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Introduction 
 
The formation of self-assembled quantum dots (QDs) on semiconductor surfaces is a well-
investigated phenomenon [1]. These islands usually arise at an early stage in the growth of 
semiconductor epitaxial layers on well-oriented semiconducting surfaces, and they are usually 
a few nanometers in diameter. We have produced self-assembled islands several orders of 
magnitude larger than the QDs, on Si(111) substrate by radio frequency (RF) sputtering. 
These islands appear on thin films of doped Lanthanum Gallate, a ceramic material which is a 
promising candidate as an intermediate temperature electrolyte for solid oxide fuel cells. We 
present the results of our Scanning Electron Microscopy (SEM) and Energy Dispersive 
Spectrometry (EDS) of these microdots. The SEM results reveal that the microdots are 
spontaneously aligned into rows which also include some holes, formed during the same 
growth process.  A possible mechanism for this microdot formation is proposed by reference 
to the Stranski-Krastanov (SK) Growth Mechanism [1,2]. 
 
Experimental 
 
The thin films were prepared by RF magnetron sputtering onto Si(111) substrates using a 
target with the stoichiometric formula La0.8Sr0.2Ga 0.8 Mg 0.2O 2.8.  Sputtering was commenced 
after a base pressure better than ~3x10-4 (2x10-6 torr) Pa had been achieved, and was 
conducted for 5 hours at an argon pressure of 5.3 Pa ( 40 millitorr) and an RF power of 60 W. 
This produced a film of thickness of the order of 1 µm, as determined by a cross-sectional 
SEM of the sample.  A JEOL JSM-840A instrument was used to obtain both the SEM and 
EDS data.  
 
Results and discussion 
 
SEM study 
Figure 1 shows a typical region of the film where island and holes are present. The most 
striking features are the linearly-arranged dots, which are of the order of a micrometer in 
diameter. The rows are typically 10 microns apart. Note the feature at the centre of this figure 
consisting of a light grey disk partially overlapping a dark disk of a similar size. 
 
Figure 2 is a larger-scale view of a film region which contains rows of microdots and a row of 
dark disks that resemble holes in the film. The latter entities appear to have bevelled edges. 
Figure 3 shows examples of microdots from another region of the film. Unlike the 
characteristically dome-like shapes of the microdots in Figure 1, the dots here are saddle-
shaped. This reveals the wide variety of shapes that the microdots can adopt: cf [3].  
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Figure 1: SEM image of the LSGM film showing the presence of microdots 
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Figure 2:  A magnified view of rows of microdots and a row of hole-like features 
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Figure 3: Showing the variety of microdot shapes, similar to the results of [3].  
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EDS measurements 
 
EDS measurements carried out on the film matrix and the microdots show that the microdots 
are very similar chemically to the rest of the film. This is clearly revealed in the comparative 
elemental analyses in Table 1. Note that magnesium is absent from both the film and 
microdots, presumably due to preferential re-sputtering. 
 
Table 1: Quantitative elemental analyses (atomic%) of the film matrix and the microdots. 
 

Region  La  Sr  Ga Si O 
Film 
matrix 

17.9 2.7 32.6 3.6 43.1 

Microdots 
 

16.0 3.3 29.7 2.8 48.2 

 
As seen in the figures above, the microdots occur in a variety of shapes. They range from 
domes at one extreme to saddle-like morphologies at the other. The latter appear to possess 
small peaks at their two ends, and are reminiscent of Ge islands grown on Si mesas  [3].  
 
Clues to the nature of the hole-like features are obtained by studying Figure 4, which is a 
magnified view of a feature similar to that at the centre of Figure 1. This magnified image 
reveals what appears to be a hole in the film with the missing material lying to the side. Such 
a hole could be created when a circular area of the film is somehow ejected during the film 
growth process. To test this idea, quantitative elemental analyses were carried out on the dark 
spot, a spot on the film beside it and the white disk. 
 
The results, presented in Table 2, reveal that the dark disks are quite different chemically 
from the rest of the film. 
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Figure 4: A magnified view capturing a hole with accompanying lid. 
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Table 2  Quantitative elemental analysis (atomic%) of the hole-like feature and its vicinity 
 

Region  La  Sr  Ga Si O 
Dark 
disk 

9.0 0.00 18.5 35.5 37.0 

 Film 
matrix 

15.2 2.6 32.1 3.9 46.2 

White 
disk 

17.5 3.5 32.8 1.7 44.7 

 
The dark disk has a much higher level of Si, and reduced concentrations of La and Ga as 
compared to the film matrix. These results provide conclusive evidence that the dark disks 
are holes in the film, created when circular disks of the film are ejected.  
 
Spontaneous alignment of microdots 
 
In the case of quantum dots, spontaneous alignment may occur if the substrate possesses 
vicinal surfaces with characteristic periodicities. Thus Kitamura et al [4] have grown InGaAs 
QDs aligned along the multi-atomic step structures of a GaAs (100) surface which was 
misoriented in the [010] direction by 2o. Lee et al. [5] showed preferential growth of InGaAs 
on one of the terraces of the giant steps formed  when the GaAs (211)B surface was 
misoriented in the [100] and [111] directions.  QDs formed preferentially on the resulting 
(311) B surfaces. Similar alignment mechanisms for microdots may exist. In particular, such 
islands could align themselves spontaneously on step edges or terraces of a vicinal surface 
formed by a possible miscut of the Si (111) surface. Further work needs to be carried out to 
gain a detailed understanding of such mechanisms. 
 
Microdots and holes: concluding remarks 
 
An inspection of Figure 2 reveals that the holes and the microdots present there form part of 
the same overall array. These two features must therefore be formed during the same film 
growing process. A possible mechanism for the overall process of microdot and hole self-
assembly may begin with the nucleation of the microdots at the steps of a miscut Si (111) 
substrate, with subsequent island growth taking place in a manner similar to the S-K growth 
mechanism. As film growth proceeds, the dots grow in size at different rates. Eventually some 
of these become too large to be stable, and are expelled from the film surface to produce the 
holes. Later layers of film begin to be deposited in the holes, thus filling them up partially.  
Alternatively, the film at the bottom of the hole may represent the critical thickness at which 
S-K growth occurs for the gallate-silicon system. 
 
References 
 
[1]  Shchukin V., Ledentsov N. N., and Bimberg D., Epitaxy of Nanostructures, Springer, 

(Berlin) (2004). 
[2]  D. J. Eaglesham and M. Cerullo, Phys Rev Lett, 64, 1943 (1990). 
[3]  G. Jin, J. L. Liu, S. G. Thomas, Y. H. Luo, K. L. Wang, B. Y. Nguyen, Appl. Phys. 

Lett.,75, 2752 (1999). 
[4]  M. Kitamura, M. Nishioka, J. Oshinowo, Y. Arakawa, Appl. Phys. Lett, 66,  3663 

(1995). 
[5]  J. S. Lee, S. Sugou, Y. Masumoto,  J. Cryst. Growth, 205, 467 (1999). 


	Investigation of the Growth and Spontaneous Alignment of Lanthanum Gallate Self-Assembled Microdots on Si(111) Surface
	Introduction
	Experimental
	Results and discussion
	
	EDS measurements


	The dark disk has a much higher level of Si, and reduced concentrations of La and Ga as compared to the film matrix. These results provide conclusive evidence that the dark disks are holes in the film, created when circular disks of the film are ejected.
	
	
	
	
	Spontaneous alignment of microdots

	Microdots and holes: concluding remarks



	References


