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Spray coating is a very versatile technique to install large area coating from solutions. Recently, the 
novel technique of spray deposition was used in the fabrication of organic-based multilayer devices 
such as transistors [1], semiconductors [2], electrolyte films [3] and solar cells [4]. This technique 
allows for performing rapid deposition of organic-based nanostructured layers showing high 
homogeneity over a large area and is thus of great interest in industrial applications such as sensor 
coating [5], optical sensor [6] or magnetic recording [7, 8] technology. 
 
Understanding of the fast kinetic phenomena that take place during the spray deposition is crucial to 
optimize the deposition parameters and better control the multilayer device nanostructure and 
properties. We used the technique of micro-beam grazing incidence small-angle X-ray scattering 
(μGISAXS) to investigate in situ the formation of polymer thin films during spray deposition and 
following solvent evaporation. Recently, this method was employed to investigate the formation of 
a colloidal contact on top of a functional polymer [9]. 
 

 

Figure 1a) Map of the horizontal cuts I(qz[αf=αc,Si]=const), qy, t) at the critical angle of silicon. IDG denotes 
the intermodule gap of the pixel detector. The white rectangle denotes the fast drying region, followed by 

slower structural rearrangements, similar to [9]. b) Horizontal cuts at t=0s (+) and t=47.5 s (x). Clearly, the 
build-up of the nanostructure is observed as a pronounced side maximum around 0.1 nm-1. 

 



The μGISAXS experiments were performed at the P03 beamline [10, 11] of the PETRA III storage 
ring at HASYLAB (DESY, Hamburg). The beam size was reduced to 20x30µm2 (vertical x 
horizontal) by using an assembly of parabolic beryllium compound refractive lenses. We used a 
wavelength λ= 0.0957 nm, a sample-to-detector distance DSD = 4000 mm and an incidence angle αi 
=0.45°. In order to optimize the signal-to-noise ratio, we used of a fast detector (Pilatus1M from 
Dectris) with typical time resolution of exposure time of 495ms with a period of 500ms. 
 
For spray deposition we used a modified automated commercial airbrush from Harder & Steenbeck 
(Grafo T3 model). The sample-to-spray nozzle distance was 100 mm and the gas pressure 0.1 MPa 
(1 bar). As solution, we used Polyisoprene-block-Polyferrocenyldimethylsilane cylindrical micelles 
in hexane [13]. The solution was sprayed on a precleaned silicon wafer. 
 
In Fig. 1 we present the results of the in-situ spray deposition experiment. Fig. 1a shows the map of 
the horizontal cuts. Clearly, a fast drying process is observed, the lateral structural rearrangement 
seems to be rather fast. This means that lateral arrangement precedes vertical layering, as already 
found in [14] using gold nanoparticles. In fig. 1b) we present two out of plane cuts at the initial and 
the late dried stage. Clearly, the micellar layer is visible as strong side maximum around 0.1nm-1. 
This indicates a preferred lateral ordering of the micelles. A more detailed analysis including atomic 
force microscopy of the spray-coated layer is currently under way. 
 
To summarize, we successfully followed the deposition of micellar nanoparticles on silicon. This 
first investigation shows the possibilities of installing layers of micellar nanoparticles by spray 
coating. In future, we will investigate the fast deposition process with higher time resolution, and 
we plan to use pre-structured substrates to increase the ordering. Furthermore, we might expect to 
install mesostructures similar to spherical nanoparticles by spray coating [15]. 
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