Characterization of thin INEN
silicon detectors for
applications in conventional
and flash irradiations

Francesco Pennazio (1) Simona Giordanengo (1) Anna Vignati (1, 2) Mohammed Abujami (1, 2) Davide Bersani (1) Maurizio Boscardin (1) Aurora Camperi
(1) Matteo Centis Vignali (3) Piergiorgio Cerello (1) Roberto Cirio (1, 2) Emanuele Maria Data (1, 2) Umberto Deut (1, 2) Marco Donetti (4) Mohammad
Fadavi Mazinani (1) Veronica Ferrero (1) Arianna Ferro (1, 2, 5) Elisa Fiorina (1) Cosimo Galeone (1) Felix Mas Milian (1 and 6) Elisabetta Medina (1, 2)

Diango Manuel Montalvan Olivares (1, 2) Franco Mostardi (1, 2, 7) Sahar Ranjbar (1, 2) Roberto Sacchi (1)

1 Istituto Nazionale di Fisica Nucleare
2 Universita degli studi di Torino
3 Fondazione Bruno Kessler
4 Fondazione CNAO
5 DETECTOR - Devices & Technologies Torino
6 Universidade Estadual de Santa Cruz
7 IBA Dosimetry GmbH, Schwarzenbruck, Germany



Istituto Nazionale di Fisica Nucleal

IONIZATION(J 3
CHAMBERS = |

Collection times  ~ 100 ps
e s ~ 104 protons
Sensitivity .
~ 103 Cions
Time resolution | ~ no/poor

Deviation from linearity @ high
dose rates

Not suitable for

« fast scanning modalities
« timing applications

* high dose rates (FLASH)
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Motivation for Solid State sensors

~ NS

single particle

< 100 ps

Less recombination @ high dose
rates
102 x E field
« 102 x charge mobility
« 101 x thickness

New applications

 direct counting # particles
 timing applications

 high dose rates (FLASH)

Main challenges

Counting particles: signal pile-up
— fast sensors & readout
—> segmentation
— difficult above 10%° p/cm?s

High dose rates (FLASH)
— 103 x dose rates

— plasma effects in silicon

Radiation tolerance A
—> manufacturing strategies
—> damage compensation
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@'_:?\' Thin Low Gain Avalanche Detectors (LGADs)

Istituto Nazionale di Fisica Nucleare

= thickness of sensitive volume < 50 pm » Enhanced signal of + Time resolution
= internal charge multiplication ~ 10 very small duratlon of tens of ps
Strip detectors (strip area ~ 3 mm?, active thickness 45um) o 5 sl Internal gain
Detectors for partlcle counting

> Large area (2.7x2,7 cm?)
» 144 strips

yes no

v | VvV

Beam spot
Detectors for timing applications {1 ¢m FWHM

FONDAZIONE‘

BRUNCOSICESSERR - > Smaller size, 11 strips - ‘/ ‘/

= » Si- substrate removed to reduce
n =3 total thickness to 70 pm

Pads for large ionization rate studies (ExFLU)

% v

> 4 active thicknesses (15/20/30/45 pm)

> 5 pad sizes (0,125/0,25/0,56/1/2 mm?) Use: Use:
Protons | C-ions
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L )

Proton beam particle counter (ESA ABACUS)
> Six ABACUS front-end discriminators -> 3 FPGA boards

> 2.7x2.7 cm? active area (144 strips)

» Counting rate up to 100 MHz with < 2% pileup inefficiency

> For larger rates, inefficiency measurement implemented
in FPGA  Mohammadian-Behbahani M, et. al., NIM A 1040 (2022) 167195
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Beam energy detector T T c;m,ibuﬁ;nt::e;;:,::e,r'z:m
> High precision mechanical system °f T |
> XYZ axes remotely controlled T | @
> 8 channel FE board, sensor active area 20 mm? = *{ 1 B
» accuracy on ToF measurement < 10 ps :
» Self-calibration method developed and tested @ |

A. Vignati, et. al., Med. Phys. 50 (2023) 5817-5827 0 BN o 5

A. Vignati, et. al., Phys. Med. Biol. 65 (2020) 215030 15
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CINFR INFN SIG project (2022-2025)
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R&D towards an advanced Superconducting lon Gantry

lon

* Integrated novel Dose Delivery and in-vivo Range Verification Systems for ions

Gantry

Supercong,
OC"

Sutx

Prompt Gamma Timing (PGT)

measurement of prompt gamma emission time to get insights into the range of ions

beam . . . . -
monitoring * Integration with beam monitoring for time
synchronization
Proton beam . . PPN D ....... * PGT distributions measured @ CNAO with
protons and C-ions (Merlino INFN project)

» Non-optimized acquisition system
> Low efficiency (large deadtimes)
» Sub-clinical beam intensities

oo

-/ secondary radiation
- detectors T« Develop new acq. system based on TDC
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CINFR C-ions signal in thin sensors
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Histogram of arrival time difference
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—strip 2
i —stip3, i Coincidences -
- .| 0.~ o(At)/V2
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Q ‘ O . .
Ed 'Q [Combinatorial
£ 3 'background
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, , . 27— Single Hit time resolution (ps)
= 11-strips sensor with gain=1 . E S
= 8-channels amplifier board @25 \115 MeV/u — ]
s . el < I
= Acquisition with CAEN DT5742 digitizer 5240 1
- 16+1 channels, 12 bit ADC -l
=l
. = 399
5 GS/s sampling rate
p g 21 Mev/u
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INFN
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%x10° 115.23MeV/u

-
o

Spots of

th tn e et e £2 g2 (1]

Average Count

Strip Number
x10° 208.58MeV/u

Average Count

Strip Number
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C-ion beam counter

SO Beam Profile |

%x10° 178.28MeV/u

5*107 C ions

8 L

Average Count

Average Count
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@ Time measurements with CERN picoTDC
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CERN plcoTDC evaluation board (64 input channels)

Successfully integrated with 1 00— 1 Cha""el.....é ..... . . Zs‘in”;“ 735‘1:1‘15‘5‘5.";:

channel of ESA-ABACUS board  «o; ? =48fC Pl e
o frimbz R B
S X » Conversion efficiency 100% = [ | 15 ps t|me
* 3psor 12ps binning > Tested up to 150 MHz freq. soo;w . resolqtlon
* very |OW jitter (<1pS) 200;_ ....................... A e .
* High rate capability 100
e Readout through FPGA X RS V- S TJ-% A S [\ R io&éggy'[ns']

December 2023 mtegrat:on test @ CNAO

e ang v

} board

: P o T L : I
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@ Monitoring of FLASH UHDR electron beams
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ElectronFlash accelerator (CFR - Pisa) Sensors tested
» 9 MeV electrons pulsed beam
» Beam current: 1-100 mA

» Pulse duration: 4 us

» Pulse frequency: 5 Hz

» Uniform fields using 3 cm PMMA plastic
applicator

> 45/ 30um thickness —
> 2/1/0.25 mm2area i
> Bias voltage: 10V + 200V

» Dose/Pulse 0 + 10Gy

FlashDiamond and silicon
sensor in same conditions

-
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Charge collected (nC/pulse)

Monitoring of FLASH UHDR electron beams
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» Collected charge/pulse scales with pad area and sensor thickness

» Ratios between different area/thickness independent from dose/pulse
Medina et al. 10.3389/fphy.2024.1258832
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INFN  Electric Field distortion
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At bias <150 V (where the sensor is completely depleted) a shortening of the
signal was observed: electric field distortion at high dose rates?

<
= TCAD Sentaurus simulations ongoing FLASH Radiotherapy with high
Dose-rate particle beAms
45um thickness - 2mm? area Thickness: 45um , Area:2mm? , Polarization: 50V
600 K1 10V e S e e e ~ | 1.62 Gy/pulse
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INFN Electric Field distortion
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= Atbias <150 V (where the sensor is completely depleted) a shortening of the
signal was observed: electric field distortion at high dose rates?

-
= TCAD Sentaurus simulations ongoing FLASH Radiotherapy with high
Dose-rate particle beAms
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8
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@'_:?\' Monitoring of FLASH UHDR: front-end readout

Readout with TERAO8 readout ASIC Detector interface board for TERA09 front-end

e 64-channels front-end used @ CNAO
e deadtime free Q Q

* RCinput circuit to prevent from saturation o 8 ®
(o)
S &
é E g "-_1-,5::|:I\'-“ ] o} H]D
6004 1 Oscilloscope - R? =0.9973 _ [‘ﬁ © 144sfr|p 3
. 31 TERAOS - R? = 0.9969 %Féﬂ . sensor | woh
Q .r}S:“r N J Q
é *°°1 + 45 pm thickness, 2mm?area pad .+ g S %
S o * 200 V bias voltage ) ‘ o N 0ag
c L
— A
-lg 300 - FBI;IF:;J o ——————— N
2 I .
% ‘Medina et al. |
+57 1 :
S 200 A 110.3389/fphy. » 4 x dynamic range compared to TERAOS8
80 g 12024.1258832 » Large area sensor (2.7x2.7 cm?) to cover proton
m o M e e e e ’ . .
S 0o pencil beam cross section
: : ; : : Tested @ CNAO Lj
M easu rEd d ose (Gy/pu Ise) @ FLASH Radiot;apy with high
Te StS fo resee n at TI F PA Dose-rate particle beAms
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6;?\' Summary
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= Silicon detectors offer interesting features for new developments in
beam monitoring in PT

* |[ntegrating counting and timing in the same device seem possible with
state-of-the-art TDCs

= Good linearity with dose per pulse was demonstrated in FLASH e~ beams

> Interesting for possible combined Si - IC technology
» Results need to be confirmed with p-beams

francesco.pennazio@to.infn.it 2nd Workshop “Trento Proton Beam Line Facility” 14



1 _‘{-
EREER Hié‘,i;ié@




	Diapositiva 1: Characterization of thin silicon detectors for applications in conventional and flash irradiations
	Diapositiva 2
	Diapositiva 3
	Diapositiva 4
	Diapositiva 5
	Diapositiva 6
	Diapositiva 7
	Diapositiva 8
	Diapositiva 9
	Diapositiva 10
	Diapositiva 11: Electric Field distortion 
	Diapositiva 12: Electric Field distortion 
	Diapositiva 13
	Diapositiva 14
	Diapositiva 15

