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MnTe with a hexagonal structure of NiAs type is an antiferromagnetic semiconductor below the Néel
temperature TN=310 K. The spin-wave excitations of a MnTe single crystal have been measured at T=11 K by
inelastic neutron scattering. The experimental spin-wave dispersions, obtained along five high-symmetry di-
rections of the reciprocal space, have been modeled with a Heisenberg Hamiltonian including isotropic ex-
changes up to the third nearest neighbors and a planar magnetic anisotropy. This yielded the exchange integral
values J1=−21.5 K, J2=0.67 K, and J3=−2.87 K. These results are presented and compared to experimental
values of relevant diluted magnetic semiconductors, allowing a discussion on a generic description of the
distance dependence of the nearest-neighbor magnetic interactions.
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I. INTRODUCTION

Magnetic semiconductors and semimagnetic �diluted
magnetic� semiconductors �DMSs� have been extensively
studied in the past, but recently, the possibility of applica-
tions in spin electronic devices has renewed the interest for
this kind of materials, especially when they exhibit magnetic
properties at room temperature. In this context, the knowl-
edge of the magnetic characteristics of ferromagnetic or an-
tiferromagetic semiconductors becomes important.

Among stable binary manganese compounds, MnTe is
known as the only one that exhibits semiconductor proper-
ties. Most of such compounds are either metallic �e.g., MnAs
or MnSb�, or insulating �e.g., MnO or MnS�. It has been
established that MnTe in NiAs structure is a p-type semicon-
ductor with a typical free-hole concentration p=1018 cm−3

and an indirect energy gap close to Eg=1.27 eV at room
temperature �see Refs. 1–3, and references therein�. The par-
ticularity of MnTe as a crossroads material was first pointed
out in Ref. 4 and more recently in Ref. 5. It has been dem-
onstrated that, roughly speaking, this exceptional property is
related to the energy positions of occupied and unoccupied
Mn d states �resulting from the energy splitting of the 3d
band� in the band structure of hexagonal MnTe. From one
side, occupied d bands retain their narrow character and on
the other side an extensive p-d overlap takes place with Te p
bands forming the top of the valence band. This idea first
proposed in Ref. 4 has been confirmed both by the band
structure calculations,6,5 and by photoemission and inverse
photoemission direct measurements.7,8

Hexagonal MnTe, with the NiAs structure, shown in Fig.
1, was already extensively investigated in the sixties, but the
difficulty in getting samples and its very antiferromagnetic
nature, even though persisting above room temperature, kept
it aside. Antiferromagnetic properties are now welcome in
view of their possible use in selected spintronics devices
�such as, e.g., spin valves�. Furthermore, hexagonal MnTe

and Mn-rich Zn1−xMnxTe,9–11 as well as the zinc-blende �ZB�
phase MnTe,12–15 may be grown by molecular beam epitaxy
�MBE� and thus applied in layered structures for this pur-
pose.

The antiferromagnetism of hexagonal MnTe at low tem-
perature and its transition towards a paramagnetic state at
TN�310 K has been evidenced by the observation of
anomalies in the temperature dependence of the specific heat,
magnetic susceptibility, electrical resistivity, thermoelectric
power, thermal conductivity, as well as in the value of the
lattice constant c. The magnetic order and anisotropy have
been investigated by many authors.16–20 The temperature de-
pendence of the lattice parameter c led to the conclusion that
the magnetic structure was an antiparallel stacking of �001�
ferromagnetic planes21 and magnetic anisotropy
measurements22 demonstrated that the spins lie in the �001�
plane. This has been confirmed by magnetic susceptibility
measurements,20 and finally directly measured by elastic
neutron scattering.23,24 The spin orientation within the plane
is thought to be along the Mn-Mn nearest-neighbor
direction,2 which implies three kinds of magnetic domains,

FIG. 1. The crystal lattice of MnTe in the hexagonal structure of
NiAs type. Open circles correspond to Mn ions, full circles to Te
ions. The double-arrowed lines illustrate the magnetic exchanges J1,
J2, and J3 between pairs of Mn ions, first, second, and third nearest
neighbors, respectively.
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but it could not be ascertained by experiments. The nuclear
and magnetic structures are illustrated in Fig. 1 with the in-
dications of the Mn-Mn magnetic exchanges up to the third
magnetic neighbors.

As for II-VI-based diluted magnetic semiconductors25–27

�DMSs� and ZB MnTe, the dominant mechanism responsible
for the antiferromagnetism in hexagonal MnTe is the super-
exchange mediated by the Te anions, even though some au-
thors suggested the possible contribution of a direct Mn
-Mn exchange.28 However, there is nearly no experimental
information on the values of the relevant magnetic interac-
tions. Some estimates have been proposed from indirect
determination1,29 but with so large discrepancies than none
are actually reliable. A previous study of ZB MnTe30,31 dem-
onstrated the usefulness of spin-wave measurements to de-
termine the magnetic exchange interactions.

So, to get a deeper insight into the magnetic properties of
hexagonal MnTe, we have measured its spin-wave excita-
tions at low temperature. From the data analysis with a
model Hamiltonian, we could deduce the magnetic exchange
interactions up to the third nearest neighbors and the domi-
nant anisotropy.

The paper is organized as follows. In Sec. II the sample
growth and characterization are presented. In Sec. III the
spin-wave measurements are explained in detail and illus-
trated by several examples. In Sec. IV the data analysis is
described and the results discussed.

II. SAMPLE GROWTH AND CHARACTERIZATION

One of the difficulties in obtaining high-quality samples
of hexagonal MnTe is the existence of a MnTe2 phase, often
present as a contamination in bulk samples because of the
necessity to start the growth with a Te-rich melt. Moreover,
the easy oxidation of Mn, yielding a MnO contamination and
increasing the MnTe2 phase content in the ingot, requires
that we strictly avoid oxygen at any step of the growth pro-
cedure.

The sample used for the neutron measurements has been
grown in the Institute of Physics of the Polish Academy of
Sciences in Warsaw from elements purified in this institute.
A method of purification, particularly effective for removal
of oxygen, carbon, and sulphur contaminations has been
used in the case of Mn. The total contamination of our ultra-
pure manganese by other elements corresponded to the pu-
rity 6N, as that of Te. For the crystal growth we applied the
physical vapour transport method, with materials closed in a
silica ampoule with 9 mm inner radius and 2 mm thick wall.
The obtained crystals were then annealed at 950 °C for sev-
eral hours. The quality of single crystal grains was checked
by x-ray diffraction on a high-resolution Philips X’Pert dif-
fractometer. All features of the powder diffraction pattern,
shown in Fig. 2, can be attributed to pure hexagonal MnTe
within experimental accuracy, excluding the presence of any
contamination by other phases or compounds. This yielded
the lattice parameter values of a=4.15 Å and c=6.71 Å, in
accordance with the values reported in the literature.32

A single crystal with a volume of about 30 mm3 was se-
lected for the neutron-scattering measurements. Neutron-

diffraction measurements as a function of temperature33 con-
firmed the lattice parameter values and allowed the
determination of the magnetic moment of the Mn ions, found
to be 4.76±0.1�B, in agreement with the 4.66�B deduced
from theoretical predictions.5

III. SPIN-WAVE MEASUREMENTS AND ANALYSIS

The magnetic unit cell of hexagonal MnTe is identical to
the nuclear one and contains two Mn ions with spins oriented
in opposite directions. Two spin-wave modes corresponding
to a doubly degenerate acoustic mode are then expected in
absence of any anisotropy. The existence of an easy-axis an-
isotropy should keep the degeneracy but open a gap at q=0,
whereas the existence of an easy-plane anisotropy would re-
move the degeneracy and enhance the gap of one of the
modes.

A. Experiments

The triple axis spectrometer 2T1 of the Orphée reactor of
the Laboratoire Léon Brillouin �LLB� at Saclay was used for
the inelastic neutron scattering measurements. All the mea-
surements were carried out with a final neutron wave-vector
kf =2.662 Å−1, with a graphite filter to prevent harmonics
contamination. To get a maximum signal, no Soller slits col-
limation were used, the pyrolytic graphite monochromator, in
002 reflection �PG002�, was vertically bent, and the PG002
analyzer was vertically and horizontally bent. The oriented
sample was placed in a closed cycle refrigerator, measure-
ments were performed at 11±0.5 K. To collect as much per-
tinent data as possible, the sample was successively oriented
in the scattering planes �100�-�001� and �110�-�001� to get
access to symmetry directions involving several combina-
tions of the reciprocal a* and c* axes, namely, �100�, �001�,
�101�, �110�, and �111�.

Each neutron group was analyzed to obtain the position,
damping, and intensity of the spin-wave excitations. The

FIG. 2. Example of the x-ray diffraction pattern obtained with
the use of high-resolution laboratory diffractometer and Cu K�1

radiation for hexagonal MnTe. All structures seen in a wide angular
range �about 40 lines� are due to the diffraction on MnTe �no trace
of precipitates has been found by this characterization method�.
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analysis accounted for the full geometry of the spectrometer,
including monochromator and analyzer curvatures. After a
first series of fits to obtain the overall shape of the mode
dispersions, a second series of fits, accounting for the first
and second derivatives of the dispersions, were achieved to
get more precise results. Figure 3 displays two examples of
measurement at constant frequency34 and constant Q, with
the line shapes resulting from the convolution of the fitted
spin-wave dispersion with the experimental resolution. Fig-
ure 4 shows the gap observed at the Brillouin zone center
�0,0,3�. Due to the NiAs structure the signal at this position

is purely magnetic and the intensity still present below the
gap points out the removal of the mode degeneracy associ-
ated with an easy-plane anisotropy.

B. Model Hamiltonian

The set of data � versus q were used to adjust the values
of the exchange integrals and anisotropy used to model the
magnetic system via a Heisenberg Hamiltonian written as

H = − �
lm��

Jlm��S� l� · S�m� + �
l�

DSl�
z 2 − ha �

l�↑�↓

�Sl�↑
� − Sl�↓

� � ,

where l and m are cell indices, � and � site indices inside the
cell, and Jlm�� are the isotropic exchange integrals. The an-
isotropy terms include an easy-plane term involving Sz, the
spin component along the c direction, and an easy-axis term
involving S�, the longitudinal spin component.

Following the development presented in Appendix of Ref.
30 for ZB MnTe, reduced to two operators instead of four,
the eigenvalues are obtained from the equation

�
A11 − � A12 d 0

− A12 − A11 − � 0 − d

− d 0 − A11 − � − A12

0 d A12 A11 − �
� = 0

with A11=2S�−�AF�AF�0�+�F��F�0�−�F�q��	+ha+DS,
which can be written as A11=A11

0 +ha+d, A12=2S�AF�AF�q�,
and d=DS. �AF and �F refer to the contributions between
antiparallel and parallel moments, respectively. Each contri-
bution is a summation on a set �m	 of nth neighbors, such as
��m	exp�−iq ·rn�m��.

The solutions may be obtained analytically, yielding �2

=A11
2 − �A12±d�2, which may be written as �1

2= �A11
0 +ha

+A12��A11
0 +ha−A12+2d�, �2

2= �A11
0 +ha−A12��A11

0 +ha+A12

−2d�.
We clearly see the different effects of the anisotropy con-

tributions at q=0, where A11
0 +A12=0: when d=0 the easy-

axis contribution ha does not remove the mode degeneracy
but only add a gap at the origin, while, when d�0, the
easy-plane anisotropy removes the degeneracy, adding a gap
on only one of the two modes.

Within this scheme, the choice is then to define the rel-
evant set of magnetic neighbors, and therefrom the set of
meaningful parameters to get a good description of the mea-
sured spin-wave modes. The minimum set is generally sup-
posed to take into account J1, J2, and J3, magnetic interac-
tions between nearest, next-nearest, and next-next-nearest
neighbors. As illustrated in Fig. 4, the gap corresponding to
an easy-axis anisotropy could not be resolved by the experi-
ment, so we only kept an easy-plane anisotropy contribution
in our refinement.

In the fitting procedure, the uncertainties on the Q posi-
tions, deduced from constant-frequency measurements, have
been converted in uncertainties on the frequency position
with the use of the local tangent to the dispersion, as reported
in Fig. 5. The best solution corresponds to the set J1=
−0.449±0.006 THz �−21.5±0.3 K�, J2=0.014±0.001 THz
�0.67±0.05 K�, J3=−0.060±0.001 THz �−2.87±0.04 K�,

FIG. 3. Left panel: constant-frequency measurement in the �110�
direction. Right panel: constant-Q measurement at the zone bound-
ary in �110� direction, with a small contamination, likely a phonon,
on the low-frequency side. The solid lines are the calculated line-
shapes accounting for the experimental resolution, the dotted-
dashed lines indicate the background level.

FIG. 4. Measurement at constant Q on the �003� antiferromag-
netic Bragg peak position. Open symbols are the experimental val-
ues. The full line is the calculated lineshape, including a back-
ground �dotted-dashed line�, a Bragg tail contamination �thin line�,
and two spin-wave contributions: one with a resolved gap �long-
dashed line�, the other with a nonresolved gap �dotted line�.
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and D=−0.0054±0.0007 THz �−0.26±0.03 K�. The result-
ing calculated dispersions are plotted in Fig. 5, together with
the experimental values.

Within the experimental accuracy, there is no obvious
need for additional terms. Small discrepancies are seen near
the zone boundaries, but they could be due to a small bias of
the analysis associated with rapid changes in the dispersion
curvatures.

IV. DISCUSSION

These results allow us to discard definitely the very few
estimates previously done on the values of the exchange in-
tegrals in hexagonal MnTe. The first one1 based on the rela-
tions between the exchange integrals and the values of TN
and 	 �paramagnetic Curie temperature�, used a wrong as-
sumption of the dominant interaction. The second one29 used
the results of a Raman scattering experiment which were
analyzed with the assumption of a two-magnon contribution.
The analysis, reduced to two adjustable parameters with the
use of the molecular field approximation for TN, yielded J1
=−16.7 K, J2=2.55 K, and J3=−0.28 K.

Actually our results point out the inadequacy of the rela-
tion kBTN= 2S�S+1�
 3 �−2J1+6J2−12J3�, in the present
case. This relation would yield TN�475 K with our experi-
mental values, which means that the deviation from the mo-
lecular field approximation is indeed quite large in such a
system.

At low temperature, the model Hamiltonian used to anal-
yse our data provides a well defined set of exchange inte-
grals, which allows a comparison with previous data from
the literature.

A. Superexchange interactions with simple Mn-Mn bridge

In spite of many theoretical efforts there is no simple
theory of the superexchange general enough to allow a direct
quantitative comparison with our experimental results. This
interaction is due to the overlap of the localized orbitals of

the “magnetic” d-shell electrons with those of intermediate
anions. From a phenomenological point of view, several fac-
tors are involved in the superexchange determination. First,
for a given type of magnetic ion in a given crystal, the pa-
rameters describing the d-band splitting due to the lattice
symmetry should be considered. Next, the type of interacting
anion p and cation d orbitals �as well as the occupation state
of the latter� has to be taken into account. In the case of
perfect insulating systems the exchange mechanism may be
described in real space, so that geometrical parameters,
cation-cation distances, and cation-anion-cation bond angles
are relevant. But, as soon as details of the band structure are
implied, which is the case in semiconducting systems, cor-
rections to the basic mechanism involve terms using a
k-space description.

The geometrical description of the superexchange was
first introduced by Anderson35 and then developed by
Goodenough36,37 and Kanamori,38 and improved again by
Anderson.39,40 The use of ligand field theory led to semi-
empirical rules, so-called Goodenough-Kanamori-Anderson
�GKA� rules. Simple considerations on the orbitals fillings
and the geometry of the orbitals overlapping allow predic-
tions on the ferromagnetic or antiferromagnetic nature of the
exchange and the order of magnitude of their ratio.

In the case of Mn2+, a 180° superexchange �coupling two
cations on opposite sides of an anion� is always antiferro-
magnetic. The sign of a 90° superexchange is not obvious. In
particular, when the electron transfer between orbitals is not
possible, weak ferromagnetism can be expected.

If we focus on “canonical” DMSs �II-VI compounds con-
taining Mn�, we find that the ZB cubic phase and the wurtz-
ite �W� hexagonal phase involve superexchanges with simple
cation-anion-cation bonds with similar bond angles of
�109°. Small deviations may appear because of structural
distortion in the mixed crystals in ZB phases. For W-type
compounds, distortions are also present depending on the
c /a ratio and on the value of the u parameter defining the
position of the pattern. Only for the ideal values u=3/8 and
c /a=
8/3 the nearest-neighbor bonds have the same geom-
etry as in the ZB structure. Nevertheless, the effects on the
bond angles are small, of the order or ±1 degree, and only a
small asymmetry exists on the cation-anion-cation bridges.
Anyhow magnetization steps measurements on W-type di-
luted compounds provide two different values for in-plane
and out-of-plane nearest-neighbor interactions �see the dis-
cussion in Ref. 41�.

A large amount of experimental data has been accumu-
lated on this DMS classes and especially on wide-gap DMSs,
where geometrical considerations are expected to be domi-
nant in the exchange determination. We have selected those
obtained by experimental methods claimed to be the most
accurate ones for this kind of problem.42,43 We kept magne-
tization steps measurements on highly diluted systems and
inelastic neutron scattering measurements either on highly
diluted systems or on pure systems. Indeed with these meth-
ods the exchange integrals are obtained via solutions of a
low-temperature Hamiltonian, without any assumption on
sum rules linked to mean field models. We only kept one
value, on HgMnS, deduced from magnetization and mag-
netic susceptibility measurements, for the comparison with

FIG. 5. Spin-wave dispersion measured in the five principal di-
rections. Open symbols are the experimental values and full lines
are the calculated dispersion using J1, J2, J3, and D values, deduced
from the fit to the model Hamiltonian.
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those deduced from magnetization steps measurements on
HgMnSe and HgMnTe. This selection �with two values for
magnetization steps measurements on W type compounds� is
reported in Table I.

The values of J1 and J3 determined in the present study
for MnTe in the NiAs hexagonal structure are also given in
Table I. They both correspond to simple Mn-Te-Mn bridges,
and we think that the comparison is meaningful in spite of
their different bond angles. Indeed the bond-angle corre-
sponding to J1 is 71°, which means 90° –19°, when the ref-
erence of the selection is 109° =90° +19°. In the GKA ap-
proach the exchange is nearly symmetric around the 90°
value which corresponds to its minimum, so we expect com-
parable values for bond angles of 71° and 109°.

In the case of J3 the bond angle is �131°, and this higher
value is expected to slightly enhance the exchange, which
should evolve to a maximum at 180°. The values have been
reported with linear-log and log-log scales in Fig. 6 and can
be compared to an exponential law shown by the line in the

upper panel of the figure or to a 1/R� law shown by the line
in the lower panel. These lines have been obtained by fits to
experimental values in the R range from 3.83 to 4.58 Å,
using the higher values found by magnetization steps mea-
surements and the values found by neutron measurements,
with the exception of the mercury based compounds. Both
approximations yield a fair agreement in this R range, but it
is clear that such simple dependencies can not account for
the evolution of the superexchange on the whole R range.

Whatever the law, there is obviously a leveling at lower R
values. This trend has been recently backed up by neutron
measurements59 on ZnMnO, yielding J values in close agree-
ment with those obtained by magnetization steps
measurements.44 This leveling points out a change in the R
dependence which is likely related to more intricate effects
taking place when R becomes small. This could be due to a
saturation of the electron function overlap with decreasing R,
and concomitant decreasing cation-anion distances, which
would lead to a flat asymptotic behavior. But it could also be
the signature of an increase of ferromagnetic contributions to
the superexchange for small enough distances. Indeed, such
contributions do exist,40 even though they are supposed to be
negligible in most cases, in the compounds relevant for our
study.

We think that the behavior observed on a large scale of
the Mn-Mn distance is significant and provides a realistic
description of the dominant superexchange term in the case

TABLE I. Experimental values of exchange interactions medi-
ated by a single anion for group II–VI Mn-based DMSs and for two
pure MnTe phases as a function of Mn-Mn distance. In the case of
the wurtzite structure the two values correspond to two different
nearest neighbors. Experimental methods: S�magnetization steps,
N�inelastic neutron scattering, M�form of magnetization and
magnetic susceptibility.

Compound Mn-Mn �Å� Interaction �K� Method Ref.

ZnMnO �W� 3.209 −18.2 S 44a

3.25 −24.3 S

3.209 −17.7 N 59

3.25 −23.5 N

MnTe �NiAs� 3.345 −21.5 N J1
b

ZnMnS �ZB� 3.83 −16.4 S 45

−16.2 N 46

ZnMnSe �ZB� 4.00 −13.1 S 47

−12.4 N 46

HgMnS �ZB� 4.13 −7.7 M 48

CdMnS �W� 4.14 −11.0 S 49

−9.7 S

CdMnSe �W� 4.30 −8.3 S 41

−7.1 S

HgMnSe �ZB� 4.30 −6.0 S 50

−5.3 S 51

ZnMnTe �ZB� 4.31 −9.0 S 52

−9.3 N 53c

MnTe�ZB� 4.48 −6.3 N 30

HgMnTe �ZB� 4.57 −5.1 S 50

−4.3 S 51

CdMnTe �ZB� 4.58 −6.2 S 52

MnTe �NiAs� 5.315 −2.9 N J3
b

aMaximum value attributed to the in-plane interaction, following
Ref. 41.
bPresent work.
cThe original value given with better precision.

FIG. 6. �Color online� Experimental values of exchange interac-
tions mediated by a single anion versus Mn-Mn distance d for se-
lected semiconducting compounds with comparable bond angles,
reported in Table I. Upper panel, linear-log plot, with a fit to an
exponential law J=J0exp�−AR�, with J0=2.49±0.28�103 K and
A=1.31±.03 Å−1. Lower panel, log-log plot, with a fit to a law
A /R�, with A=23.2±3.3�103 K and �=5.41±0.10.

SPIN-WAVE MEASUREMENTS ON HEXAGONAL MnTe OF¼ PHYSICAL REVIEW B 73, 104403 �2006�

104403-5



of a simple cation-anion-cation bridging in Mn-based DMSs
with a nearly constant bond angle. The lines drawn in Fig. 6
can be seen as “boundaries” of the R dependence of this
interaction. The departures from these lines then point out
peculiarities of the compounds related to their detailed elec-
tronic characteristics. The noticeable systematic discrepancy
observed for the Hg-based mixed compounds could be an
illustration of such an effect. Contrary to other DMSs of
Table I, which are semiconductors with a wide energy gap,
the mercury compounds are zero-gap materials �the conduc-
tion and valence bands are degenerated at the center of the
Brillouin zone�. The influence of the particular band struc-
ture of this group of materials on the magnetic properties has
been previously suggested in Ref. 54. It should be also
pointed out that a decrease of the superexchange interaction
between the nearest neighbors with an increasing Mn-Mn
distance for semiconductors, illustrated in Fig. 6, is much
slower than that found for insulating metal oxides.55

The values corresponding to ZB and NiAs phase of pure
MnTe are in perfect agreement with other data determined in
highly diluted magnetic semiconductors. The experimental
data for Mn-based mixed crystals containing different anions
are distributed along the same line with a high accuracy
which stresses the minor influence of the chemical character
of the intermediating ion.

B. More distant exchange interactions

The case of more distant neighbors, with cations bridged
by at least two anions, is far more intricate, as already
pointed out by measurements on diluted systems and on pure
ZB MnTe,30 and the search for a simple phenomenological
behavior would be hopeless. Only calculations accounting
for detailed electronic properties, including conduction and
valence bands, could give realistic estimates, as pointed out
in Ref. 56 and recently performed57 for exchange interac-
tions between Mn ions in PbTe �rocksalt structure�. Both
experiments and calculations revealed indeed a nonmonoto-
nous behavior.

If the values of J1 and J3 deduced from our measurements
follow a standard behavior, the very small ferromagnetic
value found for J2 calls for some comments. As mentioned
above, the 90° bond angle does not favor p-d hybridization.
Moreover, the temperature dependence of the c parameter of
hexagonal MnTe evidences an exchange striction along the c
axis, which should result in a deformation of the orbitals,
similarly to what has been observed in MnO by �-ray dif-
fraction measurements.58 This still decreases the p-d func-
tions overlap, and finally a weak ferromagnetic coupling due

to the potential exchange becomes the dominant term, fol-
lowing the GKA rule.39,40

V. CONCLUSIONS

The spin-wave dispersion for MnTe with a NiAs hexago-
nal structure, measured by inelastic neutron scattering and
modeled with a Heisenberg Hamiltonian, allowed the deter-
mination of isotropic exchange terms up to the third nearest
neighbors and of an easy-plane anisotropy term. The values
J1=−21.5 K, J2=0.67 K, J3−2.87 K, and D=−0.26 K have
been obtained. The J2 value, corresponding to a 90° bond
angle, is explained by the Goodenough-Kanamori-Anderson
rule. It is the first clear observation of the ferromagnetic
superexchange mediated by a single anion for semiconductor
closely related to 3d-based DMSs. J1 and J3 values match
very well with the trend of the distance dependence of the
magnetic interaction, obtained from a selection of II-VI
based DMSs with Mn having comparable bond angle.

These results, added to recent measurements on
Zn1−xMnxO,44,59 provide a large increase of the range of
Mn-Mn distances, where exchange integrals are known in
the case of a single anion bridging with a given bond angle.
This gives support to the existence of a generic behavior of
the distance dependence of the nearest-neighbor superex-
change in Mn-based DMSs. The departure from the generic
line could give an estimate of the corrective term for com-
pounds where the existence of more specific factors are ex-
pected to take place. We may hope that systematic departures
will reveal the existence of subclasses more specific of the
electronic characteristics of such systems.
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