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➢ Quantum dots (QD): Semiconducting 

nanoparticles (2 – 20 nm)

➢ Colloidal QDs: New materials for the 

Radiation Detection

➢ Optoelectronic properties are size-

 dependent

➢ QD–based detectors offer key 

advantages, including the use of 

high-Z materials, spectral tunability, 

and solution processability.

Colloidal Quantum Dots

Miller, E., ACS Nano 2016, 10, 3302−3311.

Aim of this work

Fabrication of  

PbS QD-based 

photodetector on 

PEN substrate 

Photodetection of 

X-ray Radiation 

and Imaging

Preliminary test for 

Proton detection 

capabilities
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▪ Photoconductive behaviour

▪ Typical dark resistance ≈ 1 – 10 

MΩ

▪ Bias voltage = 1 V (Low-power 

device)

▪ Benchmark using optical response

▪ Better optical response leads to               

Better X-ray response

▪ Observed zero-biased response – 

Still under investigation!
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X-ray Response and Imaging Capability

▪ Operates at low power (Bias = 1 V) under X-ray irradiation (Co anode: Kα = 6.93 keV)

▪ Long rise and fall times

▪ Linear correlation between collected charge and source current

▪ Imaging capability under X-ray irradiation (Mo anode tube: Kα = 17.45 keV) at 5 V bias

Proton Beam Response

▪ Zero bias voltage 

▪ Current linearity with proton current 

> 40 nA

▪ No failure of the PbS QD-based 

detector

▪ Irradiated with a constant beam of 

protons in TIFPA (Trento), Italy
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Fabrication of Detector 

on PEN substrate

Photodetection of X-ray 

Irradiation and Imaging

Detector’s response 

under a Proton Beam

➢Easy fabrication

➢Stable in air

➢Easy testing under optical 

illumination

➢Zero bias response!

➢Photoconductive behavior

➢Low power (1 V)

➢Charge vs current linearity

Long rise and fall times

➢Positive response

➢Current linearity with proton 

current

➢Zero bias voltage

➢No damage

➢Need further experiments!
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➢ Synthesis of PbS QDs by Hot-

Injection

➢ Ligand exchange enhances 

conductivity

➢ Device fabricated by Drop-

Casting

Detector Fabrication

PEN with interdigitated Au

electrodes

Fabricated detector Fabricated detector

On PCB

▪ Flexible 

▪ Cost-effective

▪ Stable in Air

930 nm

Size of QDs = 3 – 4 nm

Methanol
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