
AES study of surface segregation of Ge in amorphous Si1-xGex thin film alloys 
 

J. Nyéki1,2, Ch. Girardeaux2, Z. Erdélyi1,2, G. A. Langer1, G. Erdélyi1, D.L. Beke1 and A. 
Rolland2 

 
1Departement of Solid State Physics, University of Debrecen, P.O. Box 2 H-4010 Debrecen, Hungary 

 
2Laboratoire Matériaux et Microélectronique de Provence, UMR 6637, Faculté des Sciences de St Jérôme, case 511, 

13397 Marseille, France 
 

Auger electron spectroscopy technique was used to study the composition dependence of 
segregation in amorphous Si1-xGex thin film alloys (width of 20 nm). Samples with different 
concentrations of Ge (Xb(Ge) was in the range of 18¯58 at.%) were prepared on SiO2 substrates by 
DC magnetron sputtering. The samples were mounted in a conventional UHV chamber equipped 
with a CMA and were heated by a graphite furnace. The temperature was monitored by a Pt-PtRh 
thermocouple fixed on the surface of the sample. The general experimental set-up is described in 
a previous work [1]. The derived Auger peaks of germanium (GeLMM(1147 eV)), silicon 
(SiLVV(92 eV)) and carbon (CKLL(272 eV)) were recorded as function of annealing time.  

The annealing of the samples (Xb(Ge): 0.18, 0.37, 0.55, 0.51, 0.58 respectively) was 
performed at 653 K and 673 K to avoid crystallisation of the alloys. Typical variations of Si, Ge, 
and C Auger signals versus time during annealing were the following: 

1. the decrease of the Si(92 eV) signal was important in all experiments while the variation 
of the Ge(1147 eV) peak-to-peak height was not significant; 

2. at the end of the kinetics (for annealing time long enough) constant values of the Si(92 
eV) peak were obtained. 

In these experiments, the Ge(1147eV) peak was not sensitive to the Ge surface segregation and 
can be considered to be constant considering the sensitivity of the technique. In order to 
understand the characteristic of the Ge signal variation the following peculiarities have to be 
considered: i) the high value of the IMFP of Ge(1147eV) transition (1.68 nm); ii) the high initial 
Ge concentrations in our alloys; iii) a low level of Ge segregation can be expected. However, the 
attenuation of the silicon peak indicates a local exchange between Ge and Si atoms in the 
uppermost layers. The IMFP of the Si(92eV) transition (0.47 nm), allows us to analyse a 
maximum in-depth of about 3-4 atomic layers. Thus, the attenuation of Si(92eV) signal refers to 
the replacement of Si surface atoms by Ge atoms to minimize the surface free energy in 
agreement with theoretical predictions [2-3]. 

The evidence of Ge surface segregation in Si-Ge amorphous thin film alloys is in agreement 
with the previous results in crystalline alloys and theoretical predictions [4-6]. On the basis of the 
monolayer model [7], the calculated theoretical transmission factor giving the fraction of the 
Si(92 eV) signal transmitted through a complete Ge(111) layer is 0.51. Taking the ratio of the 
normalized Si(92 eV) intensities at the end and at the beginning of the experiments, we calculated 
the transmission factor (ω) of the Si(92 eV) signal: it is in the range of 0.64-0.82 for all 
experiments. As these values are higher than the theoretical one, the segregated germanium 
coverage at saturation is always lower than a complete Ge monolayer. 

In order to estimate equilibrium data, we assumed the existence of a local equilibrium 
during the kinetic process [8]. It means that the surface and the bulk (near the surface) 
concentrations correspond to an equilibrium isotherm during Ge segregation. We estimate the 
atomic fraction of a component in the first layer of an inhomogeneous binary alloy, assuming that 
the surface layer has different composition than the bulk. We can define the so-called sensitivity 
factor q in the following way:  
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where I∞ is the intensity coming from the bulk specimen, β is the attenuation factor, Xs(Ge) is the 
atomic fraction of Ge in the first layer of a homogeneous Si1-xGex and X'

s(Ge) the atomic fraction 
of Ge in the segregated layer. According to Ref. [9] the values of the attenuation factor for 
Ge(1147 eV) and Si(92 eV) are respectively: 0.82  and 0.51Ge Siβ β= = . 
Under these conditions, the atomic fraction of Ge in the segregated layer can be expressed as: 
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The values of Xs(Ge) in the surface layer in equilibrium with Xb(Ge) in the underlying layers at 
saturation have been determined from equation (2). 

We have also carried out a comparison between experimental and theoretical Ge surface 
segregation isotherms. As the Si-Ge system is almost ideal, we have fitted our data obtained for 
different bulk concentrations using a McLean-Langmuir type isotherm. We have determined the 
experimental segregation coefficient (taking it as a fitting parameter): ( ) 3.06.2653exp ±=KK . 
Then, supposing Arrhenius-type temperature dependence for the segregation factor, we have 
estimated the experimental segregation energy: ( )exp 5.3 0.5sH∆ = ± kJ mol-1 (where the error 
given is the error of fitting). Theoretically, the segregation energy of crystalline alloys can be 
determined from the binding energies of the components, the number of the free bonds of a 
surface atom and the size difference [2]. As previously noted, the Si¯Ge system is almost ideal 
and the difference between the radii of the atoms is less than 4%. Thus, we assume that the 
segregation energy depends only on the relative surface energies of the two components and can 
be expressed as:  
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where n0 is the number of surface atoms per unit area, σSi and σGe are the surface energies of the 
two components (σGe=0.62 J m-2 for Ge and σSi=0.735 J m-2 for Si at the melting points of the 
elements). Taking n0=7.2×1014 at cm-2 (the number of surface atoms per unit area corresponding 
to the Ge(111) plane) we obtained the following value for the theoretical segregation energy: 

9.6theo
sH∆ =  kJ mol-1. The experimental segregation energy was lower than the theoretical one 

and this difference can be explained by the presence of a substantial concentration of defects in 
the surface layers of amorphous semiconductor alloys compared to crystalline state. Thus, the 
qualitative agreement observed between these segregation energies provides a convincing support 
to conclude that segregation of Ge in amorphous Si1-xGex thin film alloys can be compared to that 
in crystalline alloys. 
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