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Motivations
Organic Semiconductor (OSC) based devices have been investigated as potential direct
radiation detectors over the past two decades using a variety of architectures and materials
[1-8]. The work has been motivated by the significant advantages offered by OSCs, such as
solution processing, large area and light-weight device fabrication, fine material tunability,
good device flexibility, low cost and energy/environment friendly production processes as
well as its easy integration, compared to their inorganic counterparts. Radiation detection
has many practical applications including medical diagnosis (radiography) and health
monitoring, citizen and airport security, radiotherapy, position/object detection (inventory
control, industrial safety). In particularly, the OSCs are human tissue equivalent materials,
therefore can offer a more accurate radiation dose measurement.

Methods
(a)

Figure 3. Steady state α particle sensitivity versus electric field (primary axes) and device α particle
detection gain efficiency product versus corresponding photoconduction quantum efficiency, (ηφ)
(secondary axes), in forward (red symbols) and reverse (black symbols) bias for three separate samples.
The black dashed line is a fit of Hecht equation (3) to a single 30 µm device data set.

(b)
Figure 1. (a) Schematic dispersed bulk heterojunction device structure. (b) Schematic experimental setup
of α particle detection.
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In equation (1) and (2), Δ() is the current enhancement due to & particle exposure, U̇ ) is the number of & particles upon the sample per
second, V) is the & particle energy, VW is the semiconductor bandgap, . is a dimensionless gain factor and Φ00) is the & detection efficiency,
X is the elementary charge, Y is the sample mass, Z[\ is the sample volume, ] is the sample material density.
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In equation (3), ^ is the hole lifetime, IJ is a constant of proportionality, _ is the hole mobility, d is the sample thickness, E is the electric field.

Results

Figure 4. (a) & particle detection gain efficiency product measured at ±20 V bias (forward, red symbols,
reverse, black symbols) versus OSC layer thickness for six individual diodes. (b) 5.49 MeV & particle
energy loss versus depth for simulated 1:1 mass ratio P3HT:PCBM obtained using GEANT 4 (Supplied by
Muhammad Ali). The vertical lines correspond to the OSC layer thickness of the six devices in part (a).

Conclusions & Outlook
Low bias (< 20 V) 5.49 MeV & particle detection with sensitivities between 103 and 105 nC
mGy-1 cm-3 were measured reproducibly and repeatably over different P3HT:PCBM
devices. Conductive gain, due to trapped electrons, increased & particle sensitivity in both
forward and reverse bias. The device thickness was optimised for sensitivity by matching
the position of the & particle Bragg peak, obtained by modelling. Hecht function fits to &
particle results returned mobility-lifetime products between 10-8 and 10-7 cm2 V-1,
consistent with values measured from photoconduction. The possibility of 10B nanoparticle
sensitised OSC diodes as potential thermal neutron detectors should be investigated.
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Figure 2. (a) Current-voltage characteristics of a 30 µm P3HT:PCBM device in the absence of (black
diamonds) and under & particle exposure (red triangles). (b) Current increase due to & particle exposure,
∆() , versus voltage for the same device. The inset shows a typical device energy level schematic.
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