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The development of novel material systems in the application as thin films or isolated surface 
structures on top of a solid support has gained increased interest. Besides the morphological 
properties of these materials, most of their applications are defined by physical characteristics of 
electrical, optical or mechanical nature. By means of X-ray scattering the morphology is commonly 
characterized with GI(U)SAXS at BW4 [1, 2]. However, further characteristics like the electrical 
material properties are mainly governed on atomic scale by the arrangement of atoms in a crystal 
lattice. In order to obtain such a thin film information X-ray scattering measurements at large 
scattering angles are necessary. Grazing incidence wide angle X-ray scattering (GIWAXS) 
corresponds to an X-ray diffraction method, which is, because of the measurement geometry, 
perfectly adapted for the investigation of the crystallinity of surfaces and thin films. 

The GIWAXS experimental setup of the recent upgrade at BW4 is shown in Figure 1. The accurate 
sample orientation to the incident X-ray beam is provided by a combined sample stage including 
the translational movement in all three directions as well as sample rotations around those three 
axis. In comparison to the conventional GISAXS setup, the MarCCD 165 area detector is placed in 
a reduced distance behind the sample enabling the sufficient recording of X-ray scattering at wide 
angles. Distances down to 0.1 m can be applied. The CCD is mounted on a combined translation 
stage for vertical and horizontal movement, enabling a complete removal out of the beam pathway, 
required for the sample alignment, and the selective positioning of the scattering pattern on the 
detector. More flexibility is provided by the moveable beam stop frame in front of the detector, on 
which a rod-like beam stop is fixed shielding the primary beam and the small angle X-ray 
scattering signal (GISAXS signal) at the GIWAXS measurement. A motor-controlled adjustable 
knife edge is mounted above the sample surface in order to reduce the scattering background.  

 

Figure 1: Photograph of the GIWAXS setup at BW4. The MarCCD 165 detector is positioned at the sample-
to-detector distance DSD. 

To establish and prove the feasibility of GIWAXS at BW4, we applied this technique to a variety of 
different samples. Here we present the sample of a thin film of the conjugated and conducting 
polymer poly(3-octylthiophene) P3OT on top of a pre-cleaned glass slide [3]. P3OT belongs to the 
family of poly(3-alkylthiophene)s, which have a structure similar to hairy-rod polymers and form 
semicrystalline films with crystalline domains embedded in an amorphous matrix. The sample was 
measured with the experimental GIWAXS setup shown in Figure 1 with DSD = 125 mm at a 



wavelength λ = 0.1381 nm and an angle of incidence of the primary beam with respect to the 
sample surface αi = 0.2°. The recorded two-dimensional wide-angle scattering pattern is presented 
in Figure 2. Due to the large density of crystallites the GIWAXS pattern clearly indicates the 
presence of four peaks corresponding to the (100), (200), (300) and (010) diffraction peaks of the 
P3OT structure, which are strongest in the vertical direction. This indicates that the P3OT film has 
a well-organized structure with planar P3OT stacks oriented along an axis perpendicular to the 
substrate. In addition, the broader powder-like ring structure in the intensity distribution results 
primarily from the silicon oxide of the glass slide substrate. 

 

Figure 2: (Left) GIWAXS pattern of the thin film of P3OT on glass. (Right) Scattering curves logI(q) 
obtained by azimuthal integration: azimuthal ranges of 0°-5° (dashed line) and 85°-95° (solid line). 

Figure 2 also shows the one-dimensional scattering curves obtained by azimuthal integration of 
radial slices from the GIWAXS pattern. The scattering curve obtained by azimuthal integration in 
vertical direction is more pronounced than the scattering curve in out-of-plane direction. Therefore, 
the grazing incidence wide angle X-ray scattering shows that the film is ordered vertically with 
respect to the substrate surface and highly anisotropic. The vertical ordering corresponds to the π-π 
stacking between adjacent rod-like polymer backbones perpendicular to the substrate that self-
organize into a lamellar supramolecular assembly or crystalline domains [4]. The (100) diffraction 
peak and the corresponding higher order (200) and (300) diffraction peaks of the P3OT structure 
can be assigned to the lamellar repeating unit a = 2.3 nm. The (010) diffraction peak corresponds to 
a repeating unit b = 0.4 nm oriented perpendicular to a and hence the distance between neighboring 
alkyl group within the lamellar assembly (i.e. intraplanar spacing). Although the structures a and b 
are perpendicular to each other within each crystalline domain of the thin film, the orientation of 
different crystalline domains with respect to the sample surface has a certain angular distribution 
yielding the anisotropic GIWAXS scattering pattern. 

In summary, the recent upgrade of X-ray scattering techniques at the beamline BW4 results in the 
availability of GIWAXS for the measurement of dedicated samples in reflection scattering 
geometry. The successful establishment and feasibility of GIWAXS at BW4 is illustrated with the 
measurement of a thin film of P3OT by this technique. With the presented GIWAXS setup 
employing the MarCCD 165 area detector in a centered position around the primary beam a q-
range up to 25 nm-1 (corresponding to 0.25 nm in real space) is accessible with a resolution of Δq = 
0.03 nm-1. Since the MarCCD detector is moveable in vertical and horizontal direction an extension 
of the accessible q-range is also possible. Given the maximum offset of the detector perpendicular 
to the X-ray beam, the smallest probable length decreases to 0.12 nm [3]. 
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