
 Prediction of orientation relationship and interface structure  

between α-, β-, γ-FeSi2 and Si phases  

M.A.Visotin*a,b, I.A. Tarasova, A.S. Fedorova,b, S.N. Varnakova
, S.G. Ovchinnikova,b 

aKirensky Institute of Physics, Federal Research Center KSC SB RAS, Krasnoyarsk, 660036 Russia  
bSiberian Federal University, 660041, Krasnoyarsk, Russia 

*Corresponding author.  

E-mail address: mav@iph.krasn.ru (Maxim A. Visotin). 

Keywords: Interface structure; Structure Prediction; Orientation relationship; Near-coincidence site; Edge-to-edge 

matching; Iron silicide; DFT calculations; Thermal expansion;  

Synopsis 

Predictions of coherent interphase boundary orientations and atomic structures are carried out 

basing on purely crystallogeometric methods. Possible epitaxial interfaces are derived for α-, γ-, 

β-FeSi2 and Si phases to verify the proposed approach and show prospects of disilicide 

heterojunctions synthesis. 

Abstract 

Pure crystallogeometric approach is proposed for predicting orientation relationships, habit 

planes and atomic structure of the interfaces between phases, which is applicable to systems of 

low-symmetry phases and epitaxial thin film growth. The suggested models are verified on the 

example of epitaxial growth of α-, γ-, β-FeSi2 silicide thin films on a silicon substrate. The 

density of Near-Coincidence Sites is shown to have a decisive role in the determination of 

epitaxial thin film orientation and explains the superior quality of β-FeSi2 thin grown on Si(111) 

over Si(001) substrates despite larger lattice misfits. Ideal conjunctions for interfaces between 

the silicide phases are predicted and this allows for utilisation of thin buffer α-FeSi2 layer for 

oriented β-FeSi2 nanostructures growth on Si(001). The thermal expansion coefficients are 

obtained within quasi-harmonic approximation from the DFT calculations in order to study 

influence of the temperature on the lattice strains in the interfaces. Faster decrease of misfits at 

α-FeSi2(001)||Si(001) interface compared to γ-FeSi2(001)||Si(001) elucidates the origins of 

temperature-driven change of the phase growing on silicon substrates. The proposed approach 

guides from bulk phase unit cells to the construction of the interface atomic structures and 

appears to be a powerful tool for the prediction of interfaces between arbitrary phases for 

subsequent theoretical investigation and epitaxial film synthesis. 

 

1. Introduction 

The physics of surfaces and interfaces contribute greatly to the properties of the materials in 

real applications, especially when miniaturisation and low-dimensional and nanostructures are 

considered. This includes a wide variety of effects, from Schottky barriers and electron scattering 

to topological materials [1–3]. Unlike the bulk properties, which are studied nowadays with a set 

of robust theoretical and experimental methods, investigation of structure and properties of the 

interfaces is yet a great challenge for materials science. Even the mechanisms defining possible 

orientation relationships (ORs) and habit planes (HP) between two phases are not fully known 

[4]. 

Most methods of searching for ORs between phases or at grain boundaries are purely 

geometric and originate from metallurgy, studying alloys, precipitation, and diffusional phase 



transformations [5–12]. These methods are best at describing junctions between phases with 

quite similar high-symmetry structures, mainly fcc, hcp, bcc, and with a metallic type of 

chemical bonding, in that they are even capable of studying complex incoherent interface 

structures and defect distribution. However, in most cases, the description based on the matching 

of the lattice vectors is used, because in case of close-packed (cp) metal phases, matching of the 

lattice vectors from both phases almost definitely leads to good bonding between atoms within 

the unit cells and low interfacial energy. This is obviously not true for low-symmetry crystals 

[13], especially with more covalent-type of bonding, where matching of individual atomic sites 

and bonds should be obtained for minimisation of interfacial energy. Despite that, these methods 

have been successfully applied to epitaxial thin film synthesis of some cubic and hexagonal 

phases [14,15]. 

Nevertheless, it is still desirable to adapt such crystallogeometric methods for predicting ORs 

and HPs between more complex phases with the capability of taking into account the internal 

chemical bonding properties. In that, prediction of possible coherent interfaces with regular 

atomic structure is of great importance due to the stability of their electronic and transport 

properties on the one hand, and the compatibility of such substrate and film phases for epitaxial 

growth on the other hand. Feasibility of high-quality thin film synthesis is of particular interest 

for lattice strain band engineering [16,17] and for most of the applications in spintronics and 

optoelectronics. A vivid example of such case is an epitaxial synthesis of β-FeSi2 on silicon 

substrates. 

Semiconducting β-FeSi2 phase can be utilised as the active material in photon crystals, 

photovoltaics, thermoelectrics and also for electric charge storage, while being of particular 

interest for light emission diodes (LED) [18–22]. However, many possible application 

opportunities are hindered by the poor quality of monocrystalline thin films, along with a lack of 

tunability and band control. E.g. the highest reported values for output optical power and 

external quantum efficiency of β-FeSi2 devices are 420 μW and 0.12 % [23], respectively, which 

is currently inferior to that of InGaAs compounds [24]. Possible solutions in such cases are 

nanostructure growth and decreasing atomic structure defect density [25,26], but there are only a 

few reports of successful application of these approaches for β-FeSi2 [27–29]. The most probable 

cause is high lattice mismatches between β-FeSi2 and silicon [28,30]. 

The situation with β-FeSi2 synthesis is also complicated by co-existence of other iron silicide 

phases (ferromagnetic metals Fe3Si [31] and Fe5Si3 [32], and non-magnetic semiconductor 

ε-FeSi [33]), and especially isometric α-FeSi2 [34], γ-FeSi2 [28], and s-FeSi2 [28] because the 

possibility of concurrent growth of several phases amplifies the role of interfacial energy. While 

the ORs of β-FeSi2 growing on Si substrates have been quite deeply investigated [24], there is a 

lack of experimental data of preferable α-FeSi2 and γ-FeSi2 film orientations. 

Yet, iron silicides-based nanostructures are attractive due to their ecological safety and 

Earth’s core abundance that gives us the opportunity for a greener future with highly effective 

electronic devices. Also, such phase diagram peculiarities may give a possibility to control the 

morphology, lattice strain and, hence, the properties of the thin films by affecting the phase 

composition at the initial stages of the synthesis. While α-, γ- and s-FeSi2 are growing in the 

form of separate nanocrystals, rather than homogenous thin films, which may be exploited for 

the self-assembled synthesis of different phase nanostructures atop these nanocrystals, e.g. 

β-FeSi2 nanowhiskers. Thus, considering interfaces of different silicides with silicon and 

possible orientation relationship between them is of great interest. 



Here, we present a unified approach, which not only predicts ORs and HPs between two 

crystal lattices but also accounts for the internal chemical structure of the phases and capable of 

proposing approximate atomic structures of the interfaces for further atomistic modelling. The 

proposed approach is described step-by-step in Section 2. In Section 3 it is used to systematically 

examine possible orientation relationships between silicon and disilicide phases and possibilities 

of high-quality film synthesis of the phases on different substrate orientations are discussed. In 

Section 4 temperature dependence of lattice strain due to misfits corresponding to the ORs is 

suggested as a driving force for the phase switch of the phase preferably growing at different 

temperatures. 

 

2. Interface prediction approach  

2.1 General description 

Generally speaking, the question of finding the interfaces between two phases is a 10-D 

optimisation problem: the interfacial energy should be minimised with respect to 3 degrees of 

freedom (d.o.f.) corresponding to rotations of one crystal relative to another, 2 d.o.f. of habit 

plane orientations, 3 d.o.f. of translations of one crystal lattice relative to another, 1 d.o.f. 

corresponding to the position of interface region relative to the lattice of the crystals and 1 d.o.f. 

for interface thickness [35]. However, part of degrees of freedom may be reduced to a discrete 

number of variants by the adoption of some basic physics assumptions. If we are interested in 

coherent interfaces, strict periodicity in the interface is needed, which restricts the rotations of 

the lattices and HPs to those bringing lattice vectors into the interface plane. A requirement for 

an atomically sharp transition between the phases discards the value of interface thickness and 

restricts its position to the finite number of non-equivalent atomic sites. On the other hand, 

estimation of the interface energy is also a demanding task that can be done at different levels of 

complexity and accuracy, from full-scale electronic structure calculations to rough 

crystallogeometrical methods, like counting the number of coincidences and incoincidences of 

the sites in the conjugate lattices, which mimic the atomic defects in the interface.  

Herein we focus on a purely geometrical approach to finding possible interfaces between α-, 

β-, γ-FeSi2 and Si phases, which is simple enough to search through numerous variants and yet 

have already shown its efficiency. We use a systematic combination edge-to-edge matching 

method [7] to find possible ORs and subsequent near-coincidence sites (NCS) [11] density 

maximisation for prediction of the relative position of phases at the interface and also for 

comparison of different interfaces between each other. In that, a concept of atomic row density is 

reformulated to take into account small atomic displacements, which lies in the basement of the 

NCS matching, and thus both methods are used in a unified manner. Finally, the information 

about the coincidence sites is used to construct a simple atomistic model for the interface 

structure, which can be used as input for more advanced atomic structure prediction methods, 

e,g, dedicated Monte-Carlo, evolutionary or other heuristic algorithms [36,37] or directly in 

molecular dynamics or quantum-chemical studies. 

The proposed approach gives a framework to construct possible interface structures basing 

only on the equilibrium crystal structures of the phases. The overall scheme of the approach is 

the following: 

1. Find pairs of close-packed rows with low misfits; 

2. Find ORs and HPs (relative orientation); 

3. Stretch phases in accordance with the misfits; 



4. Find highest NCS density (relative position); 

5. Resolve the atomic structure of the interface. 

 

2.2 Close-packed atomic rows 

The ORs between phases are observed to be often guided by matching of close-packed 

atomic rows [7], which may be attributed to the need of correlated growth of the crystal phase 

across the interface. If the distance between the atomic sites in one lattice is sufficiently small, 

which means it is a close-packed (cp) row, this will promote coherent growth of the opposite 

phase [38]. Thus, the search for preferable ORs and HPs starts with determining the cp directions 

in the considered phases. Since in further considerations we assume that atoms are allowed to 

move around their equilibrium positions, we determine the packing density of a crystallographic 

direction by the number atoms lying within some distance from that line (a half of NCS criterion, 

0.235 Å, see explanation in Section 2.5 below) divided by the length. The criterion of an atomic 

row to be close-packed is set to 0.1667 Å-1, which corresponds to a maximum correlation 

distance between atomic sites to be 6 Å. This estimate was done based on the radial distribution 

function of amorphous silicon, which becomes monotonic at bigger radii [39].  

 

2.3 Finding interface ORs 

The approach we use in this work to predict the set of possible ORs of the interface between 

two phases is based on finding the good matching pairs of vectors of two crystals. The surface 

cell of the crystal is defined by two vectors a1 and a2 for the first phase, and b1 and b2 for the 

second phase (Fig. 1a). Initially, the array of all possible crystallographic translational vectors 

(including those of primitive cell) with the length of no more than Si[400] (21.7228 Å) is 

created. Such length maximum should not allow us to omit the possible direction pairs in the 

phases with the large difference in unite cell sizes, β-FeSi2||Si, for instance. Then, the array 

generated is used to create a separate set of only symmetrically non-equivalent vectors by a 

filtering procedure, in which the symmetry operations (corresponding to point group of the 

phase) are applied to compare the vectors in the array and select only the unique ones. The array 

of all unique vectors in the crystal, within the restricted length range, besides the cp atomic rows, 

contains those ones with a very low atomic density. Thus, the atomic density was calculated for 

each direction in the array to exclude from the further consideration the loosely-packed atomic 

rows. 

The next step aims to generate the array of surface unit cells for each phase. The first vector 

of the surface is always regarded as a close-packed and unique direction whereas the second 

vector is any vector in the crystal within the restricted length range. The generation of the surface 

cell array is conducted through the all-possible combinations between unique and non-unique 

vectors. However, symmetrically equivalent vector pairs are excluded so that to reduce the 

number of non-unique combinations at the next steps. 

Further, the surface unit cells for each phase are combined to create the array of the interface 

orientation relationships. To determine possible good matching interfaces the filtration of the 

array obtained is applied regarding the vector misfit between the vectors of two surface unit cells 

(Fig. 1b). Vector misfits are defined as δ1 = (|a1| – |b1|/|b1|)*100 %, δ1 = (|a2 – b2|/|b2|)*100 %, 

a1 is the close packed vector length in the surface unit cell of first crystal, b1 refers to the second 

one, a2 and b2 refer to the second pair of any vector in the first and second phase, respectively. 



For the criterion of maximal misfit value, a rather conservative value of 5 % was chosen, while 

the results for 4 and 7 % show good qualitative convergence, which is within typical misfit value 

range when one can expect epitaxial single crystal growth [40].  

The final step is aimed to reduce the quantity of the interface ORs obtained by filtering out 

symmetrically equivalent ones. However, since the resulting interfaces will be subject to 

deformation, i.e. stretching/compressing strictly along the cp direction, only those symmetry 

operations are utilized, that conserve the direction of the first vector of the surface cell. For that, 

the rotation matrices aimed to locate the surface unit cells of each phase onto the XY plane of the 

Cartesian coordinate system, with the first cp vector parallel to X-axis, are calculated. Afterward, 

the corresponding symmetry operations are applied to the rotation matrices of all the ORs so that 

to compare them against each other. If any of these rotation matrices for both phases are equal 

for some pair of ORs, these orientation relationships were considered equivalent and one of them 

was removed. 

 

2.4 Interface strains 

For considering a candidate OR the lattice of one phase is stretched to fit the other one in the 

habit plane and thus construct a periodic interface structure. This is done by finding the matrix of 

transformation between the matching vector pairs and generally follows the same procedure as 

described in [41]. Despite that we cannot compare the interfacial and elastic energy contributions 

directly, we still estimate the magnitude of lattice deformation by decomposing the 

transformation matrix into rotation and deformation parts, and calculating the average strain 

same as in [41]: 

𝜀̃ =
1

2
√𝜀𝑥𝑥2 + 𝜀𝑦𝑦2 + 𝜀𝑥𝑥𝜀𝑦𝑦 + 𝜀𝑥𝑦2  

where εαβ are the components of the deformation matrix.  

It worth noting that the NCS formalism does not imply stretching and fitting the lattices, 

however, the predictions of ORs favourability based on NCS density in unstrained interfaces do 

not correctly describe the experimental data on β-FeSi2 growth on silicon substrates. 

While the crystal lattices are subject to thermal expansion, the interface strains and misfits 

vary with the temperature. In order to analyse the role of this factor, the thermal expansion 

coefficients of the phases were obtained from Density Functional Theory (DFT) calculations 

using the quasi-harmonic approximation [42,43] and the temperature dependence of the 

corresponding interface strains was found. The results are presented in Section 4 and the details 

of calculation methods can be found in the Supplementary Information. 

 

2.5 Optimising NCS density 

Most of the crystallogeometric methods consider the atomic position strictly fixed to the 

lattice of the considered phases. But, like the phases are able to contract/stretch to accommodate 

to each other if the lattice mismatch is not very large, one should consider possibility of atoms 

move around their equilibrium positions. This idea was developed in the Near-Coincidence Site 

(NCS) matching approach [11]. 



Construction of the interface structures by site matching is based on the following idealistic 

model. If an atomic site of the phase #1, which falls into the interface region, coincides with an 

atomic site of the phase #2, such atomic site has the same type of neighbours as in either of the 

phases, and the bond lengths with these neighbours lie within the preferable range. This makes 

up good conditions for strong chemical bonding and, as a consequence, low interfacial energy, 

therefore the density of such matching atomic sites should be as high as possible. Of course, the 

matching atomic sites should correspond to the same or chemically analogous atomic species. 

Although regular ideal coincidence of atomic sites (as well as matching of the lattice periods) is 

almost impossible in reality, one may still consider two atomic sites matching if the distance 

between them is small enough to be compensated by possible atomic displacements. 

An illustration of the NCS model is given in Fig. 1b. Two phases are intersecting in some 

interface region, the borders of which are shown with black solid lines. The near-coincidence 

sites between two phases, which are marked with arrows, are searched for within the interface 

region. The atomic sites, which do not coincidence with other or coincide with atoms of different 

chemical element, are considered not-matched sites and marked with “×” symbols.  

 

Figure 1  

Illustration of the method finding a possible favourable ORs and atomic order on an interface (a) Search 

of the good matching surface unit cells of two crystals. (b) Scheme for calculation of misfit between two 

surface unit cell considered. (c) Schematic illustration of NCS atomic matching on an interface. (d) an 

example of automatically created atomic structure model for an interface between two crystals. (e) NCS 

density plotted VS interface energies calculated within DFT for some α||Si coherent interfaces. 

Using this approach, different variants of two-phase conjunction may be compared by 

counting the number of such near-coincidence sites due to correspondence to the energy of 



defects at the interface. If an atomic site of phase #1 at the interface is not matched by a site from 

phase #2, it would appear as a point defect, interstitial atom or vacancy if the site is occupied or 

not, respectively. Since phase #1 and phase #2 may have different atomic densities, it seems 

reasonable to search for the optimal interface structure by maximising the ratio of NCS to the 

overall number of the corresponding phase sites inside the interface region. Here, we use the 

following value to assess the goodness of the atomic site match:  

𝑅 =
1

2
(
𝑚1

𝑁1
+

𝑚2

𝑁2
)  (1) 

where N1 and N2 are the numbers of phase #1 and #2 atoms in the interface; m1 and m2 are the 

counts of near coincidence sites from the corresponding phases. The NCS density of the interface 

presented in Fig. 1b is R=2/3. In the right side of the figure, red dashed lines mark a model of the 

interface with R=1, but the interface region is too thin, which does not account for strong 

repulsion between the sites outside the interface being unphysically close to each other. While 

studying atomically sharp coherent interfaces, the thickness of the interface region should be 

kept as small as possible, but not less than the maximal bond length in the system to ensure that 

all bonds between the phases fall into the interface region. In our case, we use a thickness of 

2.35 Å, which is Si-Si bond length. 

To use the NSC density, one has to set the critical distance between two sites for them to be 

considered matching. The matching of the sites located at some distance is a result of the atoms’ 

ability to move in the vicinity of equilibrium positions, which depends not only on the atomic 

species but the local environment, including possible point defects. As a rule, the maximal 

distance between two matching sites is chosen to be 10 % of the lattice parameter or 15-20 % of 

the nearest-neighbour distance and the exact value is said to have little impact on qualitative 

results. Herein, we have chosen a value of 0.47 Å (20 % of Si-Si bond length), which 

corresponds to a situation when two atoms have been moved 0.235 Å towards the common 

matching site. In that case the total deformation energy reaches 1.2 eV (in case of force constants 

equal 21 eV/Å2 i.e. the maximal value among the considered phases found in DFT calculations in 

Section 4), which is not more than the point defect formation energy, e.g. 1.4-1.6 eV for a 

charged or neutral silicon vacancy in α-FeSi2 [44]. Basing on the same considerations of allowed 

atomic displacements for an atom, we have altered the definition of close-packed atomic row 

sets. The atomic density of some crystallographic direction are determined by the number atoms 

lying within a distance of 0.235 Å from that line per period of translation. 

In order to test the performance of R value criterion in assessing the energy of interphase 

boundaries, we selected 10 interfaces predicted by current approach for α-FeSi2 and Si, 

calculated the interface energy (by means of DFT, see details in Supplementary Information) 

using the predicted atomic structures, and compared the energies against the values of R 

(Fig. 1d). With the correlation coefficient of 0.79 between the interface energy and the NCS 

density, the value of R proposed here appears to be a valid test for thermodynamic favourability 

of given interface formation, while being deduced from purely geometric considerations only. 

In order to obtain the most favourable interface structure for a certain OR we have to 

maximise the NCS density R with respect to all possible translations of the phases relative to 

each other and to the interface. The vector of relative displacement should be defined modulo the 

translation vectors of either of the phases considered, so we use a 3D-mesh of vectors with a step 

of 0.15 Å and dimensions of 5.45×5.45×5.45 Å, which embrace either of Si, α-, and γ-FeSi2 unit 

cells. For each relative displacement, a finite-size interface cell (100×100×2.35 Å) is built and 

filled with the interpenetrating lattices of the corresponding phases, and the number of NCS, as 



well as the total number of atomic sites in the interface cell, is obtained to calculate the value of 

R for this displacement vector. After iterating over all the relative displacement vectors, the 

maximal possible NCS density R for considered OR and HP is found. The convergence of the 

results with respect to the 3D-mesh of displacement vectors used have been tested for the best 

100 ORs: the results obtained with the step size of 0.15 Å have been checked against the results 

for the mesh with a step of 0.10 Å and good agreement between the values of R is observed.  

 

2.6 Atomic configuration 

The information about relative orientations and dispositions of the phases with respect to the 

HP is still insufficient to determine the atomic structure inside the interface region. One yet has 

to decide which of the lattice sites belonging to either of the phases are occupied. The question 

has to deal with the nature of chemical bonding and thus needs prior knowledge of favourable 

bond lengths (and, possibly, the chemical potentials of the elements, if some special synthesis 

conditions are concerned). Herein, we propose the following scheme for prediction of interface 

atomic structures between a substrate and epitaxially grown film: 

First of all, the coincidence sites, i.e. places where analogous atomic species are situated in 

both phases, should be occupied by the atoms of the substrate species, due to their higher 

availability and stability. In the case of incoincidence sites, the minimisation of the interfacial 

energy requires that those sites should be occupied only if the energy of an interstitial atom 

defect is lower than a vacancy in that particular place. From a geometrical point of view, one can 

estimate whether the site is too close to other atoms in the system. 

If an incoincidence site within the interface, originated from e.g. phase #1, is located too 

close to the atoms from the phases #2 across the interface, it may disrupt the local bonding order 

of the latter atom, which is in the position of its energetic minimum. So, placing atoms into 

incoincidence sites should be avoided unless they lay out of the 1st coordination sphere (2nd for 

BCC structures) from the atoms of the opposing phase. In case of disilicides, the critical distance 

of 2.82 Å has been chosen for this condition as it is outside the coordination spheres for the 

phases considered in the article and corresponds to a position of the secondary peak on RDF of 

amorphous silicon [39] just behind the main peak of nearest neighbours. 

The critical distance between an incoincidence site and an atom from the interfacial region, 

which is not in the optimal local bonding environment, should be smaller. We have chosen the 

critical distance for this condition to be equal to the distance between the most energetically 

preferable interstitial defect site and the atoms of the crystal in β-FeSi2, i.e. 2.2 Å before 

structural relaxation [44]. Summing up, if the incoincidence site is further than 2.2 Å from atoms 

inside the interface and further than 2.82 Å from atoms of opposing phase crystal, placing atom 

into this site is considered favourable, and such atoms are referred as “defected”. 

It is also important to choose a priority between the types of incoincidence sites to settle the 

cases of the very close distance between them. Having lower bond angle stiffness, the metal 

atoms should be considered as more favourable for interstitial atom defects, than such covalent-

type elements like silicon. Considering that, we adopt the following order: (Fe from the 

substrate) > (Fe from the film) > (Si from the substrate) > (Si from the film). 

We would like to draw attention to the oversimplification used here, because the real global 

minimum interface structures may be much more complicated than what can be built based on 

the equilibrium lattice sites of the conjugate phases, and thus it is hardly possible to find them 



from pure crystallogeometric approach. Nevertheless, the atomistic models obtained herein can 

be viewed as a first approximation, which can be used in further molecular dynamics or 

electronic structure investigations.  

 

3. Interfaces in α-, β-, γ-FeSi2 and Si phase systems  

3.1 Predicted orientation relationships and interface structures of α-, β-, γ-FeSi2 grown on 

silicon   

Besides the most stable β-FeSi2 phase, which has a base-centred orthorhombic structure with 

Cmca space group (a = 9.8764 Å, b = 7.7985 Å, and c = 7.8359 Å) [45], there are also the 

tetragonal α-FeSi2 phase (P4/mmm, a =b = 2.6955 Å, c = 5.1444 Å [46]), which is metastable in 

bulk samples, and a cubic phase occurring only in nanosized form, γ-FeSi2 (Fm-3m CaF2–type 

structure [28]). There is also a rarely reported s-FeSi2 phase (Pm-3m [28]), which has a defected 

CsCl-type structure with partial Fe site occupancy and grows at low synthesis temperatures, i.e. 

at conditions far from the equilibrium. Therefore, we will consider herein only α-, β-, and 

γ-FeSi2 phases and predict their ORs, HPs and interface structures with silicon. 

First, the sets of the cp atomic rows in the phases were determined in accordance with the 

definition described above. The most close-packed direction in the silicide crystal lattices were 

found to be α[001], β[100] and γ[100], which is different from the results for the standard 

definition, based only on Bravais lattice type: α[010], β[110] and γ[110], respectively. The 

discrepancies of the two definitions are best illustrated on example of γ-FeSi2 gamma phase 

where the 0.37113 Å-1 linear packing of γ[100] corresponds to silicon cubic sublattice with 

spacing of 2.69 Å, while the shortest Bravais lattice γ[110] has the spacing of 3.81 Å. Matching 

atomic rows at the interface along the former direction is expected to have higher matching sites 

density than the latter. However, for the diamond cubic silicon phase the most close-packed 

direction is found to be Si[110] in both methods. 

The full list of cp atomic rows and corresponding linear densities are given in Table S1 in 

Supplementary Information. According to the edge-to-edge method, these directions play a 

deterministic role in the silicide heteroepitaxy. Combinations of these sets of cp directions with 

any others were used to construct surface cells, which were then matched to obtain the ORs and 

HPs of all possible interfaces. After filtering out symmetrically equivalent ORs and those with 

the misfit values higher than the chosen critical value of 5 %, total numbers of interfaces were 

4535, 556, 2559, 2713, 901 and 10571 for α-FeSi2/Si, β-FeSi2/Si, γ-FeSi2/Si, α-FeSi2/β-FeSi2, 

γ-FeSi2/β-FeSi2, γ-FeSi2/α-FeSi2 respectively. The NCS densities R were calculated for all of 

these interfaces, and basing on them the ranking of favourable ORs was obtained. The topmost 

predicted orientation relationships and habit planes for the coherent interfaces between the 

phases are summarized in Table 1.  

Table 1  

Top of predicted high-R coherent interfaces between α-, β-, γ-FeSi2 iron disilicide and Si phases. 

The habit planes (hkl) and close-packed directions [uvw] determining the orientation 

relationships are given, while the second pair of crystallographic vectors used for lattice 

matching are omitted for brevity. The references to experimental observation of such interfaces 

are given. 

Ranking 

number 
(hkl) (hkl)  [uvw] [uvw] 

δ,        

close-

R,  
NCS 

ɛ,̃ 

strain, 

Refere

nces 



packed 

direction 

misfit, %  

density % 

  

β-FeSi2 || Si 

 

i.1 
β(10-1) Si(1-1-1) β[010] Si[110] 1.54 0.75 2.47 

[24,47,

48] 

i.2 β(-110) Si(1-1-1) β[001] Si[110] 2.03 0.75 2.51 [24,47] 

i.3 
β(100) Si(00-1) β[010] Si[110] 1.54 0.70 1.52 

[47,49,

50] 

i.7 β(-310) Si(1-1-3) β[002] Si[220]  2.03 0.57 0.93  

i.8 β(-11-1) Si(0-12) β[011] Si[200]  1.78 0.54 3.30  

i.9 β(-510) Si(1-1-5) β[001] Si[110] 2.03 0.51 1.24  

i.10 β(00-1) Si(1-10) β[010] Si[110] 1.54 0.48 4.65 [51,52] 

  

α-FeSi2 || Si 

 

i.1 α(-112) Si(1-1-1) α[201] Si[110] -2.97 0.90 2.15 [48] 

i.2 α(-2-14) Si(1-1-3) α[201] Si[110] -2.97 0.79 6.74  

i.3 α(1-1-1) Si(1-1-3) α[220] Si[110] -0.73 0.76 8.23  

i.4 α(00-1) Si(00-1) α[220] Si[110] -0.73 0.75 0.64 [53,54] 

i.5 α(1-1-2) Si(1-1-1) α[220] Si[110] -0.73 0.75 2.15 [48] 

i.6 α(010) Si(00-1) α[201] Si[110] -2.97 0.75 2.98  

i.24 α(1-1-2) Si(1-10) α[220] Si[110] -0.73 0.50 7.41  

  

γ-FeSi2 || Si 

 

i.1 γ(001) Si(001) γ[110] Si[110] -0.77 0.75 0.67  

i.2 γ(1-1-1) Si(1-1-1) γ[110] Si[110] -0.77 0.75 0.67 [48,55] 

i.4 γ(1-1-3) Si(1-1-3) γ[110] Si[110] -0.77 0.59 0.67  

i.12 γ(0-13) Si(001) γ[100] Si[100] -0.77 0.51 2.03  

  

β-FeSi2 || α-FeSi2 

 

i.1 β(001) α(-110) β[100] α[002] -4.01 1.00 1.81  

i.5 β(0-10) α(-110) β[100] α[002] -4.01 1.00 1.83  

i.7 β(100) α(001) β[011] α[400] 2.53 1.00 2.14  

i.11 β(100) α(010) β[010] α[201] 4.65 1.00 4.22  

i.17 β(-110) α(1-1-2) β[001] α[220] 2.78 0.90 1.19  

  

β-FeSi2 || γ-FeSi2 

 

i.1 β(100) γ(001) β[010] γ[110] 2.33 1 2.17  

i.5 β(00-1) γ(1-10) β[010] γ[110] 2.33 1 4.12  

i.9 β(-110) γ(1-1-1) β[001] γ[110] 2.82 0.95 2.13  

i.28 β(10-1) γ(1-1-1) β[010] γ[110] 2.33 0.54 2.04  

  

α-FeSi2 || γ-FeSi2 

 

i.1 α(00-1) γ(00-1) α[220] γ[110] 0.04 1.00 0.03  

i.3 α(010) γ(00-1) α[201] γ[110] -2.22 1.00 2.37  

i.7 α(1-10) γ(1-10) α[220] γ[110] 0.04 1.00 2.37  

i.13 α(-1-12) γ(1-1-1) α[201] γ[110] -2.22 0.92 1.53  

 



 

Figure 2  

Predicted atomic structures for some epitaxial interfaces of β-FeSi2||Si and corresponding NCS density R 

and interface strain ɛ̃. The borders of the interfaces are marked by dashed lines. The close-packed vectors 

[uvw] of the phases specified in square brackets are aligned along the view direction. For colour legend 

refer to Fig. 1d. 

 

Among the predicted interfaces for β-FeSi2 with Si, the highest R values correspond to 

Si{111} and Si{001} habit planes. The first couple of best-matching ORs, i.1 β(10-1)||Si(1-1-1) 

and i.2 β(-110)||Si(1-1-1), have R values of 0.75, ahead of the β(100)||Si(100) interface with 

R=0.7. Another technologically important silicon substrate plane Si(110) is presented utmost at 

the 10th position in the ranking by β(00-1)||Si(1-10) ORs, having R=0.48, which makes it less 

favourable for thin film growth. Although these interfaces contain the same pair of matching cp 

atomic rows Si[110]||β[010] with 1.54 % misfit, the second pairs of crystallographic vectors 

determining the ORs have different misfits and, as a result, the interface strain are rather 

different. β(100)||Si(100) has the lowest strain of ɛ̃=1.52 %, while the strain for β(10-1)||Si(1-1-1) 

is significantly higher, ɛ̃=2.47 %. Both values, R and ɛ̃, affect the possibility of interface 

formation; nevertheless, the experimental synthesis reports state that the β-FeSi2 thin films grown 

on silicon (111), despite higher lattice misfits, exhibit better quality and higher structural stability 

in comparison to the films grown on Si(100), which tend to agglomerate in course of thermal 

treatment [50]. Therefore, it can be supposed that the NCS density is more important than the 



interface strain and plays a decisive role in determination of orientation relationship of growing 

phases. 

Moreover, possible interfaces of β-FeSi2 with Si(110) substrate have much lower values of 

NCS density (R<0.48) and there are also several high-index habit planes with higher values R, 

which indicates possibility of formation of such facets instead of interface with Si(110). These 

facts agree well with the experimental observations of mainly endotaxial islands formation with 

other types of β||Si interface planes [56]. Also, the intrinsic presence of β(100) [011]/2 stacking 

faults at the interfaces of β(001) or β(010) facets parallel to substrate’s inward Si(110) planes 

observed in β-FeSi2 island formation [51] are explained with high interface strain value of 

4.65 %. The high-quality β(010) thin film only obtained with preliminary activation of Si(110) 

surface with a thin silver layer [52]. Thus, the predictions for the β-FeSi2||Si reproduce well the 

experimentally observed ORs with the same order of formation favourability, which argues for 

the applicability of the current approach to the silicide family compounds.  

The stability of i.1 β(10-1)||Si(1-1-1) interface may be also assessed by predicted atomic 

structure. Within the same orientation relationship, two distinct types of atomic configuration 

corresponding to different relative displacements of the phases were found, both having R=0.75 

(see Fig. 2 i.1a, i.1b). The presence of these two types appears due to two possible terminations 

of the Si(111) surface: the surface termination with a layer of single-coordinated atoms or 

3-coordinated atoms. The interface i.1a is built by making the first type of atomic plane shared 

between the two phases and the resulting common silicon sites have tetrahedral (as in bulk Si) or 

triangular local environment. Making the second type of atomic plane shared results in a set of 

octahedrally coordinated silicon atoms at the i.1b interface. In addition to this, the i.1a interface 

may include some “defected” iron atoms, while in the i.1b interface part of silicon atoms from 

the β-FeSi2 phase is treated as defected, because they do not find the coincident sites from Si, but 

there is enough space for them to be included in the interface. Also, both i.1 and i.2 interfaces are 

characterised with the rectangular symmetry of β(110), β(101) planes, that due to their 

superimposition with hexagonally symmetric Si(111) plane can potentially bring about the 

formation of three equivalent azimuthal orientation with the same atomic order on the interface 

during the β-FeSi2 film growth.  

The best-matching OR for Si(100) substrate, the i.3 β(100)||Si(100) interface has only one 

type of atomic structure with triangular coordination of Si atoms, and shows two variants of 

equivalent azimuthal orientation. However, two types of ORs are frequently reported [24]: i.3 

corresponds to type A β-FeSi2(100)[010]||Si(100)[011] and another OR, designated as type B 

β-FeSi2 (100)[010]||Si(100)[001]. The type B OR was also found with the proposed methods, but 

the R value was rather low, 0.174, and therefore it is not presented in Table 1. In addition to this, 

it has larger interfacial strain of 3.65 %, which may be the cause of it less frequent appearance 

than type A. 



 

Figure 3 

Predicted atomic structures for some epitaxial interfaces of α-FeSi2||Si and corresponding NCS density R 

and interface strain ɛ̃. The borders of the interfaces are marked by dashed lines. The close-packed vectors 

[uvw] of the phases specified in square brackets are aligned along the view direction. For colour legend 

refer to Fig. 1d.  

 

In case of α-FeSi2 silicide epitaxy on silicon, the atomic row with the highest linear density, 

i.e. α[001], has too large misfit with Si[110], more than 7.2 %. The interface orientation of the 

phases are mainly guided by alignment of α[201] and α[220] cp atomic rows along Si[110], 

which exhibit low misfits of -2.98 % and -0.73 %. Thus, their combination gives us possible 

epitaxial interfaces with high NCS densities and rather low strains, ɛ̃=2.15 % for α||Si i.1 and 

α||Si i.5, ɛ̃=0.64 % for α||Si i.4.  

The leading best-matching interface i.1 α(-112)[220]||Si(1-1-1)[110] corresponds to Si(111) 

habit plane, same as in case of β-FeSi2||Si, however, the NCS density is significantly higher and 

the value of R=0.9 is the maximum among the silicide/silicon interfaces. There is also another 

α||Si(111) interface, i.5 α(1-1-2)[220]||Si(1-1-1)[110], with somewhat lower NCS density. This 

perfectly agrees with investigations of the epitaxial interfaces carried by I. Berbezier et al. in the 

early nineties with the help of high-resolution electron microscopy, which revealed these two 

types of the epitaxial relationships of the α-FeSi2/Si(111) heterostructures [48]. The origin of 

differences in the R values can be found from comparison of the predicted interfaces atomic 

structures (Fig. 3 i.1, i.5). Silicon atoms at the i.5 interface have trigonal-prismatic coordination, 

which is not present in the bulk phases, while the i.1 interface consists of Si atoms with either 

tetrahedral or octahedral coordination, same as in cubic diamond lattice of silicon and bulk 

α-FeSi2 structure, respectively. Also, both types have enough space in the interfacial region to 

host “defected” iron atoms. 

The ORs of α-FeSi2 growing on Si(001) substrate are presented by i.4 α(00-1)[220]||Si(00-

1)[110] in the first place. This type of interface is characterized by 3-coordinated silicon atoms 



and possibility of presence/absence of Fe atom layer inside α-FeSi2 just next to the interface 

region, which is likely to affect the total interfacial energy (Fig. 3 i.4a, i.4b). It has R=0.75 and 

very low interfacial strain ɛ̃=0.64 %, which both argue for good ability of α-FeSi2 to grow with 

such orientation relationship. Indeed, there is a set of reports on growth of such interfaces on 

Si(001) substrate by MBE or CVD methods [53,54]. At the same time, numerous experimental 

works show that this compound tends more to form free-standing nanocrystals partially 

embedded into silicon matrix [53,54,57–59], often with endotaxial α(112)||Si(111) interface 

formation, in compliance with the relative habit plane favourability order found herein. Presence 

of numerous high-index silicon planes among the topmost ORs (α||Si i.2, α||Si i.3, α||Si i.14, α||Si 

i.20) also suggests endotaxial growth of the α-FeSi2 crystallites. 

 

 

Figure 4 

Predicted atomic structures for some epitaxial interfaces of γ-FeSi2||Si and corresponding NCS density R 

and interface strain ɛ̃. The borders of the interfaces are marked by dashed lines. The close-packed vectors 

[uvw] of the phases specified in square brackets are aligned along the view direction. For colour legend 

refer to Fig. 1d.  

 

The key directions for epitaxial alignment of γ-FeSi2 and silicon are of the same type, i.e. 

γ[110] and Si[110], and also the ORs have mostly the same indices of the habit planes, which is 

a result of rather similar crystallographic groups: Fm-3m and Fd-3m for γ-FeSi2 and Si, 



respectively. The best-matching planes predicted to be i.1 γ(001)[110]||Si(001)[110] and i.2 γ(1-

1-1)[110]||Si(1-1-1)[110], both having R=0.75 and ɛ̃=0.67 %, while the latter was previously 

reported among scarce experimental works on γ-FeSi2 nanocrystal characterization [48,55]. As in 

case of β||Si i.1, γ(1-1-1)[110]||Si(1-1-1)[110] can be constructed with two possible atomic 

structures (Fig. 4 i.2a, i.2b), the former is characterised by hexagonal diamond lattice stacking, 

while the latter has trigonal-prismatic coordination of shared atom at the interface. The i.1 

γ(001)[220]||Si(001)[110] has 3-coordinated Si atoms at the interface similar to the β||Si i.3 

β(100)||Si(100) structure. Another ORs observed in experiment, γ(221)||Si(001) [60] was also 

predicted by current approach, although its NCS density is twice lower with R=0.32.  

The interfaces of silicides with silicon cannot reach full matching of atomic sites at the 

interface (R=1.0) because of absence of Fe atom in silicon substrate phase. However, two silicide 

phases may have ideal atomic site coincidence at the interface. Also, possibility of concurrent 

growth of different silicide phases raises the question of possible silicide/silicide orientation 

relationships. Therefore, we have investigated ORs and the interfaces of α-FeSi2||β-FeSi2, 

γ-FeSi2||β-FeSi2 and γ-FeSi2||α-FeSi2. 

 

3.2 Predicted interfaces of α-FeSi2||β-FeSi2, γ-FeSi2||β-FeSi2 and γ-FeSi2||α-FeSi2 

γ-FeSi2 phase is never observed in a form of continuous films as it is assumed to undergo a 

phase transition to β-FeSi2 after reaching some critical size. Therefore the interface planes of 

γ-FeSi2||β-FeSi2 interfaces are interesting at the first place as the front of phase transformation. 

The most favourable interfaces, indeed, represent the same relative orientation relationship of the 

phases with different habit planes: i.1 γ(001)[110]||β(100)[010] and i.5 γ(1-

10)[110]||β(001)[010], both with R=1. They are guided by alignment of γ[110] and β[010] cp 

directions, but the strain is lower for the γ||β i.1 than for γ||β i.5 interface: the values of ɛ̃ are 

2.17 % and 4.12 % respectively. Despite similarity of crystal symmetry of γ-FeSi2 and silicon, 

formation of interfaces with γ(111) plane is different from Si(111). The analogues of β||Si i.1 

β(10-1)||Si(1-1-1) and i.2 β(-110)||Si(1-1-1) interfaces with R=0.75 have quite different NCS 

densities: i.9 γ(1-1-1)[110]||β(-110)[001] shows higher R=0.95, while i.28 γ(1-1-1)[110]||β(10-

1)[010] has significantly lower R of 0.54. 

 



 

Figure 5  

Predicted atomic structures for some epitaxial interfaces of α-FeSi2||β-FeSi2 and corresponding NCS 

density R and interface strain ɛ̃. The borders of the interfaces are marked by dashed lines. The close-

packed vectors [uvw] of the phases specified in square brackets are aligned along the view direction. For 

colour legend refer to Fig. 1d.  

 

The epitaxial interfaces of α-FeSi2 and β-FeSi2 phases are predicted to have four distinct types 

of ORs including i.1 α(-110)[002]||β(001)[100], i.5 α(-110)[002]||β(0-10)[100], i.7 

α(001)[400]||β(100)[011] and i.11 α(010)[201]||β(100)[010], with interfacial strain values of 

1.81 %, 1.83 %, 2.14 % and 4.22 %, respectively. The atomic structure of these interfaces (see 

Fig. 5) is characterised by sharing of either pure silicon or mixed silicon/iron atom layers, in 

which all Si atoms have 6 silicon neighbours with octahedral coordination, inherent to the bulk 

silicide phases. Thus, in case of co-existence, these two phases may have defect-free boundary 

between each other. 

γ-FeSi2||α-FeSi2 interfaces have the lowest misfit among silicide||silicide conjunctions with 

full coincidence of sites: i.1 γ(00-1)[110]||α(00-1)[220] show R=1 and ɛ̃=0.03 %. Other types of 

ideal matching between the phases, although exhibiting much higher ɛ̃=2.37 %, include i.3 γ(00-



1)[110]||α(010)[201] and i.7 γ(1-10)[110]||α(1-10)[220]. It worth noting, if γ-FeSi2 is grown on 

α-FeSi2 as a substrate and then transforms to β-FeSi2 according to the ORs found above, the 

orientation of resulting β-phase will be strictly correspondent to the most favourable β||α 

interfaces: i.1 γ||α will turn to i.7 α||β, i.3 γ||α will turn to i.11 α||β, and i.7 γ||α will turn to i.1 α||β.  

Considering that the silicides show better ability to form coherent interfaces with each other 

rather than with silicon, one might utilize it to improve the quality of the thin films via layer-by-

layer synthesis. The idea of growing β-FeSi2 on Si substrate with a buffer layer of another 

silicide phase has been already suggested [61]. Herein, we observe that formation of 

β-FeSi2(100) films atop Si(100) is hampered by low degree of interface site matching (R=0.7 for 

β||Si i.3) and rather high strain ɛ̃=1.52 %. Meanwhile the same silicon surface better facilitate 

formation of α-FeSi2 with i.4 α(001)||Si(001) interface, which has R=0.75 and ɛ̃=0.64 %, and in 

turn, α(001) can host β-FeSi2(100) film via ideally-matched i.7 α(001)||β(100) interface or 

γ-FeSi2(001) i.1, which can grow into β-phase at large thickness. Such layer-by-layer synthesis is 

suggested to be suitable for growing highly oriented β-FeSi2(100) film with internal stress due to 

lattice misfit with Si substrate, which is of great interest for band engineering applications 

[24,62].  

In order to switch from growth of α-FeSi2 to β-FeSi2, a mechanism to control the preferable 

phase formation is needed. Along with deposition stoichiometry changing, which may affect the 

quality of the films and is difficult in case of disilicides growing on silicon, one should assess 

possibility of utilizing the temperature regimes to switch from one phase growth to another. 

Therefore, it is interesting to estimate the influence of thermal expansion on the characteristics of 

studied interfaces.  

 

4. Temperature dependence of interface strain  

The comparison of the ORs by the NCS density R presented above is related to the interfacial 

energy, which governs the growth of epitaxial films atop crystalline substrates. However, the 

growth is also affected by the elastic energy contribution, represented here by the interfacial 

strain ɛ̃, which in turn is greatly dependent upon the synthesis temperature due to lattice thermal 

expansion. This factor of different ORs occurrence was analysed by calculating corresponding 

values of ɛ̃ at different temperatures. The NCS density R is expected not to change with the 

temperature as long as the phases’ structure factors have little dependence on temperature. 

Little experimental data on the thermal expansion coefficients of α-FeSi2 metastable silicide 

are reported, in particular, no studies on expansion anisotropy are available. As for γ-FeSi2, the 

equilibrium lattice constant is not even known, because it was synthesised only in the form of 

nanosized precipitates inside the Si matrix. Therefore, we have used the values obtained within 

quasi-harmonic approximation (QHA) based on the DFT calculations, after comparing them 

against available experimental reports [64] [65,66]. The details of thermal expansion coefficient 

calculations and temperature-dependent lattice constants can be found in the Supplementary 

Information (Sections S2 and S3). 



 

Figure 6  

Temperature dependence of interface strain ɛ̃ for different silicon/silicide and silicide/silicide ORs from 

Table 1. 

 

Due to its instability in the bulk, the real lattice constant of standalone γ-FeSi2 is unknown, 

so we have estimated the interface strain basing on the theoretically calculated lattice constant 

for γ-FeSi2. However, the DFT-PBE calculations usually tend to slightly underestimate the 

lattice constants compared to the experimental ones, e.g. by 0.36 % and 0.75 % for α-FeSi2 and 

β-FeSi2, respectively, thus we have corrected the values obtained for γ-FeSi2 by 0.36-0.75 %, 

which corresponds to lattice constant estimate at 300 K in range of 5.375-5.396 Å. Therefore, the 

strain of the interface between γ and Si in Fig. 6. (γ||Si i.1) is presented with the range marks, 

corresponding to the upper and the lower limits of the correction. 

As can be seen from Fig. 6 the effect of thermal expansion is most pronounced for the ORs 

of α||Si and β||Si. From the increase of β||Si i.3 interface strain, it can be concluded that β(100) 

films on Si(001) become less stable with the increase of temperatures, which agrees well with 

the experiment of film annealing [50]. The interfaces with Si(111) show the opposite behaviour: 

the strain decreases from 2.47 % to 2.22 % for β||Si i.1 with an increase of temperature from 

300 K to 1000 K, which makes Si(111) a better substrate for β-FeSi2 synthesis. Rather big 

thermal expansion coefficients of α-FeSi2 favours high-temperature growth, because the strains 

are decreasing from 2.15 % to 1.79 % for α||Si i.1 and 0.64 % to 0.15 % (a fourfold decrease) for 

α||Si i.4 with increase of temperature from 300 K to 1000 K. The strains of different interfaces 

between the silicide phases are less dependent on the temperature, however the general trend for 

β||α strains is to decrease with temperature. The rest of interfaces, γ||β and γ||α are almost 

insensitive to thermal expansion, except for γ||α i.1, which increases from 0.09 % at room 

temperature to 0.39 % at T=1200 K.  

At the room temperature, the strains of γ||Si i.1 and α||Si i.4 are approximately equal. Despite 

the uncertainty in the values of γ||Si i.1 interface strain, it is clearly seen that an increase of 

temperature leads to a much faster decrease in α||Si i.4 interface strain, which comes to 0 at 



T=1200 K. As both interfaces have the same R=0.75, the growth of α-FeSi2 should be expected 

at higher temperatures, which agrees well with the experimental reports on α-FeSi2 formation at 

T>1000 K [66–68], while the growth of cubic γ-FeSi2 is observed at lower temperatures 

[28,60,69–72]. Considering that γ-FeSi2 undergoes a transition to β-FeSi2 when the thickness of 

the film becomes larger than several nanometres, the elastic strain energy may be assumed to be 

the key factor of β→α phase growth switching at T=1000 K, which is much lower than their bulk 

phase transition temperature (1200 K). 

 

Conclusions 

Herein we propose a pure crystallogeometric approach for predicting orientation 

relationships, habit planes and atomic structure of the interfaces between phases, which is 

applicable to systems of low-symmetry phases and epitaxial thin film growth. The approach 

implies a systematic combination of the edge-to-edge matching method to find possible ORs and 

subsequent Near-Coincidence Sites density maximisation for assessing the quality of possible 

interfaces. Both methods are adapted to be used in a unified manner and complemented with a 

simple model of resolving the atomic structure of the interfaces between two phases.  

The comparison of predicted ORs with the experimentally observed orientations for α- and 

β-FeSi2 silicide thin films on silicon substrate show that the NCS density R can be utilised to 

compare interfacial energy of different ORs and, therefore, to estimate plausibility of high-

quality epitaxial thin film growth on given substrates. In contrast, the lattice misfits or interface 

strains turn out to play only a secondary role in the determination of growing film orientation. 

Thus, the inferior quality of β-FeSi2 films grown on Si(001) substrates in comparison to Si(111) 

can be explained in terms of lower value of R, although the magnitude of interfacial strain is 

lower for the case of Si(001) substrate. On the other hand, in the case of equal R values, the 

interfacial strain may be responsible for changing the FeSi2 phase, which grows on the Si(001) 

surface. The temperature dependence of strain ɛ̃ obtained from DFT-calculated thermal 

expansion coefficients reveals that α-FeSi2(001)||Si(001) OR favourability rises over 

γ-FeSi2(001)||Si(001) with temperature increasing, which agrees well with experimental reports. 

The orientation relationship of α-FeSi2(112)||Si(111) is found to have the highest interfaces 

structure compatibility among all the silicide||silicon ORs having R equal 0.9, while in the other 

cases the values reach 0.75 at most. However, the interfaces between the silicides may show 

R=1.0, which corresponds to the ideal conjugation of the phase lattices. This fact can be utilised 

to achieve growth of high-quality oriented and strained semiconducting β-FeSi2 nanostructures 

with a thin intermediate layer of α-FeSi2 between the β phase and Si substrate, suitable for band-

engineering and optoelectronic applications. 

Overall, the proposed approach appears to be a powerful tool for prediction of ORs and the 

interface structures between arbitrary phases, which may be obtained by epitaxial growth 

techniques. While it demands only bulk crystal structure knowledge and, optionally, some prior 

knowledge on the bonging nature in the phases accessible by basic DFT calculations, the 

approach is suitable for the rapidly developing field of high-throughput computational material 

science investigations. 
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