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There has been an ever increasing demand on tailoring the properties of thin film ferroelectric 
materials for the needs of the semiconductor industry. This kind of deposition control requires a 
deep  understanding  of  the  processes  involved  in  sputtering  of  thin  films  which  can  be  best 
accomplished via  in situ time resolved X-ray powder diffraction. For this reason DESY started a 
collaboration with the Department of Physics at the RWTH Aachen University in form of a PhD 
project. The PhD project of the report’s first author “Real time investigation of thin layer growth in 
sputter deposition processes” started on the 1st of April 2012. 

The first goal of the project to build an in situ sputtering chamber for the High Resolution Powder 
Diffraction beam line P02.1 for in situ X-ray diffraction is achieved. The sputter chamber setup is 
designed as a highly flexible tool. Therefore the smallest base unit has a weight of 22kg and the 
minimum outer dimensions are (200x400x250) mm³. The unit is designed for a base pressure of 10-

8 mbar and deposition rates from 1Å/min to 100 Å/min. Some Material need to be heat-treated at 
temperatures up to 1000°C in order to induce their  crystallisation. Therefore a sample heating is 
realised by an electron beam heater, a halogen lamp heater or a commercial Boralectric heating 
plate. Depending on the sample size and heating rate either of these three options can easily be 
installed.

Heating System e-Beam 150W Halogen Lamp Boralectric

Max. Heating Rate 80°C / sec 30°C / sec 20°C / sec

Max. Temp 2500°C 1200°C 1500°C

Sample Size 13x10mm2 13x10mm2 30x25mm2

Tab. 1: Specifications for the three different heating systems of the sputter chamber. 
The design phase is completed, all parts are supplied, the chamber is assembled and first tests at the  
P02.1 beam  line [1] have been successfully completed. Unfortunately the first beam times at P02.1 
show that it is impossible to investigate thin films without a focused beam. 
However, the highly flexibility of the chamber made it possible to use it at different beam lines at  
PETRA III and other beam lines at 3rd generation synchrotrons like the MS Powder at the SLS [2]. 

Fig. 1: The sputtering chamber at different beam lines: a) at P02.1 at PETRA III, b) at P08 at PETRA 
III and c) at the MS-Powder beam ine at the SLS.



During these different beam times the following measurement methods have been performed:
- In situ grazing incidence small angle x-ray scattering   (GISAXS)   experiments allow to study 

the sputter deposition process already from the early stages of film formation [3] and give a 
deep understanding of the influence of process parameter on the grain size, shape, size 
distribution and correlation length before and after the crystallisation. 

- In situ x-ray diffraction (  XRD)   provides information on the crystallisation pathway and 
kinetics during the annealing step that induces the crystallisation of the deposited layers. In 
contrast to GISAXS, this method is sensitive to atomic distances. 

- In situ x-ray reflectivity (  XRR)   measurements provide the film thickness, surface roughness, 
and density as well as their changes due to the crystallisation process. 

Fig. 2: Measurement methods for thin film growth (left) and principle of the time resolved 
measurement method (right). 

The data analysis is still in progress but for more details see [2, 4].  A second version of the sputter 
chamber made out of Aluminum (AlMg3) with a weight of 10kg and a larger exit window has been 
developed (see Fig 2.(right)). Also with this second version an electric field for determination of the 
dielectric and ferroelectric properties can be  realised in situ. The new chamber will be tested in 
April at the MS-Powder beam line at the SLS.
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