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ABSTRACT
The spintronic devices have played an important role in modern technological era . Heusler alloys have
attracted lot of interest in spintronic applications due to their half-metallic properties predicted by band
structure calculations. We investigate the electronic, magnetic and structural properties of half-Heusler
alloys FeMnGe and CoMnSb using first principles based density functional theory (DFT) implemented on
Tight Binding Linear Muffin-Tin Orbital within Atomic Sphere Approximation (TB-LMTO-ASA) code.
The calculation reveal that CoMnSb and FeMnGe are half-metallic Ferro-magnet in nature of with magnetic
moment 1.00 µB and 2.99 µB per formula unit at equilibrium lattice parameter respectively. The magnetic
moment mainly originates from the strong spin polarization of d electrons of X atom and partial contribution
of p electrons of Y atom. The half metallic gap of FeMnGe and CoMnSb is found to be 0.38 eV and 0.95 eV
respectively. This shows that these alloys are very promising spintronic functional materials.
Keywords: TB-LMTO-ASA, half-Heusler Alloy, half-Metallicity, DOS, Spintronic applications
transition metal elements, Z is a main group element.
In recent year, Heusler compounds containing Co
and Mn atoms have attracted particular attention as
they are strongly ferromagnetic with high Curie
temperature [6]. The half-Heusler alloy is trust
worthy materials to be applied as spin injector in the
rapidly developing field of spin electronics
(spintronic) [7]. The rapidly developing field of
electronics technology is owing to the discoveries of
GMR and TMR which opened the line of research in
spintronic [8, 9]. In half metallic Ferro magnet
(HMFs) the majority of the spin band is metallic and
the minority of the spin band is superconducting
with an energy gap at the Fermi level. DOS of half
metals compared with metals and semiconductors is
shown in Fig. (1).
From figure 1 above it is lucid that there is no band
gap in the Fermi region for metals but in case of
semiconductors there is gap. Half metals have no
band gap in spin up channel at the Fermi level but
has considerable band gap in the spin down
channel. This shows that spin up electrons of Fermi
level shows metallic nature while spin down
electrons Fermi level shows non-metallic nature.
Combining these two parts we can conclude that
system is half metallic. Thus Heusler alloy are

INTRODUCTION
The spintronic devices have played an important role
in modern technological era. It is also very important
for fundamental aspect of Physics. Half-metallic
(HM) materials are those one which one of the spin
bands out of two, is semiconducting with a gap at the
Fermi level, but another spin band is metallic,
leading to 100% spin polarization at the Fermi level,
have attracted more and more attention because of
their promising applications in spintronic devices.
First de Groot et al. [1] predicted the half metallic
property in half-Heusler alloy of NiMnSb and
PtMnSb, since then much attention has been paid to
half-Heusler alloys [2]. The term Heusler alloy is
named after a German mining engineer and chemist
Friedrich Heusler in 1903 [3, 4]. Surface
reconstruction has been an active area of research in
field of semiconductors. The basic thing of the
electronic devices is to inject the spin polarized
electrical current into semiconductors [5]. In
Ferromagnet the spin population is not balance at
Fermi level. Hence ferromagnetic materials with full
spin polarization at Fermi level will be the most
applicable for spin injecting. This phenomenon can
be applicable in half metallic Ferromagnet. HalfHeusler composition of XYZ, where X and Y are
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the electrons are fully spin polarized, either N↑ (
Ef) or N↓( Ef ) equal zero and therefore the spin
polarization will be 100% [14, 15] A systematic
examination of the electronic and magnetic
structure of the half-Heusler compounds was
carried out this work. The Slater-Pauling rule was
first noted by Kubler et al. [16] for C1b compounds
with 3 atoms per unit cell ( Mt=Nv-18). In the
present study, we are intended to apply
TBLMTOASA approach, which was previously
applied in case of ordered binary alloys, ternary
alloys, disordered alloys and perovskites[17-23].

promising material for spin devices. The existence
of a gap in the minority spin band structure leads to
100% spin polarization of the electron states at
Fermi level, which makes the system applicable for
the developing field of spintronic [10].

CRYSTAL STRUCTURE AND METHODS
In general, the Heusler structure can be looked on
as four interpenetrating face center cubic (FCC)
lattice and has four unique crystal-sites in Wyckoff
coordinates [24]. FeMnGe and CoMnSb crystallize
in the C1b structure which is face-centered cubic,
space group F-43m (Space group no. 216). This
structure type is often observed for ternary
transition-meal intermetallic compounds (XYZ).
Actually it is like ordinary L21 like full Heusler
alloys (X2YZ) with fcc lattices characterized as the
positions X1(1/4 1/4 1/4), X2 (3/4, 3/4 , 3/4), Y (0,
0, 0), and Z (1\2, 1\2, 1\2) with the exception that
the X1 positions are empty. The nearest-neighbor
coordination of the X2 atoms is similar in the two
types of Heusler alloys X2YZ and XYZ. This
Coordination consists of two interpenetrating
tetrahedrons, involving four Y atoms and four z
atoms, respectively. Some groups [25, 26] have
verified that site preference of the X and Y atoms is
strongly influenced by the number of their 3d
electrons in the complicated crystallization process.
The half-Heusler alloy FeMnGe and CoMnSb (both
Clb structure, space group: F-43m and space group
no. 216 can be deduced from the full-Heusler
Fe2MnGe and Co2MnSb (L21 structure, space
group: Fm-3m) by removing one of two Fe and Co
atoms respectively.

Fig.1: (color online) Density of states of metals,
semiconductors & half-metals.
Therefore these materials utilize the spin in addition
to the charge of electron to carry the current. HMFs
have completely spin polarised current and can be
used as spin injector for magnetic random access
memories and other spin dependent devices [11].
We can considered half metals as hybrids metals
and semiconductors. The spin polarization makes
this alloy prime target research into suitable devices
for spin electronics. As these types of alloys are
most attractive half metals, both electronic and
magnetic properties in these compounds are
intrinsically related to the appearance of minorityspin gap thus opening the way to engineering new
half metallic alloys with the desired magnetic
property [12]. For both scientific and technological
reasons it is important to determine the electron
spin polarization at the Fermi level of a material,
although it is difficult to measure [13].
P=

N ↑ ( Ef )−N ↓(Ef )
N ↑ ( Ef )+ N ↓(Ef )

Where N↑ ( Ef ) and N↓( Ef ) are the spin
dependent density of states at the fermi level. When

Fig. 2: (color online) Crystal structure of FeMnGe and CoMnSb for unit cell.
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For the calculation we have used the TBLMTOASA method based on the density functional
theory (DFT) [27, 28]. We have optimized the
structure of CoMnSb and FeMnGe to get the
energy minimization; through which we obtained
the lattice parameters 5.72 A 0 and 5.46A0
respectively. These values of lattice parameter
are closely agreed with the experimental values
[26, 29] and the further calculations have been
carried out with the use of these values. The
energy convergence criterion was set to
10-6 Ryd.

RESULTS AND DISCUSSION
A. Band Structure and Dos
To determine the equilibrium lattice parameter
value, we follow the energy minimization
procedure. The simple figure showing variation of
total energy with the lattice parameters for CoMnSb
and FeMnGe are shown in figure 3. From the figure
the optimized value of lattice parameter for
FeMnGe and CoMnSb are found to be 5.46Aº and
5.72Aº respectively. These parameters are now
used to calculate the band structure and density of
states as well as other required calculations.

Fig. 3: (color online) Plot of energy Vs Lattice constant for FeMnGe and CoMnSb.
From the calculation of band structure of FeMnGe
and CoMnSb for the majority of spin channel found
to be crossed the fermi level indicating that up spin
channel is metallic in nature same kinds of behavior
can be observed in the density of states curve. The
combined figures of band and DOS for FeMnGe
and CoMnSb are shown in figure (4). The nature of
DOS exactly follows the results given by band. In
case of minority channel band structure calculations
for FeMnGe and CoMnSb are found to be
considerable band gaps i. e. 0.33eV and 0.95 eV.
The main contributions of band gap comes from the

hybridization of eg and t2g orbitals of the Fe, Mn
and and P- orbital of Ge in case of FeMnGe where
as in case of CoMnSb, the hybridization of eg and
t2g orbitals of Co, Mn and P-orbital of the Sb. The
contribution of eg and t2g –orbitals of Fe/Co and
Mn is may be due to the de-localized electrons.
Overall we observed 21 bands inter-playing with
each other to give rise to metallic as well as
semiconducting behavior on the up-spin and downspin channel. The contributions of s, p and d
orbitals can be visualized using fat band
calculations and partial density of states.

99

Structural, Electronic and Magnetic Properties of Xyz Type Half-Heusler Alloys

Fig. 4: (color online) Comparison of majority-spin band with the majority-spin DOS for
FeMnGe & CoMnSb.

Fig. 5: (color online) Comparison of minority-spin band with the minority-spin DOS for
FeMnGe & CoMnSb.
The combined structures of up spin and down spin
channel total dos is shown in figure (6). From the
figure it is observed that there is unsymmetrical
distributions of DOS on up spin and down spin

channels on both the systems indicating that both
bears magnetic character. Again analysis of DOS
shows that both the systems have 100% spinpolarization at the Fermi level.
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Fig. 6: (color online) Total DOS of FeMnGe and CoMnSb.
The alternative Y-axis parallel to X-axis
represents the Fermi level Ef and above the
alternative X-axis represents the majority-spin
DOS and below the alternative X-axis represents
the minority-spin DOS. This also supports the
half metalic characters of FeMnGe and CoMnSb
with half metalic gap 0.33eV and 0.95 eV as
previously defined by band.

B. Magnetic Moments
The unsymmetrical nature of DOS on up and down
spin and charge density distributions from
electronic properties of FeMnGe and CoMnSb give
rise to the magnetic properties of these systems.
This magnetic moments mainly originates from the
t2g and eg d-orbitals of Fe and Co hybridized with
p orbitals. The individual contributions of magnetic
moments are listed in the Table 1 below.

Table 1: Contributions of magnetic moments.
Co&Fe(µB)

Mn&Fe(µB)

Sb& Ge (µB)

mTot(µB)

Exp. (µB)

CoMnSb

-0.070

3.170

-0.110

2.990

3 [30]

FeMnGe

-0.863

1.912

-0.048

1.001

1 [31]

Compound

Present calculations fairly agree with the
experimental values and CoMnSb found to be
strong ferromagnetic whereas FeMnGe is weak
ferromagnetic in nature.

energy for Heusler alloys FeMnGe and CoMnSb
are found to be within the 0.18% and 2.63% errorbar compared to the experimental values i. e.
5.46Aº and 5.72 Aº respectively. We calculated the
electronic and magnetic properties of using
optimized value of lattice parameter. In halfHeusler Alloys overlapping bands were found for
majority spin channel while certain band gap of
0.38eV for FeMnGe and 0.95eV for CoMnSb were
found for minority spin channel indicating that
present Heusler alloys are half-metallic in nature.
To know the individual contribution on band and
DOS we used fat band calculation. From the fat
band calculations it is found that the main
contributions of bands in the prescribed systems are

CONCLUSIONS
In the present calculation, we studied the crystal
structure, band structure, density of states and
magnetic moment of Heusler alloys like FeMnGe
and CoMnSb using TB-LMTO-ASA method within
the framework of Density Functional Theory
(DFT). At first the value of lattice parameter
corresponding to the minimum energy has been
calculated through energy minimization process.
The lattice parameter corresponding to minimum
101
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mainly came from d-orbitals of Fe(or Co) and Mn
and p-orbital of Ge(or Sb). From the study of
density of states,Heusler alloys showed magnetic
nature which is indicated by asymmetric nature of
up and down DOS along the Fermi level. The
magnetic moment of FeMnGe and CoMnSb is
found to be 1.00μB and 2.99μB respectively.
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