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Introduction: trends in radiotherapy and dosimetry
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[1] Griffin et al., The British Journal of Radiology, vol. 93 (1113), 2020

[2] Esplen et al 2020 Phys. Med. Biol. 65 23TR03)
[3] Fernandez-Palomo et al., Cancers, vol. 14(362), 2022
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Introduction: trends in radiotherapy and dosimetry

M New treatment modalities bring with them new requirements for detectors, involving different technological choices
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Adapted from [4]

— Microstrip scintillating detectors

— Bimodal Semiconductor detector

Institut des
I g‘:n;genc't“°';9'e§J [4] Ashraf et al., Front. Phys. 8(328), 2020 5



Introduction: scintillating microstrips vs fibers for MRT
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X-ray synchrotron source Wide X-ray Dose rate range

o ¥
Energy: 50 — 250 keV @Peak: 102-10* Gy/s

Multi-slit
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An array of micro-structured X-ray beams

HWEFM: 20-100 um pitch: 100413 um
\Adapted from [5] /
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Introduction: scintillating microstrips vs fibers for MRT
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X-ray synchrotron source Wide X-ray Dose rate range Planar technology
Energy: 50 — 250 keV @Peak: 102-10* Gy/s for scintillating strip microfabrication
Iti-sli
Cr\gﬁil’tv:ﬂstgl Tissue X-ray Dose
pwbeam 200 pm B0pm 20 pm
Ve Diza?, ek Dose/ profile smnltlllatmg strip strip
Fiber
An array of micro-structured X-ray beams
HWEFM: 20-100 um pitch: 100413 um
kAdapted from [5] / BC-408 | e
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based on a based on QDots
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BC-408 based microstrip scintillating detector system

PhD Florian Thevenet

(3) Core micro-structuration

140 Pixel
mm

Core lamination
(2)

+ UV exposure 60 pm 20 pm

(1) Clad coating

% 100 pm
~ 10 um

Non-
scintillating
2 mm core
5 Buffer lamination + Xray
(5) final UV exposure
(4) Clad coating
Opticalclad — & (

Scintillating

v implementation of a high number of microstrips for the full MRT field monitoring (>100 channels)

@I/ Noeamaeges ¥ self-alignment of scintillating and clear strips
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BC-408 based microstrip scintillating detector system

PhD Florian Thevenet

58.7 um 19.5 um
! 412.8 um

Scanning electron
microscope image of
micro-structured cores

Optical grade surface roughness measured
by Atomic Force Microscopy
(Grms = 7nm over 20x20um?)

Image of u-microstructure BC408
layer

Institut des /
Nanotechnologies
de Lyon UMR 5270



BC-408 based microstrip scintillating detector system
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In this study, we developed QDot-based microstrip detector implementing heterogeneous active volume[12] with:

Double-clad QDot-based microstrip detector for SFRT

- CdSe QDots as nano-scintillators[13]

- Organic tissue-equivalent surrounding material (Photoresist and Cyclic Olefin Copolymer COC)
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For lower energy dependence of the strips, the scintillators should verify the Bragg-Gray conditions (small cavity)
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[12] F. Thevenet et al., J. Phys.: Conf. Ser. 2799 012012, 2024
[13] C. Dujardin et al., Adv. Optical Mater., 13, 2402739, 2025
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Double-clad QDot-based microstrip detector for SFRT

BG C1 : QDot size ( < 100 nm) is much smaller than the range of charged particles

& no perturbation of the fluence of charged particles in the medium
ESTAR - NIST

—Water ——CdSe
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BG C2 : The energy absorbed in the QDot comes exclusively from charged particles passing through the cavity

= very low QDot concentration

. . Z. AN
Each Qdot can be considered ——7an
. \ \J1LJ |
as a Bragg-Gray “cavity” —————
[
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/
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Double-clad QDot-based microstrip

Refractive index management for implementation of multimode double-clad waveguides

! ! 150um
e

QDot Loaded photoresist
(scintillating microstrip)

! 75um
! . .

https://phydemo.app/rayoptics/simulator/

20pumx200pm
air trench

20pmx150pum
Qdot-based strip

Refractive index of the photoresist ~1.60 (core)

Refractive index of cyclo-olefin copolymer (COC) ~ 1.53 (1%t clad)

Refractive index of air = 1 (2" clad)

QDot
luminescence
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Elemental composition of the strip S5k Microstrip'w'.;..._,_-‘.,_.‘._ .

& Scanning electron microscopy with energy-dispersive X-ray spectroscopy (SEM/EDS) confirms low CdSe QD concentration in the strip, wi

Results: SEM and EDS microstrip characterization
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At
C 871
Q 12.5
Al D3

0.0

limited particle aggregations

@nl

Institut des
Nanotechnologies
de Lyon UMR 5270

0.0 . { '.',.,-.:' L

M Image

Elemental composition of the

surrounding medium (photoresist)

B Spectrum 4
At%

C 98.2
1.6

Al 0.2



Results: UV-microscope images of the detector

v’ Bright UV-Fluorescence of each microstrip
% good dispersion and passivation of the CdSe Qdots
% the waveguide core shows the 20 um x 150 um microstrip cross-section

v" The double-clads guide the fluorescence
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Material and Methods: Characterization setups

* Synchrotron characterization:

- ESRF (BMO05): 40keV monochromatic X-ray microbeam with 10°ph/s in 2x2mm? radiation field upstream the focusing lens

RW3 slab

Microstrip detector Jim
e e

Microbeam profile (40 keV)

Readout fiber
bundle

1500 T
1000 1
; FWHM=9.5 um
500
0 +—— oy
-100 50 0 50 100

Off-axis position (um)

- ANSTO (IMBL): Mean beam energy 52 keV to 123 keV — Dose rate up to 4750 G/s
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Results: ESRF measurements

UV fluorescence image
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v’ Detectable luminescence for each microstrip
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Results: ESRF measurements

UV fluorescence image
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Microbeam profile (40 keV)

v" Detectable luminescence for each microstrip * Measurements == =ibeam-usirip convoltion

v Peak broadening (volume averaging effect) with COC Clad stem effect
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Results: ANSTO IMBL measurements

SNR (dB) e BC408
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v" SNR was much lower than with BC408 strips (-20 dB)

v’ Energy dependence seems to be much lower than with BC408 (to be confirmed)
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Discussion

» BC-408-based have been fabricated and tested
% 20 um microstrips provide suitable spatial resolution for pbeam QA in MRT

= We observed a yield drop between 60 um and 20 um wide strips (Two dopant scintillation mechanism)

» Double-Clad Qdot-based microstrips have been fabricated and tested

# Ligand engineering allows good dispersity of QDots in photoresist

= Luminescence guidance has been confirmed by UV-fluorescence measurements

& under X-ray irradiation, a background con,tribution was attributed to the width of the 2"? Clad
» CdSe quantum dot microstrips have produced measurable signals

“encouraging preliminary results during irradiation with high dose rate pbeam (remained to be confirmed)

“ SNR was 20 dB lower than with BC-408 microstrips

& Qdot concentration should be optimized for SNR increase while maintaining strip density ~1, low self-absorption and aggregation
» All tests where carried out with static fields while MRT implements dynamic fields

@ Stem effect issues need to be addressed (2" Clad + Readout clear fiber bundle)
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X-ray detection in Ga203

X-ray absorbed dose in semiconductors [14]

10°

i Linear attenuation coefficient (o)

- = =Diamond
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X-ray Photon Energy (keV)

e-h pair creation energy

Electron—hole pair creation energy in semiconductors
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Direct-gap semiconductors — High probability of radiative e-h pair recombination
WBG and UWBG — lower dark-current, higher breakdown fields, superior radiation

tolerance [15]

[14] https://doi.org/10.1016/j.mtphys.2023.101095

Nanotechnologies
de Lyon UMR 5270

[15] https://doi.org/10.1088/1361-6528/adb8f2
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-ray detection in Ga203

Luminescence Charge
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X-ray detection in Ga203

Luminescence Charge
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Ga203 MSM detector prototypes

(3) X-ray image of one
. prototype

(1)

(1) Fiber channel
(2) Ga203 substrate
(3) BNC connector

» Photocurrent » Q (4) 10x10 cm? RW3 tissue-equivalent slab
Top electrode (2)

Au (100 nm)
Ti (20 nm

(4)

Scintillation Proto 2 : undoped (-201) f-Ga203
photons

Ti (20 nm)
Au (100 nm)

Bottom
electrode
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Bimodal readout module

photocurrent .
X-Ray
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Irradiation setup at the ANSTO IMBL

Dosimetric response of Ga203

For a single pbeam

e-h creation . . For a single pbeam
Photogenerated pair densit FWHM=50pum BDA=150um
energy 8 g Y (rwHm-soum BoA-1s0um) | @ flash Dose rates !
15.6 eV [9] ~2.6 103 e-h pair/cm3/Gyg,,03 ~108 e-h pair/Gyg,,03 more than 10%° e-h pair/s

X-ray spectra at Australian synchrotron
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[9] https://doi.org/10.1063/5.0053301
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self-absorption of the scintillation signal (IMBL —ANSTO)

Relative scintillation signal

cray o, PhOtocurrent Dose rate: 4749 Gy/s
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Distance from the Fiber/Ga203 interface (mm)

Distance from the Fiber/Ga203 interface (mm)
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Radiation tolerance

Dose rate: 503 Gy/s kray o, PrOtOCUrTent
b3 .
Mean beam energy: 82 keV - I ADC |
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Q 4 -
© X S 85%
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» PROTOTYPES EXHIBIT EXCELLENT RADIATION HARDNESS
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Relative bimodal yields

W Electrons ™ Photons

1E+14
1E+12
1E+10
1E+08
1E+06
1E+04
1E+02
1E+00

UID prototype Fe-Doped prototype

For the UID prototype, we collect 1 photon for ~10 000 electrons (~10 photons for 1 electron for Fe-doped prototype)

» THE PHOTOCURRENT RESPONSE CAN BE MUCH MORE SENSITIVE THAN THE SCINTILLATION ONE

Institut des
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Transient response

Fe-doped detector hotocurrent 5V bias VOItage
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Conclusion and perspectives

BIMODAL DETECTORS
» COMBINE ADVANTAGEOUS FEATURES OF BOTH TRANSDUCTION MODES (e.g. speed & sensitivity)

» CAN IMPLEMENT A DIFFERENT SPATIAL RESOLUTION FOR EACH MODE OF TRANSDUCTION WITH A SINGLE ABSORBER MEDIUM S
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Conclusion and perspectives

BIMODAL DETECTOR PROOF-OF-CONCEPT

» COMBINE ADVANTAGEOUS FEATURES OF BOTH TRANSDUCTION MODES (e.g. speed & sensitivity)

» CAN IMPLEMENT A DIFFERENT SPATIAL RESOLUTION FOR EACH MODE OF TRANSDUCTION WITH A SINGLE ABSORBER MEDIUM

» MAY ALSO PROVE USEFUL FOR STUDYING AGING (Aging mechanisms probably affect differently the photocurrent and scintillation signal)

X-RAY INDUCED CURRENT MAP

X-ray Beam Induced Current and Scintillation
X-RAY INDUCED SCINTILLATION MAP

adapted from [17]

» MAY ALSO BE USEFUL FOR DEVELOPING A METHOD OF SELF-COMPENSATION FOR AGING (if the drifts observed in each mode do not have the same speeds)

» COULD ALSO BE IMPLEMENTED WITH SOME OTHER WBG AND UWBG SEMICONDUCTORS (e.g. GaN, ZnO, Diamond)

nents and Methods in Physics Research A 1057 (2023) 165789

nts lists available at ScienceDirect

Nuclear Inst. and Methods in Physics Research, A

com/locate/nima

SCIENTIFIC REPg}RTS

Contenss liss =

journal homepage: www.elsevier.

ikl
: ‘}“,* Optical Materials
£l o P .
LSEVIER Journs1 homepags: uw sl sevier. com/locsts optmat ' ZnO Luminescence and scintillation
studied via photoexcitation, X-ray
Research Asticle ) excitation, and gamma-induced )
= "I positron spectroscopy Basic characteristics of synthetic-diamond scintillator L |

Photoluminescence and scintillation properties of the GaN substrate

Yuta Tominaga ***, Takumi Kato °(®, Akihiro Nishikawa °, Keiichiro Miyazaki®,

[17] F. Lafont, T. N. Tran Caliste, J. Baruchel, E. Capria. ESRF.
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Results: Lab characterization - DUV photodetection

photocurrent

Voltage bias I

Deep UV excitation
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Bias voltage on the MSM structure allows:
- better charge collection efficiency

- Photoconductivity gain (but also persistent photoconductivity)
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Ga203 MSM detector prototypes

Fe-Doped >

: . i Au (100 nm)
Orientation 201 010 Ti (20 nm
. Insulating
Conductivity n-type (>101°0.cm)
Doping level ~2x10Ycm3 -
oping leve X cm Ti (20 nm)
Thickness 680um +20um  680um + 20um Au (100 nm)
f C Grindi C Grindi Bottom
Surfaces MP/Grinding MP/Grinding electrode >
Ohmic contacts on UID B-Ga203
R~5Q2
2x5 mm? Ti/Au electrodes defined by using stencils are obtained as follows:
* RIE Plasma to promote ohmic contact formation ( SF6 50sccm - 30 mTorr- 200W -15 min.) -
* Electron beam evaporation of Ti/Au stack —t ’
R?=0.9998

* Thermal annealed at 470°C in N2 for 10 minutes (optional)

.
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UID detector Stronger excitations give
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163Gy/s — Mean energy ~95keV
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Results: transient response

shorter transitions in the transient response

503Gy/s — Mean energy ~82keV
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4749Gy/s — Mean energy ~52keV
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Backup (unpublished work)

DEVELOPMENT OF VERTICAL Se-Ga203-BASED HETEROJUNCTION DETECTOR

Bias =-1 V X-Ray: 220 kV 13 mA

Constant pulsed-DUV exposure - Increasing reverse bias voltage
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Results: ANSTO IMBL measurements
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BC-408 based microstrip scintillating detector system

Yield drop between

X-ray excitation

ry electron
Base polymer (secondary )

(PVT or PS)
Sa e Scintillator
SHe Y Primary excitation  (~1% wt/wt) Wavelength shifter
g | s (primary fluor)  (~0,05% wt/wt)
lx 2y secondary fluor
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Scintillation mechanism in a three-component scintillator (Adapted from [10])

* Distance between scintillator and wavelength shifter dopants is optimized in high yield plastic scintillating material (typically 150 um [11]).

* For the 20 um microstrips, scintillator emission is probably absorbed in the base polymer before reaching any wavelength shifting dopant
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SEM and Cathodoluminescence microstrip characterization

Cathodoluminescence

»

Microstrip

-

SEM MAG: 775 x WD: 10.40 mm ol MIkA3 TESCAN
SEM HV: 5.0 kV Det: SE 100 pm
View field: 359 um SEM HV: 5.0 kV

QDot size
(aggregates)
[80 nm — 110 nm]
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SEM MAG: 110 kx WD: 2.00 mm MIR.AS TESCAN

SEM HV: 5.0 kV ‘ Det: In-Beam SE 500 nm
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Transient response

—— Photocurrent 5V bias voltage
Fe-doped detector : Scintillation signal &
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