5 and RQT-9 beams under
the same reference conditions regarding positioning, exposure time (five
consecutive current signals, each lasting 60 s followed by a pause of 60
s), and dose rate (38.6 mGy/min for RQR-5 and 34 mGy/min for RQT-9).
In each irradiation step, the output current value is the average of five
consecutive readings. Between each set of measurements, all diodes are
kept in a non-vacuum glass desiccator to prevent them from moisture
and excessive temperature variations.

2.6. Angular dependence

The directional response is investigated for the reference RQR-5
beam by manually rotating the dosimetric probe, coupled to a com-
mercial goniometer (Optron®, model GN1 200) with a resolution of 1°,
from —5° to 5°, to adhere to the IEC 61674 (2012) standard. At each
position, five consecutive current signals are recorded for 60 s at a
constant dose rate (38.6 mGy/min). The data on the averaged currents
are normalized to unity at the incidence angle of 0° when the beam hits
the front surface of the diode perpendicularly.

2.7. Dose response

The dose response of the EPI diode, given by the charge produced in
its sensitive volume as a function of the absorbed dose, is evaluated for
all X-ray beam qualities covering doses up to 1.2 Gy. The main dosi-
metric features regarding linearity and the corresponding charge
sensitivity, given by the slope of the linear plot, are also investigated.
The energy dependence is assessed through the variations in the charge
sensitivity values gathered with all the beam qualities.

The dependence on the average dose rate is checked by irradiating
the diode at a constant dose (20 mGy) under 6.8 mGy/min and 115.8
mGy/min dose rates. Variations in the charges compared to those
gathered with the reference RQR-5 and RQT-9 qualities are used as a
parameter to infer the dose rate effect on the dose response.

2.8. Accumulated dose stability

The radiation tolerance of the diode is indirectly assessed through
variations in the output currents measured before any radiation damage
and those acquired after accumulating doses high enough to onset
detectable current changes. Ideally, to achieve such doses (at least a few
tents of Gy), the diode should be continuously irradiated with diagnostic
radiology and computed tomography beams, which is time-consuming
and practically unfeasible with an X-ray generator. For this reason,
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fractioned irradiations are performed with %°Co gamma rays covering
doses between 10 Gy and 100 kGy at 335.96 Gy/h. After each gamma
irradiation cycle, the diode is irradiated with the RQR-5 and RQT-9
beams under the same reference conditions cited in Section 2.2. Five
output currents are consecutively recorded for both beam qualities to
improve the data accuracy and evaluate the repeatability parameter
following the same procedure described in Section 2.3 for the pristine
(non-previously irradiated) diode.

The accumulated dose stability parameter, given by the ratio of the
percentage change in current per accumulated dose, is experimentally
assessed through the current sensitivity variation, compared to that
obtained with the pristine diode, as a function of the accumulated doses.
Such data are useful to predict the lifespan of the diode, that is, the
maximum dose it can withstand while still meeting the performance
requirements of the accumulated dose stability according to [EC 61674
(2012).

2.9. Combined uncertainties of the dosimetric parameters and compliance
with dosimetry standards

The technical procedures adopted for measuring the dosimetric pa-
rameters are bound to comply with internationally accepted recom-
mendations for diode-based dosimeters in medical dosimetry (IEC
61674, 2012). To fulfill the requirements of the IEC 61674 norm, all
measurements are performed at constant room temperature (20 °C) and
air humidity (50%).

The combined uncertainty of each performance characteristic is
assessed by adding all the components (types A and B) of the standard
uncertainties in quadrature (JCGM 100, 2008). The combined un-
certainties of the results are due to the standardized ionization chambers
(0.77% and 1.5%), electrometer precision (0.2%), source-detector dis-
tance (0.05%). goniometer (0.05%), chronometer (0.004%), and ther-
mometer (0.01%). The combined uncertainties are expanded to k = 2
(confidence level of 95%). In all figures, the experimental values are
plotted with the respective error bars, which are sometimes not visible
when smaller than the size of the symbols.

3. Results
3.1. Dose rate response
Fig. 2 exhibits the linear dose rate response for RQR-5 and RQT-9

covering the air kerma rate range between 6.8 mGy/min and 115.8
mGy/min. Variations in air kerma rates are accomplished by changing
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Fig. 2. Dose rate responses of the EPI diode irradiated with RQR-5 and RQT-9
beams. The overall uncertainties are 0.8% (RQR-5) and 1.6% (RQT-9).
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the X-ray tube current from 2 mA to 30 mA. The current sensitivities,
assessed through the slope of each linear plot, are (0.206 + 0.003) nA
min/mGy (RQR-5) and (0.138 + 0.003) nA min/mGy (RQT-9).

3.2. Repeatability

Fig. 3 shows the output current signals from a pristine diode
consecutively irradiated with RQR-5 (38.6 mGy/min) and RQT-9 (34.0
mGy/min) beams. It depicts stable current signals with currents almost
four orders of magnitude higher than the leakage ones recorded with the
shutter closed. To infer the effect of the leakage current on the current
signal, the first set of current readings (Fig. 3a) is plotted again on a
logarithmic scale in Fig. 3b. Despite the inaccuracy of such low leakage
current measurements, the current signal-to-noise ratio (SNR), esti-
mated through the ratio between the averaged current signal acquired at
each dose rate and the standard deviation of the leakage current, is
about 9900 (RQR-5) and 4900 (RQT-9), well above that recommended
(103) for ionization chambers (IEC 61674, 2012).

3.3. Long-term stability

The residues of the current readings from the average value of the
measurements gathered for RDR-5 and RQT-9 qualities are depicted in
Fig. 4. Each data point is the average of three measurements monthly
performed throughout a semester. Using linear regression analysis, these
readings are extrapolated to obtain the current response change over
one full year. The high long-term stability of the current response, better
than 0.4%/year, complies with the requirement (<1%/year) of the IEC
61674 (2012) standard.
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Fig. 3. - a) Current signals from a pristine diode consecutively irradiated with
RQR-5 (38.6 mGy/min) and RQT-9 (34 mGy/min) beams; b) Current signal
profiles plotted in logarithmic scale to infer the leakage current (shutter closed)
effect on the radiation-induced current. The overall experimental uncertainties
are 0.8% (RQR-5) and 1.6% (RQT-9).
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Fig. 4. - Residues of the current data from the average values of the mea-
surements gathered for RQR-5 and RQT-9 beam qualities. The error bars
correspond to the propagation of the instrumental and statistical uncertainties
of each current reading (except the ionization chamber errors). The dashed
lines represent the maximum current variation (1%) recommended by the IEC
61674 standard.

3.4. Angular dependence

The angular (or directional) dependence of the diode response,
evaluated for the reference diagnostic radiology RQR-5 beam, is shown
in Fig. 5. Each point is the average of five current readings normalized to
unity at an incidence angle of 0° (normal incidence to the surface of the
diode). The current intensity decreases when it is rotated by + 5° from
the normal incidence regardless of the rotation direction. In oblique
incidences, the beam travels a greater distance before reaching the
sensitive volume of the diode and, therefore, is more attenuated in the
entrance windows of the probe (8.3 mg/cmz) and the diode (0.14 mg/
cm?). In this case, the directional response is affected by the structural
characteristics of the diode and its assembly on the probe. Despite this
experimental limitation and even for the lowest beam energy (RQR-5),
the response variation of less than 3% within an angular range of + 5°
still adheres to the IEC 61674 requirements. The directional response of
the EPI diode enables its application in the dosimetry procedures
involving rotational treatments.
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Fig. 5. Directional response of the EPI diode for RQR-5 beam quality. The
dashed lines show the maximum variation (<3% within an angle range of + 5°)
required by the IEC 61674 (2012).
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3.5. Dose response and sensitivity

The dose response of the EPI diode is evaluated by plotting the
charge (obtained by integrating the current signals) as a function of the
accumulated dose for the diagnostic radiology beam qualities at the air
kerma rates presented in Table 1. The data sets in Fig. 6 are well-fitted by
a linear function (correlation coefficients R> 2 0.999), and are char-
acterized by charge sensitivities slightly dependent on the beam energy.
This effect is most evident for the computed tomography beams shown
in Fig. 7, where charge sensitivity discrepancies to the reference RQT-9
beam reach 10%. Physically, these sensitivity discrepancies are related
to the variation in the diode response with the beam energy, depending
on its physical and structural characteristics. As the active layer of the
diode is reduced to the epitaxial layer (50 pm), the energy deposited by
the diagnostic radiology and computed tomography beams, within the
range from 50 kV to 150 kV, can vary significantly. This hypothesis is
endorsed by the data presented in Table 2, illustrating the good agree-
ment for the charge sensitivities obtained with the RQR-10 and RQT-8
beams, both with similar mean energies.

The dependence of the dose response on the dose rate is investigated
by irradiating the diode to 20 mGy at different dose rates. Fig. 8 shows
the residues of each charge value from the average of the whole data set
gathered with RQR-5 and RQT-9 beam qualities. These results reveal a
dose rate effect better than 2%, within the limits of variation (£2%) of
this performance characteristic recommended by IEC 61674 (2012).

3.6. Accumulated dose stability

Fig. 9 shows the current variation as a function of the accumulated
dose between 10 Gy and 100 kGy, for the two reference beams (RQR-5
and RQT-9). Each data point is the average of five consecutive current
readings. Independently of the accumulated doses and beam qualities,
all current signals are stable, with CV better than 0.3%.

The data set is normalized to the current acquired with the pristine
diode irradiated with the reference RQR-5 and RQT-9 beams, respec-
tively. The sensitivity drop profile, with a fast drop at the beginning of
the irradiation followed by a slower one for higher doses, is typical of the
induced radiation damage effects. This decay, about 1.5% even for
accumulated doses of almost 40 Gy, does not adhere to the IEC 61674
(2012) requirements for the stability of the accumulated dose (1%/40
Gy). The issue is evidenced in the inset plot in Fig. 9, where an expanded
view of the normalized current decay with accumulated doses up to 50
Gy is shown. However, for doses of 20 kGy upward, the relative decrease

14000 : ; . . . .
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Fig. 6. Dose response of the EPI diode for RQR-3, RQR-5, RQR-8, and RQR-10
beam qualities. The corresponding charge sensitivities RQR-3/5/8 agree within
5%. The maximum experimental uncertainty is 0.8%.
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Fig. 7. Dose response of the EPI diode for RQT-8, RQT-9, and RQT-10 beam
qualities with a maximum experimental uncertainty of 1.6%. The discrepancies
of the charge sensitivities among all the RQT qualities are greater than 10%.

Table 2
Charge Sensitivities of the diagnostic radiology and computed tomography
beams from the Pantak-Seifert 160HS Isovolt generator.

Quality kv mA Mean Energy (keV) Charge Sensitivity (uC/Gy)
RQR-3 50 10 31.9 13.06 + 0.15

RQR-5 70 10 39.5 13.13 £ 0.15

RQR-8 100 10 49.6 12.28 + 0.14

RQR-10 150 10 62.9 10.35 £ 0.12

RQT-8 100 10 60.6 10.16 + 0.22

RQT-9 120 10 67.4 8.85+0.19

RQT-10 150 10 75.2 7.49 £0.17
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Fig. 8. Dose-response dependence on the dose rate between 6.8 mGy/min and
115.8 mGy/min for the RQR-5 and RQT-10 qualities. For each dose rate, the
diode is irradiated at 20 mGy. The dashed lines represent the limits of the dose
rate dependence recommended by the IEC 61674 norm.

in the current sensitivity slowly tends to saturation. Better response
stability is found with the diode pre-irradiated with doses from 30 kGy
up to 70 kGy, as illustrated in Fig. 10. The plot shows that the higher the
preirradiated dose, the less the current decays with increasing accu-
mulated doses. Furthermore, the accumulated dose stability condition
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Fig. 9. Normalized current decay with increasing absorbed doses up to 100
kGy for the RQR-5 and RQT-9 beams. The inset plot shows an expanded view of
the current decay for doses lower than 50 Gy.
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Fig. 10. Normalized current decay of the diode preirradiated to different pre-
irradiation doses obtained with the RQR-5 beam quality. The dashed lines
represent the limit of 3% stipulated in the IEC 61674 requirements for
dose stability.

(1%/40 Gy) is satisfied for the whole range of predoses despite a slight
dependence of the accumulated doses on the current sensitivity. Fig. 10
also reveals that the predose of about 50 kGy is the one that best satisfies
the balance between greater stability and a reasonable response sensi-
tivity. The diode lifespan, the maximum dose it withstands for dosi-
metric response variations less than 3%, is graphically inferred from the
data sets in Fig. 10 as almost 15 kGy. It is well above what is necessary in
diagnostic radiology and computed tomography dosimetry.

4. Discussion

The response of a custom-made dosimetry system based on a rad-
hard EPI diode is fully evaluated for diagnostic radiology and
computed tomography beams. The dosimetric parameters of repeat-
ability (<0.3%), long-term stability (0.4%/year), angular response
(<3%, + 5°), dose rate dependence (<3%), and signal-to-noise ratio
(>4900) meet the requirements of the IEC 61674 (2012) norm.
Regarding the dose response, the linearity between charge and dose is
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evidenced in all data sets despite a nonnegligible energy dependence. It
is demonstrated by the variations in the charge sensitivity of the diode
irradiated with different X-ray beam qualities, as shown in Table 2.
However, the variation in the response to different radiation qualities
does not prevent the EPI diode from being used for CT dosimetry, pro-
vided it is calibrated against a standard ionization chamber to access the
calibration coefficient for each RQT quality in accordance with TRS 457
(2007) recommendations.

Investigations of the radiation damage effects on the diode evidenced
a current sensitivity drop of 1% when it accumulates 20 Gy. Despite the
small doses encompassed in DR and CT beam dosimetry, which would
guarantee the high reusability of this diode before requiring recalibra-
tions, the dose of 20 Gy is negligible when compared to accumulated
doses reported in the literature for fully depleted EPI diodes (Lindstrom
et al., 1999, 2006). The difference originates from the physical phe-
nomena underlying charge collection in a fully reversely polarized
diode, i.e., drift current collected in a constant sensitive volume, and a
non-externally polarized one, i.e., predominant diffusion current with
possible volume variation. In the short-circuit mode of operation, the
active volume is mostly determined by the minority carrier diffusion
length, which varies with increasing accumulated doses. Theoretical
support for this result is underway through simulations of the diffusion
currents generated at the abrupt junction of the p* and n-type thin EPI
layers deposited on a thick MCz substrate.

5. Conclusions

An EPI diode-based dosimetry system is thoroughly characterized in
this work. The dose rate and dose responses for diagnostic radiology and
computed tomography beams are linear despite a slight energy depen-
dence. The dosimetric parameters regarding repeatability, long-term
stability, angular response, dose rate dependence, and signal-to-noise
ratio fully adhere to the IEC 61674 norm. Compliance with the accu-
mulated dose stability requirement (1.0%/40 Gy) is almost achieved
with the pristine diode and effectively accomplished through radiation
conditioning with ®°Co gamma rays. Under the latter condition, the
lifespan of the diode can easily reach 15 kGy, assuring the high reus-
ability of this diode for diagnostic radiology and computed tomography
dosimetry before requiring recalibrations. Such good results endorse
using the EPI diodes as a reliable dosimeter for diagnostic radiology and
computed tomography dosimetry.
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