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Dosimetric characterization of photon beams using a diamond
detector”

Caracterizagdo dosimétrica de feixes de fdtons com detector de diamante

Talita Sabino?, Laura Natal Rodrigues?, Laura Furnari®, Erika Yumi Watanabe?, Gisela Menegussi®

Objective: The present study was aimed at characterizing a diamond detector and observing its behavior. Materials
and Methods: The dosimetric characteristics of 6 MV photon beams were measured by utilizing an automatic PTW
MP3 scanning system with a diamond detector, and compared with measurements performed with a PTW 31010 ion
chamber. Results: Measurements of dose linearity, dose rate dependence and depth dose distribution as well as dose
profiles demonstrated the dosimetric characteristics of the diamond detector. Conclusion: Some measurements with
diamond detector and ion chamber were validated with results published in the literature, demonstrating a good behavior
of the diamond detector as compared with the ionization chamber that is widely utilized for dosimetry in radiotherapy,
indicating that the diamond detector is a good choice for small field dosimetry.
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Objetivo: Este trabalho foi realizado com o objetivo de caracterizar o detector de diamante, bem como observar seu
comportamento. Materiais e Métodos: As caracteristicas dosimétricas de feixes de fétons de 6 MV de energia foram
medidas utilizando o sistema automatico de varredura MP3 da PTW com um detector de diamante e foram compara-
das com medidas usando uma camara de ionizagdo 31010 da PTW. Resultados: As caracteristicas dosimétricas do
detector de diamante foram observadas por meio de medidas de linearidade com a dose, dependéncia com a taxa de
dose e distribuicoes de dose em profundidade, bem como perfis. Conclusao: Algumas medidas com diamante e cdmara
de ionizacéo foram validadas com resultados publicados na literatura, o que demonstrou um bom comportamento do
detector de diamante na comparacdo com a camara de ionizagéo, muito utilizada para dosimetria em radioterapia,
evidenciando que o diamante é uma boa escolha de detector para dosimetria de campos pequenos.
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INTRODUCTION

In photon beam dosimetry, idedly a
detector with high sensitivity, good spatial
resolution, low energy dependence, good
stability and tissue equivalence should be
utilized. Frequently, ionization chambers
are utilized; but other types of detectors,
such as diamond detectors, may also
present desirable characteristics for this
type of dosimetry.

The diamond detector is practicaly tis-
sue-equivalent, sincethe atomic number of
carbon and that of tissue are very similar.
So, the signal from the detector can be con-
sidered as being directly proportional ab-
sorbed dose in tissue without the need to
perform any correction™?. Additionally,
such adetector isquite appropriatefor rela-
tive absorbed dose measurements®, be-
cause of itsintrinsic characteristics which
favor such type of measurement, namely:
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high sensitivity (approximately 0.5 mC/
Gy), good spatia and temporal resolution,
low energy dependencein photonand elec-
tron beams, good stability with temperature
(better than approximately 1%.°K™), and
good irradiation stability, that is, it is prac-
tically insensitive to damage caused by ra-
diation.

It is important to highlight that some
authors have introduced the utilization of
synthetic diamonds, comparing their per-
formances with that of one of the early
natural diamond prototypes: they have de-
scribed the synthetically developed crystal
growth process*®,

Most recently, some authors®” investi-
gated the utilization of natural diamondsin
small field dosimetry, more specifically for
the measurement of total scatter factor for
the Cyberknife system and for dose mea-
surements of radiation beams in intensity-
modulated radiation therapy (IMRT), re-
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spectively. Other authors® have also ana-
lyzed the utilization of the diamond detec-
tor for determining the total scatter factor
comparatively with semiconductor diodes.
The detector is constituted by a0.2 mm
thick natural diamond plate inserted in a
polymethyl-methacrylate capsule, at a
depth of 1.0 mm, with a special contact
system. The external dimensions of the
detector are almost the same asthose of the
silicon diode, with a diameter of 7.3 mm
and a length of 20 mm. The polarization
voltage is +100 V. As soon as the voltage
is applied to the detector, one recommends
that an approximately 10 Gy pre-irradiation
dose be applied to the detector so that its
sengitivity reaches certain stability.

MATERIALSAND METHODS

The detector was vertically irradiated
and areference chamber was positioned at
the border of the irradiation field in order
to detect eventual linear accelerator output
fluctuations. Subsequently, depth dose dis-
tributions were obtained by utilizing the
automatic PTW MP3 scanning system.

The measurements were performed at
Hospital Alemdo Oswaldo Cruz with a
Varian 21EX linear accelerator on a6 MV

Dosimetric characterization with diamond detector

the effective point is located at 1.0 mm
from the external surface, in the diamond
center; for the 31010 PTW chamber (vol-
ume of 0.125 cm?, equivalent to the 31002
PTW chamber which islisted on the TRS
398table), itis1.7mmabovethecentral axis
and at 4.5 mm from itsextremity, according
tothelnternational Atomic Energy Agency
(IAEA) protocol®. The measurements
were performed with the detectors being
moved from greater to smaller depths, in
order to eliminate the meniscus effect.

The analysis of dose linearity param-
eters was based upon measurements per-
formed at a rate of 300 cGy/min, field of
10 x 10 cm? at a depth of 5.0 cm, and
monitoring units ranging from 20 UM to
1000 UM.

The dose-rate dependence was investi-
gated by means of measurements per-
formedon’5 x 5cm?, 10 X 10 cm? and 20
x 20 cm?fields, at a depth of 5.0 cm with
50 UM and doserates of 100 cGy/min, 200
cGy/min, 300 cGy/min and 400 cGy/min.

Deep doserates and profileswere deter-
mined on thetransverse axiswith 400 UM/
minat adepth of 1.5cmfor thel x 20 cm?,
3 x 20cm?, 10 X 20cm?and 20 X 20 cm?
fields, source-surface distance of 100 cm.

The dose-rate dependence was obtained
by comparing the measurementswith those
performed with the model 31010 PTW ion-
ization chamber, and by normalizing the
results for arate of 300 cGy/min, whichis
the most common dose rate utilized in ra-
diotherapy (Figure 1).

The maximum observed variation for
the dose-rate dependence was 0.57%, as
shown on Table 1. Such dependence was
established by comparison with theioniza-
tion chamber.

The diamond detector and the ioniza-
tion chamber readingsratio for the 20 x 20
cm? field normalized for adose rate of 300
cGy/min are shown on Figure 2.

In order to analyze the deep dose rates,
inall field sizes, the charts were separately
presented for the two detectors (Figure 3
for theionization chamber and Figure4 for
the diamond detector).

As the depth-dose curves for the two
detectorsat Figure5 are observed, one veri-
fiesthat for a10 x 10 cm? field, both de-
tectors presented a same behavior, with
good agreement between the obtained val-

Table 1 Percent deviation of the depth dose rate
dependence.
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Figure 1. Values for dose rate dependence normalized at 300 cGy/min for all

measured fields.
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Figure 2. Comparison between diamond detector and ionization chamber

responses. Obtained response with a CC125 chamber and with a diamond
detector in relation to dose rate in the 20 x 20 cm? field.

Radiol Bras. 2012 Jan/Fev;45(1):35-38



Sabino T et al.

ues. The selection of the 10 x 10 cm? field
inthisanalysisisbased ontheIAEA® pro-
tocol which recommends such afield asa
referencein dosimetry of high energy pho-
ton beams. This same behavior was ob-
served for other field sizes.

Profiles were also obtained for the two
detectors, with different field sizesfor com-
parison, as shown on Figure 6.

DISCUSSION

Asregards the linear dose dependence,
oneobserved good linearity of thediamond
detector, with a correlation coefficient R?
= 99.99%, demonstrating the appropriate-
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ness of its utilization in all the clinically
relevant ranges in radiotherapy.

As the dose rate dependence results of
the diamond detector are compared with
those reported in the literature®®, a simi-
lar behavior was observed, but with a
smaller variation, 0.5% instead of 2%.

With the purpose of alowing a quanti-
tative evaluation in the comparison be-
tween the diamond detector and theioniza-
tion chamber responses, an analysis was
performed considering some specific
depths typical for high energy photon
beams, whose percentage differences are
presented on Table 2. On such Table, one
verifies that the differences between the

diamond detector and theionization cham-
ber are acceptable for small fields, except
for greater depths. It isimportant to high-
light that the measurements of depth dose
distribution for small fields (0.6 x 0.6 cm?)
areextremely sensitivefor thealignment of
the incident beam in relation to the detec-
tor™™, Those authors have found an error
of approximately 5% in the depth dose rate
values at greater depths (> 15 cm) in cases
wherethereisasmall misalignment, about
0.1 cm, between thecentral axisof thebeam
and an ionization chamber with asensitive
volume of 0.01 cm?. On the other hand, for
larger fields, thedifferencesobservedinthe
present study between thetwo detectorsare
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Figure 3. Depth dose rate measured with the ionization chamber.

Figure 4. Depth dose rate measured with the diamond detector.
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Figure 5. Depth dose rate for the ionization chamber and the diamond de-

tector in a 10 x 10 cm? field.
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detector.

Figure 6. Dose profiles obtained with the ionization chamber and the diamond
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Table 2 Percent deviation of depth dose rates obtained with the diamond detector as compared with

those obtained with the ionization chamber.

Field size (cm?)

Depth (cm) 1x1 2% 2 5x5 10 x 10 20 x 20
Do ~0.02% 0.17% 0.66% 0.85% 0.37%

5 1.72% 0.16% 1.45% -0.02% 0.90%

10 3.64% 2.26% 2.03% ~0.57% 0.28%

20 4.45% 0.89% 2.04% ~1.78% ~0.36%

within the expected values. Such datashow
that the diamond detector, because of its
high resolution, is quite appropriate for the
characterization of small fields.

Based on the analysis of the profiles
measured by the diamond detector as com-
pared with those measured by the ioniza-
tion chamber, one verifies that such detec-
tor presents a difference of approximately
2% in terms of field flatness (1 x 20 cm?
and 3 x 20 cm?, respectively), whilefor the
square fields such difference is reduced to
lessthan 1%. On the other hand, asregards
symmetry, such behavior is reversed, with
the greatest differences (of approximately
1%) occurring for the conventional fields.
Such differences may be attributed to the
different orientations of each detector in
these measurements, particularly in what
concerns the determination of the penum-
bra threshold: the diamond detector was
positioned with its axis perpendicularly to
the water surface, while the ionization
chamber had its axis perpendicular to the
radiation beam. Some authors?*® have
also observed similar differences in the
dose profile measurement because of the
detector positioning inrelation to theradia
tion beam: such a difference may be mini-
mized by positioning the diamond detector
with its longitudinal axis paralel to the
beam, in order to increase its spatia reso-
lution. Additionally, it is necessary to take
the finite size of the ionization chamber
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into consideration, since the measurement
aong the central ray isperformed along the
length of theionization chamber’s cavity .

Based on the authors' observations in
the present study and on the conclusions
drawn by other authors, one could say that
measurements with both the ionization
chamber and the diamond detector present
an inherent uncertainty caused by severa
factors such as chamber orientation, align-
ment accuracy, and detector volume. Thus
small differences between the results
should be expected.

However, it should be highlighted that
the utilization of adiamond detector isonly
recommended for relative dosimetry pur-
poses, since calibration services for such
type of detector are not available yet, and
itsperformanceisstill highly dependent on
the appropriate selection of the crystal in
the course of its construction.

CONCLUSIONS

The dosimetric characterization under-
takenin the present study demonstratesthat
the diamond detector is an appropriate
measurement system for small field mea-
surements. The present results were vali-
dated by studies published intheliterature.
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