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Report:

One of the major obstaclesin conjugated polymer electronics over the last decade or so has been the difficulty
of obtaining n-type conduction in field-effect transistor (FET) structures, n-type behaviour being limited to a
small number of materials. It has been widely accepted that electron mobilities are typically afactor of 10-
100 lower than the corresponding hole mobilities. Sirringhaus group has demonstrated that this widely
observed pattern is not intrinsic to the conjugated polymers, but is rather the result of trapping of electrons at
the semiconductor—dielectric interface by hydroxyl groups, present in the form of silanolsin the commonly
used SIO, dielectric [1]. The authors demonstrate n-type behaviour in awide range of conjugated polymer
FET structures using a hydroxyl-free divinyltetramethyl siloxane-bis(benzocyclobutene) derivative (BCB)
gate dielectric. The central aim of this experiment was to investigate the structure at the interface between
the BCB gate dielectric and the semiconducting polymer channel poly(9,9-di- n-octylfluorene- alt-
benzothiadiazole) (F8BT).
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was solved by preparing the BCB/F8BT structure on a mica substrate and then gently transating the mica

downwards, at a shallow angle, through the surface of clean deionised water to float the polymer layers onto




the water surface. These were then transferred onto a Si/SIO, substrate by bringing the substrate vertically
downward onto the floating film givinga Si / SiO,/ 50nm F8BT / 30nm BCB structure (fig. 1).

Depth-resolved diffraction was performed by taking area detector images for arange of incident angles a
covering the three critical anglesfor BCB, F8BT and SIO,. Fig. 2 shows the diffraction pattern from a
sample annealed at 300°C followed by a slow cool to 200°C and sections through the images for a range of
critical angles. The F8BT peaks can be seen to develop with increasing a. Sharp peaks from mica are aso
observed from the surface, whose integrated intensity is significantly weaker than for the F8BT. The
sharpness of these mica peaks indicate that there are very small localised traces of mica on the BCB surface
arising from the flotation process, which could not be seen visually and that were not detected in AFM scans.
The F8BT peaks do not correspond to the only reported unit cell parameters for crystaline F8BT (monoclinic
cell witha= 14.65A,b=53A,c=16.7 A, c-axisat 98° to the a-b plane [2]). Our peaksindicate a c-axis
which isafactor of 2 greater than this published value and a different crystalline arrangement in our samples.
Refraction from the buried F8BT-BCB interface could not be clearly observed, indicating arather diffuse
interface. Reflectivity scansto probe the diffuseness of the interface were inconclusive, fitting being
complicated by the micatraces on the top surface. Asaresult it was difficult to draw definitive conclusions
regarding the gate diel ectric-semiconductor interface from this challenging experiment.

e:\data\XMa$S_05a\mccd\05my0696.mccd
200 400 600 800 1000 1200 1400 1600 1800 2000

2000

Fig. 2 The 2-D diffraction pattern for
BCB/F8BT/SiO,/Si(001) at an incident
anglea = 0.24°. A seriesof thesewas
taken for a from 0.10° to 0.34° in steps
of 0.005°. The sharp mica peaks
(arrowed) are split for incident angles
between the critical angles of BCB and
SiO, due to diffraction of both the
incident beam and the beam reflected
from the SIO, interface.
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