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Summary

The linear accelerator frequently used in radiation therapy 1s a very
complicated and sophisticated machine. X-rays and electron beams
generally used in tumor treatment have different characteristics of the
beam energy and intensity distribution depending upon machine vendors.
Such accelerators have the potential for massive overdose to the
patient. Therefore, periodic maintenance(QA) of a radiotherapeutic
accelerator 1s required to confirm an accurate delivery of radiation
dose to the patient.

Output check, verification of the beam energy, gantry and collimator
rotation, congruence between light field and x-ray, and verification of
flatness and symmetry of the field are among the most commonly
performed tests for daily and monthly QA recommended.

In this work, we have investigated how much measured data of beam
flatness and symmetry are different between using an 1onization
chamber and using a diode detector. All measurements were performed
using a Clinac 2100C/D linear accelerator that could produce photons
of 6MV(MV is used for photons indicating MeV) and 10MV and
electron beams of 5 energies of which only the 6MeV and 9MeV were
considered for this study.

The beam profile was measured with an ionization chamber submerged
in the water phantom (ACCUSCAN 1II) which was regarded as the
tissue equivalent material. The distance between the source and
surface of the phantom was 100cm for all cases of the beam energy.
The dose rate was measured at the maximum dose point(dmax) for each
beam energy and 10cm from the surface in a field size of 40cm><40cm.
The ionization chamber was moved with a velocity of 20mm/sec from
the water surface to the measuring point. For the calibration of the
diode detector, each individual diode was placed along the central axis

of the beam at the source—to—-surface distance(SSD) of 100cm, in a

_iV_



field size of 40x40cm for photons and 20X20cm(conic form) for
electrons, and then exposed to 100cGy. The measured dose was input
into the DB of the control computer. A correction factor was calculated
for the diode detector and applied to the measured data corresponding
to the 100 cGy exposure. The flatness and symmetry of photon beams
(6MV, 10MV) and electron beams(6MeV, 9MeV) produced by the linear
accelerator were measured at depth of the maximum dose point(dmax)
and depth of 10cm(d;o) in case of the photon beam in a maximum field
size of 40cm><40cm using the diode detector. The measured data were
compared with those measured with the ionization chamber which was
usually considered as a most accurate reference dosimeter.

It has been found that though the diode detector shows a slightly
larger perturbation than the ionization chamber, the diode detector
accurately measures the beam flathess and symmetry within the
recommended value of AAPM(£3%). From this result, we see that
using the diode detector system will not cause any significant errors in
the measurement of the beam flatness and symmetry. Considering the
convenience and fastness of using the diode detector system, the QA
work including verification of beam flatness and symmetry of the linear
accelerator required for the cancer therapy can be more easily carried
out with the diode detector system.

In a busy radiation therapy facility, multiple measurements for QA of
the beam flatness and symmetry with water phantom would necessitate
a lot of tedious work, and be too much time consuming. Therefore, it
1s recommended that the beam flatness and symmetry checks in every
month be carried out with the diode detector, and in every six month

with the ionization chamber.
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Fig. 8. Ionization chamber setup. Fig. 9. Control computer.
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Table 1. General specification of the diode detector.

Energy level 6-12MV
Build up material brass
Total buildup(g/cm?) 1.36
Detector diameter 7.1mm
Active volume 0.14mm”

Effective detection area

1.65%1.65 mm?*

Sensitivity

40nC/Gy

Preirradiation level

10kGy at 10MeV e beam

Model number

1163000-0

CAOEE SECTIONAL VIEW OF
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tgole= A&7 AT wWE 6MV XAoAE SSDE 101.6cm(dmax
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tole o 7HAL2 1emZ skt AAdo = SHstE 45, 6MeValA =
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Fig. 11. Experimental setup for measuring photons with ion chamber.
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LS T
e Wk
S50 100cm
Election Core
s

+—— Waler phaniom

Fig. 12. Experimental setup for measuring electron with ion chamber.
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Fig. 13. The setup for calibrating diode detectors and calibration
factor.

ISORAD-p #AZ7]1E ofa2¥d #:HMUOX40cm)d dAS TFAXAAA =
1.0cm, AR A= 0.5cm)e2 F&sle] X-AH AR A= SSD+ 7+2t

(Fig. 14), Ax}A A= SSD 101.4cm(6MeV AA}A), 102.2cm(9MeV A =}
el Bt3o] 543kl (Fig. 15)

//j, a\ el | b

g
| Acryl Phantom | 10cm

-

Fig. 14. Experiment setup for measuring photons with diode
detector(6MV, 10MV).
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Fig. 15. Experiment setup for measuring electrons with diode
detector(6MeV, 9MeV).
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®F 2AFOR10x10cm) 2 Hh2AROR40x40cm) 2] 2 Ay AE HA

A (dma) @ 10cm Zolol A o] AFAdes E43 A} 6MV(dma=1.6cm,
MV photonol| A ARg-8tH], MeVE o]m]gtthol| A& 10X10cm AR 7
T AHFFHEEoe A= 1.10%, WAEAAFY oxke= 0.55%(Fig. 16 a),
40x40cm  FAFoRSl A AEHEEoeAE 1.70%, WEAHY oxs=
0.38%°]™ (Fig. 16 b), 6MV 10cm Zo](dio)oll A= 10X10cm Z=AFOFQl 7 5-
AEF o] 0 3= 2.89%, A ¢ 2= 0.35%(Fig. 16¢), 40x40cm %
AboRSl g A& o= 2.17%, HHAY eak= 0.32%°] . (Fig.
16 d)

1OMV(dmax=2.5cm)oll A= 10x10cm ARl 79 A&EHer o] o )=
1.38%, 349 2= 0.62%(Fig. 17 a), 40x40cm ZAfopel A$ M
HeEo oA 1.63%, WIS 2a= 0.65%°1H((Fig. 17 b), 10MV
10cm Zol(dip)oll A= 10X10cm ARl 49 AE&HEe e 3= 1.97%,

WA 9= 0.87%(Fig. 17 ¢), 40x40cm FAFoESl 79 A& er o
QA= 2.05%, A A= 0.25%°|th(Fig. 17 d)

ol#| gt Al ofste] AEHHEEe} A LA A2 £3%, £2%0°]
st= A3 FFEollon, BE duAdA A o7t Aol wet &
FEE exbgro]l AAAM AEH st "ol A48 BAth(Table 2)
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Table 2. Comparison of flatness and symmetry values measured with
ionization chamber(for different photon energies, penetration
depths, field size 10x<10, 40X40cm).

6MV

10MV

Flatness(%) ‘ Symmetry(%)

Flatness(%) ‘ Symmetry(%)

depth=1.6cm(dmax)

depth=2.5cm(dmax)

Field Size 10X10 1.10 0.55 1.38 0.62
Field Size 40><40 1.70 0.38 1.63 0.65
depth=10cm depth=10cm
Field Size 10X10 2.89 0.35 1.97 0.87
Field Size 40%<40 2.17 0.32 2.05 0.25
(a) F.S. 10x10cm, at dmax.
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(d) 'F:S-140<40cm, at' dio.
Fig. 17. 10MV, F.S. 10X10cm, 40X40cm Beam profile at dmax, dio.
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2. A A=

Mo

ZAYoF 20%20cmell Al SAH S AFAAEE B4 A3 6MeVolAs A

QA= 2.25%, AL QA= 1.37%°1A3L(Fig. 18), 9MeVoll A
= AEPEEY] QA= 1.28%, Y A= 1.24%°] A th.(Fig. 19)
AR A= XAdo] Hlste] Aol dgzlold A= AUl 6MeVellA A<
BE=et g o] @At o] AA yERsth.(Table 3)
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Table 3.

Comparison of flatness and symmetry values
measured with ionization chamber(for different

electron energies, maximum depths, field size
20X20cm).
Field size=20x20cm Flatness(%) Symmetry(%)
6MeV (d=1.4cm) 2.25 1.37
9MeV (d=2.2cm) 1.28 1.24
AN FrET el =

L F B

. 18. 6MeV, F.S. 20X20cm, Beam profile at dmax.
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energies,

Table 4. Comparison of flatness and symmetry values measured with

diode detector(for

different

photon

depths, field size 40x40cm).

6MV 10MV
Flatness(%) ‘ Symmetry(%) | Flatness(%) ‘ Symmetry(%)
depth=1.6cm depth=2.5cm
Field Size
4040 2.88 0.94 2.58 0.85
depth=10cm depth=10cm
Field Size
4040 2.70 0.50 2.51 0.49
¥ Diode deteciorldmax)
1.200
1.a0g Ir.‘.'-!ﬂi'ﬁ—l—l-l-‘_*_‘_‘m M
2 0.800 ,J !
|
Foem !{
B I |
& 0,400 JI ||
2.z H .l
{0,008 l P ST |
RS Al el -
Distance OfF A=

(a) At SSD=101.6cm
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Fig. 20. Beam profile with 6MV photon, F.S. 40X40cm, SSD=101.6cm,
110cm.
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10X Diode detectro(d1)
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(b) At SSD=110cm
Fig. 21. Beam profile with 10MV photon, F.S. 40X40cm, SSD=102.5cm,
110cm.

tolos WEE ol g8 MM AEFGES} NPYS AT 55
=

H

QAR (£3%, +2%)°) = AFSARE A&
6MeVolX = 242t 2.63%, 1.29%, IMeVolXE 242t 2.61%, 1.05%% o]
A s AMESE AET 24 vEbga, XAl Hste] tiFdel eabrt o
A YEbs= o] Aol Wy Foll A wAg Aede] JEgo R

H At (Table 5)

Table 5. Comparison of flatness and symmetry values
measured with diode detector(for different
electron energies, maximum depths, field size

20x20cm).
Field size=20%20cm | Flatness(%) Symmetry(%)
6MeV (d=1.4cm) 2.63 1.29
9MeV (d=2.2cm) 2.61 1.05
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Table 6. Comparison of flatness and symmetry values measured
with 1onization chamber and diode detector.

Eneray Mode/dept] Setnier [DRode deector] Scamner Do deteeior
6X/1.6 1.70% 2.88% 0.38% 0.94%
6X/10 2.17% 2.70% 0.32% 0.50%
10X/2.5 1.63% 2.58% 0.65% 0.85%
10X/10 2.05% 2.51% 0.25% 0.49%
6e/1.4 2.25% 2.63% 1.37% 1.29%
9e/2.2 1.28% 2.61% 1.24% 1.05%
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Fig. 23. 6MV x-ray profiles at dmax and dig, 40X40cm, SSD=100cm
. water scanner system vs. diode detector.
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Fig. 24. 10MV x-ray profiles at dmax and dig, 40X40cm, SSD=100cm
. water scanner system vs. diode detector.
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Fig. 25. 6MeV, 9Mev electron profiles at dmax, 20X20cm, SSD=100cm
. water scanner system vs. diode detector.
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