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ABSTRACT

In this work we present the preliminary results whitve performance of an epitaxial (EPI) diode adie
dosimeter for photon beam radiotherapy. The diosledduvas processed at University of Hamburg on a-typ
75 um thick epitaxial silicon layer grown on a highlpmed n-type 30@m thick Czochralski (Cz) silicon
substrate. The measurements were performed withde avhich not received any type of pre-dose. kheoito
use this device as a dosimeter, it was enclosedhblack polymethylmethacrylate (PMMA) probe. Thed#
was connected to an electrometer Keithley 651 7#eérphotovoltaic mode. During all measurementsgdibde
was held between PMMA plates, placed at 10.0 cnihdepd centered in a radiation field of 10 x 10.cwith
the source-to-surface distance (SSD) kept at 100Td¢ra short-term repeatability was measured witbtqin
beams of 6 and 18 MV energy by registering fivessmutive current signals for the same radiatiore ddge
current signals induced showed good instantaneepsatability of the diode, characterized by a sesall
coefficient of variation (CV) of 0.21%. Furthermorthe dose-response curves of the diode were Gnéar
with the highest charge sensitivity achieved of 53JGy. It worth noting that still remains to be istigated
the pre-dose influence on epitaxial silicon diodsponse in radiotherapy photon beam dosimetryiptigeterm
stability and the radiation hardness of these diddeabsorbed doses higher than that investigatéds work.
All these studies are under way.

1. INTRODUCTION

Recent advances in radiotherapy have demandedetredogppment of both new devices and
stringent dosimetric systems. The use of semicthiodudetectors has increased in
radiotherapy practice since the early 1980s dukedn fast processing time, small sensitive
volume and high relative sensitivity to ionizingliation [1,2]. Other major advantages of Si
devices are excellent repeatability, good mechasiedility and high spatial resolution [3].

However, in radiation therapy dosimetry, it is imjamt to know the sensitivity decrease with
the absorbed dose in order to foresee when reradbh of the dosimeter becomes
necessary. This is the most important constraiainasg)the use of ordinary silicon devices in
medical dosimetry [4-7]. Nevertheless, this drawbdtas been overcome with the
development of radiation tolerant silicon detectf@kin the framework of High Energy



Physics research projects. Previous results olstameour laboratory using some of these
radiation-hard Si diodes in both radiation proaagsand clinical electron beam dosimetry
[9,10,11] motivated us to investigate the respasfsthin n-type epitaxial (EPI) layers with

high radiation damage tolerance. In this work th&iminary results about the performance
of an epitaxial (EPI) diode as on-line dosimeterdboton beam radiotherapy are presented.

2. MATERIALS AND METHODS

The diode used was processed at University of Hagnldi2] on n-type 7um thick epitaxial
silicon layer (nominal resistivity of 50.cm) grown on a highly doped n-type 30 thick
Czochralski (Cz) silicon substrate [11]. The measants were performed with a diode with
25mnt active area which not received any type of preedds order to use the diode as a
dosimeter, it was enclosed in a black polymethyhaetylate (PMMA) probe to provide
protection from mechanical stress, light and moét@he device was connected to the input
of an integrating electrometer Keithley 6517B ire tiphotovoltaic mode. During all
measurements, the diode was held between PMMA splaaced at 10.0 cm depth and
centered in a radiation field of 10 x 10 Twith the source-to-surface distance (SSD) kept at
100 cm. The device dosimetric response was evadates and 18 MV photon beams from
a Siemens Primus Radiotherapy Linear Accelerabmated at Sirio-Libanés Hospital. The
short-term repeatability was evaluated for all gre=r by registering five consecutive current
signals for the same radiation dose, switchingogem on and off. The dose-response of the
device, given by the curves of charge (obtainedntiggration of the photocurrent signals vs
time) as a function of the absorbed dose, was igated. Measurements were performed
with an average dose-rate of 2,11cGy/s (200 MU/ramg 3,70 cGy/s (300 MU/min) for the
energies of 6 and 18 MV, respectively.

3. RESULTS

The short-term repeatability of the EPI diode wasasured with photon beams of 6 and 18
MV energy. The results obtained with the device @epicted in Fig. 1. After each step of
irradiation, the dark currents of the diodeQ.55pA) were acquired when the beam was just
switched off just to check whether some radiatiamédge was produced in the device. As
can be seen, during these measurements the dadnturtensities were kept constant and
four orders of magnitude smaller than the photasus generated in the sensitive volume of
the device. The current signals presented in Figrelvery stable. Indeed, a comparison
between the coefficients of variation (CV) of bahergies evidenced that the stability is
almost the same, with CV = 0.21% and 0.26% to 61a8hV, respectively.
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Figure 1. Current response of the EPI diode underradiation with (a) 6 and (b) 18 MV

photon beam energy.

The dose-response of the diode, given by the cuovebe charge as a function of the
accumulated doses from 63 cGy up to 370 cGy, isgmted in Fig. 2. The results obtained
with photonbeam energies of 6 and 18 MV confirm that the desponsecurves of the

diodeare quite linear with correlation coefficients’Rf the 0.99994 and 0.9993 to 6 and 18

MV respectively.
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Figure 2. Dose-Response curves of the EPI diode férand 18 MV photon beam
energies. Experimental uncertainties are smaller thn the symbols size.

INAC 2011, Belo Horizonte, MG, Brazil.



The values of charge sensitivities, presented ibleT4, evidence that to 18 MV, the EPI
diode is more sensitive than to 6 MV photon beaesrgyn However, that energy dependence
might be attributed to the structure and small disiens of the device. Some studies are
under way to clarify the origin of this effect.

Table 1. Charge sensitivities of EPI diode for 6rad 18 MV photon beam energies.

Energy Sensitivity

(MeV) (HC/GY)
6 3.54
18 5.08

3. CONCLUSIONS

In this work we present the preliminary results @hiive performance of an epitaxial (EPI)
diode envisaging its application in on-line clidiphoton beam dosimetry. The studies were
evaluated for 6 MV and 18 MV. The results obtaireddenced excellent instantaneous
repeatabilities of this unbiased device, with CV0221% and 0.26% to 6 and 18 MV,
respectively. The values of charge sensitivitiedewce that to 18 MV, the EPI diode is more
sensitive than to 6 MV photon beam energy. The -desponse&urves of the diodare quite
linear for both photon beams energies. However, rdgponses of the EPI diode were
dependent on the photon beam energy. Further stadeedemanded to clarify the origin of
this effect.

Based on these results, one can conclude thatPPheliede can be used without any pre-
irradiation procedure as a reliable alternative iahoto relative radiotherapy photon
dosimetry.

It worth noting that still remains to be investigatthe pre-dose influence on epitaxial silicon
diode response in radiotherapy photon beam dosimé#tie long term stability and the
radiation hardness of these diodes for absorbedsdbgher than that investigated in this
work. All these studies are under way.

ACKNOWLEDGMENTS

The authors highly acknowledge Drs. I. Pintilie fagment of Semiconductor Physics and
Complex Structures, National Institute of MateriBlsysics, Romania), G. Lindstrom and E.
Fretwurst (both from University of Hamburg, Germarigr the free supply of the diodes.
Thais C. dos Santos is grateful to CAPES for thardwof a scholarship. This work was
partially supported by Conselho Nacional de Desktwento Cientifico e Tecnoldgico
(CNPq) under contract n°® 310493/2009-9.

INAC 2011, Belo Horizonte, MG, Brazil.



REFERENCES

[1] S. Almaviva, et al., “Synthetic single crysthhmond diodes for radiotherapy dosimetry”,
Nucl. Instrum. Methods Phys. Res., Sech94, pp. 273-277 (2008).

[2] H. J. Khoury, et al., “Evaluation of commercisilicon diode for electron dosimetry”,
Nucl. Instrum. Methods Phys. Res., Sec&88, pp. 537-539 (2007).

[3] G. Rikner and E. Grussel, “Effects of radiatidamage on p-type silicon detectors”,
Phys. Med. BiqI28, pp. 1261-1267 (1983).

[4] G. Lindstrom, et al., “Radiation hardness dfcsin detectors — a challenge from high-
energy physicsNucl. Instrum. Methods Phys. Res., Seat25, pp. 1-15 (1999).

[5] A. Candelori, “Radiation-hard detectors for yehigh luminosity colliders”, Nucl.
Instrum. Methods Phys. Res., Sech@0, pp.103-107 (2006).

[6] L. Bosisio, et al., “Observation of substrayge inversion in high-resistivity silicon
structures irradiated with high-energy electron&EE Trans. Nucl. Sci50, pp. 219-22
(2003).

[7] Z. Li, et al., “Study of bulk damage in highsistivity silicon detectors irradiated by high
dose of Co-60 gamma-radiatiodEEE Trans. Nucl. Sgid4, pp. 834-839 (1997).

[8] J. Harkonen, et al., “Test beam results of avilg irradiated current injected detector
(CID)”, Nucl. Instrum. Methods Phys. Res., Sed612 pp. 488-492 (2010).

[9] F. Camargo, et al., “Evaluation of a multi-gdamg structure (MGR) diode as diagnostic
X-ray dosimeter’Nucl. Instrum. Methods Phys. Res., Se&88, pp. 194-196 (2007).

[10] F. Camargo, et al., “MCz diode response asga-tlose gamma radiation dosimeter”,
Radiat. Meas43, 1160-1162 (2008).

[11] T. C. dos Santos, et al., “Evaluation of ratéhepitaxial silicone diode in radiotherapy
eléctron beam dosimetryRadiat. Meas doi: 10.1016/j.radmeas.2011.05.064 (2011).

[12] G. Lindstrom, et al., “Epitaxial silicon detecs for particle tracking — Radiation

tolerance at extreme hadron fluencdsucl. Instrum. Methods Phys. Res., Secb@8, pp.
66-7 (2006).

INAC 2011, Belo Horizonte, MG, Brazil.



