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Report: 
 

A fundamental understanding of the influence of free surfaces and buried interfaces on the properties of thin 
polymer films is important in many applications. Near interfacial boundaries, surface and interface effects may 
lead to physical properties that significantly differ from those in the bulk, such as the chain conformation, chain 
dynamics and the demixing of multicomponent blends. A combination of surface- and finite-size effects may 
also influence the character and location of the crystallisation and glass transitions.  Crystallisation at the 
surface of a semi-crystalline polymer thin film may be affected by both changes in chain conformation near the 
surface, and by differences in chain dynamics between surface and bulk. Two material systems were studied in 
this experiment:  the poly(ethylene terephthalate) (PET)-polystyrene (PS) interface and the poly(9,9-di- n-
octylfluorene- alt-benzothiadiazole) (F8BT) - divinyltetramethylsiloxane-bis(benzocyclobutene) (BCB) 
interface.  This latter interface is a key system for n-type conduction in organic field-effect transistor (FET) 
structures, with relatively good electron mobilities [1].   
 
PET-PS could be spin-coated directly onto silicon substrates: PET was first spin-coated from a ortho-
chlorophenol solution, followed by PS coating from a toluene solution, since PET does not dissolve in 
toluene.  However, such an approach could not be employed for F8BT-BCB since there are no such suitable 
orthogonal solvents.  The BCB 
dielectric is deposited onto silicon and 
is cross-linked by rapid thermal 
annealing at 290°C for 15 seconds 
prior to spin-coating of the 
semiconducting polymer.  However, 
the electron density of the upper 
semiconductor layer is larger than that 
of the BCB, thus precluding depth-
dependent studies of the buried 
interface.  This was solved by preparing the BCB/F8BT structure on a mica substrate and then gently 
translating 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/SiO2 substrate by bringing the 
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Fig. 1 (a)  Depositing the bilayer 
onto silicon by flotation from a mica 
substrate (b) Diffraction from the 
interface for αc (BCB) < αc (F8BT) 



substrate vertically downward onto the floating film giving a Si / SiO2 / 50nm F8BT / 30nm BCB structure 
(fig. 1).    
 
Depth-resolved diffraction was performed by taking area detector images for a range of incident angles α 
covering the three critical angles for BCB, F8BT and SiO2.  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 α.  Sharp peaks from mica are also 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 crystalline F8BT (monoclinic cell with a = 
14.65 Å, b = 5.3 Å, c = 16.7 Å, c-axis at 98° to the a-b plane [2]).  Our peaks indicate a c-axis which is a 
factor 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 a rather diffuse interface.  
Reflectivity scans to probe the diffuseness of the interface were inconclusive, fitting being complicated by the 
mica traces on the top surface.  As a result it was difficult to draw definitive conclusions regarding the gate 
dielectric-semiconductor interface from this challenging experiment. 
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Fig. 2  The 2-D diffraction pattern for 
BCB/F8BT/SiO2/Si(001) at an incident 
angle α = 0.24°.  A series of these was 
taken for α 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 SiO2 due to 
diffraction of both the incident beam and 
the beam reflected from the SiO2 interface. 
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