
Grazing-incidence small-angle x-ray scattering (GISAXS) - 
Inner structure und kinetics of thin block copolymer films 

 
Peter Busch1, Detlef-M. Smilgies2, Dorthe Posselt3, Friedrich Kremer1,  

and Christine M. Papadakis1 
 

1Faculty of Physics and Earth Sciences, University of Leipzig, 
Linnéstr. 5‚ D-04103 Leipzig, Germany 

2Cornell High-Energy Synchrotron Source, Cornell University, Ithaca, NY 14853, USA 
3IMFUFA (Department of Mathematics and Physics), Roskilde University, 

P.O. Box 260, DK-4000 Roskilde, Denmark 
 
Diblock copolymer thin films represent an interesting class of materials for templates 
in surface technology.1,2 Due to the linkage of chemically dissimilar blocks, they self-
organize into ordered structures on a scale of  10-100 nm. One of the major 
challenges  is the control of orientation of the structures formed. A number of studies 
have been reported on thin films of lamellar and cylindrical polystyrene-poly(alkyl-
methacrylate) films on Si substrates, where the lamellae and cylinders have a strong 
tendency to orient parallel to the film surface,3 leading to unstructured film surfaces. 
The reason for this is assigned to the strong interaction of the polar polymethacrylate 
blocks with the polar substrate. Several attempts have been performed to overcome 
these shortcomings, by e.g. applying electric fields2,4 or by choosing non-selective 
walls,5 or pre-patterned surfaces.6 
 
We have found that in lamellar polystyrene-polybutadiene (PS-PB) diblock copolymer 
films the weak interaction of both blocks with the film surfaces leads to the 
spontaneous formation of nanostructured surfaces, provided that the block copolymer 
molar mass is sufficiently large. The combination of atomic force microscopy (AFM) 
and grazing-incidence small-angle x-ray scattering (GISAXS) allows a full 
characterization of the films formed.7 In a GISAXS experiment the incident angles of 
the x-ray beam is chosen close to the critical angle of total external reflection of the 
film and the substrate (Fig. 1a). Under these conditions, a large area of the film is 
monitored, and absorption by the substrate is minimized compared to traditional 
transmission SAXS. The diffuse scattered intensity as a function of q|| and qz gives 
information about both the lateral structure inside the film and structures normal to 
the film surface, respectively. Additionally, GISAXS allows time-resolved in-situ 
studies of structural changes inside thin block copolymer films.7 
 
Fig. 1 shows an AFM image (b) and a GISAXS image (c) of a PS-PB film having 183 
kg/mol. The film thickness is three times the bulk lamellar thickness. The lamellar 
surface texture has a period of 811 Å, a value close to the bulk lamellar thickness 
Dlam = 839 Å.8 Bragg rods are observed at q|| = ± 0.075 Å-1, which corresponds to      
± 2p/Dlam and is characteristic for a perpendicular orientation of the lamellae 
throughout the whole film. For film thicknesses between 1 and 10 times the lamellar 
thickness, the perpendicular orientation is found for molar masses above ~100 
kg/mol, however, below ~50 kg/mol the parallel orientation is observed.  



 
 
Figure 1: a) The setup used for GISAXS. b) AFM height image. Image size 3x3 mm, 
height scale 100 Å. c) 2D GISAXS image. The white stripe at q|| » 0 is the beam stop, 
which protects the camera from the intense reflected beam. 
  
In order to characterize the stability of the structures formed we exposed the film from 
Fig. 1c to toluene vapor, which is a non-selective solvent for both blocks. After 1 and 
17 min of exposure to toluene vapor, the Bragg rods bend towards the center 
indicating a transient reorientation of the lamellae or undulations of the lamellar 
interfaces while the copolymer film is swollen with solvent (Fig. 2). After solvent 
removal the Bragg rods straighten again, showing that the perpendicular orientation 
is a stable conformation. 
 

 
Fig. 2: GISAXS images of the film from Fig.1b after (a) 1 min and (b) 17 min 
exposure of toluene vapor and (c) after removing the solvent. 
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