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In last years interest to unstable semi-conductor alloys as to one of possibilities of nanoscale 
heterostructure production has renewed. 
 
In 80th years the direct evidence of homogeneous film dissociation to domains of various 
structure was shown by TEM. Before our work starts the images of InGaAsP layers that were 
grown in unstable region of phase diagram has been obtained by several research groups [1-
3]. It was informed that TEM plane view images of such layers contain fine-scale structure 
(with period about 10 nm) and coarse-scale structure (with period about 100 nm) of intensity 
modulation along [100] and [010] directions. In the literature there are two opinions about 
these images. A number of authors suppose that coarse-scale modulation structure 
corresponds to solution modulation of unstable InGaAsP layer. Origin of fine-scale structure 
either are not explained or it is considered, that fine-scale modulation structure is inherent in 
all solid layers with three or more components. Another authors consider that only fine-scale 
structure correspond to solution modulation. And coarse-scale structure is consequence of 
layer dissolving and it can arise due to redistribution of strain fields in sample or curvature of 
samples surface. Our goal is to study influence of growth conditions on InGaAsP layer 
dissolving and to find out for us the nature of both modulation structures. 
 
We had aim to investigate structure of InGaAsP layers which were grown in unstable region 
of phase diagram and to find out correlation between structural and luminescent properties. 
We applied theoretical model developed by I.P.Ipatova and others [4]. According to 
theoretical model driving force of dissolving of homogeneous layer is chemical energy, and 
elastic energy of domain borders and mixing entropy are stabilizing force. 
 
InGaAsP layer were grown by Liquid Phase Epitaxy (LPE) on GaAs (001) and InP (001) 
substrates in the unstable region of phase diagram. Samples were investigated by TEM in two 
sections (cross-section (110) and plane-view (001)) by Philips EM-420. 
 
In plane view (001) TEM images two periodic structures of contrast modulation was obtained. 
Directions of both contrast modulation were [100] and [010]. Period of fine-scale structure 
was 11 - 18 nm and period of coarse-scale structure 60 - 100 nm (Fig.1). The fine-scale 
modulation structure was present almost in all researched samples. Moreover, the more layer 
composition was unstable, the more fine-scale structure looked like square cells. Outside of 
unstable region of layer compositions the TEM images had only statistical disordered 
fluctuations with characteristic distance 6 - 10 nm. The coarse-scale modulation structure was 
present not on all samples which were grown in unstable region. However she always looked 
like regular square cells. According to photoluminescence, the film, having only one structure 
with period about 10 nm on plane-view TEM image, has characteristics of dissociated film 
(the second peak in spectrum). On diffraction pattern the satellite reflexes corresponding to 
fine-scale modulation structure were observed. Satellite reflexes corresponding to coarse-
scale modulation structure cannot be resolved on our microscope. 
 
In cross-section (110) images the contrast modulation along [1-10] direction with period 40 -
 150 nm was observed. The modulation was decrease from surface to substrate. The fine-scale



 
Fig.1 Plain-view (001) bright field image 
(g=220) of InGaAsP layer (fine-scale and 
coarse-scale modulation strustures).  
 

 
Fig.2 Cross-section (110) bright field 
image (g=2-20) of InGaAsP layer. 
 

 
structure with period about 10 nm was observed only on some area of two samples. Probably 
it is result of “averaging” of image. Obtaining cross-section by TEM, it is very difficult to 
observe unbroken surface relief of sample and to define his period. Investigations on 
Scanning Electron Microscope have shown, that samples with coarse-scale modulation 
structure have a relief looked like square cells with characteristic distance about 150 nm. 
 
Summarizing all aforesaid, we came to such vision of processes: If we growth four-
componential layer in absolutely stable area of phase diagram, the non-uniformity of TEM 
images contrast is due to disorder statistical fluctuations of composition. If we growth the 
layer near border of stable/unstable areas, the statistical fluctuations amplify amplitude and 
ordered along direction of the least hardness (in our case <100>). In middle of unstable region 
the amplitude of statistical fluctuations reach the some limit value and further a composition 
fluctuations with period about 100 nm (coarse-scale structure) arise. For the greater reduction 
of elastic energy of domain borders the coarse-scale composition modulation should generate 
a relief of sample surface with the same period. 
 
Being based on our conclusions we have tried to simulate TEM image contrast from a similar 
sample. The simulation images were in a good agreement with the experimental images, but 
we do not think it is outstanding result. We hope to investigate samples by HRTEM and to 
apply our model there. 
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