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Magnetic interactions in a proposed diluted magnetic
semiconductor (Ba1−𝑥K𝑥)(Zn1−𝑦Mn𝑦)2P2
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By using first-principles electronic structure calculations, we have studied the magnetic interactions in a proposed
BaZn2P2-based diluted magnetic semiconductor (DMS). For a typical compound Ba(Zn0.944Mn0.056)2P2 with only spin
doping, due to the superexchange interaction between Mn atoms and the lack of itinerant carriers, the short-range antifer-
romagnetic coupling dominates. Partially substituting K atoms for Ba atoms, which introduces itinerant hole carriers into
the p orbitals of P atoms so as to link distant Mn moments with the spin-polarized hole carriers via the p–d hybridization
between P and Mn atoms, is very crucial for the appearance of ferromagnetism in the compound. Furthermore, applying
hydrostatic pressure first enhances and then decreases the ferromagnetic coupling in (Ba0.75K0.25)(Zn0.944Mn0.056)2P2 at
a turning point around 15 GPa, which results from the combined effects of the pressure-induced variations of electron de-
localization and p–d hybridization. Compared with the BaZn2As2-based DMS, the substitution of P for As can modulate
the magnetic coupling effectively. Both the results for BaZn2P2-based and BaZn2As2-based DMSs demonstrate that the
robust antiferromagnetic (AFM) coupling between the nearest Mn–Mn pairs bridged by anions is harmful to improving the
performance of these II–II–V based DMS materials.
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1. Introduction
Diluted magnetic semiconductors (DMSs), which are

semiconductors doped with magnetic impurities, have at-
tracted extensive attention due to their potential applications
in spintronic devices as well as their fundamental scientific
values.[1–7] Experimentally, the synthesis of materials com-
bining the semiconducting behavior with the robust ferromag-
netism has long been a dream of material physicists and much
effort has actually been devoted to searching for such materi-
als with Curie temperature (Tc) above room temperature.[8–13]

Theoretically, the focus is placed on understanding the mag-
netic mechanism in order to provide suggestions for exploring
high-Tc materials.[14–18] However, despite several decades of
intensive work, the preparation of materials with practical fea-
sibility is still a challenge and the complexity of real materials
often hinders a clear theoretical understanding.

The exploration of DMS materials mainly involves the
semiconductors doped with an Mn atom due to its large lo-
cal magnetic moment. In the early days, the Mn-doped
(AII

1−xMnx)BVI compounds were often chosen as prototypical
systems,[14] as the isovalent (Mn2+, AII) substitution would
make them easy to achieve a high solubility of Mn. How-
ever, the initial charge doping in the II–VI-based DMSs,

no matter whether n-type or p-type, was difficult, until the
later progress in charge doping leads to the emergence of
their ferromagnetism.[19–22] Subsequently, the III–V-based
DMSs were widely studied due to their compatibility with
the present-day electronic materials. Among them, the (Ga,
Mn)As has achieved a Tc around 200 K.[13] Nevertheless,
due to the hetero-valent (Mn2+, Ga3+) substitution, the equi-
librium solubility of Mn in the III–V compounds is very
small, such DMS samples are thus often prepared as films by
a non-equilibrium epitaxial growth technique.[22] Moreover,
the hetero-valent (Mn2+, Ga3+) substitutions introduce spins
and holes simultaneously, which makes the independent con-
trol of spin- and charge-dopings impossible.[22] Recently, the
I–II–V compound Li(Zn, Mn)As,[23] the II–II–V compound
(Ba, K)(Zn, Mn)2As2,[24] and the III–VI–II–V compound
(La, Ba)O(Zn, Mn)As,[25] which are respectively isostruc-
tural to the well-known ‘111’, ‘122’, and ‘1111’ iron-based
superconductors LiFeAs,[26] BaFe2As2,[27] and LaOFeAs,[28]

have been reported as new types of DMS materials. The Tc

of (Ba0.7K0.3)(Zn0.85Mn0.15)2As2 even reaches ∼ 230 K,[29]

higher than the record value achieved in (Ga, Mn)As. More
importantly, in this new ‘122’ type DMS material, the spin
doping by isovalent (Mn2+, Zn2+) substitution and the charge
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doping by hetero-valent (Ba2+, K+) substitution decouple
with each other, thus providing us with a unique opportunity
to study the magnetic mechanism in DMS.

From the theoretical standpoint, previous works on the
(Ba1−xKx)(Zn1−yMny)2As2 compound[30–33] propose the ex-
istence of both short-range antiferromagnetic (AFM) interac-
tions via superexchange and long-range ferromagnetic (FM)
interactions mediated by itinerant holes. Thus, the nearest-
neighbour Mn atoms often take the AFM coupling, yielding
a reduction of the mean magnetization of all Mn atoms com-
pared with the local moment of Mn2+. Furthermore, the anal-
ysis based on density functional theory (DFT) calculations
by Mazin et al. gave an excellent agreement of magneti-
zation between their calculation results and experiment data,
which demonstrates that the DFT can play an important role
in understanding these recently discovered II–II–V type DMS
materials.[30]

As a counterpart of (Ba1−xKx)(Zn1−yMny)2As2,
(Ba1−xKx)(Zn1−yMny)2P2 (with P atom substituting the same
group As) is expected to be a similar DMS. More importantly,
the substitution of As with P would introduce some changes
in the magnetic properties of (Ba1−xKx)(Zn1−yMny)2P2, the
study on which may enable us a complete understanding on
the exchange interactions in this prototypical DMS material
and may provide guidance for searching more feasible DMS
candidates. Here, we have carried out systematic investiga-
tions on the proposed (Ba1−xKx)(Zn1−yMny)2P2 compound to
explore the magnetic interactions in it.

2. Computational details
First-principles electronic structure calculations were

performed by using the projector augmented wave (PAW)
method[34,35] as implemented in the Vienna ab initio Sim-
ulation Package.[36–38] The generalized gradient approxima-
tion (GGA) of Perdew–Burke–Ernzerhof (PBE) type was em-
ployed for the exchange–correlation functional.[39] The ki-
netic energy cutoff of the plane-wave basis was set to be
400 eV. A fully variable-cell relaxation of BaZn2P2 unit cell
with 10 atoms was first carried out to obtain the equilibrium
lattice parameters under different pressures. The criteria for
force convergence on all atoms was 0.01 eV/Å. Then the prop-
erties of the BaZn2P2 parent compound were studied. By
tripling these relaxed unit cells along both a and b directions,
we obtained the expanded supercells containing 90 atoms for
later studies on the effects of spin- and charge-dopings.

The supercell we used is schematically shown in Fig. 1(a).
It contains two Zn layers stacked along the [001] direction. For
the spin doping, we used two Mn atoms to substitute two Zn
atoms respectively, which introduces a doping concentration

of 5.6%. The two Mn atoms can locate either in the same Zn
layer or in different Zn layers. In the same Zn layer, they can
locate at sites 0, 1, 2, 3, 4, or 6 [Fig. 1(b)] to form Mn–Mn
pairs denoted as 0–1, 0–2, 0–3, 0–4, and 0–6, corresponding
to the first, second, third, fourth, and sixth neighbors, respec-
tively. If the corresponding substitution sites of Mn in the
other Zn layer are denoted by 0′, 1′, 2′, 3′, 4′, and 6′, the
two Mn atoms can also form Mn–Mn pairs named 0–0′, 0–
1′, 0–2′, 0–3′, 0–4′, and 0–6′ respectively. For all supercells
of Ba(Zn0.944Mn0.056)2P2, we relaxed the internal atomic posi-
tions only. Regarding the charge doping, we employed the vir-
tual crystal approximation (VCA), in which the Ba sites were
composed of 75% Ba2+ and 25% K+. Both the concentrations
of spin doping 5.6% and hole doping 25% are typical experi-
mental values for the ‘122’ type DMSs.[24] The electronic cor-
relation effect among Mn 3d electrons was incorporated by
the DFT+U formalism according to the method of Dudarev
et al. (effective U).[40] The value of effective U was set to
3.0 eV, which had been used and discussed carefully in the
previous work for compounds Li(Zn, Mn)As[41,42] and (Ba,
K)(Zn, Mn)2As2.[31]

It is known that for the BaZn2As2, namely the counter-
part of BaZn2P2, there are two crystalline phases: the low-
temperature orthorhombic phase (α-BaZn2As2 with space
group Pnma) and the high-temperature tetragonal phase (β -
BaZn2As2 with space group I4/mmm).[43] Experimentally,
under low temperature, the stable β -BaZn2As2 at ambient
condition can be obtained by the rapid quenching method.[44]

Moreover, 10% of K or Mn doping can stabilize the tetrago-
nal β -BaZn2As2 down to 3.5 K.[24] Here, we take the tetrag-
onal β -BaZn2P2 to perform the calculations. At ambient
pressure, the calculated equilibrium lattice constants of the
BaZn2P2 (BaZn2As2) tetragonal unit cell are a = 4.039 Å
(4.156 Å) and c = 13.280 Å (13.641 Å), which are in good ac-
cordance with the experimental values a = 4.019 Å (4.12 Å)
and c = 13.228 Å (13.58 Å).[24,43,45] Actually, according to
our calculations, the energy of β -BaZn2P2 (β -BaZn2As2) is
just 0.138 (0.148) eV per formula unit higher than that of α-
BaZn2P2 (α-BaZn2As2).

(a) (b)

P
Zn

Ba

4 6

2 3

1

0

Fig. 1. (color online) (a) The schematic diagram of the BaZn2P2 super-
cell. (b) The substitution sites of Mn atoms in the same Zn layer. Two
Mn atoms are arranged as 0–1, 0–2, 0–3, 0–4, and 0–6 pairs, while the
integers represent the sequences of Mn neighbors.
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3. Results and analysis
3.1. Carrier-mediated ferromagnetism

The classical Heisenberg model reading

Hmag =−∑
i6= j

Ji j𝑒i ·𝑒 j (1)

has been employed to study the magnetic interactions. Here
Ji j is the exchange integral parameter and 𝑒i is the unit vector
in the direction of the spin 𝑆i on site i with the moment M
(𝑒i =𝑆i/M). The calculated total enthalpies for the ferromag-
netic and antiferromagnetic configurations are denoted as EFM

and EAFM, respectively. Then the exchange energy Emag of the
Mn–Mn pairs can be derived from their enthalpy difference as
Emag = ∆E/2 = (EAFM−EFM)/2.
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Fig. 2. (color online) Energy differences per Mn between the
FM and AFM states for Ba(Zn0.944Mn0.056)2P2 and (Ba0.75K0.25)
(Zn0.944Mn0.056)2P2 as functions of Mn–Mn distances. The data points
denote different Mn–Mn pairs in the supercell. The legend ‘one-layer’
means that the Mn–Mn pairs are in the same Zn layer while ‘two-layer’
means they are in different Zn layers. The circles correspond to the
0–1, 0–2, 0–3, 0–4, and 0–6 configurations with increasing Mn–Mn
distances while the squares to the 0–0′, 0–1′, 0–2′, 0–3′, 0–4′, and 0–6′

ones.

The energy differences (enthalpy differences at finite
pressure) between the FM and AFM couplings for all Mn–
Mn pairs are shown in Fig. 2. The data can be classified
into two groups: one represents the situation with only spin
doping (data in red color), while the other denotes the situ-
ation with both spin and hole dopings (data in blue color).
For the former, there are three Mn–Mn pairs, namely 0–1,
0–2, and 0–0′, showing robust antiferromagnetism, while the
energy differences for the other Mn–Mn pairs are negligi-
ble. Thus, the dominant magnetic exchange interactions in
Ba(Zn0.944Mn0.056)2P2 are short-range antiferromagnetic in-
teractions. When it comes to the situation with both spin and
hole dopings in (Ba0.75K0.25)(Zn0.944Mn0.056)2P2, the Mn–Mn
couplings change significantly. The most noteworthy feature
is that all the former weakly coupled Mn–Mn pairs and the
0–0′ Mn–Mn pair take ferromagnetic coupling, while only the
0–1 Mn–Mn pair still holds antiferromagnetic coupling, yet

with much weakened strength. Thus, when doped with holes,
the long-range FM couplings dominate the magnetic proper-
ties of the (Ba0.75K0.25)(Zn0.944Mn0.056)2P2 compound, which
demonstrates that the hole carriers indeed mediate the mag-
netic interactions and play an important role in inducing the
ferromagnetism.
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Fig. 3. (color online) Partial density of states (PDOS) of the parent
compound BaZn2P2 at 0 GPa. The up and down parts of each panel
correspond to the spin-up and spin-down channels, respectively.

3.2. Exchange mechanism

As presented above, the short-range antiferromag-
netic and the long-range ferromagnetic interactions domi-
nate the Mn–Mn couplings in Ba(Zn0.944Mn0.056)2P2 and
(Ba0.75K0.25)(Zn0.944Mn0.056)2P2 compounds, respectively.
Here, we show that the mechanism of magnetic interactions
in these two BaZn2P2-based compounds can be resolved from
the electronic structure calculations. For the parent com-
pound BaZn2P2, the partial density of states (PDOS) of all
three atomic species show reduction around the Fermi level
(Fig. 3), demonstrating a semiconducting behavior. In com-
parison, for its counterpart β -BaZn2As2, our calculations give
a vanishing gap, namely there being tiny density of states
at the Fermi level, which agrees well with previous GGA-
type calculations.[31,32,46] However, the experiment data show
a gap of 0.23 eV for β -BaZn2As2.[44] By taking into ac-
count their similarity, we speculate, in the absence of exper-
imental results, that BaZn2P2 has a small gap. For these
two doped compounds [as shown in Figs. 4(a) and 5(a)], on
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one hand, the p orbitals of P atoms show a broad continuum
range from −4 eV to 0 eV. Meanwhile, the occupied d or-
bitals of Mn atoms show main peaks at about −3 eV and
delocalize in a range from −3.5 eV to the Fermi level. On
the other hand, the Mn2+ ions locate in the tetrahedral crys-
tal field created by P atoms and the differential charge densi-
ties (Here, the differential charge density is defined as: CAB–
CA–CB. CAB denotes the charge density of the supercell with
all atoms Ba18Zn34Mn2P36 ((Ba0.75K0.25)18Zn34Mn2P36), CA

denotes the charge density of the supercell without two Mn

atoms Ba18Zn34Mn0P36 ((Ba0.75K0.25)18Zn34Mn0P36) and CB

denotes the charge density of the supercell with only two Mn

atoms Ba0Zn0Mn2P0 ((Ba0.75K0.25)0Zn0Mn2P0)) as shown in

Figs. 4(b) and 5(b) demonstrate obvious electron accumulation

between Mn and P atoms. Thus, we suggest that the strong p–

d hybridization between the P and Mn atoms is an important

characteristics of both doped compounds.
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Fig. 4. (color online) For the 0-2 configuration of Ba(Zn0.944Mn0.056)2P2 at 0 GPa with antiferromagnetically coupled Mn–Mn pair in the
supercell: (a) Respective partial density of states of Mn and P atoms. The up and down parts of each panel correspond to the spin-up and
spin-down channels, respectively. The digits are the atom labels in the supercell. (b) Top view of the differential charge densities. Ba atoms are
omitted for clarity. The orange and cyan isosurfaces show the electron accumulation and loss regions, respectively.

In the following, we demonstrate that the p–d hybridiza-
tion between Mn atom and its neighboring P atoms is a prereq-
uisite in determining the magnetic coupling between the Mn–
Mn pairs. On one hand, the p–d hybridization can delocalize
the d orbitals of Mn atoms and reduce the kinetic energy of the
system. When the compound has only spin doping (Fig. 4),
there is negligible density of states at the Fermi level, namely
rare hole carries. If two Mn atoms share a bridging P atom,
the antiferromagnetic coupling between these two Mn atoms
results from the p–d hybridization induced kinetic energy re-
duction by the Pauli exclusion principle, which is considered
as AFM superexchange.[47] Thus, the 0–1 and 0–2 Mn–Mn
pairs [Fig. 1(b)] take the AFM coupling in order to reduce the
energy of the compound (Fig. 2). When there is no bridg-
ing P atom between two Mn atoms, each Mn atom hybridizes
with its neighboring P atoms respectively, which has almost
no requirement for the relative alignment of two Mn spins,
yielding a negligible magnetic coupling between them. On the
other hand, when doping hole carriers into the p orbitals of P
atoms, the strong p–d hybridization between Mn and its neigh-
bouring P atoms leads to an itinerant spin-polarized Fermi sea.
Namely, the spin-up p orbitals of the P atoms neighboring to
spin-up Mn atoms shift to a higher energy while the spin-down
p orbitals of P atoms shift to a lower energy (Fig. 5), then the

spin-down p states are occupied more than the spin-up p ones,
resulting in a spin-polarized Fermi sea. Consequently, this
leads to an AFM coupling between the Mn and P atoms, which
is considered as Zener’s p–d exchange.[48,49] Then, the other
Mn atom adjusts its spin polarization to align oppositely to the
polarized Fermi sea. Eventually, the two distant Mn atoms,
i.e., Mn–Mn pairs without bridging P atoms, take an effective
ferromagnetic coupling. This Mn–Mn coupling contains two
key points: strong p–d hybridization and robust transmission
by the spin-polarized Fermi sea.

3.3. Pressure and correlation effects

For this new ‘122’ type DMS, recent x-ray spectroscopy
experiments have found that the applied pressure can induce
the band broadening of As p orbitals and suppress the ex-
change interactions.[50,51] Hence, we study the pressure effect
on the magnetic couplings for different Mn–Mn pairs. Once
the pressures are applied on (Ba0.75K0.25)(Zn0.944Mn0.056)2P2,
both the 0–2 and 0–0′ configurations show continuous en-
hancement of the AFM coupling up to 30 GPa (Fig. 6). This
can be explained by the enhancement of superexchange in-
duced by more orbital overlaps under pressure. Especially for
the 0–0′ configuration, the reduction of lattice c under pres-
sure may strengthen the overlap of the pz orbitals between
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interlayer P atoms, eventually leading to the enhanced AFM
coupling. In contrast, the FM coupling for the 0–3, 0–4, 0–
6, 0–3′, 0–4′, and 0-6′ Mn–Mn pairs achieve the maxima at
15 GPa. This behavior shows the competition between the
two key points on the Mn–Mn effective FM coupling men-
tioned above. The pressure can strengthen the p–d hybridiza-
tion, meanwhile it can also weaken the spin polarization of the
hole carriers, as indicated by the reduction of the average spin-
polarization on P atoms. The competition between these two
aspects leads to the nonlinear dependence of the effective FM
coupling on pressure.

Furthermore, we study the correlation effect by using the
GGA+U calculations for (Ba0.75K0.25)(Zn0.944Mn0.056)2P2 at
0 GPa. With an effective U − J = 3 eV on the d orbitals
of Mn, the nearest-neighboring Mn–Mn pair, which strongly

favors antiferromagnetic coupling without U , takes a fer-
romagnetic coupling instead. Moreover, the ferromagnetic
coupling of the 0–2 Mn–Mn pair is enhanced by about 8
times. Thus, the U term can strongly reduce the antiferro-
magnetic superexchange of the nearest-neighboring Mn–Mn
pair bridged by a P atom. We also find that the average
spin-polarization on P atoms with considering U is larger
than the one without it, indicating enhanced spin polariza-
tion of hole carriers. Nevertheless, the previous studies on
(Ba0.75K0.25)(Zn0.95Mn0.05)2As2

[24,30] show that the 0–1 Mn–
Mn pair takes AFM coupling. As its counterpart, the 0–1
Mn–Mn pair in (Ba0.75K0.25)(Zn0.944Mn0.056)2P2 should also
be with AFM coupling, which contradicts with the GGA+U
results but instead consists with the GGA ones. So the corre-
lation effect in this BaZn2P2-based compound is unimportant.
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Fig. 5. (color online) For the 0–4 configuration of (Ba0.75K0.25)(Zn0.944Mn0.056)2P2 at 0 GPa with ferromagnetically coupled Mn–Mn pair in the
supercell: (a) Respective partial density of states of Mn and P atoms. The up and down parts of each panel correspond to the spin-up and spin-down
channels, respectively. The digits are the atom labels in the supercell. The ‘P-N’ means the nearest-neighboring P atoms to the Mn atom. (b) Top view
of the differential charge densities. Ba atoms are omitted for clarity. The orange and cyan isosurfaces show the electron accumulation and loss regions,
respectively.
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0–3′, 0–4′, and 0–6′ ones.

Table 1. Energy differences per Mn (Emag = ∆E/2 = (EFM−EAFM)/2, in unit of meV) between the FM and AFM states of Mn–Mn configu-
rations 0–1, 0–2, 0–3, 0–4, 0–6, 0–0′, 0–1′, 0–2′, 0–3′, 0–4′, and 0–6′ at 0 GPa for the (Ba0.75K0.25) (Zn0.944Mn0.056)2P2 (BaZn2P2-based) and
(Ba0.75K0.25) (Zn0.944Mn0.056)2As2 (BaZn2As2-based) compounds, respectively.

0–1 0–2 0–3 0–4 0–6 0–0′ 0–1′ 0–2′ 0–3′ 0–4′ 0–6′

BaZn2P2-based 153.2 –6.3 –24.6 –45.2 –11.5 –44.4 –48.2 –33.9 –25.0 –26.8 –25.6
BaZn2As2-based 100.8 –17.5 –29.7 –43.8 –21.5 –36.8 –40.1 –29.0 –23.3 –23.3 –21.0
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4. Discussion
We implement further first-principles calculations

on the (Ba0.75K0.25)(Zn0.944Mn0.056)2As2 compound at
the GGA level, in order to make a comparison with
the (Ba0.75K0.25)(Zn0.944Mn0.056)2P2 compound. At am-
bient pressure, the calculated local moments on Mn
atoms for all the defined Mn–Mn pairs [Fig. 1(b)]
in (Ba0.75K0.25)(Zn0.944Mn0.056)2P2 range from 3.25 to
3.50 µB, which are about 0.2 µB smaller than those in
(Ba0.75K0.25)(Zn0.944Mn0.056)2As2. This is a signal that the
p–d hybridization is stronger in the former one. Furthermore,
when two Mn atoms are located at different Zn layers in the
supercell, the ferromagnetic couplings for all Mn–Mn pairs
in (Ba0.75K0.25)(Zn0.944Mn0.056)2P2 are stronger than those
in (Ba0.75K0.25)(Zn0.944Mn0.056)2As2 (Table 1). The stronger
effective FM couplings between interlayer Mn–Mn pairs in
(Ba0.75K0.25)(Zn0.944Mn0.056)2P2 may partially help the im-
provement of the Tc.

Nevertheless, in both compounds, the 0–1 Mn–Mn pair
takes robust AFM coupling, which reduces the concentration
of the effective FM coupled Mn2+ ions and leads to the reduc-
tion of net magnetization.[24,30] Moreover, among all config-
urations for (Ba0.75K0.25)(Zn0.944Mn0.056)2P2, the AFM cou-
pled 0–1 one has the lowest energy, indicating that the Mn
atoms would like to form clusters under an equilibrium growth
condition. This goes against the improvement of the sample
quality and the Tc.

Based on above analyses, the substitution of P for As
can modulate the magnetic coupling effectively, especially the
strength of effective FM coupling between the interlayer Mn–
Mn pairs. However, the robust AFM superexchange always
induces the AFM coupling for the nearest-neighboring Mn–
Mn pairs in both compounds, and may hinder the improve-
ment of sample quality and Tc for these II–II–V type DMS
materials. Therefore, searching for a material with intrinsic
p–d hybridization and transition metal ions far apart without
direct bridging anions may serve as a new clue to exploring
more feasible DMS materials.

5. Conclusions
We have systematically studied the magnetic interactions

in the proposed BaZn2P2-based diluted magnetic semiconduc-
tors by using first-principles electronic structure calculations.
For the compound with only spin doping, the antiferromag-
netic coupling by the short-range AFM superexchange domi-
nates, while the distant Mn–Mn pairs do not show apparently
favored magnetic coupling due to the weak interactions. For
the compound with both spin and hole dopings, except for sev-
eral very near Mn–Mn pairs, the ferromagnetic coupling pre-
vails. This originates from the combined effects of the p–d
exchange between the Mn d orbitals and the neighboring P

p orbitals as well as the long-distance interactions transmit-
ted by spin-polarized itinerant hole carriers, while the latter
is indeed a critical factor for the rising of ferromagnetism.
Furthermore, with applied pressure, the ferromagnetism in
(Ba0.75K0.25)(Zn0.944Mn0.056)2P2 is first strengthened and then
weakened due to the competition among the pressure-induced
changes in the p–d hybridization, the band broadening, and
the spin polarization of itinerant carriers. The robust AFM
coupling of the short-range Mn–Mn pairs bridged by anions
hinders the improvement of the sample quality and the Tc for
these II–II–V type DMSs. We propose that the combination of
intrinsic p–d hybridization and far apart magnetic ions may be
a new clue to searching for more feasible DMS materials.
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Rev. Mod. Phys. 78 809
[18] Sato K, Bergqvist L, Kudrnovský J, Dederichs P H, Eriksson O, Turek
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