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In this paper, liquid phase epitaxy method used for the synthesis of free-standing single crystalline films of III-
V compounds by interaction of the quaternary Sn-Al-Ga-As liquid with binary solid GaAs substrate. It is 
shown that the possibility of the formation of free-standing single-crystalline films in such systems is deter-
mined by thermodynamic and kinetic conditions near liquid-solid interface at the growth temperature. On the 
basis of thermodynamic analysis and experimental study of similar multi-component systems were identified 
key crystallization criteria of these films. These criteria were used to predict the synthesis of free-standing bi-
nary semiconductor films on a distance from the initial semiconductor substrate in some systems. 
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Introduction 
 
Over the past decade, has developed several me-

thods for producing thin films of single-crystal gal-
lium arsenide allows you to reuse the same costly 
substrate. These include Peeled Film Technology 
(PFT) [1], Cleavage of Lateral Epitaxial Films for 
Transfer (CLEFT) [2], weight induced epitaxial lift-
off (WI-ELO) [3]. However, currently the most 
widely used is the WI-ELO method. At its base, as 
in the PFT technique is preliminary formation of  a 
sacrificial AlGaAs layer with Al concentration 
above 60% on the GaAs substrate and the subse-
quent growth of a desired film, or   device structure. 
After growing a thin film structure, intermediate 
AlGaAs layer selectively removed in a hydrochloric 
acid or hydrofluoric acid solution, leading to the 
release of the grown structure from the substrate. 
The substrate is not destroyed, making it suitable 
for producing of a new cycle while the thin film 
structure can be bonded to a secondary substrate, 
and used independently. 

In [4], an alternative method of synthesis of 
free-standing gallium arsenide films. It is based on 

the phenomenon of the abnormal growth of single 
crystalline films of certain A3B5 semiconductor 
compounds during crystallization from the tin-
aluminum melt, when an epitaxial film, as con-
trasted to conventional LPE, is formed not on the 
substrate but at a small distance from it in the vo-
lume of solvent. This paper presents an analysis of 
the conditions that lead to the synthesis of free-
standing single crystalline films during the solution 
crystallization. 

 
Results and discussion 

 
Previously, it was found for GaAs substrates 

that separated film had a single crystalline structure 
with crystallographic orientation of the substrate 
and repeats its natural or artificially generated topo-
graphy (fig.1). 

Elemental analysis of the cross sections of the 
film / melt / substrate structure showed that the 
composition of the film and the substrate are iden-
tical (Figure 2a) except for a narrow area in the film 
from the substrate, wherein the composition is close 
to the AlAs (2b). 
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Figure 3 – Fragment of GaAs/AlAs/GaAs structure,  
synthesized in the system of Sn-Ga-Al-As 

 

 
 

Figure  4 – GaAs solubility in molten Sn-Al (1) and Ga-
Al (2) at 1000 K and a corresponding change in the com-
position of the AlGaAs solid solution (1’, 2’) depending 

on the Al concentration in the liquid phase 
 
Studies have shown that the temperature depen-

dence for  optimum aluminum concentration in liq-
uid (CAl) to grow perfect free-standing films using 
the Sn-Al-Ga-As system can be expressed (in atom-
ic percent) as: CAl = 3,3E-3 [exp (2160 / (Tm-T)], 
where Tm is the substrate melting point -, T is a 
temperature at which the substrate contacted to the 
melt.  

An important role at free-standing matrix films 
formation plays behavior of liquidus and solidus 
isotherms in quaternary systems based on inert sol- 
vents. Existence of the intersection point for the  
 

liquidus isotherms (1 and 2 in Figure 4), result in 
change of sign of As solubility: on it left the As so-
lubility decrease with the increasing of Ga concen-
tration in liquid but on it right As solubility increase 
with Ga concentration. In addition the solid phase 
composition around intersection point is near AlAs. 
This two factors determine the relaxation kinetics at 
liquid-solid interface when the dissolution of the 
substrate and the growth of new phase occur simul-
taneously. In accordance with the "growth-
dissolution" mechanism, after touch the substrate  
with a Sn-Al melt at given temperature, in local 
areas will go  substrate dissolution, whereas in the 
neighboring areas will form AlAs islands. Depend-
ing on the Al concentration at the interface will pre-
vail one or other mechanism for determining the 
resulting process toward dissolution or growth. In 
the phase area of separated growth the greater part 
of the substrate surface covered with a AlAs layer, 
and a localized region of dissolution, remain a 
source of GaAs to saturate the liquid phase. Be-
cause of high lateral speed of substrate dissolution, 
the saturation of the liquid phase is due to substrate 
dissolution near AlAs film. Under certain condi-
tions this process lead to   complete separation of 
the single crystalline AlAs matrix and it "hovering" 
above the initial substrate in free-standing position. 
During the subsequent cooling procedure, on the 
matrix film can be grown GaAs-based device struc-
ture.   

Numerous experiments have shown that the 
possibility of the synthesis and perfection of the thin 
film material is primarily determined by the ther-
modynamic parameters of binary semiconductors 
forming a ternary solid solution during the growth 
process. Table 1 summarizes some of the thermo-
dynamic characteristics of experimentally investi-
gated systems located in the descending order of 
separated films quality and the increasing degrada-
tion of the substrate. It includes the compound melt-
ing temperature (Tm),  the melting temperature dif-
ference between compounds forming a solid solu-
tion Tm, the difference in their heats of formation 
H0,298) and the heat of formation for higher-
temperature compound H0,298 (a - film, b - sub-
strate).  
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Table 1 - Some thermodynamic parameters of individual III-V semiconductor compounds 
 

 
It is seen that the substrate has always a lower 

melting point than epitaxial matrix film growing on 
the substrate after contact with a liquid phase. Since 
the   initial solid phase in these systems is a more 
high-temperature binary compound, the analysis 
based on the comparison of the properties of binary 
semiconductors is reasonable.  References data and 
our own experiments show that separated growth is 
impossible in systems where the melting temperature 
of the substrate higher than the melting temperature 
of an initial solid phase. Such systems are, for exam-
ple, In-Ga-As / GaAs, In-Ga-P / GaP et al. Reduction 
of difference in melting points of compounds form-
ing system leads to a reduction in the quality of the 
free-standing film. This is due to a decrease in "pro-
tective" properties of initial epitaxial film insulated 
substrate from dissolution. Similarly the "quality" of 
separated growth decreases with difference decreas-
ing between the heats of binary compounds forma-
tion. In a high-temperature system, the energy gain  
 

from the crystallization of a wide-gap semiconductor 
is much higher. Thus, we can conclude that separated 
growth should be expected in systems with large dif-
ference in melting points and the heat of formation of 
binary compounds, and substrate material should 
have a lower melting point. 

Taking into account the last conclusion, we can 
assume probability of free-standimg growth in the 
systems: Al-In-As / InAs (Tm = 803K, 
N298) = 58.6 kJ / mol), Ga-In-P / InAs (T m 
= 528K, N298) = 35.6 kJ / mol), Ga-As-N / 
GaAs (Tm = 459K, N298) = 39,9kDzh / 
mol), Al-In- P / InP (Tm = 1480K, N298) = 
76.7 kJ / mol), and others. It should however be 
borne in mind the need to close lattice parameters 
(see. Table 2), and the identity of the crystalline 
type of the materials, and certain other requirements 
to solid solutions LPE, for example, it need a suffi-
ciently high solubility of the substrate’s material at 
growth temperature. 

 
Table 2 – The influence of the mismatch of the lattice parameters of semiconductor compounds on the growth characte-
ristics of free-standing films 

 

 
Table 2 shows that the quality of separated 

films falls, and the degradation degree of the 
substrate increases with the mismatch of the lat-
tice parameters for the first three systems. How-
ever, in the GaP-InP, with maximum lattice 
mismatch at crystallization temperature good 
quality films are formed in a narrow range of 
thicknesses up to 2 um with a slight dissolution 
of the substrate. In the latter system, a strong 
lattice mismatch effects only when the film 
thickness is greater than the critical value. In 
this case, the elastic stresses generated in the 

growth process, increasing the interfacial energy 
at the heterointerface. Similarly, in the AlSb-
GaSb system island growth was observed, when 
the composition of the AlGaSb solid solution 
differs from the initial solid phase composition. 
Thus, the lattice mismatch of binary semicon-
ductors forming a solid solution mainly affects 
the crystallization of the film when the process 
of matrix film separation and substrate dissolu-
tion has been completed and the subsequent 
growth is situated on the single crystalline ma-
trix film free-standing in the volume of melt. 

System Melting point 
Тm., К 

ΔТm., 
К 

Δ(-ΔН298 ) 
kJ/mole 

–ΔН0,298 
kJ/mole 

а b а b   a 
AlP GaP 2823 1738 1085 72,0 165,4 

AlAs GaAs 2013 1511 502 45,4 116,4 
GaP InP 1738 1343 395 4,7 93,4 
AlSb GaSb 1323 985 338 5,0 49,2 

System Δ a, % Growth characteristics 
AlP- GaP <0,01 High film perfection, planar dissolution of GaP substrate (less than 2 um) 

AlAs-GaAs 0,14 High film perfection, planar dissolution of GaAs  substrate (less than 5 um) 
AlSb-GaSb 0,65 Rough relief, deep, non uniform   GaSb subsnrane dissolution (50-100 um), solvent  inclusion 

GaP-InP 7,3 Good film quality up to 2 um thickness. Increase in film thickness leads to island growth, weak 
planar InP substrate dissolution 
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Conclusions 
 
Behavior of liquidus and solidus isotherms in qua-

ternary systems based on inert solvents plays an impor-
tant role at free-standing matrix films formation. 

Separated growth is appeared in systems with 
large difference in melting points and heat of forma-
tion of binary compounds, and substrate material 
should have a lower melting point. 

The quality of separated films falls, and the de-
gradation degree of the substrate increases with 
mismatch in lattice parameters of the binary semi-
conductors. 

Lattice mismatch of binary semiconductors 
forming a solid solution mainly affects after matrix 
film separation process and lead to growing film 
elastic deformation. 

The studies have shown the promise of this me-
thod for making thin-film synthesis of functional 
structures for various purposes. 
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