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Introduction: trends in radiotherapy and dosimetry

DR > 100 Gy/s

DR < 24 Gy/min

Radiation Type Source Energy
Mean 

dose rate

Instantane

ous dose 

rate

Protons

X-rays

Electrons

Electrons

VHEE

Medical

Synchrotron

Non-medical

Medical

Experimental

HyperScan

ESRF / ANSTO

Kinetron

Clinac EX

NLCTA

230MeV

102keV

4.5MeV

9MeV

120MeV

200Gy/s

37Gy/s

1000Gy/s

900Gy/s

90Gy/s

13kGy/s

18kGy/s

20MGy/s

1.7MGy/s

9 × 1012Gy/s

(adapted from [2]) 

[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

(adapted from [1]) 
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(adapted from [3]) 



Introduction: trends in radiotherapy and dosimetry

Adapted from  [4]

 New treatment modalities bring with them new requirements for detectors, involving different technological choices

[4] Ashraf et al., Front. Phys. 8(328), 2020
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→ Microstrip scintillating detectors 

→ Bimodal Semiconductor detector



Introduction: scintillating microstrips vs fibers for MRT  
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Wide X-ray Dose rate range
@Peak:  102-104 Gy/s

X-ray synchrotron source
Energy: 50 – 250 keV

An array of micro-structured X-ray beams 
HWFM: 20-100 µm pitch: 100–413 µm 

[5] Koziol et al. University of Science and Technology AGH, Krakow, Poland 08.03.2016

Adapted from [5]
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…

BC-408 
cast-sheet

Planar technology 
for scintillating strip microfabrication

based on a 
long-established material

based on QDots



BC-408 based  microstrip scintillating detector system

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

✓ self-alignment of scintillating and clear strips

PhD Florian Thevenet



BC-408 cast-sheet

Scanning electron 
microscope image of 
micro-structured cores

Optical grade surface roughness measured 
by Atomic Force Microscopy 

(𝜎𝑟𝑚𝑠 = 7𝑛𝑚 𝑜𝑣𝑒𝑟 20𝑥20µ𝑚²) 
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Image of µ-microstructure BC408 
layer

412.8  µm
19.5  µm58.7  µm

BC-408 based  microstrip scintillating detector system

PhD Florian Thevenet
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BC-408 based  microstrip scintillating detector system

(1) Beam-Defining Aperture (BDA) 
(2) Multislit collimator
(3) Ionization chamber
(4) Mask assembly
(5) RW3 slab phantom with detector at 2 cm depth

using clear fibers instead of clear strips

ANSTO [7] [7]

[6] F. Thevenet et al., Sci. Reports  vol. 15(1), 2025
[7] J. Livingstone et al., Med. Phys., vol. 43(7), 2016
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PhD Florian Thevenet



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

- CdSe QDots as nano-scintillators[13] 

- Organic tissue-equivalent surrounding material (Photoresist and Cyclic Olefin Copolymer COC) 

Double-clad QDot-based microstrip detector for SFRT

[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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For lower energy dependence of the strips, the scintillators should verify the Bragg-Gray conditions (small cavity)



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

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

 very low QDot concentration

Double-clad QDot-based microstrip detector for SFRT
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Each Qdot can be considered 

as a Bragg-Gray “cavity”  

Photon interactions only outside the QDot



Double-clad QDot-based microstrip

COC

RW3

75µm

150µm

20µmx200µm
air trench

20µmx150µm
Qdot-based strip RW3

COC

COC

Air

Air

COC

COC

Qdot loaded
photoresist

Refractive index of the photoresist ~1.60 (core) 

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

Refractive index of air = 1 (2nd clad)

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

QDot Loaded photoresist 
(scintillating microstrip) 

QDot
luminescence

Refractive index management for implementation of multimode double-clad waveguides



Results: SEM and EDS microstrip characterization

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

limited particle aggregations 

Elemental composition of the strip 
Elemental composition of the 

surrounding medium  (photoresist)

5 µm

SEM Image

Microstrip Surrounding 
medium 
(photoresist)



Results: UV-microscope images of the detector

Zoom

Top 
View

✓ Bright UV-Fluorescence of each microstrip 

 good dispersion and  passivation of the CdSe Qdots

 the waveguide core shows the 20 µm x 150 µm microstrip cross-section

✓ The double-clads guide the fluorescence   



Material and Methods: Characterization setups

• Synchrotron characterization: 

- ESRF (BM05): 40keV monochromatic X-ray microbeam with 1010ph/s in 2x2mm² radiation field upstream the focusing lens 

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

✓ Detectable luminescence for each microstrip 
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Results: ESRF measurements 

✓ Detectable luminescence for each microstrip 

✓ Peak broadening (volume averaging effect) with COC Clad stem effect
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Results: ANSTO IMBL measurements 
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✓ SNR was much lower than with BC408 strips (-20 dB)

✓ Energy dependence seems to be much lower than with BC408 (to be confirmed) 



Discussion
➢ BC-408-based have been fabricated and tested 

 20 µm microstrips provide suitable spatial resolution for µbeam QA in MRT

We observed a yield drop between 60 µm and 20 µm 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 2nd Clad 

➢ CdSe quantum dot microstrips have produced measurable signals 

encouraging preliminary results during irradiation with high dose rate µbeam (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 (2nd Clad + Readout clear fiber bundle) 



Bimodal Ga₂O₃-based X-ray detectors 
for FLASH therapies 



X-ray detection in Ga2O3

[14] https://doi.org/10.1016/j.mtphys.2023.101095
[15] https://doi.org/10.1088/1361-6528/adb8f2
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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] 

X-ray absorbed dose in semiconductors [14]
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X-ray detection in Ga2O3

Luminescence Charge

[16] https://doi.org/10.1016/j.mtphys.2023.101095
21



X-ray detection in Ga2O3

Luminescence Charge

Why not implement bimodal transduction 
to have your cake and eat it too?

[16] https://doi.org/10.1016/j.mtphys.2023.101095
[17] https://doi.org/10.1088/1361-6463/ad8e6e 22



Ga2O3 MSM detector prototypes

(1) Fiber channel
(2) Ga2O3 substrate
(3) BNC connector 
(4) 10x10 cm² RW3 tissue-equivalent slabPhotocurrent

Scintillation 
photons

X-ray image of one 
prototype
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Bimodal readout module
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Irradiation setup at the ANSTO IMBL

e-h creation 
energy

Photogenerated pair density For a single µbeam 
(FWHM=50µm BDA=150µm) 

For a single µbeam 
(FWHM=50µm BDA=150µm) 

@ flash Dose rates

15.6 eV [9] ~2.6 1013 e-h pair/cm3/GyGa2O3 ~108 e-h pair/GyGa2O3 more than 1010 e-h pair/s

Dosimetric response of Ga2O3

X-ray spectra at Australian synchrotron

[9] https://doi.org/10.1063/5.0053301
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self-absorption of the scintillation signal  (IMBL – ANSTO)
Dose rate: 4749 Gy/s
Mean beam energy: 52.32 keV
Continuous translation of the microbeam

UID prototype 

26



Radiation tolerance

➢ PROTOTYPES EXHIBIT EXCELLENT RADIATION HARDNESS

Dose rate: 503 Gy/s
Mean beam energy: 82 keV
Continuous irradiation
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Relative bimodal yields

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

1E+00

1E+02

1E+04

1E+06

1E+08
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UID prototype Fe-Doped prototype

Electrons Photons



Transient response

5V bias voltage
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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

Conclusion and perspectives

30



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) 

➢ 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)

Conclusion and perspectives
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X-ray Beam Induced Current and Scintillation

adapted from [17]

[17] F. Lafont, T. N. Tran Caliste, J. Baruchel, E. Capria. ESRF.

X-RAY INDUCED CURRENT MAP

X-RAY INDUCED SCINTILLATION MAP
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Results: Lab characterization - DUV photodetection 

UID prototype  - No bias  → ~100 pA peak-peak UID prototype - 6V Bias → ~300 nA peak-peak 

Bias voltage on the MSM structure allows: 

- better charge collection efficiency

- Photoconductivity gain (but also persistent photoconductivity)

266 nm 
Laser

ADC
-

+
Voltage bias

photocurrent

Deep UV excitation
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Ga2O3 MSM detector prototypes

β-Ga2O3 UID prototype
Fe-Doped 
prototype

Orientation -201 010

Conductivity n-type
Insulating 
(>1010Ω.cm)

Doping level ~2x1017cm-3 -

Thickness 680µm ± 20µm 680µm ± 20µm

Surfaces CMP/Grinding CMP/Grinding

2x5 mm² 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 

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

Ohmic contacts on UID β-Ga2O3  
R~5
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Results: transient response

Stronger excitations give  shorter transitions in the transient response

https://doi.org/10.1016/j.matdes.2022.110917

5V bias voltage
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DEVELOPMENT OF VERTICAL Se-Ga2O3-BASED HETEROJUNCTION DETECTOR

Backup (unpublished work)
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Results: ANSTO IMBL measurements 

4750 Gy/s – 52 keV

R² = 1.00000
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Yield drop between 

Base polymer 
(PVT or PS) 

Scintillator
(~1%  wt/wt) 

(primary fluor)
Wavelength shifter

(~0,05% wt/wt)
(secondary fluor)

Förster energy transfer

UV

DUV

VIS

Primary excitation

Scintillation mechanism in a three-component scintillator (Adapted from [10])

X-ray excitation
(secondary electron)

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

• For the 20 µm microstrips, scintillator emission is probably absorbed in the base polymer before reaching any  wavelength shifting dopant

[10] Physics of Particles and Nuclei, 2019, Vol. 50, No. 1, pp. 42–76
[11] Leutz, Nucl. Instrum. Methods Phys. Res., 1995, A 364  pp422-448
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BC-408 based  microstrip scintillating detector system



SEM and Cathodoluminescence microstrip characterization

Cathodoluminescence
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QDot size 
(aggregates)

[80 nm – 110 nm]     



Transient response

5V bias voltage

42


