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Concept of Microdosimetry
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WHY DIAMOND?

STATE OF THE ART

Tissue Equivalent Proportional
Counter (TEPC):
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Silicon Solid-State

Microdosimeters (Mushroom):

Diamond solid-State
Microdosimeters:

The ‘Gold Standard’

Tissue-Equivalence & Radiation
Hardness

Sensitive
(Internal Amplification)

Compact Device

Multiple
Micro-SVs

Si - Easy for
Microfabrication

More Tissue-Equivalent
(Z=6)

Radiation Hardness
No Leakage Current,

Fast Drift Velocity for e-h,
Low Capacitance

Maintenance (Gas Flow & High
Voltage)

- Low Special Resolution

Large size

Radiation Hardness ?

Tissue-Equivalence ?
(Correction Factor)

High ~13 eV/e-h - Lower Signal

Diamond - 6’ Wafers rather
difficult

.
universite
VIARIS, SACLAY



OND MICRODOSIMETER

DIAuDOS p*
5. Metallisation (electrical contacts) 1. Slicing and polishing
HV 300 — 500 pm 30 —-60 pm
Micro-Sensiti
Volumes {5V Readaut .
%ementsm Almax-easylab @)
2. p* CVD growth 3. Patterning & Ar/O,

shallow etching

Intrinsic
Diamond (i)

Electrical
Contacts, Al (m)

I. A. Zahradnik et al., Phys. Status Solidi A, July 2018

Electric field @ OV
Y% HSV HSV

4. Ar/O, deep etching
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DIAuDOS guard ring

1. Slicing and polishing
30 — 60 pm 4. Metallisation (back)

300 — 500 pm

Micro-Sensitive
Volumes (pSVs)

»

lementsix. Almax-easylab
% YRS ’) Guard Ring

2. Metallisation (front), patterning &

chemical etching
e
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Intrinsic
Electrical Diamond (i)
Contacts, Al (m)
. Electric field @ +20V
3. Ar/O, deep etching
GR usv GR sV GR usv GR
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list CHARACTERIZATION METHOD
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PROBING CHARGE TRANSPORT WITH IBIC

IBIC (lon Beams Induced Charge)

Object

collimator Electrostatic Aperture ) |
beam shutter e
beam - S Fg ,.'.
cannin
g SamplePIPS
plates

Magnetic lenses

Single lon Irradiation (Precision: 1 pm)
Raster Scanning + Pulse-Height Spectra
Charge Transport Maps (USV Definition)
Well Controlled Projectile Energy and LET

B =
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few ns
M~ —
Pre- Analog Peak
Detector  amplifier  Pulse Shaping  Detection

PERFECT TOOL TO TEST NEW TYPES OF MICRODOSIMETERS BEFORE IMPLEMENTING IN

CLINICAL CONDITIONS

TRIM Calculation for
Energy Loss in Diamond

——— Carbon 16.6 MeV | ]
Proton 2.0 MeV
------ Helium 5.5 MeV |1
—Helium 3.0 MeV | |

Energy loss [keV/pm]
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Counts (normalized)

DIAUDOS p* & OV to 2 MeV p

Opt. Microscope
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Median Energy Map

Normalized Energy Spectrum

Inside SV

Total scan 7

L

- AE ~ 220 keV .
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Channel #
Performance approaching Si-based microdosimeters

AMIDOS P+ TO SINGLE ION BEAMS

CCE vs. Bias

forward

reverse
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Radiation Hardness
CCE drop after ions/ cm?
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Helium 5.5 MeV
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Carbon 16.6 MeV
Helium 1.47 MeV
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67%
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DIAUDOS GR & +20V to 2 MeV p

Counts (normalized)

Opt. Microscope
Image

Normalized Energy Spectrum

Median Energy Map

1.0F Total scan
Inside SV

0.5 AE ~ 371 keV
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CCE vs. Bias for 25 MeV carbon
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Energy loss [keV/pm]

Diamond Response [MeV]

Linearity of DIAUDOS guard ring
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DIAMIDOS MICRODOSIMETERS IN CLINICAL BEAMS

Clinical setup at CPO Simulated Microdosimetric Spectra
- with GR Diamond-Detector
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L. Tran et al., Med. Phys., 44 (11), November 2017
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Measured Microdosimetric Spectra
with DIAUDOS p+
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Prototyping and microfabrication
approach (etching of isolation gap,

sub-micron membranes)

17 1615 14
= tg:’ |
\ {

i
4 5106 7

Single ion beam characterisation

Monte Carlo Linear Energy
and TCAD Electric Field Simulations

Dedicated PCB + universal diamond

: : : sensor carrier + encapsulation
Encapsulation and integration

IBIC characterisation
and calibration

Coming up! 11. — 14. June 2019
“{GENBG |
Clinical evaluations

Coming up! July 2019: CPO Orsay, France (p)
September 2019: Gunma and HIMAC, Japan (C, O, Fe/Si)
2019/2020: TIRO/Centre Antoine Lacassagne, Nice, France (p)

Clinical evaluation
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Australian Government
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imagerie et modelisation en neurobiologie et cancerologie

CENTRE FOR

institutCurie  Gioear

RADIATION
PHYSICS
Di d-Memb Mi dosimet Collaboration

microdosimetric system

Di
for radiation quality assurance in hadron therapy

Antoine Lacassagne

CEMNTRE DE LUTTE COMTRE LE CAMCER DE NICE

N

GUNMA UNIVERSITY

UNIVERSITY
OF WOLLONGONG

AUSTRALIA

Laboratoire de physique corpusculaire
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