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Control of surface morphology in atomic scale is one of the important tasks in the 
semiconductor industry.  One example of the morphological instability on a semiconductor 
surface that could use to this aim is step bunching.  During step bunching regular array of 
monatomic steps rearranges to the regions with high and low step density.  For the Si(111) 
vicinal surface there are four temperature ranges between 830°C and melting temperature, 
where step bunches appear under the heating by electrical current.  It is known, that small 
amount of gold atoms deposited onto the Si(111) surface also produce the rearrangement of 
steps distribution in the case of sample heating by direct current (DC) [1].  We have 
investigated the silicon (111) surface morphology under gold deposition at increased 
coverages. It was found existence of two additional critical values of the gold coverage on the 
Si(111) surface, where rearrangments occur.  Therefore, the quantitatively describing of this 
new effect is needed.   
 
According to modern theories of surface instability, the atomic step redistribution could be 
caused by kinetic and thermodynamic effects on a surface.  In the case of thermodynamic 
effects step bunching accompanies nucleation and growth of superstructure domains.  The 
reason of the kinetic instability of a monoatomic step system is the DC heating of the silicon 
sample.  A power-law temporal dependence of the average distance between bunches is used 
for describing quantitatively the mechanisms of step bunching.  The theory claimed that the 
scaling exponent depends on the mass transport kinetics.  Therefore temporal dependences of 
the average distance between bunches help to clarify the nature of the rearrangement of steps 
distribution during submonolayer gold deposition. 
 
The in-situ experiments were carried out by using ultrahighvacuum reflection electron 
microscope (UHV-REM) equipped with a gold evaporator.  Method UHV-REM allows to 
observe the atomic steps motion (0,31 nm height on Si(111) surface) on atomically clean 
silicon surface up to melting temperature during sublimation.  The specimen 8x1x0,3 mm in 
sizes was cut from Si(111) wafer with off-angle less than 1°.  The gold deposition coverage 
was calibrated using the Au/Si (111) phase diagram [2] by measuring the time needs for 5x2 
patterns formation on silicon surface at 500°C during gold deposition.  After gold deposition 
at 500°C the crystal temperature was increased to 900°C and the surface morphology 
transformations were observed. 
 
Fig. 1 shows different silicon surface morphology that were taken after the sample heating by 
step-up current direction (Fig. 1a) and after deposition of 0,24 ML of gold under step-down 
direction of heating current (Fig. 1b).  Monatomic step is marked by black arrow and white 
arrow shows the direction of the incident electron beam.  Step bunches look like wide bands 
of dark contrast.  Black spots at the Fig. 1 are image plate defects.  In the case of step-down 
direction of heating current initial clean silicon surface contains step bunches.  When 0,1 ML 
of gold was deposited on the silicon surface, step bunches were dissolved into regular 
distributed atomic steps.  Increasing of gold coverage to 0,24 ML caused transformation of 
regular steps system into step bunches, as shown in Fig. 1b.  Changing the electrical current 
direction to opposite caused the reversing of the silicon surface morphology to regular steps.  



Based on this observation regular array of steps was created at 0,24 ML gold coverage on the 
silicon surface under step-up direction of the heating current.  When direction of heating 
current was changed step bunching has started.  The average distance between step bunches 
W was measured systematically from REM images, fig. 2.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The deduced magnitude of the scaling exponent from power-law temporal dependence of the 
average distance between bunches is 0,47 at 900°C.  It is in good agreement with previous 
experimental observations of step bunching on the clean Si(111) surface during heating and of 
step bunching induced by small amount of gold at the same temperature range [1].  On the 
base of experimental results one can suppose that the basic mechanism of step bunching 
induced by 0,24 ML of gold coverage on the surface is the same as for step bunching at the 
clean silicon surface. 
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Fig. 2. Temporal dependence of average distance between step bunches (W) 
at 900°C by step-down direction of heating current during gold deposition. 
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          Fig. 1. REM images showing the different Si(111) surface morphology at 900°C    
(a) – array of regular steps on the clean surface under step-up direction of heating current, 
(b) – step bunches after deposition of 0,24 ML gold under step-down direction of heating 
current. 


