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Vacuum sputter deposition on polymer templates plays an important role for efficient production 
of nanocomposite materials in industrial processes [1]. Nanocomposites themselves are crucial 
materials for a large variety of current applications like solar cells of hybrid and colloidal 
multilayers [2], sensors, bioanalytical assays, waveguides in optical circuits and antibacterial 
coatings [1]. In order to understand the growth of the nanocomposite materials and its inherent 
polymer and metal layers, it is mandatory to know, how the polymer templates influences the 
metal film morphology and the growth kinetics during sputter deposition. In addition, installing 
regular arrays on mesoscopic length scales is essential in the field of applied nanotechnology 
[1,2,3].  

In this work, commercially available monodispersed carboxylated polystyrene spheres (cPS; 
diameter = 96 nm) were employed to deposit opal crystals as templates on silicon wafer by using 
temperature controlled drop-casting method. Strong capillary forces operating in the latest stage 
of drying are producing closed packed colloidal arrangements with a short-range hexagonal 
ordered surface [see Fig. 1(a)]. The growth of gold clusters onto these nanostructured polymer 
templates was subsequently investigated in a stop/sputter-experiment at BW4 beamline at the 
storage ring DORIS III [3]. There, we combined a transportable sputter deposition chamber with 
X-ray permeable beryllium windows [4] to a grazing incidence small angle scattering (GISAXS) 
setup. We used a wavelength λ = 0.138 nm, a sample-to-detector distances DSD = 2017 mm and 
incident angles αi of 0.4° and 0.7° in order to tune the surface sensitivity of the method. The 
beam size was reduced to 30 µm x 60 µm (vertical x horizontal) by using an assembly of 
parabolic beryllium compound refractive lenses.  

  
 

Figure 1: (a) AFM topography image of polystyrene colloidal crystal surface measured with NTEGRA 
probe Nano-Laboratory in semi-contact mode, (b) 2D-GISAXS images of polystyrene crystallites at 

incident angle of 0.4° before gold sputter deposition. The reflected beam is shielded by a specular beam 
stop (SBS) to extend exposure time, (c) corresponding IsGISAXS simulation of hexagonally packed 

polystyrene full-sphere monolayer (radius = 48 nm) on silicon substrate 
 

 



The polymeric crystals show a characteristic ring-like signal around the specular beam belonging 
to polymer spheres in GISAXS measurements before sputter deposition [see Fig 1b]. Due to the 
fact, that X-rays can easily penetrate the polymer crystal, a strong interference from spheres 
below the surface causes a powder-like intensity distribution. Therefore the out of plane cuts at 
the Yoneda peak position of polystyrene are smeared out and show no characteristic peaks of 
ordered cPS spheres [Fig. 2 (c)]. In general, the scattering of the multilayered sample is 
dominated by the bulk, but is still in good agreement with the corresponding IsGISAXS 
simulation [5], which only addresses a hexagonally packed polystyrene full-sphere monolayer on 
silicon [see Fig 1(c)]. 

During gold sputter deposition with a constant sputter rate of 0.053 nm/s, the intensity belonging 
to bulk particles becomes gradually shielded, since the X-ray attenuation depth at incident angle 
below the critical angle of gold is limited to maximal 2 nm. Similarly, the lateral form factor 
develops with increasing film thickness and it is pinned to the diameter of the polystyrene 
colloids. The final shielding of the underlying bulk structure is reached after 100 s, which 
corresponds to a theoretical layer thickness of 5.3 nm. We reached an excellent agreement 
between data and simulation for the completed layer by simulating a hexagonally arrangement of 
gold hemi-spheres [see Fig. 2(a,b)] The GISAXS results reveal a delayed growth of a gold skin 
layer by evolution of the sphere form factors in the out-of-plane cuts [see Fig. 2c]. This study 
hints that sputtered gold atoms can diffuse into the brush-like anionic surface of the cPS spheres 
before growing vertical on top. It also shows the opportunity to fabricate gold decorated spheres 
as a nanocomposite model system for studies of metal contact formation on polymeric crystals.   

 
Figure 2: (a) 2D-GISAXS images at incident angle of 0.4° after 400 s of gold sputter deposition or 
respectively 21.2 nm effective gold layer thickness, (b) corresponding IsGISAXS simulation of a 

hexagonally arrangement of gold hemi-spheres (radius = 48 nm), (c) plotted normalized out-of-plane cuts 
at Yoneda position of cPS reveals the evolution of the lateral form factor with increasing film thicknesses 
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