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Abstract 
 

The electronic properties of the ScxGa1-xN ternary alloy are investigated. The transition from 
rocksalt (B1) to zinc blende (B3) structure is found to occur rapidly after incorporating just a small 
fraction (less than 1%) of Ga. In the present paper, the first principles method the full potential linear 
muffin-tin orbitals method (FPLMTO) in its atomic sphere approximation (ASA) coupled to the 
technique of the empty spheres is employed. Our results concerning the electronic properties are 
different from those reported in literature. 
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1 Introduction 

ScN has recently been the subject of many works [1- 4]. This is not only due to the fact that it is a 
nitride but also to the earlier controversy which took place in the literature concerning its 
semiconducting nature and to the value of its gap. Indeed, it is found that the rocksalt (B1) 
configuration is the most probable with the possibility of a transition to the CsCl (B2) at high 
pressures [3]. Recent first principles calculations carried out within G0W0-quasiparticule using exact 
exchange approach show that ScN is a semiconductor in the rocksalt (B1) phase with an indirect Γ-X 
band gap of 0.99 ± 0.15 eV which supports experimental findings [5].  
It has been found that ScN presents a second minimum in the wurtzite phase (close to the minimum of 
the rocksalt (B1) phase) [3] so that it is expected that ScN can probably be used to fabricate 
superlattices (SLs) with GaN, AlN and InN nitride materials which crystallize either in the wurtzite 
(B4) or the zinc blende (B3) phase. Total energy full-potential linearized augmented plane wave (FP-
LAPW) calculations performed on the ScxGa1-xN ternary alloy predicted that for Sc concentrations 
greater than 75%, the rocksalt structure is more favourable than the wurtzite one and for smaller Sc 
concentrations, the wurtzite phase becomes more stable and the fundamental gap is direct and large. In 
agreement with experiments, it has been found that the band gap increases with the decrease of the Sc 
concentration [6]. Hence, it is probable that for Sc concentrations smaller than 75%, wurtzite/wurtzite 
Sc(Ga,Al,In)N/(Ga,Al,In)N SLs can be obtained. 
Using the empirical pseudopotential approach (EPM) [7] under the virtual crystal approximation 
(VCA), BenFredj et al [8] have investigated the electronic properties of ScN, GaN and their 
hypothetical ScxGa 1-xN alloy in the zinc blende phase. Interesting results concerned with the effective 
masses and gap variations have been reported. Their calculation predicts that the crossover from a 
direct to an indirect band gap is at x=0.39 which corresponds to an energy of 4.89 eV. It is also clear 
from Ref [8] that the gap of the alloy is wide and this is not only due to GaN but also to the wide gap 
of ScN in the zinc blende phase [9]. However, in regard with the EPM empirical method and to the 
fact that the ternary alloy has been assumed to crystallize in the zinc blende phase for any Sc mole 
fraction, these results have to be checked by a more accurate first principle method, this is one of the 
purposes of the present work. In particular, we want to check the x concentration for which the ScxGa1-

xN ternary alloy is expected to have either a rocksalt (B1) or a zinc blende (B3) structure. The 
electronic properties of  hypothetical ScxGa1-xN SL systems are also adressed. 

2 Calculation details 

Our calculations were performed within the first principle method of the atomic sphere approximation 
(ASA) version of the full potential linear muffin-tin orbitals (FPLMTO) involving the technique of the 
empty spheres [10-12] which enables an accurate treatment of the so-called open structures. The unit 
cell is divided into non overlapping muffin-tin spheres of radius RMTS and interstitial regions. The 
RMTS can be taken different for each atomic species  in different phases since the full potential is 
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utilized. The latter ensures the no dependency of results on the RMTS. Details of calculations are 
listed in Table 1. 
The muffin-tin spheres potential is expanded in spherical harmonics inside the spheres and the 
exchange correlation energy of electrons is described in the local density approximation (LDA) [13, 
14] using the parameterization of Perdew et al [15]. The available computer code lmtART [16, 17] 
was used in the present work. Special care was given to the K-mesh divisions needed in the Fourier 
transformations which have been found to influence greatly the present calculations. In Fig. 1, we 
show the variation of the total energy versus number of divisions which are assumed to be the same in 
the three directions. We find that GaN calculations converge for 6 divisions in the B3 phase and for 8 
divisions in the B1 phase and ScN calculations stabilize from 5 divisions for the B3 phase and for 10 
divisions in the B1 phase. For convenience, we have taken for the two materials and their relative 
alloys and SLs 7 divisions for the B3 phase and 9 divisions in the B1 phase. 

3  Results    

In both B1 and B3 configurations, a unit cell (not the primitive cell) made of one cube with 
ax=ay=az=a0 is considered. In both cases, a basis of eight atoms is considered. Their positions are 
clearly shown in Fig. 2. Each position contains two atoms, the first one being Sc or Ga, and the second 
one being N which can be obtained from the first atom by a shift of (ax/2, ay/2, az/2) in the B1 phase 
and by (ax/4, ay/4, az/4) in the B3 phase. Indeed, there are several other possibilities of samples, those 
which are considered here are chosen for commodity. Other choices not only lead to cumbersome 
calculations but are numerous and cannot all be taken into account. However, we believe that our 
choice is able to shed light qualitatively on the problem and may be quantitatively a good 
approximation.  
First, we have calculated the equilibrium lattice parameters of our ScxGa1-xN ternary alloy for chosen x 
concentrations in both B1 and B3 phases. For each phase, the total energy was plotted versus the 
lattice constant, and the equilibrium corresponds to the lowest value of the total energy (Fig. 3). The 
volume formula for both B1 and B3 are identical. In both B1 and B3 phases, each value of x gives 
only one possibility for the atomic positions, all the others are equivalent. The value x=0.25 is 
obtained when Ga occupies only one position (1, 2, 3 or 4), the value x=0.5 occurs when Ga occupies 
two positions. The last case x=0.75 corresponds to three positions occupied by Ga. Table 2 
summarizes the results for the equilibrium lattice parameters for each case. We remark that our values 
agree well with literature except with those of  the B1 phase of Ref [6]. 
In the case of x=1 (ScN), it is clear that the B1 phase is the ground state configuration. However, all 
the minimization curves where Ga is involved show that the transition to B3 phase has occurred. In 
Fig. 4, we have plotted the variation of the total energy versus x for the two phases. It is clear that the 
transition is expected to occur approximately around x=0.99 which means a gallium fraction of only 
1%. Thus, we expect it is possible to fabricate a zinc blende on zinc blende GaN/ScGaN SL involving 
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a ternary with a low concentration of Ga, probably less than 1%. The maximal lattice mismatch is 
found to be η=7.24% for x=0.75. 
While ScN (x=1) is confirmed in the present work to have an indirect band gap in the zinc blende 
phase with the bottom of its CB at W and the top of its VB at X [9], all the other ternary alloys 
(x=0.25, 0.50, 0.75) and also the GaN (in the zinc blende phase) are found to have direct Γ-Γ band 
gaps. The Γ-Γ gap variations are presented in Fig. 5 which clearly shows that this gap increases non 
linearly with x except between x=0 and  x=0.25 for which it is a little bit lowered indicating that there 
is a bowing effect. This result is completely different from that presented in Ref [8] which predicts a 
crossing between the Γ-Γ and the Γ-X gaps and also the behaviour of the variation curve is different. 
This is due to the fact that in Ref [8] the VCA has been assumed to be valid while it is clear from the 
present first principle calculations that it is not completely true. 

4 Conclusions 

The ScxGa1-xN cubic ternary alloy has been investigated within the ab initio ASA version of the 
FPLMTO method coupled to the empty spheres technique. This ternary compound is expected to 
crystallize in the zinc blende (B3) phase provided a small Ga fraction is involved in it. The obtained 
results show that in all cases the zinc blende ternary alloys have a semiconducting behaviour with a 
direct Γ-Γ fundamental band gap. 
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Table 1:  Parameters used in the FPLMTO calculations. RMTS, the muffin tin sphere radii is in 
atomic.  
 

Parameters NaCl (B1) Zinc blende (B3) 
 GaN ScN GaN ScN
lmax   6 6 6 6 
RMTS 
(Ga,Sc) 

2.1260 2.3680 1.9490 2.1740 

RMTS (N) 1.8110 1.8610 1.6600 1.7780 
 
 
 
 
Table 2: The equilibrium lattice parameter ax (in Ǻ) parameters of ScxGa1-xN for the different cases. ay 
and az can be deduced following the case. 
 

x of Sc NaCl (B1) Zinc Blende (B3) 
0.00 (GaN) 4.1657 *)  3.01 a)   4.4105 *) 
0.25 
(Sc0.25Ga0.75N) 

4.2601 *)  3.16 a) 4.5458 *) 

0.50 
(Sc0.50Ga0.50N) 

4.3486 *)  3.13 a) 4.6573 *) 

0.75 
(Sc0.75Ga0.25N) 

4.4042 *)  3.07 a) 4.75076 *) 

1.00 (ScN) 4.4748 *)  3.21 a)  4.54 b)  4.455 c)  4.533 d)  

4.651 e) 
4.8231 *)  4.88 b)  

4.939 e) 
*) Present work   a) Ref [6]   b) Ref [3]   c) Ref [5-LDA]   d) Ref [5-GGA]   e) Ref [9]    

 
 
 
 
 
 
 



 

6 
 

 

 
 

Fig. 1. Convergency test of the total energy of  a) GaN, b)ScN. 
 
 

 
 

Fig. 2. Schematic representation of the considered cells for ScGaN in both B1 phase and  B3 phase. 
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Fig. 3. Calculated total energy versus relative volume for both zinc blende (full squares)  
and rocksalt (open circles) phases. Energies are in Rydbergs and volumes are in atomic units. 
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Fig. 4. Variation of the difference of the equilibrium total energies of the 
B1 and the B3 phases for the different cases. 

 
 
 
 

 
 

Fig. 5. The ternary alloy Γ-Γ gap variations. 
 


