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!'Q!SCE Why Diamond ? Large band-gap (5.5eV) semiconductor

A solid-state ionization chamber

more tissue equivalent (Z=6) and radiation hard (43 eV)

0 + no leakage current and no need for p-n junction
-+ fast drift velocity for e-h

a) Thick diamond plate b) Slicing & polishing c) Ar/O,plasma etching + IOW CGpGCiTGnCC
(diamond membrane)
o | < 0-a0um e + high electrical breakdown (> 1000 V/um)
~ 500 pm - ) e L
- - N + VIS light and temp. insensitivity
XN Jo Nt

NP
N

0 - high ~13 e-h/eV - lower signal

- it's diamond (for instance pls. forget 6' wafers)

since 2002 high purity electronic grade CVD diamond available commercially
Nowadays ‘boom’ of man made diamond for jewellery

All sensors here are based on thin free standing scCVD diamond membranes
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!'Q!SCE Solid-state microdosimeters
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MICRODOSIMETRY is a method which involves measurements of stochastic energy
deposition distribution in a micron size sensitive volume (uSV) within any mixed radiation field

Experimentalist point of view: pulse-height measurements in challenging conditions
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list W type sensor - concept
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Self-biased sensor with built-in potential

Processing:

« CVD boron doped diamond growth
« photolithography techniques

« shallow Ar/O plasma etching

» electrodes deposition (here PVD)
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P+ type sensor = fabrication
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sl GR type sensor - concept
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[_] Intrinsic CVD diamond drify
- Metal/carbon contacts

Universal sensor with external HV 5 - 90V

Processing:

« photolithography techniques
» electrodes deposition (here PVD)
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GR type sensor - fabrication

‘Al top + back GR 0G1
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Isolating
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il 3D type sensor = concept

HV /
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I
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Readout <10 um
Electronics & 10-60 um

£0.3-0.6 pm

<40 pm

[ ] Intrinsic CVD diamond layer
[ ] Resist (e.g. SU8)
I Metal contacts (Al, Cr, C)

External HV senor (5-20V)

Processing:

* multistage processing

« photolithography techniques

» shallow/deep Ar/O plasma etching
» electrodes deposition (here PVD)
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3D type sensor - fabrication
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!;!SCE Probing Charge Transport with IBIC «;@E NBG

IBIC (Ion Beams Induced Current): Frontal IBIC QnSto

Quadrupole el ; |
focusing lens 2 4 =

= Single ion irradiation (precision: 1 micron)
e = Raster scanning + pulse height spectra

- Charge transport maps (USV definition)

Dosimeter = Well controlled projectile Energy and LET

Perfect tool to test new types of microdosimeters

[E. Vittone] L before implementing in clinical conditions
XY charge

Analog read-out electronics:
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few ns

Pre- Analog Peak
amplifier Pulse Shaping Detection
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Detector
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1.0 mm

Normalized counts

Normalized CCE

Charge transport properties = p+ sensor
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Charge transport properties = GR sensor
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Charge transport properties - 3D sensor

Here: 12MeV C (stopper), sensor @ 3 V/um 3500 : : : :
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* p, He, C, Siions studied 8 |
* CCE vs. bias, LET linearity
* Heavy irradiations - RH, stability : ,
* TCT signals '440 460 480
+ operated @ 30 V/um ADC channel
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Recent clinical proton beam measurements @ IC-CPO
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» <100 MeV scatter proton beam Y1 beamline @ IC-CPO
* GR diamond sensor (16 SVs of 60 um diam.)

» ‘Plastic water’ plates for dose profile

* Simulatneus dose+microdose measurements
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Recent clinical p beam measurements - dosimetry

dose rate (induced current) dose (charge) normalized
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« extremely low dark current ~dozens of fA
« dose rate < dose - fast scanning possible in water phantoms
e True ‘pin-point’ - active volume ~ 5.7 x 10"-4 mm3
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normalized to peak max.

normalized to peak max.
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Recent clinical p beam measurements - microdosimetry

calibrated energy loss (diamond) spectra
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Recent clinical p beam measurements

microdosimetric spectra (water eq.) dose+yD vs. TOPAS
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« unexpected plateau/peak ratio for the dose
« good agreement with literature data for yD and yd (Si)
« yD follows dose slope
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el Outlook - portable microdosimetric/dosimetric system

Water
Phantom

diamond sensors on universal DIL20 carrier
dedicated pcb based on Amptek250F chip
LabZY MCA — microspectra — WiFi readout

high precision electrometer — dose- WiFi readout
USB PowerBank powering (voltage converters)
PMMA waterproof housing

dedicated software

Beam

0O O O 0 O O ©
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e = & Summary

After ~3 years (Diamidos (end 11/2020) / Diadem (end 05/2021)):

« sensors: three generations fabricated based on scCVD membranes
« next: few more (GR or/and 3D) optimized for clinical measurements

« characterization: all sensors generations characterized in terms of charge
transport properties using numerous projectiles (p, He, Li, C, O, Si ..)
@ microbeam facilities

« next: quick check of new sensors possible

« clinical beam tests: p+ and GR sensors operated in clinical beams
(p, C in scattered and PBS mode)
« next: check of all microdosimetric system + 3D sensor

« next: Clinical microdosimetry using complete system in 2021
(some data actually already acquired with GR sensor)
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