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Abstract
AIM: To study the peripheral dose (PD) from high-
energy photon beams in radiotherapy using the metal 
oxide semiconductor field effect transistor (MOSFET) 
dose verification system.

METHODS: The radiation dose absorbed by the MOS-
FET detector was calculated taking into account the 
manufacturer’s Correction Factor, the Calibration Factor 
and the threshold voltage shift. PD measurements were 
carried out for three different field sizes (5 cm × 5 cm, 
10 cm × 10 cm and 15 cm × 15 cm) and for various 
depths with the source to surface distance set at 100 
cm. Dose measurements were realized on the central 
axis and then at distances (1 to 18 cm) parallel to the 
edge of the field, and were expressed as the percent-
age PD (% PD) with respect to the maximum dose (dmax). 

The accuracy of the results was evaluated with respect 
to a calibrated 0.3 cm3 ionization chamber. The repro-
ducibility was expressed in terms of standard deviation 
(s) and coefficient of variation.

RESULTS: % PD is higher near the phantom surface 
and drops to a minimum at the depth of dmax, and then 
tends to become constant with depth. Internal scat-
ter radiation is the predominant source of PD and the 
depth dependence is determined by the attenuation of 
the primary photons. Closer to the field edge, where 
internal scatter from the phantom dominates, the % 
PD increases with depth because the ratio of the scat-
ter to primary increases with depth. A few centimeters 
away from the field, where collimator scatter and leak-
age dominate, the % PD decreases with depth, due to 
attenuation by the water. The % PD decreases almost 
exponentially with the increase of distance from the 
field edge. The decrease of the % PD is more than 60% 
and can reach up to 90% as the measurement point 
departs from the edge of the field. For a given distance, 
the % PD is significantly higher for larger field sizes, 
due to the increase of the scattering volume. Finally, the 
measured PD obtained with MOSFET is higher than that 
obtained with an ionization chamber with percentage 
differences being from 0.6% to 34.0%. However, when 
normalized to the central dmax this difference is less than 
1%. The MOSFET system, in the early stage of its life, 
has a dose measurement reproducibility of within 1.8%, 
2.7%, 8.9% and 13.6% for 22.8, 11.3, 3.5 and 1.3 cGy 
dose assessments, respectively. In the late stage of 
MOSFET life the corresponding values change to 1.5%, 
4.8%, 11.1% and 29.9% for 21.8, 2.9, 1.6 and 1.0 cGy, 
respectively.

CONCLUSION: Comparative results acquired with 
the MOSFET and with an ionization chamber show fair 
agreement, supporting the suitability of this measure-
ment for clinical in vivo  dosimetry.
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INTRODUCTION
With radiotherapy treatment modalities there is an in-
crease in tumor cure rates, and additionally, there are a 
significant number of  patients who are irradiated for 
benign diseases[1]. During radiotherapy treatment with 
high-energy photon beams, a small fraction of  the deliv-
ered dose is absorbed a few centimetres away from the 
irradiated field[2]. This dose is known as peripheral dose 
(PD) and, compared to higher doses, the associated can-
cer risk is likely to be much lower but not insignificant[3].

The risk for secondary cancer associated with low 
doses of  ionizing radiation, especially appearing in long-
term surviving patients, is gaining new interest every day[4]. 
Dörr et al[1] showed that the majority of  secondary tumors 
within the margin region of  the treatment volume (from 
2.5 cm inside to 5 cm outside the margin of  the planning 
target volume) received a dose less than 6 Gy. Brenner  
et al[5] reported that there is a 40% increase in solid tumors 
in the lung after radiotherapy of  the prostate, where the 
lung is receiving doses in the range of  0.5-1.0 Gy. Since 
there is no dose that is regarded as safe, assessment of  
PDs to radiosensitive tissue/organs, such as the breast, 
the gonads and the thyroid, is essential to determine the 
possible risk of  late effects, such as secondary cancers that 
could appear in long-term surviving patients (e.g. pediat-
ric patients)[6,7]. In general, it is of  extreme importance to 
calculate the PD down to the level of  0.1% of  the central 
axis maximum dose (dmax)[8] and its determination has been 
the subject of  extensive investigation[2,9-20]. Metal oxide 
semiconductor field effect transistor (MOSFET) is used 
as a clinical dosimeter for radiotherapy beams, and mobi-
leMOSFET seems to be the appropriate dose verification 
system[21-30], since due to its small size it can be positioned 
very easily on the patient’s skin, and can evaluate the deliv-
ered dose both at the target and at organs at risk[21]. 

This paper aims to assess the PD in high-energy pho-
ton beam radiotherapy as a function of  the distance from 
the edge of  the field, the depth, the field size and the en-
ergy of  the photon beam, while the overall accuracy has 
been investigated by comparing the derived experimental 
results to corresponding ones obtained with an ionization 
chamber. Additionally, the paper aims to investigate the 
reproducibility of  the mobileMOSFET dose verification 
system with respect to the low PDs. 

MATERIALS AND METHODS
The present study was carried out in the Radiotherapy 
Department of  the University Hospital of  Patras, where 
the measurements were made with 6 MV and 18 MV X-ray 
beams of  an ELEKTA SLI linear accelerator. Thomson 
Nielsen’s mobileMOSFET Dose Verification System (TN-
RD-70-W) with standard sensitivity MOSFET dosimeter 
(TN-502 RD) were used for the dose measurements.

MobileMOSFET (TN-RD-70-W) is Best Medical 
Canada Ltd’s mobile, battery-operated dose verification 
system. The system consists of  PC-based user-interface 
software and one mobileMOSFET reader module. The 
mobileMOSFET reader was set up in the treatment room, 
connected to the dosimeters and the measurement cir-
cuitry was arranged. The measurement procedure was 
controlled by a PC using the mobileMOSFET software 
through an RS-232C cable or the provided wireless trans-
ceiver. The software provides a console on screen for the 
operator to perform all required actions in the dose mea-
surements, such as reading, displaying, saving and printing 
results. MOSFET dosimeters were placed in a water phan-
tom. The dose measurements were carried out by clicking 
the “start” and “read” buttons on the dose measurement 
screen[31].

The MOSFET dosimeter was set at the high bias in 
order to achieve the highest sensitivity at lower doses. The 
first step of  the study consisted of  the calibration proce-
dure, measuring the radiation sensitivity of  the dosimeter 
under known conditions. Each dosimeter was placed on 
the central axis of  the 6 MV and 18 MV photon beam at 
10 cm depth inside a water phantom, with the irradiated 
field size set at 10 cm × 10 cm. The dosimeter received a 
nominal dose of  200 cGy and the output voltage of  the 
reader was compared to the set level. The ratio of  the 
measured voltage difference value (∆V) to the radiation 
dose delivered determines the calibration factor (CF), 
also known as sensitivity. To improve the accuracy of  the 
calibration procedure, the measurement was repeated four 
times and the average value of  the CF was calculated.

The radiation dose absorbed by the MOSFET was 
calculated by the threshold voltage shift (ΔV) attributed 
to the irradiation, according to the formula: dose = CR 
× ∆V/CF.

Where CR is the manufacturer’s Correction Factor 
which is equal to 1.

The threshold voltage shift is proportional to the dose 
deposited in the active volume of  the MOSFET and in-
creases linearly up to an inherent functional limit of  20 
V, beyond which the voltage change is no longer propor-
tional to the dose.

PD measurements
PD measurements were made in a water phantom 
with dimensions 54 cm × 52 cm × 30 cm. The field 
sizes at the surface of  the phantom were set at 5 cm ×  
5 cm, 10 cm × 10 cm and 15 cm × 15 cm and the source 
to surface distance was set at 100 cm. A representative ex-
perimental arrangement is shown in Figure 1. 
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Dose measurements were realized on the central axis 
and then in peripheral regions at several distances (1 to 
18 cm) from the edge of  the primary geometric field, and 
for various depths. All the results are expressed as the per-
centage PD (% PD) with respect to the dmax of  each field. 
Note that since the dimensions of  the irradiated field 
increase with depth, due to the cone beam geometry, the 
axis of  the PD measurements points (were the MOSFET 
dosimeter was placed) was not parallel to the central axis, 
but parallel to the edge of  the field in order to keep the 
distance a from the edge of  the primary field constant for 
all depths (Figure 1).

The % PD from the edge of  the field was studied with 
respect to the field size and depth for 6 and 18 MV beams, 
and the results were evaluated for their accuracy against 
corresponding values obtained with a PTW 0.3 cm3 Uni-
dos ionization chamber.

Each MOSFET was read immediately after exposure 
to minimize the potential effects of  charge recombination 
and annealing and in order to achieve electronic stabiliza-
tion[27,28]. 

MOSFET reproducibility
The reproducibility of  the dose measurements, which is a 
critical indicator for any dose verification system, was esti-
mated. For different dose levels (4 for the early stage, and 
6 for the late stage) the same measurement was repeated 
6 times, and the shift voltage was measured. The standard 
deviation (s) which represents the reproducibility of  each 
measurement, as well as the coefficient of  variation (CV), 
were deduced according to the following formulae:

Where N is the number of  measurements, xi the dose 
measurement and x the mean value of  the measurements.

RESULTS 
PD measurements
% PDs at distances of  5 and 15 cm from the field edge 
are presented as functions of  the depth for both photon 
energies and for various field sizes (5 cm × 5 cm, 10 cm × 
10 cm and 15 cm × 15 cm) in Figure 2A and B. From the 
curves it is obvious that the dose is higher near the surface 
and drops to a minimum at the depth of  dmax, and then 
the % PD tends to become constant with depth. 

The variations of  the % PD with distance from the 
field edge from 1 to 18 cm as a function of  the field 
size and depth (0, 1.5 and 10.0 cm) for both energies are 
shown in Table 1. 

The % PD decreases almost exponentially with the 
increase of  distance. Figure 3 shows this behavior for the 
three field sizes and both energies (6 and 18 MV) while 
the same behavior of  the % PD as a function of  the 
depth (0, 0.2, 0.5, 1.0, 1.5, 5.0, 10.0 and 15.0 cm) can be 
noted in Figure 4.

Finally, the accuracy of  the mobileMOSFET dose 
verification system was evaluated by comparing PD mea-
surements with corresponding measurements obtained 
with a PTW 0.3 cm3 ionization chamber and the results 
are represented in Figure 5A and B.

MOSFET reproducibility
The MOSFET system, in high sensitivity mode, and in the 
early stage of  its life (0-4000 mV) has a dose measurement 
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Figure 1  Geometry set-up of the peripheral dose measurements in a water 
phantom where a is the distance from the edge of the field (from 1 to 18 
cm) where the MOSFET dosimeter was placed, and dmax is 1.5 and 3.3 cm 
for 6 and 18 MV, respectively. This shape represents the MOSFET dosimeter.
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reproducibility of  within 1.8%, 2.7%, 8.9% and 13.6% for 
22.8, 11.3, 3.5 and 1.3 cGy dose assessments, respectively. 

In the late stage of  MOSFET life (> 18 000 mV) the 
corresponding values change to 1.5%, 4.8%, 11.1% and 
29.9% for 21.8, 2.9, 1.6 and 1.0 cGy, respectively (Figure 6).

Calibration Factor (CF) in the early stage of  MOSFET 
life (0-4000 mV) has the value of  3.09 mV/cGy, in the 
middle stage of  its life has the value of  2.90 mV/cGy and 
finally at the end of  its lifetime the value is 2.80 mV/cGy. 

DISCUSSION
From the curves of  Figure 2A and B it is obvious that the 
PD is higher near the surface and drops to a minimum at 
the depth of  dmax, and then the % PD tends to become 
constant with depth. Internal scatter radiation is the pre-
dominant source of  PD and the depth dependence is 
determined by the attenuation of  the primary photons[14]. 
This is more evident away from the field edge. This might 
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Table 1  Percentage peripheral dose measurements under various geometrical conditions

    Depth (cm)

0 1.5 10

Distance (cm)       1      5    10       1      5   10       1      5   10
5 × 5 (6 MV)   3.22 1.30 0.79   3.88 1.32 0.59 4.64 1.36 0.49
5 × 5 (18 MV)   3.32 1.29 0.67   5.87 1.57 0.74 7.59 0.79 0.38
10 × 10 (6 MV)   6.84 3.53 1.75   6.03 1.65 0.89 7.59 2.11 1.28
10 × 10 (18 MV)   8.18 3.82 2.00 11.81 3.19 1.36 7.32 1.74 0.73
15 × 15 (6 MV) 10.52 5.80 3.48   7.23 2.64 1.10 9.52 3.41 1.66
15 × 15 (18 MV) 12.90 6.60 3.72 12.94 4.28 3.41 8.17 2.66 1.11



seem to be in disagreement with Fraass et al[20], who report 
that after dmax the PD increases with depth. However, in 
our measurements, as the field size increases with depth, 
the distance from the field edge is also displaced from the 
central axis, in order to stay constant with depth.

Closer to the field edge, where internal scatter from 
the phantom dominates, the PD increases with depth, 
because the ratio of  the scatter to primary increases with 
depth. The fact that at dmax the % PD is minimized can 
also be observed from the measurements presented in 
Table 1, for the 6MV photon energy.

A few centimeters away from the field, where col-
limator scatter and leakage dominate, the PD decreases 
with depth, due to the attenuation by the water. This is in 
agreement with Francois et al[9]. 

The % PD decreases almost exponentially with the 
increase of  distance. Figure 3 shows this behavior for the 
three field sizes and for both energies. The decrease of  
the % PD is more than 60% and can reach up to 90% 
as the measurement point departs from the edge of  the 
field. For a given distance, the % PD is significantly higher 
for larger field sizes, due to the increase of  the scattering 
volume.

The same behavior of  the % PD as a function of  the 
depth can be noted in Figure 4, where also the influence 
of  the increase of  the field size on the % PD can be ob-
served. Figure 5A shows that the measured PD obtained 
with MOSFET is higher than that obtained with the 
ionization chamber in the case of  the 6 MV beam at the 
surface, at three different distances (1.0, 5.0 and 10.0 cm) 
from the edge of  the field, with percentage differences 
between corresponding values of  the two dosimetric 
systems being from 0.6% to 34.0%. However, comparing 
with the central dmax this difference is less than 1%, which 
is in agreement with the findings of  Butson et al[25]. Similar 
results arise for measurements obtained with the 18 MV 
beam, as shown in Figure 5B.

MOSFET reproducibility results as shown in Figure 6 
are comparable to that obtained by Cheung et al[23]. Finally, 
from the measurements of  Calibration Factor (CF) we 
conclude that after a large accumulated dose the detector 
requires larger doses for the same potential change. 

The most important advantages of  the mobileMOS-

FET dosimeter are its small size, as it can be easily placed 
on the patient’s skin, and the almost direct estimation of  
the dose during exposure. Additionally, comparative re-
sults acquired with the MOSFET and with an ionization 
chamber show fair agreement, supporting the suitability 
of  this measurement technique for clinical in vivo dosim-
etry, allowing radiation oncologists to evaluate and further 
optimize radiation treatment. Moreover, its sensitivity and 
reproducibility make it suitable for measurements of  low 
PDs.

Regarding PD, these measurements show that a signif-
icant amount of  the treatment dose reaching up to 14% 
of  the central axis dmax, can be delivered to critical organs 
outside the treatment field at points near the primary field 
edge. Further studies are necessary to evaluate the clinical 
effects of  this amount of  dose and to develop appropriate 
solutions. 

COMMENTS
Background
With radiotherapy treatment modalities there is an increase in tumor cure rates 
and additionally, there are a significant number of patients who are irradiated 
for benign diseases. During radiotherapy treatment with high energy photon 
beams, a small fraction of the delivered dose is absorbed a few centimeters 
away from the irradiated field. This dose is known as peripheral dose (PD) and 
compared to higher doses, the associated cancer risk is likely to be much lower 
but not insignificant.
Research frontiers
Many investigations have been carried out in order to measure PD in radio-
therapy treatment modalities. In vivo dosimetry for radiotherapy patients often 
requires dose measurements not only in the treatment area, but also in the pe-
ripheral regions, so that doses to critical organs can be recorded and if possible 
minimized. For such measurements, there is a need for dosimeters with ability 
to measure low doses accurately and with tolerance to the variations of the 
spectral quality of the beam. Metal oxide semiconductor field effect transistor 
(MOSFET) features the ability to integrate dose measurements and to provide 
immediate dose readout. This, in combination with a very small sensing volume, 
makes the MOSFET dosimetry system advantageous over the other systems 
used in radiotherapy. 
Innovations and breakthroughs
This study aims to assess the PD in high energy photon beam radiotherapy as 
a function of the distance from edge of the field, the depth, the field size and the 
energy of the photon beam using the mobileMOSFET dose verification system. 
The results are compared to corresponding ones obtained with an ionization 
chamber. Additionally, the reproducibility of the mobileMOSFET dose verifica-
tion system is investigated, with respect to the low PDs. The small size, the 
radio-transparency, the high sensitivity and the immediate read make MOSFET 
dosimeters an excellent choice for dosimetry in radiotherapy, and when physi-
cal constraints, concerns over shadowing, or issues of scattered doses are 
important, then MOSFET dosimeters have clear advantages over both diodes 
and thermoluminescence dosimeters.
Applications
Since there is no dose that is considered as safe, assessment of PDs to ra-
diosensitive tissue/organs, such as the breast, the gonads and the thyroid, 
is essential to determine the possible risk of late effects, such as secondary 
cancers that could appear in long-term surviving patients after the radiotherapy 
treatment. It is of extreme importance to calculate the PD down to a level of 0.1% 
of the central axis maximum dose and its determination has been the subject of 
extensive investigation. 
Terminology
PD is the small fraction of the delivered radiotherapy dose that is absorbed a 
few centimeters away from the irradiated field MOSFET dosimeter is a MOS-
FET made of Si/SiO2. It is used as a clinical dosimeter for radiotherapy beams. 
The MOSFET dosimeter is direct reading with a very thin (less than 2 mm) ac-
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tive area. Calibration factor is the ratio of the recorded voltage difference value 
over the corresponding radiation dose delivered to the dosimeter.
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