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A B S T R A C T

The characterization of an industrial-scale electron beam irradiator using an online diode-based dosimetry 
system, previously developed and calibrated for routine processes control, is presented in this work. The 
investigation is focused on the dose per pass and beam length operating parameters of the EB facility, which most 
take advantage of the online dosimetry performance based on an unbiased diode with linear dose response and 
stable current signal proportional to the dose rate. The dose per pass values are obtained through integrating the 
current signals delivered by the diode irradiated at a constant dose rate (4 kGy/s) under (2–6 m/min) conveyor 
speeds. The integration time of the electrometer on the current signal shape is also investigated from 0.05 to 
0.55 s. All dose per pass results perfectly match those assessed with reference standard alanine dosimeters, 
regardless of the integration time. However, the most precise dose per pass data, quantified through the lowest 
residues to the alanine measurements, is obtained at 0.1 s, where Gaussian current signals with well-defined 
centroid and FWHM parameters are achieved. It enables applying the straightforward method to assess the 
beam length through a current signal, provided it realistic traduces the dose rate variations as a function of the 
time while the diode passes through the beam. The validity of this approach is checked by measuring the beam 
length at 4 kGy/s, 6 m/min speed conveyor, and 17 cm from the scan window, which are the conditions mostly 
used in routine processes conducted in this EB facility. A good agreement is found among the FWHM of beam 
profiles, assessed with the diode (9.7 cm), CTA film (6.6 cm), a standard dosimeter for this type of measurement, 
and alanine dosimeters (7.1 cm). The differences between the spatial resolution of the dosimeters perfectly justify 
the small discrepancies found in the FWHM values.

It is noteworthy that the overall results presented herein, benchmarked against those assessed with reference 
standard passive dosimeters for radiation processing dosimetry, not only validate the approach to measure the 
dose per pass and beam length parameters, but also endorses the reliable performance of this diode-based system 
as an inexpensive and reliable dosimeter for routine process control.

1. Introduction

Electron beam (EB) irradiators have been widely used for radiation 
processing applications encompassing high absorbed doses (10–100 
kGy) and ultra-high dose rates (kGy/s) (Cleland et al., 2003; Cleland, 
2006; ICRU-Report 80, 2008; Calvo et al., 2012; IAEA TECDOC-2008, 
2022). For such applications, the major consideration in designing the 
EB accelerator is to achieve a uniform absorbed dose distribution in the 
irradiated product with efficient utilization of the electron energy and 
the cost-effectiveness of the process (Cleland et al., 1993; Galloway 

et al., 2004a; 2004b). Accurate dosimetry is essential to ensure the 
reliability of the whole process, and several well-established dosimeters 
(graphite calorimeter, alanine, cellulose triacetate) are available for EB 
processing dosimetry (McLaughlin et al., 1989; Chilkulwar et al., 2012; 
ISO/ASTM 52628, 2013; ISO/ASTM 51650, 2013; ISO/ASTM 51649, 
2015). However, variations in the electron energy, beam profiles, 
attainable dose rate, and conveyor speed also affect the dose absorbed in 
the irradiated product, requiring constant control and monitoring of 
these parameters (Farah et al., 2004; Benny et al., 2014). Following the 
international standard recommendations, this task is accomplished in 
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static irradiation mode with passive dosimeters, mainly by alanine and 
cellulose triacetate. Although the measurements are accurate, they are 
time-consuming, which reduces the efficiency of the irradiation process.

Active dosimeters that provide real-time data with stable response 
are the most suitable for monitoring the process and the accelerator 
parameters (Barthe, 2001; Smith and Galloway, 2004; Yuan et al., 
2023). They might be a useful tool for improving the cost-effectiveness 
of the entire process, enabling corrective actions to avoid loss of material 
or unscheduled shutdowns of the accelerator (McLaughlin et al., 1989; 
Kneeland et al., 1999). These surmises motivated the first attempts to 
develop active dosimeters based on silicon diodes for process monitoring 
and mapping fields of high-activity 60Co sources (Muller, 1970a, 1970b; 
Osvay et al., 1975a, 1975b; Möhlmann, 1981; Dixon and Ekstrand, 
1982). However, in addition to the poor manufacturing quality of the 
diodes, they were very prone to radiation-induced damage. These 
drawbacks prevented the diodes from continuous use, and so far, they 
are not listed in the dosimetry systems recommended for use in radiation 
processing (ICRU Report 80, 2008; ISO/ASTM 52628, 2013). It has been 
true for any active dosimeter types based on gaseous ionization cham
bers, diodes (Gonçalves et al., 2024), transistors (Cayley et al., 2024), 
diamond (Damulira et al., 2019), and recently silica optical fibers 
(Zubair et al., 2020), many of which are well-established for dosimetry 
of radiation therapy with high-energy electron beams.

The increasing use of EB accelerators in emerging radiation pro
cessing applications, such as biodegradable composites based on bio
renewable resources, industrial wastewater treatment, and human tissue 
sterilization, continues to drive demand for complementary dosimetry 
systems and enhance the performance of existing dosimeters. Significant 
efforts have been made to develop reliable dosimeters that are resistant 
to radiation damage, with the capability for prompt readout, good 
spatial resolution, ease of handling, and reasonable cost-effectiveness. 
Research has been conducted on new luminescent materials to 
develop thermoluminescent (TL) and optically stimulated luminescent 
(OSL) dosimeters, which, despite being passive, feature special charac
teristics for high-dose dosimetry (Asfora et al., 2021; Ley et al., 2020, 
2021). The greatest interest lies in new OSL materials due to their 
simpler and faster readout system compared to TL dosimeters. Recent 
successful investigations on the effect of high-dose electron beams on 
pure silica optical fibers, focusing on both the radioluminescence (RL) 
and radiation-induced attenuation (RIA) phenomena, are reported in the 
literature (Oresegun et al., 2021). The results demonstrate the potential 
for real-time use of these silica optical fibers for dose measurements up 
to 70 kGy in individual exposures, reaching an accumulated dose of 
almost 300 kGy. The overall promising data obtained so far with these 
silica optical fibers show the feasibility of their use in EB processing 
dosimetry, competitively with the diode-based dosimetry system 
investigated herein.

It is worth noting that the novelty of using diodes as active dosim
eters primarily arises from advancements in manufacturing techniques 
for thin optical devices and radiation hard diodes at very affordable 
prices (Bueno et al., 2022). This has sparked renewed interest in utilizing 
them as real-time dosimeters in large-scale industrial processing appli
cations, which had been previously explored in the early days of the 
radiation processing field.

The online response of active dosimeters based on thin photodiodes 
has been investigated in an industrial electron beam accelerator 
covering the dose rate range of 2–8 kGy/s (Gonçalves et al., 2021). The 
previous results, assessed with the unbiased diode operating in the 
short-circuit current mode, revealed a linear dose-response with a con
stant charge sensitivity and stable current signals with repeatability 
better than 2 %. Such great repeatability enabled the beam dimensions, 
the background current, and the region corresponding to electrons 
scattered outside the scan window to be preliminarily identified. In line 
with these previous findings, this work aims to characterize a 1.5 MeV 
electron beam irradiator using this homemade diode-based dosimetry 
system. To take advantage of the proven online diode dosimeter 

performance, the investigation shall be focused on the relevant oper
ating parameters for routine process control: dose per pass and beam 
length. To ensure completeness and benchmark these operating pa
rameters for routine process control, gathered in dynamic irradiation 
mode, alanine and CTA dosimeters, standard passive dosimeters for 
radiation processing dosimetry, are used.

2. Materials and methods

2.1. Electron beam facility

A Dynamitron DC 1500/25/04 type electron beam accelerator (EBA– 
model JOB 188), manufactured by Radiation Dynamics, Inc. (currently 
IBA Industrial), is used in this work. Dosimetry calibrations and the 
relevant features of this EB facility were previously performed (Kuntz 
et al., 2015) in terms of Operational Qualification (OQ), according to 
ISO/ASTM 51649 (2015) and ISO11137-3 (2017). The main technical 
specifications of the EB accelerator are presented in Table 1. With 
regards to the dosimetry qualification, previously accomplished with 
standard reference alanine dosimeters, with traceability to the National 
Physical Laboratory, radiochromic dosimeters (GEX, FWT), and cellu
lose triacetate (CTA) films, the main parameters are: electron energy 
(1.43 MeV), spot size (beam length on the scan window) of 2.54 cm, scan 
width of 1.02 m with surface dose uniformity better than 6.2 % (k = 2). 
The dose per pass values under conveyor velocities ranging from 2 to 6 
m/min and electron beam current of 1.0 mA are given in Table 2.

2.2. Diode-based dosimetry probe

The batch uniformity of 10 photodiodes (SFH206k supplied by 
Osram®), (230 ± 5) μm thick and 7.0 mm2 sensitive area, is verified 
through the I x V curves, covering the reverse voltage range of (0–30 V). 
At room temperature (23 ◦C), all devices exhibit low dark currents 
spanning from 0.2 nA (0 V) a 1.5 nA (30 V) with variations less than 5 %. 
The dosimetry probe comprises a light-tight PMMA cylinder (9 mm in 
diameter and 45 mm in length) with a miniature coaxial connector with 
a push-pull self-latching system (Lemo®). All current measurements are 
acquired in the short-circuit mode, with the diode unbiased. The front 
p+ pad of each diode is directly connected to the input of a Keithley 
6517 B electrometer, while the rear n+ electrode is grounded through 
the conducting shield of a coax cable. The electrometer is configured as 
an amp-meter with the speed of one power line cycle and a range set at 
200 μA. In this range, an offset adjustment (zero correct) is performed to 
minimize the input bias (offset) current to 5 nA and voltage burden less 
than 100 μV, leading to an accuracy of (0.1 % of reading + 5 nA). Unless 
otherwise stated, the current signals are acquired under an A/D con
verter integration time of 0.1 s. For analysis, the current data from the 
electrometer are directly sent to a computer via a GPIB interface 
controlled by software developed in LabView.

Table 1 
Technical characteristics and the most relevant dosimetry features of the EB 
facility.

Specifications Description/Value

Accelerator type Direct current (DC)
Beam energy 0.5–1.5 MeV
Beam current 0.3–25 mA
Beam power 37.5 kW
Scanning mode Electromagnetic
Scan frequency 100 Hz
Beam width 60–120 cm
Beam length on window surface 2.54 cm
​ ​
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2.3. Irradiation setup

To replicate the experimental conditions of most irradiation pro
cessing applications in this EB facility, all dosimeter types are mounted 
on a fixture with a backing wood plate (2 cm thick) to prevent them from 
the backscattered electrons contribution. Each dosimeter fixture is 
reproducibly mounted onto a conveyor 40 cm away from the center of 
the beam length. When the movement starts, the dosimeter crosses the 
irradiation zone along the travel direction and at 17 cm from the scan 
window.

All irradiations are performed at a constant dose rate (4 kGy/s) and 
conveyor speeds ranging from 2 to 6 m/min.

For clarity, a schematic diagram of the experimental setup is shown 
in Fig. 1, where details of the EB facility and the diode-based dosimetry 
system are given. To help the reader, a diagram showing the beam 
length, i.e., the dimension of the irradiation zone along the travel di
rection, and the beam width using a conveyor system is depicted at the 
top right of Fig. 1. The beam width, or scan width when the beam is 
electromagnetically scanned, is the dimension of the irradiation zone 
measured along the scanning direction and, thus, perpendicular to the 
dosimeter movement. Both beam length and width are set at a specific 
distance (17 cm) from the scan window (ISO/ASTM 51649, 2015).

2.4. Dose per pass of the EB facility

Irradiations are performed at a constant dose rate (4 kGy/s) and 
integration time of (0.1 s), with conveyor speeds ranging from 2 to 6 m/ 

min. At each speed, the current signals delivered by the diode during 
three consecutive passes through the irradiation zone are recorded. The 
averaged current signal is offline integrated, and the resulting charge is 
converted to a dose through the calibration curve previously assessed at 
the same setup under identical experimental conditions (Gonçalves 
et al., 2021).

The influence of the A/D converter integration time on the current 
signal shape, and possibly on the dose per pass, is also investigated by 
acquiring several current signals at different integration times (0.05, 
0.1, and 0.55 s) and conveyor velocities (2–6 m/min).

The dose per pass results are benchmarked against those measured 
with the reference standard alanine dosimeter irradiated at the same 
position of the diode and experimental parameters of the EB facility as 
described in section 2.3.

2.5. Beam length of the scanned beam

The experimental approach adopted to measure the beam length 
with an unbiased diode operating in short-circuit mode relies on the 
proportionality between the dose rate and the current continuously 
delivered by the diode during its movement through the irradiation 
zone. Therefore, the current signal experimentally traduces the dose rate 
variations as a function of the time while the diode passes through the 
beam. At a known conveyor velocity, the time is converted to length, 
and the current or dose rate profile can be used to determine the beam 
length. The current profile is expected to follow a Gaussian distribution 
with a maximum current achieved when the diode is exactly underneath 
the center of the beam length on the scan window surface, known as 
beam spot size (2.54 cm). The beam length is defined by the full width at 
half maximum (FWHM) of this Gaussian distribution at a specific dis
tance from the scan window (ISO 51649, 2015).

Beam length measurements are also accomplished with CTA film and 
alanine dosimeters to validate the proposed method and the results 
obtained with the diode dosimeter. The experimental setup and details 
of the dose measurements with CTA and alanine dosimeters are 
described in the two following sections.

Table 2 
– Doses received by the diode in one pass through the irradiation zone at 4 kGy/s 
over a conveyor speed range of 2–6 m/min.

Conveyor speed (m/ 
min)

Beam current 
(mA)

Dose rate (kGy/ 
s)

Dose per pass 
(kGy)

2 1.0 4 3.0
3 1.0 4 2.0
4 1.0 4 1.5
5 1.0 4 1.2
6 1.0 4 1.0

Fig. 1. Schematic diagram of the experimental setup (side view) and scan directions related to the scanned beam using a conveyor system (at the top right).
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2.6. Alanine dosimeters

2.6.1. Dose per pass
Dose per pass measurements are carried out with alanine pellets 

composed of 93 % alanine and 7 % binder (Aerial, France) with 4.0 mm 
in diameter and 2.2 mm in height settled on an acrylic phantom 
mounted on the conveyor. The phantom positioning (17 cm from the 
scan window), dose rate (4 kGy/s), and conveyor speed range (2–6 m/ 
min) are identical to those used for the diode assembly. At each 
conveyor speed, three pellets are irradiated in several passes through the 
irradiation field to accumulate a dose (almost 20 kGy) within the alanine 
operational dose range. The electron spin resonance spectra of the 
irradiated pellets are acquired with an MS400 ESR spectrometer (Mag
nettech, Berlin) equipped with the AerEDE dosimetry software (Aerial, 
France). The spectrometer parameters are set as follows: microwave 
power of 8 mW, magnetic field centered at 3370 G with field sweep of 
30 G, ten scans lasting 12 s each, a gain of 100, and 180◦ phase. A 
reference alanine dosimeter is measured at the start and end of readings 
to ensure the spectrometer’s stability. The readouts are converted to 
dose through an alanine calibration curve earlier attained under the 
same conditions specific to the irradiator, ESR spectrometer, and 
dosimeter type (ISO/ASTM 51607, 2013). The average absorbed dose in 
the three samples is then divided by the number of passes to calculate 
the dose per pass for each speed.

2.6.2. Beam length
It is measured by statically irradiating ninety alanine pellets settled 

on an acrylic phantom (20 cm long, 2 cm wide, and 1 cm high) designed 
with three columns with 30 pellets each. The distance between two 
alanine centers is 6.5 mm. The longest side of the phantom is oriented 
along the beam length, which is perpendicular to the beam width. The 
whole set of alanine, distant 17 cm from the scan window, is irradiated 
to almost 20 kGy. The average readings of each set of three pellets are 
plotted against their distance from the center of the phantom, which 
aligns with the center of the beam width. The electron spin resonance 
spectra are acquired with the MS400 ESR spectrometer (Magnettech, 
Berlin) with identical spectrometer parameters described in 2.6.1.

2.7. CTA dosimeter

2.7.1. Beam width
The CTA film is a passive reference dosimeter recommended for 

assessing the beam length and beam width of EB facilities due to its high 
spatial resolution (ISO 51650, 2013). In this work, the CTA dosimeter, 
composed of a 30 cm long film (Fujifilm Radiation Film FTR-125), is 
fixed on a wooden bar, positioned 17 cm from the scan window. The 
setup is placed at the center of the radiation field produced by scanning 
EB and is statically irradiated at 20 kGy. The radiation-induced increase 
in absorbance of the CTA is measured at a peak wavelength of 280 nm 
using a DosASAP spectrophotometer (Aerial, France). The spectrometer 
is controlled by AerODE software (Aerial, France), which automatically 
sets the measuring parameters, including absorbance mode, wavelength, 
zero of absorbance, and zero. This software also allows for continuous 
dose measurements via a serial interface, capturing the absorbance 
readings and thickness of the film in real time. The specific absorbances, 
calculated with a maximum uncertainty of 2.5 %, are converted to dose 
values using a spectrophotometer-specific calibration curve previously 
established by ISO/ASTM 51261 (2013).

2.8. Overall uncertainties and compliance with standard protocols for 
radiation processing dosimetry

The technical procedures adopted for measuring the dose per pass 
and beam length operating parameters of the EB facility are bound to 
comply with internationally acceptable recommendations for routine 
dosimetry systems used in radiation processing (ISO/ASTM 51707, 

2015) and those specifically addressed for alanine (ISO/ASTM 51607, 
2013) and CTA film (ISO 51650, 2013).

An exception is the protocol (IEC 61674, 2024), specifically 
addressed for diode-based dosimeters in medical dosimetry due to the 
lack of similar standard protocols for radiation processing.

The combined uncertainties of the experimental results are assessed 
by adding all the components (types A and B) of the standard un
certainties in quadrature (JCGM, 2008; ISO/ASTM 51707, 2015). The 
corresponding expanded uncertainty is calculated with a coverage factor 
k = 2, providing a confidence level of about 95 %. The uncertainties 
budget of the measurements is shown in Table 3.

3. Results and discussion

3.1. Dose per pass

Fig. 2 depicts the current signals delivered by the diode while it is 
conveyed towards the irradiation zone at varying velocities. All signal 
profiles are well-fitted by Gaussian functions with similar maximum 
current values, regardless of the conveyor velocity. These results 
corroborate the proportionality between current and dose-rate and the 
good repeatability of the current signals. The repeatability parameter, 
given by the coefficient of variation (the percentual ratio of the standard 
deviation to the average value) of these peak current values, is better 
than 2 %. This result fully supports the IEC 61674 (2024) 
recommendations.

The influence of the conveyor velocity (v) on the Gaussian current 
signals is evidenced in Fig. 3, where the full width at half maximum 
(FWHM) and centroid positioning values are plotted as a function of 1/v. 
As expected, both data sets are well-fitted by linear functions with R2 

better than 0.9998. The slope of the centroid x 1/v plot, (39.9 ± 0.6) cm, 
is in good agreement with the distance traveled by the diode from its 
resting position to the center of the beam length on the scan window 
surface.

Regardless of the conveyor velocity, the data shown in Figs. 2 and 3
endorses the Gaussian distribution of the current readings during the 
diode movement and the maximum current delivered when it passes 
underneath the scan window. Both features are essential to validate the 
experimental approach to assess the scanned electron beam profile on
line and the dose per pass.

Measurements of the dose per pass as a function of 1/v, performed at 
4 kGy/s and 0.1 s integration time, are shown in Fig. 4. The absorbed 
dose in each pass of the diode through the beam is inversely proportional 
to the conveyor speed within the range of 2–6 m/min. These results are 
benchmarked against those from reference standard alanine dosimeters 
measured at the same position, dose rate, and conveyor velocity range 
set up for the diode irradiation.

The agreement between both data sets, within the expanded uncer
tainty (7.2 %, k = 2), corroborates the reliable dose response of this 
diode-based dosimetry system irradiated under constant dose rate (4 
kGy/s), integration time (0.1 s), dose rate (4 kGy/s), and conveyor speed 
range (2–6 m/min).

The integration time effect on the current signal profile, and possibly 
the dose per pass, is investigated considering the need for commitment 
between integration times and conveyor velocities. Ideally, the 

Table 3 
Uncertainty budget of the dose per pass data.

Component of uncertainty Value Type

Calibration doses from laboratory certificate 3.1 % B
Diode repeatability 1 % A
Electrometer 0.5 % B
Conveyor speed 1.5 % B
Combined uncertainty 3.6 % ​
Expanded uncertainty (k = 2) 7.2 % ​
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integration time must be much lower than the traveled distance to the 
conveyor velocity ratio, i.e., the traveling time of the diode. Measure
ments are performed with the available integration times of the elec
trometer (0.05 s, 0.1 s, and 0.55 s) and conveyor velocities from 2 to 6 
m/min. Generally, most current signals recorded at a constant integra
tion time under different conveyor speeds are characterized by Gaussian 
shapes with variable FWHM values. It essentially holds for 0.1 s inte
gration time in the whole velocity range, as evidenced in Fig. 1. The 
integration time effect on the current signal profile, recorded at 6 m/ 
min, is shown in Fig. 5. Typical Gaussian profiles are achieved with 0.05 
s and 0.1 s, both much smaller than the traveling time of the diode. The 
best temporal resolution (FWHM) is achieved with the fastest integra
tion time, which seems to be the most appropriated for providing

a reliable beam length feature of the EB facility, as described in 
section 3.2.

On the other hand, the current signal acquired with 0.55 s integra
tion time no longer has a Gaussian profile. As the integration time is 
almost double the traveling time of the diode (0.25 s), the electrometer 
starts acting as an integrator of the current readings. It is not a big issue 

for dose measurements since the integration of the two current signals 
leads to the same charge and, thus, the same absorbed dose as evidenced 
in Fig. 6. It shows the overall dose per pass data, assessed through the 
integration of the current signals recorded at each conveyor velocity and 
integration time. The dose per pass data acquired with alanine dosim
eters are plotted together for comparison and validation purposes.

Fig. 6 evidences a fair matching among the dose values gathered at 
the same conveyor velocity and different integration times. Addition
ally, all dose data sets provided by the diode as a function of the 
conveyor velocity agree with those obtained with alanine dosimeters. 
This agreement can be quantified by analyzing their residues concerning 
the dose per pass obtained with the reference standard alanine dosim
eters, as presented in Fig. 7.

The overall data is characterized by residues less than 6 %, which 
validates the reliable dosimetry performance of the diode in the whole 
velocity and integration time ranges. It is important to note that the 
lowest residues consistently found in the whole velocity range for an 
integration time of 0.1 s favor its choice to enhance the dose response of 
the dosimeter. Furthermore, the residues related to the alanine less than 

Fig. 2. Current signals recorded at 4 kGy/s while the diode moves through the 
irradiation zone at varying speeds. The integration time of the electrometer is 
set at 0.1 s. The centroid values from the Gaussian fitting are displayed just 
above the peak of each current signal.

Fig. 3. Centroid and resolution (FWHM) values from Gaussian fittings of the 
current signals as a function of 1/v. Uncertainties of both slopes arise from the 
data fittings.

Fig. 4. Dose per pass measurements performed with diode and alanine do
simeters at 2–6 m/min speed range. Irradiations are performed at 4 kGy/s and 
0.1 s integration time. Both data sets agree within the overall uncertainties (7.2 
%, k = 2).

Fig. 5. Current signals assessed with 0.05 s and 0.1 s integration times. Irra
diations are performed at 4 kGy/s and 6 m/min conveyor speed.
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6 % fully comply with the maximum acceptable variation (8 %, k = 2) in 
the dosimeter response recommended by ISO/ASTM 51607 (2013).

3.2. Beam length

The assessment of the scanned beam profile, at 17 cm from the scan 
window, is initially performed with the Gaussian current signals recor
ded at different velocities (Fig. 2). At a known velocity, the beam profile 
is obtained by converting the time axis of the current signal to the dis
tance traveled by the diode through the radiation field. As shown in 
Fig. 8, all beam profiles are characterized by peak current readings when 
the diode crosses the center of the scan window, 40 cm away from the 
starting position of its movement along the conveyor direction. This 
result agrees with the slope of the current signal centroid as a function of 
1/v plot, (39.9 ± 0.6) cm, presented in Fig. 3. The FWHM data, obtained 
through the Gaussian fittings of the beam profiles, is presented in 
Table 4.

The correspondent average value of (18.5 ± 1.3) cm fully agrees 
with (17.8 ± 0.2) cm given by the slope of the FWHM x 1/v plot (Fig. 3). 
These both results regarding centroid position and FWHM of the scan
ned beam profile, assessed at 17 cm from the scan window and 0.1 s 
integration time of the electrometer confirm the beam profile indepen
dence on the conveyor velocity within the range here investigated.

However, this statement does not hold straightforwardly for 0.05 s 
and 0.55 s integration time covering the conveyor velocity range. The 
integration time effect on the current signal profile is evidenced in Fig. 3, 
where current readings, performed at 6 m/min, 0.05 s and 0.1 s inte
gration times, are plotted together. Both correspondent beam profiles 
are well fitted by Gaussian function with FWHM slightly favoring the 
resolution (9.7 ± 0.3) cm for 0.05 s integration time (Fig. 9). It is 
important to note that, both integration times fulfill the requirement of 
being much less than the traveling time of the diode under the scan 
window (0.25 s).

The data provided by the diode (6 m/min and 0.05 s) is benchmarked 
against those assessed with reference standard alanine and CTA film 
dosimeters to validate the straightforward approach for assessing the 
scanned beam profile through the current signals. To allow the direct 
comparison among the whole data, the normalized response of the two 
passive dosimeters (related to absorbed dose) and the active diode-based 
dosimeter (related to current) are presented in Fig. 10. It evidences that 
all beam profiles are fitted by Gaussian functions, with a perfect 
matching in the centroid peaks at the center of the scan window as 
highlighted in the plot. This region is similar to the beam spot size (2.54 
cm) or the beam length on the window surface, previously measured in 

Fig. 6. Dose per pass data obtained with the diode irradiated at 4 kGy/s as a 
function of the conveyor speed between 2 and 6 m/min and distinct integration 
times. The dose per pass provided by the reference alanine dosimeter is plotted 
together with the diode results for comparative purposes.

Fig. 7. – Residues of the dose per pass data related to those provided by the 
reference alanine dosimeters (continuous line at the center of the plot). The 
dashed lines represent the maximum acceptable variation (8 %, k = 2) in the 
dosimeter response recommended by ISO/ASTM 51607 (2013).

Fig. 8. Expanded view of the current profiles recorded at 4 kGy/s and 0.1 s 
integration time when the diode crosses the irradiation field with conveyor 
speeds ranging from 2 m/min to 6 m/min. The agreement among the FWHM 
values is better than 2 %.

Table 4 
– FWHM (cm), beam lenght, at 17 cm from the scan window, 4 kGy/s dose rate 
and 0.1 s acquisition time.

Conveyor Speed (m/min)
FWHM (s) FWHMa (cm) FWHMb (cm)

2 5.4 ± 0.4 17.9 ± 1.3 18.2 ± 1.3
3 3.6 ± 0.3 18.2 ± 1.3 18.2 ± 1.3
4 2.8 ± 0.2 18.4 ± 1.3 18.6 ± 1.3
5 2.2 ± 0.2 18.2 ± 1.3 18.5 ± 1.3
6 1.9 ± 0.1 18.5 ± 1.3 18.9 ± 1.3
average – 18.3 ± 1.3 18.5 ± 1.3

a FWHM (s) multiplied by each conveyor speed.
b FWHM (cm) from the fitting of the scanned beam profiles.
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operational qualifications of the EB facility.
Furthermore, there is a good agreement between the beam profiles 

statically measured with CTA film and alanine dosimeters, despite their 
different spatial resolutions. This effect leads to a negligible enlargement 
(5 mm) in the FWHM provided by the alanine dosimeters. The same 
volumetric effect explains the broadening of the beam profile (FWHM =
9.7 cm) measured with the diode during its movement through the 
irradiation field produced by the scanned beam. Another effect that 
could change the current signal shape and resolution is setting a suitable 
integration time considering the conveyor velocity and the distance the 
diode travels underneath the scan window. This issue, inherently linked 
to dynamic irradiations of active dosimeters and characteristic of the EB 
facility, is experimentally minimized with an integration time of 0.05 s.

Despite the challenges posed by dynamic irradiations, the small 
difference in beam profiles measured by the three dosimeters validates 
the straightforward approach to measure the beam length parameter 
and the suitability of using the diode for monitoring scanned beam 
profiles.

4. Conclusions

The results concerning the characterization of an industrial-scale 
electron beam irradiator using an online diode-based dosimetry sys
tem, previously developed and calibrated for routinely monitoring 
irradiation process, are presented in this work. To take advantage of the 
diode dosimetry performance with linear dose response and stable 
current signal proportional to the dose rate, the investigation focused on 
the relevant operating parameters for routine process control: dose per 
pass and beam length measurements. The dose per pass results, obtained 
through integrating the current signals delivered by the diode irradiated 
at a constant dose rate (4 kGy/s) under (2–6 m/min) conveyor speeds, 
are fully validated by the data from the reference standard alanine do
simeters. It holds even when the integration times vary from 0.05 to 
0.55 s, despite the pronounced effect on the current signal shape, 
corroborating the necessary commitment between the integration time 
and the traveling time of the diode through the radiation field produced 
by the scanned beam. It is worth noting that, for this facility and the 
conveyor speed range, the most precise dose per pass results, quantified 
through the lowest residues to the standard alanine measurements, are 
obtained for 0.1 s. Under this condition, the integration time effect is 
negligible. All current signals can be fitted by Gaussian functions with 
centroid and FWHM parameters well defined (Fig. 2). It is essential to 
the straightforward method proposed in this work to assess the beam 
length through a current signal that experimentally traduces the dose 
rate variations as a function of the time while the diode passes through 
the beam. At a known velocity, the time is converted to length, and the 
FWHM of the current or dose rate profile provides the beam length 
measurement at a certain distance from the scan window. The validity of 
this proposed method is checked by replicating the experimental con
ditions (4 kGy/s, 6 m/min, and 17 cm from the scan window) used in 
most routine processes conducted in this EB facility. The integration 
time effect on the signal profile is again evidenced in the beam length 
FWHM values measured with 0.05 s (9.7 cm) and 0.1 s (18.5 cm). A 
comparison among these beam profiles and those FWHM assessed with 
CTA film (6.6 cm), a standard dosimeter for this type of measurement 
and alanine dosimeters (7.1 cm) evidences the best agreement found 
with the narrower one assessed with 0.05 s. Furthermore, the differences 
between the spatial resolution of the dosimeters perfectly justify the 
small discrepancies found in the FWHM values.

Finally, it is noteworthy that the overall results presented herein, 
benchmarked against those assessed with reference standard passive 
dosimeters for radiation processing dosimetry, not only validate the 
straightforward approach to measure the dose per pass and beam length 
parameters, but also endorses the reliable performance of this diode- 
based system as an inexpensive and reliable dosimeter for routine pro
cess control.
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