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Abstract. Growing the epitaxial layers that contain the aluminium or indium has its 
specific features. So, the epitaxial layers prepared using the method of liquid-phase 
epitaxy at high (0.1 to 0.2 at. %) contents of a replacing element can possess a phase 
non-uniform boundary interface or goffered surface. Height of peaks can run from 2 up 
to 15 μm in them. The results of researches of diode structures based on epitaxial layers 
obtained by a combined method are represented in this work. The difference of the used 
method is that in the beginning growth of a layer goes as that under compulsory cooling, 
and further as the combined one. So, the melt will be combined due to the solid phase 
from the epitaxial layer, after admission of the first portion of a solution-melt onto the 
substrate when cooling the system and another part of the solution-melt will become 
saturated. In the beginning, the layer grows due to isothermal epitaxy caused by mixing 
the first and second portions of melts when feeding the next discrete portion of the 
solution-melt, onto the previous one. After their composition equalization, there takes 
place a growth caused by compulsory cooling. This way to grow the epitaxial layers can 
be considered as delta-thermal liquid-phase epitaxy in the multistage process. 
ΔТ = 3…10 °C is optimum for the initial crystallization temperature Tcr = 750…830 °C. 
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1. Introduction 
 
Semiconductor p-n and metal-semiconductor transitions 
are a basic element of various semiconductor structures. 
There the physical processes originate with thin (less 
than one micrometer) transition and go along a direction 
of high field area movement. As to properties and 
characteristics of specific structures, they in many 
respects depend on parameters of initial materials, 
technology of preparation and principles of their 
creation. 

One can distinguish the sharp layer structure and 
that with a dim-diffusion boundaries. At a deviation of 
connected structure of surfaces structure to some nuclear 
layers from the bulk structure of contacting materials the 
sharp borders turn out. Diffusion boundaries comprise 
several tens of nuclear layers, the structure of which 
differ from that of the bulk in contacting materials. 

At the epitaxial growth due to isothermal epitaxy or 
compulsory cooling, the epitaxial layers containing 
aluminium or indium with the content of the replacing 
element about 0.1 to 0.2 at. % can posssess a phase non-
uniform boundary [1] or goffered surface [2]. The height 
of peaks in them can reach from 2 up to 15 μm. 

To increase the structural perfection of epitaxial 
layers (AlGaAs, GaAs, InGaAs), we used the alternate 
contact of a solution-melt with the grown layer as the 
multistage process of growth gives the effective results. 
Thus, the formation of new boundary surfaces preserve 
dislocations to disseminate from one layer into another. 
In this aspect, the usage of this way, namely, delta-
thermal liquid epitaxy [3] in the new updated form is of 
interest to obtain micro-layer epitaxial films. 

The difference of the modified way is that initially 
the growth of a layer goes similar to that observed at 
compulsory cooling, but further it is closer to combined 
process. So, after admission of the first portion Р1 of the 
solution-melt onto the substrate, in the course of cooling 
the system to the chosen temperature Т1 = Т0 – Т1, the 
melt will be exhausted for the sake of coming down of 
the epitaxial layer from it, and another part of a solution-
melt becomes saturated. When feeding the next discrete 
portion Р2 of a solution-melt over the previous one, the 
layer initially grows due to isothermal epitaxy initiated 
by mixing the first and second portions of melts, and 
after alignment of their structures there take place a 
growth caused by the compulsory cooling to Т2 = Т1 - Т2. 
This way of growing the epitaxial layers can be 
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considered as a modification of delta-thermal liquid-
phase epitaxy in the multistage process. Thus, more 
stationary crystallization front is provided, and as though 
growth of each micro-layer is carried out with variable 
speed, more exactly with decreasing the speed. For 
initial crystallization temperature Тcr = 750 to 830 ºС, 
optimum ∆T is within the range 3 to 10 ºС. 

It is offered to achieve the accuracy to control the 
structure of grown epitaxial layers by feeding the 
solution-melt as discrete portions in accord with the law 
[4] 
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where 0 ≤ n ≤ 2, m – mass of one discrete part, t – time 
of its introduction; and m ≤ 5⋅10–2  mass of the basic 
solution-melt. 

The advantage of the offered way is that all the 
amount of a solution-melt moves onto the substrate not 
at once but by portions. 

This feeding way allows to gradually avoid the 
super-saturation and, in such a manner provides a 
controllable growth of the epitaxial layer. If feeding all 
the amount in one time, the growth rate would be very 
high in the very beginning, and then sharply decrease. In 
our case, each portion has the same super-saturation 
degree. As a result, the growth rate remains constant 
from the beginning up to the end of the process. As a 
result, the quality of layers and morphology of a surface 
from layer to layer become more and more perfect.  

The choice of ∆T in the interval 3 to 10 ºС at the 
initial crystallization temperature 750…855 ºС has 
allowed to obtain the epitaxial layers of GaAs, InGaAs 
and AlGaAs with the thickness from 0.2 up to 2 μm and 
containing from 4 to 8 micro-layers with a mirror upper 
surface. 

When growing the epitaxial layers of solid solutions 
of aluminium-gallium arsenide on substrates of gallium 
arsenide, the following regularity was observed. The 
epitaxial layers grown up by compulsory cooling from 
solutions-melts (Al + Ga + GaAs) of certain structure 
have at the boundary with a substrate the structure 
originally given in the melt, where the aluminium 
concentration decreases when coming to the surface of 
the layer. 

If layers of solid solutions aluminium-gallium 
arsenide are grown by pressing out of the previous 
solution-melt with increasing amount of aluminium in 
the subsequent one, their structure turns out with an 
increased concentration of aluminium [5], that is the 
layers which are coming nearer to structure of each 
solution-melt grow on the boundaries of contacts with 
the solid phase. 

Thus, at the growth of aluminium-gallium arsenide 
epitaxial layer the growing layer with bounding with a 
solid solution (substrate) watches (keeps up) to structure 
of a solution-melt created at front of crystallization. 
When the structure of grown aluminium-gallium 

arsenide layer is compared to the structure of a liquid 
solution-melt, the growth process stops. Accordingly, at 
the moment of a solution-melt contact with the substrate, 
the phase is formed on their boundary that is in 
equilibrium with the substrate, and, from which the 
growth of epitaxial layer begins at cooling or addition 
melt with structure distinct from the phase. 

If to accept their stratification at the contact with the 
substrate as the basic difference of aluminium solution-
melts from indium or phosphorus ones, then at the initial 
moment the phosphorus solution-melt etches the surface 
of a substrate, and the indium one dissolves. According 
to certain critical structure, the phosphorus solution-melt 
will be stratified by layers with the large density of 
phosphorus at the solution-melt surface and with a 
smaller one at the substrate. On the contrary, the indium 
solution-melt will have the layers with the large indium 
density on the boundary with the substrate. 

Let's note that in the case of indium solution-melts 
the temperature of wetting the substrate (GaAs) is more 
effective than at the temperature of  the solid solution 
growth. As a result, the gradient of the structure is 
created along the melt thickness during the growth 
process. 

The structural ingomogeneity of solid solutions 
observable in practice as well as effects at the 
heteroboundary InGaAs-GaAs can be explained by the 
indium layer growth mechanism offered below. 

At the initial moment of contacting between 
homogeneous solution-melt (In+Ga+GaAs) with a 
substrate (GaAs), there is etching the substrate (for 
example, dissolution, of one atomic substrate layer of a 
material with the removal arsenicum into the liquid bulk) 
with the creation of a superstructure. As a result, the 
equilibrium phase is formed at the boundary with a 
substrate as a thin sub-layer with the higher indium 
density and concentration, greater than in the solution-
melt bulk. 

In the process of decrease of the system 
temperature, the difference in structures at the 
boundaries between solid and liquid phases is increased 
prior to the beginning of layer crystallization. The 
further growth of layers proceeds by moving the 
crystallization front into the depth of liquid with 
simultaneous formation of a solid indium-gallium 
arsenide solution of the same bulk structure. The 
reduction of indium and arsenicum in the volume of the 
melt is restored by removal of indium-arsenicum from 
the equilibrium sub-layer at the front of crystallization. 

On the basis of thin p-n junction grown up from a 
liquid phase on low-ohmic substrate with p+-type 
conductivity the diode structures have been made. The 
area of a n-type is grown up in them from a source 
(Ga+GaAs) gallium-arsenide with the concentration of 
carriers 2⋅1016 cm–3,  and also has the thickness of 0.6 to 
0.8 μm. The current-voltage characteristic of produced 
thin-junction diode structures have abnormal properties, 
as well as in structures with the Schottky barrier [6, 7].  
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Fig. 1. Current-voltage characteristics of one of the structures.  Fig. 2. Voltage-capacity characteristics (curve 1 – in 

darkness, curve 2 – at illumination). 
 
 

The current-voltage characteristic data of one of the 
structures are given in Fig. 1. The current value 
decreases in the forward direction at the given voltage 
higher than 1.3 V and grows from 3.6 V in the opposite 
direction. 

The abnormal photo-electric effect takes place also 
in the capacitor characteristics in the mode of a small 
variable signal influence.  

The difference of the characteristic of the received 
structures is, that, they have selective photosensitivity, 
both from a working point, and from the frequency of a 
small variable signal. As shown in Fig. 2 the capacity of 
the p-n junction in the darkness (curve 1) passes through 
the maximum at 5 ± 0.5 V. The greatest change in the 
capacity is observed at illumination just in this point 
(Fig. 2, curve 2). Up to this site the dependence of 
capacity on a cut-off voltage obeys the known law 
C ~ V2. 

Thus, the performed experiments show that the 
delta-thermal liquid epitaxy is suitable to obtain the thin-
layer diode structures. 
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