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A Prototype Microstrip Dosimeter
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Radiotherapy and Radiosurgery Systems

What do we want to measure and why?

Device description 7 sheffield

Sheffield Teaching Hospitals INHS|
Performance of the first AOSI prototype in the
characterization of a clinical LINAC at Weston
Park Hospital, Sheffield
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IMRT with Clinical Linac Beams: Radiosurgery with Gamma Khnife:

* Beam size of o(few cm). * Beam size of o(cm).
* Photons from bremstrahlung . « Signal from %“Co decay.
e Pulsed signal: 50-300 Hz.  Continuous in time.
* Max. Energy 4-25 MeV. * Energy 1.17, 1.33 MeV.

» Speed of MLC leafs o(cm/s)
Large dose gradients & small fields (4-40 mm)

Profile of top of penumbra
[T sheffield ., * Film 1s best...but it is film.

Sheffield Teaching Hospitals [\'/z53 . . .
* Scanning devices not appropriate

o S for dynamic measurements.
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_~7 Si Microstrip Detectors
Particle Physics Dose

Traekiri of charged particul:__és “calorime
M.LP. | ; /
DC

AC =—

—> Radio-Oncology

Y ,_’Y;l !

29

try

v

v

Lewe energy e-

V' V V ;

Preciseﬁ'ack position Precise%atlal dose measurement

+V

+V "°v

Created charge 1s a good measure of dose (deposited energy).

Dosimetry 1s not imaging



eerereeef MICRON SEMICONDUCTOR ltd

* Single crystal n-Si

* 128 channels (1 x XDAS)
«Area= 32 mm x 0.2 mm

* 0.25 mm pitch

* 0.2 mm x 0.2 mm pixel size




XDAS Data Acquisition

RESET

XDAS spec’s —== SCBselb c$ SI—EITIN ETiIXRESET
i

b 128 Channels 32-channel
INPUT multiplexer A/B/C/DI
Qmax = 15 pCI3 pc Analogue
outputs
* tlnt (mln) = 10 us Z;_: Caontrol AR
CLK —] logic
* tint (max) =10s SHIFTIN ] SelA/B ES L [
Bl SHIFTOUT SHIFTOUTZ

° tde-:‘ad =1 }.LS
* 14 bit ADC
* tyigitization = 100 Us
* S/n =30000
* 5 Mb/sec

* 1000 frames/sec

« Average until 256 events T
* Modular (x 64 bg

 Parallel port
* PCl card
* NI framegrabber
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| Photons

Beam tests at Weston Park Hospital




Do we measure DOSE?

As a function of by
changing source detector distance (SDD)

Changing the fraction as a function
of field size

Percentage (PDD) As a function
of water equivalent depth
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DOSE measurement OK

As a function of by -
changing source detector distance (SDD)

Changing the fraction as a function @

of field size

Percentage (PDD) As a function @
of water equivalent depth




Half Block Profile |
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LINAC commisioning:

Dosimetric width

51 cm

Multi Leaf Collimator

Dosimetric Leaf Separation
due to rounded end leafs

| Graph | . v2indf  0.0002316/8
— _:' 2.3 mm extra width 00 0.231+ 0.00527
— width=10 mm = R
0.9 width= 6 mim 8 p1 3.336 + 0.02113
0.8 width= 8 mm % 1
width= 7 mm ?:
0.7)__ width= 6 mm o 0.8
0.6 width= 5 mm E
—— width= 4 mm E 0.6

=
tn

width= 3 mm
— width= 2 mm

-
n

— width= 1 mm

Signal normalized to open field

|—'_'_.
(=]
n

=
]

0.3
0.2F- 0
PAE E The dosimetric width 1s determined
= | | | 027 by extrapolating to 0 1ntegrated ose
0 5 10 15 20 0005 04 015 02 028 0.35 0.4

Intagrated Dose



Data addeventh
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* Single crystal n-Si

* 22 x 22 channels (4 x XDAS)

* Area =22 mm x 22 mm

* 1 mm pitch

* SRS (IMRT): 0.9(0.2) mm x 0.9(0.2) mm pixel size
* SRS (IMRT): t,;>0.01(10) msec

'SUMMARY

»  Good dose per pulse linearity | .

« Dose vs. scatter fraction . — Dosimetry

* Dose vs. depth J

* Homogeneous response Film-like spatial measurament

covering whole field of view

RSITY

Dynamic measurements




At Hospitals, 1n vivo diodes are typlcally operated unblased and

Advantages. “Dose Rate llnearlty
 No need to get the trigger signal wh1iﬁnﬂuu_—
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* How do these radiation detectors compare for

measuring radiotherapy beams?

DETECTOR APPLICATION VOLUME (cc) Smallest
dimension (mm)
lon chambers Radiotherapy
(Farmer) Calibration 0.6 7.0
lon chambers Radiotherapy beam 0.14 6.0
(sealed) scanning ' '
Pin-point chamber Radiosurgery 0.015 2.0
Diamond Radiotherapy beam 1.8 x 10-3 0.26
scanning ' '
Diode Radiotherapy beam 0.3 x103 0.06
scanning ' -
Film Quality Assurance & 10-6 0.10
Verification '
AOSI 1d pixel array Facility 0.02 0.25

PSD 7 Liverpool 13/09/2005
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What is inadequate with the present
technology? IFs and BUTs
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Sum of strip signals (nA)
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Compton cross section dominates at MeV energies in tissue/water

Compton scatiering Recal / [onize the medium depositing energy

for a range of O(1 cm) and suffers strong
g, . .
Trget o multiple scattering(backscatter).
ik degtgm  f
F’hﬁ’ﬁﬂ $ﬂﬂ”‘¢
h H " }9 Travels for O(10 cm) beforethe next compton

satan  |scatter...until the photon is absorbed

producing a photoelectron

silicon

Energy absortion fraction
water

Energy absortion fraction
air
Energy absortion fraction

Atenuation Coefficient (cmzlp)
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Dosimetry 1s not Imaging

Compton scafiering Reosd / Ionize the medium depositing energy

for a range of O(1 cm) and suffers strong
multiple scattering(backscatter).

Travels for O(10 cm) before the next compton
scatter...until the photon 1s absorbed
producing a photoelectron

\ Folded with linac energy spectrum |

ot interested in tracking primary photon fluence but...

10
g 35:_Surlrounding tissue,
83-0(lem), as a e-/dose Absorbed energy in the medium i.e. Dose
st emitter with this

20t angular distribution

Detector should be:
» encapsulated in water equivalent material;

5 o the thinner the better...
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Cos(} = e- scattering angle)




LINAC commisioning: Transmision

> Average value around 2 % but:

> Leaf structure visible but noisy

> Need to measure with XDAS at high
amplification




Pre-iradiated p-type 1s industry

standard for in vivo diodes because:

NIST |

.Lower sensitivity degradation rate,

-n-type lose linearity after irradiation
Rikner&Grusell 1987
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IMRT with Clinical Linac Beams:
* Beam size of o(few cm).

Radiourer with Gamma Knife:
=eBeantsize of o(cm).

* Photons from bremstrahlung . « Signal from %“Co decay.
e Pulsed signal: 50-300 Hz.  Continuous 1n time.

* Max. Energy 4-25 MeV. * Energy 1.17,1:88 MeV.
* Speed of MLC leafs o(cm/s -_,,__.E'_}-_ .
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Large dose gradients & small fields (4-40 mm)



Example of measurement of PIan:ed ve4rsusf.mledas:1:3d pr:files for
. . . . . cmXx 4cmrtield a cm dee
a high dose gradient using different dosimeters P
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spatial
resolution comparable with film
simultaneous direct readouts
of all channels e




