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Abstract

Organic thin-film transistors (OTFTs) are a family of devices in the area of organic
electronics which are generating a large amount of interest due to the wide variety of
potential applications for transistors which have all the benefits associated with using
organic materials. These benefits include low-temperature and low-power fabrication
possibilities, the use of flexible substrates and the low cost of materials.

Previous literature on OTFTs comprising poly-3-hexylthiophene (P3HT) semicon-
ductor layers, poly(4-vinylphenol) (PVP) dielectric layers and poly(3,4-ethylenedioxy-
thiophene) poly(styrenesulfonate) (PEDOT:PSS) gate electrodes have reported on their
relatively high performance at low operating voltages. However, there still remains the
potential for further investigations to discover more about the nature of the current
modulation mechanism(s) in these types of OTFTs. Several experiments were carried
out to probe their operation mechanisms and determine their suitability for applica-
tions such as biosensors. The results of many of these experiments indicated that ions
donated from the acidic PEDOT:PSS gate material as well as those liberated from
water in air contribute to current modulation by doping and de-doping of the P3HT
semiconductor.

Poly(vinyl-pyridine) (PVPy) was then introduced as a dielectric material to replace
PVP. PVPy contrasts in its chemical properties with PVP: rather than allowing and
contributing to the free movement of protons within it as the acidic PVP does, the
chemically basic PVPy will tend to bind protons to its pyridal groups, restricting their
movement. It was shown that this change in material reduces the off current (IOFF ) of
the devices (by inhibiting any doping of P3HT which occurs upon PEDOT:PSS depo-
sition), however the on current (ION) was also reduced and thus no real improvement
in current modulation ration (ION/IOFF ) was achieved.

Whilst some aspects of device performance were improved when PVPy was used as
the dielectric layer instead of PVP, the current modulation ratio remained low. Sub-
sequent experiments showed that the addition of a dopant salt (LiClO4) to the PVPy
layer can substantially increase the current modulation ratio of the OTFTs. In fact, it
was demonstrated that the current modulation ratio can be controlled by varying the
amount of salt added to each device. The nature of the drain current (ID) response
to changes in gate voltage (VGS) in the time domain indicates that electrochemical
doping, and not an electrostatic mechanism, is the nature of the mechanism causing
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current modulation (similar to the previous un-doped devices). NaClO4 was also tri-
alled as a candidate for the dopant salt and, despite Na+ being larger than Li+, it
appeared to move more freely within the device which is consistent with a hydration
sphere model and therefore supports the idea that the dielectric layer is moisture-rich
when operating in air.

Finally, OTFTs incorporating the enzyme glucose oxidase (GOX) were fabricated
for use as glucose sensors. GOX selectively oxidises glucose and it was hypothesised
that the ions liberated in this oxidation reaction could contribute to the ionic processes
which contribute to current modulation in the devices and therefore a relationship be-
tween the quantity of glucose exposed to the device and the ID level could be estab-
lished. The results presented here show that devices with embedded GOX do indeed
show a relationship between glucose concentration and ID when an analyte solution is
deposited onto the device.


