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An accurate full-potential linear augmented plane waves method has been used to investigate the structural
stability, half-metallic ferromagnetism of the zinc-blende phase of the ferromagnetic semiconductor alloy
Aly_,Cr,As. The relative stability of the zinc-blende phase with respect to the NiAs one and the ferromag-
netism to the antiferromagnetism are confirmed by comparing total energy of various structures. Full optimi-
zation for all these structures is performed, including the cell volume, c¢/a for tetrahedral cells and internal
parameters. Our calculation shows that when the Cr composition is less than 30%, the zinc-blende phase is
more stable, whereas the NiAs one is more stable for more Cr composition. Therefore, bulk Al;_,Cr,As with
zinc-blende structure can be obtained when x is smaller than 0.3, whereas only epitaxial films can exist for
larger x. For all these compounds with x ranging from 0.125 to 1.0, robust half-metallic ferromagnetism is
found in the zinc-blende phase. In addition, the effects of the spin-orbital interaction are considered and the
total magnetic moments including both the spin and orbital contributions are presented. The spin-orbital
interaction will destroy the perfect half-metallic ferromagnetism by reflecting some majority-spin states into
the minority-spin gap, however, the decrease of the spin-polarization is only about 0.2% for all substitutional
cases. At last, we give the exchange parameters and consecutively the Curie temperature within the mean-field
approximation. Our systematical calculation for Al;_,Cr,As is useful to elucidate the half-metallic ferromag-
netism in Al,_,Cr,As and to explore high-performance spintronic devices based on Al,_,Cr,As in future

information technologies.
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I. INTRODUCTION

Spintronic devices, which exploit both the spin and charge
of electrons, are the most promising candidates for future
applications in information technologies.! Highly spin-
polarized ferromagnets, especially half-metallic ferromag-
nets (HMFs) are key ingredients for the future high-
performance spintronic devices. Since the discovery of de
Groot et al. in 1983,2 HMFs have attracted much attention
due to their perfect spin polarization near the Fermi level.?
Although there are many kinds of HMFs, such as Heusler
alloys,* some transition-metal (TM) oxides>® and diluted
magnetic semiconductors (DMSs),” only those with higher
(usually above the room temperature) Curie temperature and
good compatibility in structure and conductivity with tradi-
tional semiconductors can be used in future spintronic
devices.®? One popular way approaching to HMFs is partly
substituting main group metals for TMs in traditional II-V,
II-VI, and IV-VI semiconductors,’ especially those with large
semiconducting gaps. Many useful DMSs or HMFs, based
on GaAs,' GaN,!! AIN,!2 GeTe,!? etc., have been found ex-
perimentally and theoretically by this way.

AlAs is an important III-V semiconductor, which crystal-
lizes into the zinc-blende (ZB) phase with a wide indirect
energy gap of about 2.3 eV between the I" point and the X
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one.'4-1° Although unstable in air, AlAs and related materials
are important for high-speed resonant tunneling diodes.>!”
Replacing all Al atoms in AlAs with Cr, ZB CrAs can be
obtained, which has a ferromagnetic Curie temperature of
about 400 K.'® Although the ZB structure is (meta)stable for
CrAs, it has been grown by the molecular-beam epitaxy
method.'2° ZB CrAs has been regarded as an important
spintronic material because of its high ferromagnetic Curie
temperature and good compatibility in structure and conduc-
tivity with important III-V semiconductors, such as GaAs,
etc.>!=23 Also half metallicity has been confirmed in superlat-
tices (CrAs);(MnAs), and (CrAs),(MnAs), theoretically.>*
One of the most important properties of DMSs is their
Curie temperature. In fact, one DMS can be a potential can-
didate of spintronics only if its Curie temperature is higher
than room temperature. The Curie temperature of some half-
metallic Heusler alloys and pnictides have been systemati-
cally investigated by Bruno et al. within the mean-field ap-
proximation (MFA) and the random-phase approximation
(RPA).?-2? Especially, ZB CrAs is found to show Curie tem-
perature above 1000 K. We deduce that by partly substituting
Al for TMs in AlAs, some new ferromagnetic semiconduc-
tors, even HMFs, could be found, which might have a high
Curie temperature too. So it is highly desirable to explore
systematically ferromagnetic semiconducting alloys based on
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AlAs. However, there is little work about this kind of
materials.>°

In this paper, a full-potential linear augmented plane
waves plus local orbitals (FLAPW+lo) method has been
used to investigate the structural stability, electronic struc-
ture, and magnetic properties of ZB Al;_ Cr,As systemati-
cally, with x ranging from 0.125 to 0.875. In addition, MFA
of the classical Heisenberg Hamiltonian is used to estimate
the Curie temperature. Particular attention is paid on the re-
lation between properties and the Cr composition. An ap-
proximately monotonic relation between properties and the
Cr compositions in Al;_,Cr,As has been found. These find-
ings are important in explore high-performance devices
based on Al,_,Cr,As and to understand the ferromagnetism
in the ferromagnetic semiconductors or DMSs in depth.

The rest of the paper is organized as follows. In Sec. II,
we present our calculational details, while the main results
about structural stabilities are described in Sec. III. Further
details about the electronic structure and half-metallic ferro-
magnetism in Al;_,Cr,As have been demonstrated in Sec. IV,
with effects of the spin-orbital (SO) interaction and orbital
magnetic moments discussed in Sec. V. The exchange pa-
rameters and the Curie temperature are presented in Sec. VI
At last, we give the summary in Sec. VII and acknowledg-
ments.

II. COMPUTATIONAL DETAILS

For calculations other than the exchange parameters, we
employ a FLAPW+lo method within density-functional
theory?! (DFT), as implemented in the WIEN2K code.?? The
generalized gradient approximation®® (GGA) is taken for the
exchange-correlation potential. For core and valence states,
we take the full relativistic calculation and its scalar approxi-
mation, respectively. The radii of the muffin-tin spheres (R,,,)
are chosen to be 1.7 Bohr for all atoms when optimizing the
cell volume and internal parameters in order to make sure
that muffin-tin spheres do not overlap for various structures.
For the electronic structure calculation, we set R,,; to be ap-
proximately proportional to the corresponding ionic radii and
as large as possible, provided the muffin-tin spheres do not
overlap each other. A plane-wave cutoff of R,,, X K,,,=8.0
has been adopted throughout our calculation and the angular
expansion is made up to ten spheric harmonic functions in
the muffin tins. Self-consistent calculations are considered to
be converged when the integrated charge difference per for-
mula unit, [|p,—p,_;|dF, is less than 0.000 05, where p,_;(7)
and p,(7) are the input and output charge densities and the
force acted on each atom is smaller than 1 mRy/Bohr.

An effective Heisenberg Hamiltonian

Heff:—zfijfi'% (1)
i#]

of the classic spin is used to describe the interatomic ex-
change interactions. J; is an exchange parameter between
two 3d sites (i,j), which can be extracted from the ab initio
total-energy results.’ In CrAs, the exchange interactions are
characterized mainly by that of the nearest Cr atoms.?® For
all Cr concentrations, a y2 X 2 X 1 supercell of original ZB

PHYSICAL REVIEW B 80, 224417 (2009)

cell is used, except for the x=0.125 case, where a \JEX \5
X 2 supercell is adopted. A state-of-the-art plane wave plus
the ultrasoft pseudopotential method,* based on DFT (Ref.
31) and GGA,* is adopted for all these supercells. The elec-
tronic wave functions (charge densities) are expanded in a
plane-wave basis set up to an energy cutoff of 25 Ry (300
Ry). 18 special k points are used in the first Brillouin zone
(BZ) for the BZ integrations.

The Curie temperature can be estimated by MFA,
RPA,>>-? or Monte Carlo® method, providing that the ex-
change parameters are known. According to the work of Sa-
stoglu et al., MFA method could give simple but reasonable
estimation of the Curie temperature. In the MFA method of
classical Heisenberg Hamiltonian, the Curie temperature is
given by

_2

TMFA > Jojs (2)

3kpjzo
where J; is the exchange parameter.

III. STRUCTURE STABILITY OF THE ZINC-BLENDE
PHASE OF Al,_,Cr,As

In order to investigate the structural stability of
Al;_Cr,As systematically, we consider the whole range of x
from O up to 1.0. The x=0 and x=1 cases correspond to
semiconducting AlAs and pnictidle HMF CrAs, respectively,
which have been studied widely. AlAs crystallizes at the ZB
phase with space group 216, which has four AIAs units in the
cubic cell. Substituting one, two, or three Als in the cubic
cell for Crs, three ferromagnetic (FM) alloys, Al 75Crg,5As
(with space group 215), Al sCrysAs (with space group 111),
or Al ,5Crq75As (with space group 215), can be obtained. In
order to model the 0.125 and 0.875 substitutional cases, a
supercell along the (110) direction of the original cubic ZB
cell is constructed first, which contains eight AlAs units.
Substituting one or seven Al for Cr in this supercell,
A10'875Cr0'125AS and A10'125Cr0'875AS can be Obtained, both
with space group 115. The supercell along the (100) direc-
tion of original ZB cell has also been considered, which,
however, results in a much higher total energy. Figure 1
shows the structures of Al g;5Crj 125As, Aly75Cry,5As, and
AlysCrysAs from top to bottom. Alj,5Cryg75As and
Al ,5Crg75As can be obtained by interchanging Cr and Al
atoms in Aljg75Cr 1o5As and Alj75Cry,sAs in Fig. 1.

As is well known, ZB structure is the ground state of
semiconductor AlAs. However, for pnictide CrAs, the NiAs
phase is more stable than the ZB one.?! In order to investi-
gate the stability of the ZB phase relative to the NiAs one,
NiAs structures with the same Cr composition as the ZB
structures are constructed. Full optimization of cells includ-
ing total energy over the cell volume, c¢/a, and internal pa-
rameters for all these ZB and NiAs structures, is performed.
A (meta)stable energy is used to indicate the stability of the
7ZB phase

AEy = Ezg — Exias» (3)

where Ezp and Ey;,s denote the total energy of the ZB and
NiAs phases at their equilibrium lattice constants, respec-
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FIG. 1. (Color online) Structures of Al,_,Cr,As, for x=0.125,
0.25, and 0.5 from top to bottom. Structures for x=0.875 and 0.75
cases can be obtained by interchanging Cr and Al atoms in top two
figures.

tively. A positive value of AE, means that the ZB phase is
less stable than the corresponding NiAs structure, whereas a
negative AE, means a more stable ZB phase. AE, of
Al;_,Cr,As for the whole range of x are listed in Table I. For
CrAs, the calculated (meta)stable energy is as large as 0.84
eV, which is consistent with previous theoretical results.' It
can be seen that there is a critical point for the Cr composi-
tion x, below which the ZB phase is more stable, whereas
above which the NiAs phase is more stable. More precisely,
the critical point can be shown by the heat of formation of
both phases as follows:

Egpins = Ezpniag = *Exins = (1 -0Ez5",  (4)
where EQIB(P&%) is heat of formation for the ZB or NiAs
phase and Ex/s. and Ejp™ are the total energies of CrAs and
AlAs in their ground states. Figure 2 shows the calculated
heat of formation per Al,_,Cr,As formula as a function of Cr
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TABLE 1. Presented are the equilibrium lattice constants (ELC,
a for cubic cells, a/c for tetrahedral cells) per unit cell, (meta)sta-
bility energy (AE;) of the ZB phase, and relative energy of the
AFM structure with respect to the FM one (AE;) of ZB Al,_,Cr,As
with x range from 0 to 1.0. All energies are normalized with respect
to the formula unit (Al, Cr)As.

ELC AE, AE,
Compounds (A) (meV) (meV)
AlAs 573 -576 0
Al g75Cro,125A8 8.11/5.71 =270 13
Alg75Crg 25As 5.72 —64 36
Alp 5CrosAs 5.69 304 4
Alp 5Cro 75As 5.67 590 176
Al 125Crg g75As 7.99/5.63 690 221
CrAs 5.65 840 274

composition x for both the ZB and NiAs phases. It can be
seen that the ZB phase is more stable than the NiAs one
when the Cr composition is less than 30%, where the ZB
phase may exist as bulk samples or thick films. On the other
hand, the ZB phase is less stable for larger x and can exist
only as epitaxial films.

In order to investigate the relative stability of the FM
phase with respect to the antiferromagnetic (AFM) one, vari-
ous AFM structures for each FM ZB cell have been con-
structed and optimized. Relative stability of FM structure is
indicated by the total-energy difference between the lowest
AFM structure and the FM one as follows:

AEI = Expm — Erms (5)

where Epy and E gy are the total energies of the FM struc-
ture and the lowest AFM structure. A positive AE| means a
more stable FM phase and a negative a less stable FM one.
For all these FM and AFM structures, full optimization in-
cluding total energy over cell volume, c/a, and internal pa-
rameters is performed. The results are summarized in Table 1.

0.9
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FIG. 2. Heat of formation for both the ZB and NiAs phases of
Al;_,Cr,As, where the solid line shows that of the ZB phase and the
dashed line the NiAs one.
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FIG. 3. The cell volume, the half-metallic gap, and the spin
magnetic moment contributed by As atoms of Al;_,Cr,As as a func-
tion of the Cr composition x are shown in (a), (b), and (c)
respectively.

We can see that the FM phase is more stable than the AFM
one for all Cr compositions and the stability of the ferromag-
netism is enhanced by the Cr composition except for
AIO.SCIAO.SAS.

In DMSs, equilibrium lattice constants and the concentra-
tion of impurities obey the Vegard’s law, which states
that37-39

a(III,TM)V(x) = (1 = x)agy_y+ xapy_y, (6)

where a(;;rvyv(X), ap_y, and agy_y are lattice constants of
Al;_Cr,As, AlAs, and CrAs. The calculated equilibrium lat-
tice constants are listed in the second column of Table I.
Figure 3(a) shows the cell volume of Al,_,Cr,As as a func-
tion of the Cr composition x. The dotted line represents the
cell volume calculated by lattice constants according to the
Vegard’s law. We can see that except for the x=0.875 case,
the calculated volumes obey the Vegard’s law at large. For
compounds with very high concentration of Cr, such as
Al 125Crg g75AS, there may be some other defects except for
the standard substitutional Cr atoms, such as interstitial at-
oms, Al,, antisites, etc., which may cause the lattice con-
stants and then the cell volumes to deviate from the Vegard’s
law, 3840

IV. ELECTRONIC STRUCTURE AND HALF-METALLIC
FERROMAGNETISM

Presented in Fig. 4 are the spin-dependent total and partial
densities of states (DOSs) for Al;_,Cr,As with x ranging
from 0.125 to 0.875. The top of the valance band of AlAs is
mainly attributed to As-4p states, hybridized with
Al-(3s,3p), while the bottom of the conduction band is pri-
marily attributed to Al-(4p,3d) and As-(4d,5s) states.*!4?
The calculated semiconducting gap of AlAs is about 1.5 eV,
which is much smaller than the experimental value of 2.3 eV
because of the well-known underestimation of DFT calcula-
tions. After introducing Cr atoms in AlAs, there are strong
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FIG. 4. (Color online) Spin-dependent DOSs of the ZB phase of
Al;_,Cr,As, for x=0.125, 0.25, 0.5, 0.75, and 0.875 are shown from
(a) to (e), where the thick solid lines show the total DOSs, the thin
solid lines the Cr partial DOSs, the dashed lines that of the Al, and
the dotted lines that of the As.

hybridizations between Cr-3d and As-4p states, which will
introduce some states in the majority-spin gap. Due to the
exchange splitting of Cr-34 states, the minority-spin states of
Cr-3d are pushed completely above the Fermi level, but
keeping a minority-spin gap as in semiconducting AlAs,
which is the origin of the half-metallic gap.

In order to analyze the bonding properties in detail, orbital
projected DOS (PDOS) are needed. Because all these com-
pounds have similar electronic structure, PDOS of
Al 75Cr »5As are taken as an example and shown in Fig. 5.
As-4s states, which are mainly localized at nearly 11.0 eV
below the Fermi level and bonding with Al-3s and -3p, are
not shown in Fig. 5. The states at about —5.5 eV originate
mainly from Al-3s states with a little hybridization with
As-4p states. A slight splitting between the majority- and
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FIG. 5. (Color online) Presented from top to bottom are spin-
dependent PDOSs of the ZB phase of Alj75Crj,5As. The top panel
shows the Cr total DOS (the thick solid line), the Cr-eg PDOS (the
thin solid line), and the Cr-r2g PDOS (the dashed line). The middle
panel shows the As total DOS (the thick solid line) and the As-4p
PDOS (the dashed line), while the last panel shows the Al total
DOS (the thick solid line), the Al-3s PDOS (the thin solid line), and
the Al-3p PDOS (the dashed line).

minority-spin states of the hybridized states of Al-3s and
As-4p can be seen, which is due to the induction of the
exchange splitting of Cr-3d states.

States near the Fermi level, which are mainly composed
of Cr-3d, As-4p, and Al-3s and -3p states, are most impor-
tant for the bonding properties and half-metallic ferromag-
netism. Considering the majority-spin states at first, the
states between —3 and —2 eV are mostly attributed to the
strong Cr-12g—As-4p hybridization and a relative weak hy-
bridization between Cr-12g and Al-3p states. They are the
bonding states. The broad antibonding states begin at about
—0.5 eV and also exhibit a mixed character of Cr-r2g with
both As-4p and Al-3p states. The Cr-eg states are the non-
bonding states and located in the bonding-antibonding gap.
The minority-spin states exhibit a similar structure but
shifted upward due to the strong exchange splitting of Cr-3d
states. The bonding states which originate from the hybrid-
ization of Cr-r2g with As-4p and Al-3p states are located
mainly between —2.0 and —1.4 eV below the Fermi level.
Both the antibonding Cr-r2g states and the nonbonding Cr-eg
states are pushed wholly above the Fermi level, keeping a
minority-spin gap which is the origin of the half-metallic
gap.

Combining Fig. 4 with Fig. 5, one can see that the spin
splittings of Al-3s states increase with the Cr composition,
which is consistent with the increase of the induced local
magnetic moments of Al as shown in Table II. Although the
bonding states and the nonbonding states change little with
Cr compositions, the antibonding states broaden as the Cr
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TABLE II. Presented are total magnetic moments per cell and
magnetic moments localized on each site (M ./ M o;/ M »,) in unit of
up and half-metallic gap (E,) in unit of eV of Al,_,Cr,As with x
ranging from 0.125 to 1.0.

m mey/ may/ mag E,
Compounds (18) (p) (eV)
Alj g75Cro 125As 3.00 2.93/0.01/-0.04 0.87
Al 75Crg25As 3.00 2.95/0.03/-0.08 0.73
Al 5CrpsAs 6.00 2.95/0.04/-0.13 0.51
Alj5Crp75As 9.00 2.98/0.05/-0.19 0.35
Al 125Crg g75AS 21.00 2.96/0.04/-0.22 0.23
CrAs 3.00 3.01/0/-0.25 0.31

composition increases. When the Cr compositions are very
low, the antibonding states are localized in the majority-spin
semiconducting gap with an extension of only about 0.7 eV.
As x increases, however, the expansion of the antibonding
states enhances, which could be as large as 3 eV in CrAs.

An important property of HMFs is their half-metallic gap,
defined as the minimum of E,. and E,,, where E,. is the
bottom energy of the minority-spin conduction bands with
respect to the Fermi level and E,, the absolute values of the
top energy of the minority-spin valence bands also with re-
spect to the Fermi level.’® Half-metallic gaps of Al,_,Cr,As
(0.125=x=1.0) are listed in the last column of Table II. It
can be found that generally the half-metallic gaps become
smaller with the increase of the Cr composition. The half-
metallic gaps of Al;_,Cr,As as a function of the Cr compo-
sition x have been given in Fig. 3(b), where the half-metallic
gaps vary in a similar manner as the cell volumes with re-
spect to the Cr composition x. Therefore, the half-metallic
gap could be tuned by the Cr composition in Al,_,Cr,As. The
exception occurs when x is equal to 0.875, which may be due
to defects other than substitution and will be explained else-
where. The total and local spin magnetic moments of
Al;_,Cr,As have been listed in Table II. Each Cr atom con-
tributes an integer total spin magnetic moment of exact 3 g,
which is a notable character of HMFs. Figure 3(c) shows the
local moments of As as a function of Cr composition, which
is also similar to the Vegard’s law.

V. EFFECTS OF THE SPIN-ORBITAL INTERACTION ON
HALF-METALLIC FERROMAGNETISM

The half-metallicity can be suppressed by some factors,
e.g., the SO interaction,*® nonquasiparticle states,** defects,*
surfaces, and interfaces, spin excitations at finite tempera-
ture, etc. The SO interaction exists even at 7— 0 and in the
defect-free case for all elements. In this part, we concentrate
mainly on effects of the SO interaction. The SO interaction
can introduce a mixture of two spin channels, which cause
some nonvanishing DOSs in the minority-spin band gap*
and then the half metallicity is destroyed.

In order to demonstrate the influence of SO interaction on
half metallicity in Al;_,Cr,As in detail, we have performed a
fully GGA+SO calculation for all these compounds. The
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TABLE III. Presented in the first four columns are orbital magnetic moments contributed by each Cr and
As atom, the total orbital moments, and the total magnetic moments per cell including both spin and orbital
contributions in unit of wg. Shown in the last column is the total energy difference between with and without
the SO interaction per Al,_,Cr,As formula in unit of meV.

orb orb

orb

Mcy My Mioral Mioral Aso
Compounds (p) (ep) (1p) (ep) (meV)
Alj g75Crg 125As -0.0123 —-0.0008 -0.0186 2.981 -8.8
Al 75Crp25As -0.0140 -0.0008 -0.0167 2.983 -9.9
Al 5CrysAs -0.0168 -0.0011 -0.0378 5.962 -12.4
Aly»5Crp75As -0.0186 -0.0014 -0.0616 8.938 -12.9
Alj 125Crg g75AS -0.0168 -0.0012 -0.1276 20.872 -13.5
CrAs -0.0186 -0.0019 -0.0205 2.979 -14.3

strength of the SO interaction is manifested by the difference
of total energy calculated with and without SO interaction,
denoted by Agq. In the last column of Table III, we give the
calculated Agy per Al,_,Cr,As formula. It can be seen that
this total-energy difference increases with the Cr composi-
tion. Figure 6 presents the calculated DOSs of Al;_,Cr,As
including the SO interaction, where the thick solid lines de-
note total DOSs, the thin solid lines the Cr-3d PDOSs, and
the dashed lines the As-4p PDOSs. In order to manifest ef-
fects on the half metallicity, we focus on the energy range
near the minority gap. The majority-spin DOSs are reflected
into the minority-spin gaps for all these compounds due to
the SO interaction. This reflection is relative small, giving a
minority or majority DOS ratio of only 0.1% at the Fermi
level and resulting a decrease of the spin polarization of only
about 0.2% for all compounds. It is clear that considering the
SO interaction, Al;_,Cr,As is not strictly half metallic any-
more. However, because the SO interaction strength of these
elements is relative low (no heavy elements) and the Fermi
level is far away from the band edge,*® all Al,_,Cr,As com-
pounds remain a relative high spin polarization.

Another result of SO interaction is nonzero orbital mag-
netic moment. In Table III, we give the calculated localized
orbital magnetic moments of Cr and As in the first two col-
umns. The total orbital moments and total magnetic moments
including both the spin and orbital contribution are listed in
the third and fourth columns. One can see that the total mag-
netic moments become nonintegral for all Al;_,Cr,As if the
SO interaction is considered, which is consistent with DOSs
shown in Fig. 6. Particularly, the absolute value of the local-
ized orbital moments of each atom increases with the Cr
composition, except for the x=0.875 case which may also be
related to some defects other than substitution.

VI. EXCHANGE PARAMETERS AND CURIE
TEMPERATURE

Sasioglu et al. did some systematic works about the mag-
netic exchange parameters and the Curie temperature of ZB
pnictides by frozen-magnon approach and MFA (RPA),*
where ZB CrAs is found to show a Curie temperature of
above 1000 K. In ZB Al,_,Cr,As, the nearest surrounding of
a Cr atom is anionic As atoms. Other Cr atoms are located in
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FIG. 6. (Color online) Spin-dependent DOSs, including the SO
interaction, of the ZB phase of Al;_,Cr,As for x is equal to 0.125,
0.25, 0.5, 0.75, and 0.875 are shown from (a) to (e), where the thick
solid lines show the total DOSs, the thin solid lines the Cr partial
DOSs, the dashed lines that of the Al, and the dotted lines that of
the As.
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TABLE IV. Presented are the exchange parameters of nearest Cr atoms in unit of meV and the Curie
temperatures given by MFA in unit of K for all Al;_,Cr,As compounds.

x 0.125 0.25 0.5 0.75 0.875 1.0
Jo 0.52 33.8 81.5 48.4 47.2 41.8
TMFA 4 782 1259 1497 1825 1938

the next-nearest positions or further according to different Cr
concentrations. Sasioglu’s work shows that the main ex-
change interaction in ZB CrAs is that between the TM at-
oms. Other interactions, such as that between TM-sp, sp-sp
atoms, are small and can be neglected. In this work, only
interaction of the nearest Cr sites is involved for all
Al;_Cr,As compounds.

Table IV lists the exchange parameters of the nearest Cr
sites and the Curie temperature given by MFA for different
Cr concentrations. One can see that the x=0.5 case has the
largest exchange parameter. Different from the exchange pa-
rameters, the Curie temperature given by the MFA method
(TICVIFA) increases monotonically with the Cr concentrations.
The exchange parameter and the Curie temperature of
Al g75Crg 105As are extremely small because of the relative
large distance between two nearest Cr atoms. It can be seen
that ZB Al;_,Cr,As with its Curie temperature above room
temperature can be obtained by increasing the Cr concentra-
tions.

VII. SUMMARY

In summary, we use an accurate full-potential density-
functional method to study HMFs Al,_,Cr,As with x ranging
from 0.125 to 0.875. It is found that there is a clear relation
between the Cr composition and various properties. The
equilibrium lattice constants follow the Vegard’s law at large
except for compounds with very high Cr composition, which
may be due to defects other than substitutional atoms. More
importantly, the half-metallic gaps follow a law similar to the
Vegard’s law as the equilibrium lattice constants. In order to

explain this phenomenon, detailed analysis about the elec-
tronic structure has been performed. With increasing of the
Cr composition, the antibonding states extended from 0.7 to
3 eV and the Fermi level moves upward. These two factors
make the half-metallic gaps decrease.

The half metallicity could be destroyed by many factors.
Strictly speaking, there is no perfect HMF because of the
universal existence of the SO interaction. After considering
the SO interaction, the strict half metallicity is destroyed for
all Al;_,Cr,As compounds. The total-energy difference
caused by the SO interaction and the spin-dependent DOSs
are presented for all these compounds. The orbital moments
and total magnetic moments including both the spin and or-
bital contribution have also been obtained. One of the most
important properties of DMS is its critical temperature. By
ab initio total-energy calculations for different magnetic con-
figurations, exchange parameters of nearest Cr atoms and the
Curie temperature by MFA for all compounds have been ob-
tained. Except for the extremely low Cr concentration case,
the Curie temperature is higher than the room temperature
and increases with the Cr concentration. Our calculated re-
sults can be useful for a thorough understanding of magne-
tism in DMSs which might be promising candidates for fu-
ture spintronic applications.
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