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Introduction: Organic Field-Effect Transistors 

Gate 
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At a sufficient gate voltage, the threshold 
voltage V0, the charges build up enough to 
form a layer with large conductance that 
allows a current to flow between the source 
and drain electrodes. This is the Field-Effect.
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Hole OFETs as detectors 

● Photo-transistors have been shown to 
outperform photodiodes and amorphous 
silicon devices1.  Thus, we expected a 
similar result in hadron detection.

● OFETs are used as biosensors as they 
are amplifiers

● Larger currents allow for cheaper 
read-out electronics.

[1] Henning Sirringhaus. 25th Anniversary Article: Organic Field-Effect Transistors: The 
Path Beyond Amorphous Silicon. Advanced Materials 26, 9, 1319-1335 (2014)
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FET Characteristics
The transfer characteristic allows us to 
define:

❖ Threshold voltage
❖ On-off ratio (the gain of the amplifier)
❖ Dark current
 
Notice small changes in VG lead to 
exponential gain in ISD

The output characteristic defines the mobility, μ. μ is the drift velocity normalised to the electric field.

NA is Avogadro’s number, d is the thickness of the semiconductor, µt is the mobility of the semiconductor when off 
(VG < V0), and µ is the field-effect mobility. W is the width , L is the channel length, C0 is the areal capacitance of the 
dielectric layer.
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FET Design 

Cleaned 20mm by 
20mm glass slide

Spin coated PMMA
Evaporated gold onto a variable 
channel length source-drain mask

Stamped DPP-DTT

3 - 6 mm ITO gate

Alternate 
architecture, ZS2

ZS1
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Transfer Characteristic For Working Device

Gate Voltage (V)

Transfer Characteristic from working 
device. Notice they go into the 
negative as they are hole-dominated 
devices (p-type using the language of 
silicon).

❖ Threshold voltage ~ - 1V.

❖ On-Off ratio of several orders of 
magnitude. 

❖ Exceeding gate leakage.

However I was unable to detect Alpha 
measurements initially 
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Transfer Characteristic DS87 

Find the best OFET I made and re-test.

An on-off ratio of ~10^6, and far 
exceeding the leakage. This surpasses 
the literature standard for this 
architecture of OFET.2

Can we measure an Alpha Response with just a 
OFET? (with just 100-300 nm of DPP-DTT)

Gate Voltage (V)

 

[2] Yoori Sung, Eul-Yong Shin, Yong-Young Noh*, and Jung-Yong Lee*, Flexible 
Bottom-Gated Organic Field-Effect Transistors Utilizing Stamped Polymer Layers 
from the Surface of WaterACS Appl. Mater. Interfaces 2020, 12, 22, 25092–25099
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Alternating Alpha Response with OFET

Drain Bias Varies Response Gate Bias Varies Response
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Just the edge of the bragg peak

Path Length, x 

ΔE/Δx

Thickness of the 
stamped device

The thinness of the stamped devices, 
nominally ~100nm, means that charge 
carriers generated by the alpha are limited. 
Current density is given by

j = 𝑛𝑒𝜇E

where 𝑛 is the charge carrier density, 𝑒 the 
electronic charge and 𝐸 is the electric field. 

A smaller path length means less charge 
carriers generated and a smaller current.

If we can thicken the source-drain channel of this device or sensitise the 
gate with a thick layer, a much larger response expected to be found.
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Transfer Characteristic Tandem Device

Gate Voltage (V)

We believed the lack of Alpha 
Response was due to the thin organic 
layer. Just 100-300 nm of DPP-DTT. 

So we made a tandem device that 
mimicked the circuit we made with the 
commercial FET that worked. A thicker 
layer of PNDI was added.

UK Ministry of Defence © Crown owned copyright 2023/AWE



10

Alternating Tandem Device Measurments 
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Conclusions

❖ On-Off ratios of ~106 have been achieved. This meets literature values, and many 
avenues of increasing this are still open. 

❖ OFET alpha detection has been achieved, but the exact mechanisms driving the 
process are still being investigated

❖ A novel architecture, the tandem devices, have been made and tested. Taking one 
step closer to suitable organic neutron detectors. 
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Future work: FET architectures  
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