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Ion Beam Analytical (IBA) techniques, individually or in combined use, are able to determine not only the 

elemental composition of a sample with high accuracy and sensitivity, but also the distribution of the 

elements over the surface and in some cases their depth profile through the first microns from the surface.  

There are a wide variety of analytical problems and materials with many different applications that can be 

studied by these techniques. Some examples are: semiconductor alloys, metallic contacts, heterostructures, 

thin films, biological samples or cultural heritage artefacts. The reasons of this wide field of applications are 

their versatility, their simple or non-existent sample preparation requirements and their non-destructive 

character. Regarding large samples where sampling is not allowed (as in the cases of archaeological 

artefacts) or fragile samples which cannot stand vacuum conditions, an external beam setup can be used. 

In this work results obtained on selected examples of gold deposition layers will be presented. In the first 

case, gold has been used as a metal of choice to obtain ohmic contacts on CdZnTe (CZT) substrates due to its 

electrical good performance properties in order to obtain fine room temperature nuclear detector response. In 

a second example, gold has been used to obtain golden surfaces on specific parts of a silver artefact from the 

XVI century, which were applied following the leaf method. In both cases, gold layer thicknesses and 

diffusion profiles were obtained whether using Rutherford Backscattering Spectrometry (RBS) by means of a 

2 MeV alpha particle beam or by combining Proton Induced X-ray Emission (PIXE) and RBS data using the 

external proton beam set-up [1] respectively. 

Figure 1 shows the RBS spectra obtained from different Au contacts deposited on CZT substrates using 

different coating methods. According with the figure, there is always an inter-diffusion layer between the 

contact and the substrate and also the development of a TeO2 layer. The evaporation method presents the 

lower inter-diffusion layer, while the electroless method presents the strongest intermixing layer of Au, TeO2 

and CZT. On the other hand, the sputtering method produces a very rich TeO2 layer between the Au layer 

and the bulk CZT. This could explain the quasi-ohmic behaviour displayed by the contacts created by 

electroless and evaporation methods, which also give a better detector performance than sputtering [2].  

Figure 2 shows the 2D maps -Au and Cu- recorded in a golden region of the silver artefact. Usually, copper 

is added to silver to give it strength while preserving the ductility and beauty of this precious metal. Using 

the external proton beam and combining RBS with PIXE (fig. 3), it was possible to obtain the thickness and 

composition of the gold layer (table 1). Considering the low diffusion profile of the gold, it can be deduced 

that it was produced using the leaf method. In fact, taking into consideration the gold concentration and its 

diffusion profile it is possible to distinguish between different manufacturing methods to produce golden 

surfaces, i.e. the use of gold leaf or fire gilding method [3].  
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Figure 1 – RBS spectra obtained from different Au contacts deposited on CdZnTe substrates using different 

coating methods. 
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Fig. 2 – 2D maps of Au and Cu (800x800 m2) recorded in a golden region of a silver artefact. 
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Thick. 

    wt(%) 

Cu Ag Au 

~466 nm 1.4 24.3 74.3 

~356 nm 2.0 35.5 62.5 

~270 nm 2.5 43.9 53.6 

 substrate 5.4 94.6 - 
 

Fig. 3 – RBS spectrum and fit obtained with 

the external proton beam. Point analysis on a 

golden surface prepared by the gold leaf 

method. 

Table 1. Gold depth profile on the silver 

artefact. 
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