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Abstract.-We present an experimental study by Auger electron spectroscopy (AES) and low energy 
electron diffraction (LEED) of the dissolution of about one monolayer of silicon previously 
deposited at room temperature on Cu (001). The isochronal dissolution has been recorded in the 
temperature range [50-320°C] (annealing rate 1.5°C/min).  The plateau observed in the kinetics 
dissolution for temperatures between 95°C and 240°C, reveals the formation of an intermetallic two 
dimensional superficial phase thermally stable in this range of temperature. On the plateau, LEED 
patterns show the formation of a (5x3) superstructure. Above 255°C, we observe a very fast 
dissolution of the surface alloy characteristic of a first-order surface transition. Isothermal 
dissolutions kinetics have been recorded above and under the surface transition temperature (250°C 
and 270°C). From these measurements, we have evaluated bulk diffusion coefficients of Si in Cu 
assuming a local equilibrium. The diffusion coefficients measured within this hypothesis at 250°C 
and 270°C are respectively higher and lower than those extrapolated from high temperature 
measurements for Ge in Cu.  

1. Introduction

Many metal-semiconductor interfaces have been studied in the past in order to develop a more 
complete description of the Schottky-barrier formation [1] and surface-sensitive techniques such as 
Auger electron spectroscopy revealed deeper insights into the problem of metal-semiconductor 
contact [2]. While most experiments dealt with metal deposition on semiconductor surfaces, some 
more recent studies explored the initial stages of the interface formation by investigating the 
deposition behaviour of semiconductor on metal [3-7]. The Cu-Si is one of these systems which is 
still a subject of several scientists’ efforts. In this system, the nature and the structure of the surface 
alloys (silicides) formed after reaction between an adsorbed silicon thin film and a copper substrate 
were studied [8-12]. Generally, such surface alloys can be formed during growth as well as during 
dissolution processes of the deposited silicon. During the growth of Si onto Cu(110) surface some 
special features are observed: (i) An ordered surface alloy c(2x2)-Si/Cu(110) is formed for Si 
coverage below 0.5ML; (ii)  For Si coverage of 0.7 ML, (2x2) Si atomic chains considered as a one-
dimensional superstructure are observed [8,9]. On Cu (111), a surface alloy which exhibits a 
( 3 x 3 R30) structure has been observed at elevated temperatures [10, 11].   
Recently, we have studied the growth mode of Si thermally evaporated onto Cu (001) and the 
different properties (nature, structure) of the copper silicide formed after annealing at low 
temperatures of a very thin film of silicon deposited onto Cu(100) [12].We have demonstrated that, 
at RT the silicon grows layer by layer on copper (001) and for a  weak coverage of silicon deposit, 
the ordered surface alloy induced by annealing treatment displays a (5x3) superstructure with a 
Cu2Si stoichiometry.   
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In this paper we present an AES-LEED investigation of the dissolution kinetics of about one 
monolayer of silicon previously deposited at room temperature on Cu (001). From both the 
isochronal and the isothermal dissolution kinetics, i) we determine the temperature range of stability 
of the surface alloy and ii) we discuss the limits of the local equilibrium assumption in the low 
temperature range where the superficial 2D phase disappears. 

2. Experimental

All experiments were performed in an ultrahigh vacuum (UHV) chamber with a base pressure 
below 2x10-9 Torr measured by an ion gauge. The UHV chamber was equipped with instruments 
for AES and LEED analyses. The Auger intensities were acquired in a derivative mode and the data 
were computerised which allow us to record the surface concentrations of the different elements as 
a function of annealing time or temperature.  
The Cu(001) surface was cleaned by cycles of Ar+ ion bombardment (5x10-5 Torr at 500 eV) and 
subsequent annealing were done at 550°C. The sample temperature was measured with a 
thermocouple spot-welded to the edge of the crystal. The sputtering-annealing cycles were 
performed until a well-ordered (1x1) LEED pattern with sharp spots and a low background were 
observed. The chemical purity of the surface was checked by AES. The silicon is deposited in situ 
by thermal evaporation method. The deposition consisted to expose the surface of the sample in 
front of the Si vapour for a constant time then to the Auger spectrometer to get the surface 
concentrations (estimated from the CuLMM-60eV and SiLMM-92eV signals) and then to the LEED 
optics in order to follow the surface structure evolution.  
After deposition of (~1ML) Si/Cu(001) at room temperature (cf. ref 12), the isochronal dissolution 
kinetics was recorded from 50 to 320°C with an annealing ramp of 1,5°C/min. During these thermal 
treatments, the evolution of both Cu and Si Auger signals were recorded. The isothermal 
dissolutions consisted to follow at constant temperature the evolution of both Si and Cu Auger 
intensity signals as a function of time. 
All the dissolution kinetics were done after deposition of about one monolayer of silicon on Cu 
(001). Note that the Cu (001) surface was carefully cleaned after each dissolution experiment. 

3. Results and discussion

a- Isochronal dissolution

After deposition of (~1 ML) silicon on Cu (001) at room temperature, we performed isochronal 
dissolution kinetics in the temperature range [50–320°C] (annealing rate of 1. 5°/min). Fig.1 shows 
the variation of the Si (92eV) to (60eV) Auger signals ratio versus annealing temperature. 
In this curve, one can delimit three domains. First, at the beginning of the dissolution, a slow 
decrease of the auger signal is observed; then, a plateau region is reached where the intensities of 
both Auger signals are quite constant appears over the range of temperature [95-240°C]; finally, 
increasing the temperature, the ISi/ICu ratio decreases very fast which corresponds to a very fast 
decrease of the Si signal until total extinction and to an increase of the Cu signal until a plateau 
region is reached.    
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Fig. 1: variation of the Auger peak-to-peak intensity ratio (ISi/ICu) versus temperature during 
isochronal dissolution of 1ML Si/Cu (001) 

During the annealing treatment, the evolution of the surface structure was investigated by LEED. At 
the beginning of the dissolution, only the p(1x1) surface structure of the Cu(100) substrate  is 
observed. On the plateau, a (5x3) superstructure, which appears at about 95°C, remains up to 
240°C. Beyond this temperature, the extra spots corresponding to the (5x3) superstructure rapidly 
disappear as the LEED spots of the (1x1) become brighter, which is also a signature of the silicon 
dissolution. 
These results clearly indicate that after a first reorganisation of the deposited silicon, the 2D copper 
silicide which forms a (5x3) superstructure is stable up to 255°C. Above this temperature, the rapid 
variations of the surface concentration looks like a first order transition leading to a fast dissolution 
of the superficial 2D compound. This kind of discontinuity in the solute/solvent surface 
composition with the temperature was experimentally yet observed and theoretically explained for 
nearly immiscible systems for which the solute presents a strong tendency to surface segregation 
[13, 14]. This kind two-dimensional phase transition is so-called “surface miscibility gap transition” 
and was mainly observed and characterised in Cu-Ag alloys [15, 16]. In the Si-Cu system, if we can 
also assume a strong surface segregation tendency of silicon on copper surface (at least in relation 
to the difference in their surface energy of pure elements) the tendency to the order of this system 
does not favour this kind of surface transition and, from this point of view, the observed one is quite 
surprising.  The isothermal dissolutions kinetics recorded above and under the transition 
temperature and presented in the following clearly show the strong role played by this surface 
transition.  

b- Isothermal dissolutions

After deposition of (~1 ML) silicon on Cu (100) at room temperature, we performed two isothermal 
dissolution kinetics at 250 and 270°C (Fig 2a and 2b), i.e. just after the end of the plateau observed 
during the isochronal dissolution (Fig. 1) and 20°C above. 

http://www.scientific.net/feedback/69193
http://www.scientific.net/feedback/69193


0 50 100 150 200 250 300
0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

IS
i(9

2e
V

)/
IC

u(
60

eV
)

Time (min)

 T= 270°C
 T= 250°C

0 10 20
0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

IS
i(9

2e
V

)/
IC

u(
60

eV
)

Sqrt(Time (min))

 T=270°C
 T=250°C

 
Fig. 2:  variation of the Auger peak-to-peak intensity ratio (ISi/ICu) (a) versus time and (b) versus 

square root of time during isothermal dissolutions of 1ML Si/Cu(001)  

Qualitatively, the evolution with time of the Auger signals is strongly different for a difference of T 
of 20°C.  Such a behaviour indicates that the dissolution is not regulated by the bulk diffusion since 
diffusion coefficients cannot vary so strongly over this small temperature range. Quantitatively, the 
evaluation of the bulk diffusion coefficients (table I), which can be estimated from the slope of the 
Auger peak to peak intensity ratio versus square root of time curve (Fig. 2b) using the relation:  

π

Dt
txCtCtC vSS ),0(2)()0( ==−= (1) 

where )(tCS  is the superficial silicon concentration as a function of time, )0( =tCS  is the initial 
superficial concentration of deposited silicon and ),0( txCv =  is the limit of the bulk solubility of 
the Si in Cu [17], confirms this assumption.  

(a) 

(b) 
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Table 1: Estimation of the diffusion coefficients of Si in Cu (001) 
T (°C) ),0( txCv = (atom/cm3) Ddiss (cm2/s) 
250 5,690  1021 1,073      10-20 
270 5,813  1021 8,597     10-18 

As observed in Fig. 3, these coefficients are indeed respectively higher and lower than those which 
can be extrapolated from high temperature measurements previously published in the literature for 
germanium in copper (as usual, germanium coefficients are used  in absence of suitable silicon 
radioisotopes). Their values reflect the fact that equation 1 is inadequate (for both temperature) to 
describe the dissolution process which is governed by the segregation isotherm and the transition 
phase and not by the bulk diffusion which assumes a local equilibrium in the surface selvedge [18, 
19]. At low temperature (below the transition temperature) the diffusion rate is lower than the 
expected one due to the surface segregation phenomenon and to the stability of the 2D compound. 
At higher temperature (above the transition temperature), the rapid diffusion of silicon atoms in the 
bulk close to the surface could be due to the non stability of the 2D compound. Other experiments 
are going on to confirm these assumptions increasing the range of temperature belong and below 
250°C. 
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Fig 3: Diffusion coefficients of Ge and Si in Cu as a function of temperature: comparison with 
radiotracer data previously published [20, 21] 

4. Conclusion

In this work, we have studied the dissolution kinetics of about 1ML of silicon deposited at RT onto 
Cu(001) using two surface sensitive techniques, LEED and AES. We find that the dissolution 
process of silicon in copper is strongly dependant of the surface copper-silicide compound. In the 
temperature range [95-240°C], there is no silicon dissolution in Cu in relation to the formation of a 
stable 2D ordered compound forming a (5x3) superstructure. Above a critical temperature 
(Tc=255°C), there is a rapid dissolution of silicon and a disappearance of the (5x3) LEED pattern. 
Such behaviour has been interpreted by a surface phase transition. Isothermal dissolutions kinetics 
recorded above and under this critical temperature (250°C and 270°C), confirm the discontinuity 
observed in the dissolution process i.e. the bulk diffusion coefficients of Si in Cu evaluated from 
these measurements are strongly different.  The set of the experimental results shows that the 
dissolution process of one Si ML in Cu(100) is strongly driven by the segregation phenomenon and 
the surface phase transition. 
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