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We report an observation of room temperature ferromagnetism in Ge nanowires doped with Mn. High-
density arrays of Ge1−xMnx �x=1% –5% � nanowires with the smallest diameter of 35 nm have been synthe-
sized within the pores of anodized aluminium oxide membranes using a supercritical fluid inclusion-phase
technique. Structural analysis of the nanowires proved the existence of a highly crystalline germanium host
lattice containing discrete manganese atoms. All of the nanowires studied displayed ferromagnetic properties at
room temperature. Ferromagnetic ordering reaches a maximum at intermediate Mn concentrations. The mag-
netic properties of the nanowires can be understood by considering the influence of co-dopant nonmagnetic
impurities and nanowire/membrane interfaces.
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I. INTRODUCTION

The injection of spin-polarized current into nonmagnetic
semiconductors has recently attracted great interest due to its
potential application in spintronics.1 Spintronics requires fab-
rication of ferromagnetic nanostructures that can transport
spin-polarized carriers at room temperature, be electrically
tunable, and can be assembled on a microscopic chip, i.e., be
easily compatible with existing silicon manufacturing tech-
nologies. The most direct method to induce spin-polarized
electrons into a semiconductor is by introducing appropriate
transition metal dopants �such as Mn, Fe, Co� at level of a
few percent, producing a dilute magnetic semiconductor
�DMS�.1–4 Extensive research has been carried out in order
to create DMS materials with well-established room tem-
perature ferromagnetism. Despite several encouraging re-
sults, DMS materials are still struggling to reliably achieve
the desired high Curie temperature, Tc. For example, Tc
above room temperature was first theoretically predicted in
GaN:Mn by the hole-mediated exchange interaction model5

and later observed experimentally in thin film samples.6 Dur-
ing the last few years the high-temperature ferromagnetism
was observed in a variety of wide bandgap semiconductors,
including AlN, GaP, and SiC, doped with the whole range of
transition metals, i.e., Cr, Mn, Fe, Co, and Ni.7–10 The exis-
tence of room temperature ferromagnetism in Mn-doped
GaN nanostructures, e.g., nanowires, was recently
reported.11,12

Conversely, room-temperature ferromagnetism in narrow-
band gap group IV semiconductors �like Ge1−xMnx� is not
expected. In particular, a value Tc=80 K for Ge0.95Mn0.05
was anticipated by Dietl et al.5 Recently effective pair ex-
change interactions in Ge1−xMnx have also been studied ab
initio.13 The authors showed that the value of Tc depended on
the Mn concentration, being up to 175 K at x=3.5%. Experi-
mentally it has been demonstrated that in epitaxial Ge1−xMnx
films Tc increases linearly with Mn concentration from 25 K
to 116 K,14 whereas bulk Ge0.94Mn0.06 single crystals have
been reported to have a Tc of 285 K.15 Recently it has been
shown that co-doping of Ge1−xMnx by an additional transi-

tion metal, e.g., iron or cobalt, causes a significant increase
both in the magnetic moment and Tc.

16,17 For example, the
highest Curie temperature reported for co-doped epitaxial
Ge100−�x+y�MnxFey films16 was Tc=350 K, although the pos-
sibility of phase separation was not considered in that study.
Special attention has been given to group IV semiconductors
due to their compatibility with existing silicon technologies.
In particular, germanium is closely lattice matched to the
AlGaAs family and has a higher intrinsic hole mobility than
both GaAs and Si. A group IV host may also provide the
simplest system for investigation of the fundamental origin
of the DMS effect.

The majority of studies on DMS have focused on bulk
and thin film materials, whereas the integration of DMS ma-
terials into electronics will require the manufacture of nanos-
cale components. There is currently an outstanding interest
in the 1D semiconductor nanostructures as building units for
nanoelectronic and optoelectronic. Incorporation of magnetic
semiconductor nanowires with nanodevices will be the first
step towards a 3D architecture of novel spintronics
micro-chips.18 Furthermore, nanowires provide an excellent
opportunity to study the role of dimensionality and size on
the magnetic properties of DMS.

Here we report the fabrication and structural and magnetic
investigation of Ge1−xMnx �x=1% –5% � nanowires with
mean diameters of 35 and 60 nm. We show that the nano-
wires are ferromagnetic at room temperature. The dependen-
cies of the magnetic properties of the nanowires on their
diameter and Mn concentration are investigated.

II. SAMPLE PREPARATION AND CHARACTERIZATION

Surface doped Ge1−xMnx nanowires were synthesized
within anodized aluminium oxide �AAO� templates using su-
per critical fluid �SCF� technique. Nanowires were fabricated
through the degradation of diphenylgermane and dimanga-
nese decacarbonyl in supercritical CO2 at 500 °C. To get a
5% Mn doped sample, 0.03 g of dimanganese decacarbonyl
was premixed with 0.412 ml of diphenylgermane. The pro-
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portion of dimanganese decacarbonyl was proportionately
reduced to decrease the Mn content in other samples. AAO
membranes with pore openings of 35 and 60 nm were used
in this work. The length of the nanowires, L=60 �m, is de-
termined by the thickness of the membrane. Structural and
chemical characterization of the prepared nanowires was car-
ried out using transmission electron microscope �TEM�,
x-ray diffraction �XRD�, x-ray photoelectron spectroscopy
�XPS�, extended x-ray absorption fine edge structure
�EXAFS�, and x-ray absorption near edge structure
�XANES� techniques. The concentration of manganese
within the nanowires was determined by x-ray fluorescence
�XRF�. The details of the preparation and characterization
procedure are published elsewhere.19 Magnetization mea-
surements were performed using a commercial SQUID mag-
netometer �MPMS XL, Quantum Design� at temperatures
between 1.8 and 370 K and in fields up to 10 kOe. A mag-
netic field was applied along the nanowire long axis, i.e.,
perpendicular to the sample surface. Correction for a dia-
magnetic contribution from the AAO membrane was done on
all of the data. Additionally magnetic properties of a refer-
ence sample containing undoped Ge nanowires were
checked. All magnetization measurements data for Ge1−xMnx
nanowires were corrected for this contribution as well.

Figure 1�a� demonstrates a high-resolution TEM image of
an individual Ge0.97Mn0.03 nanowire liberated from the mem-
brane. The image reveals polycrystalline germanium grains
with the Ge �111� lattice plane, d=3.3 Å. Figure 1�b� shows
the powder x-ray diffraction patterns obtained from highly
crystalline Ge0.97Mn0.03 nanowires with diameter of 60 nm.
The diffraction peaks observed correspond to the �111�,
�220�, �311�, �400�, and �331� planes for a cubic germanium
lattice. No peaks associated with the formation of metallic
secondary-phase GeMn alloys were detected. Structural data
show the increased Mn concentration at the nanowire-AAO
membrane interface,19 which was observed in the whole con-
centration range of manganese doping, x=1% –5%. Thus,
the nanowire core is Mn depleted, whereas the vicinity of the
interface is rich on the magnetic impurity. Although it was
not possible to determine the precise distribution of manga-
nese atoms through the nanowire structure, EXAFS and
XANES results demonstrate that Mn atoms in all of the
samples investigated were surrounded by oxygen and germa-
nium atoms rather than other neighboring Mn atoms.19 The
data, therefore, suggest that within an uncertainty of the used
experimental techniques individual Mn atoms are well sepa-
rated from each other even at the nanowire-AAO interface,
where their concentration reaches its maximum. The EXAFS
data also confirm the absence of magnetic alloys such as
Ge3Mn5, Ge5Mn3, and Ge8Mn11. However, the analysis of
the elemental TEM mapping data suggests a small segrega-
tion of Mn at x=5%. The effect is small and beyond the
resolution limits of other structural techniques. Closer ex-
amination of Ge1−xMnx nanowires by a bulk sensitive tech-
nique �XANES� �Ref. 19� demonstrated a mean oxidation
state of 2.70±0.05 for Mn. At the same time a surface sen-
sitive technique �XPS� did not show any presence of Mn+2

state. Thus, we imply that on the nanowire surface Mn is in
the +3 state, while Mn+2 could be present in some amount in
the nanowire core.

III. MAGNETIC PROPERTIES

The effect of the dopant concentration �x=1% –5% � on
the room-temperature ferromagnetism of the Ge1−xMnx nano-
wires with the diameter of 35 nm is demonstrated in Fig. 2.
Well-pronounced room temperature ferromagnetic proper-
ties, i.e., strongly nonlinear M�H� curves with a low field
saturation and hysteresis as well as a nonzero remanence
magnetization and coercivty, were observed in nanowires of
this diameter at concentrations x�1.5% �Figs. 2�a�–2�c��.
The general tendency is that M�H� curves become wider and
steeper as temperature decreases. The magnetization satura-
tion is Ms=10–14 emu cm−3 at x=1.5% and 3% �Figs. 2�a�
and 2�b�� and increases significantly, up to Ms
=50.2 emu cm−3, at x=5% �Fig. 2�c��. The smallest differ-
ence in the shape and saturation value of the room- and low-

FIG. 1. �a� High-resolution TEM image of an internal region of
the individual Ge0.97Mn0.03 nanowire liberated from the AAO mem-
brane and showing the Ge �111� lattice plane, d=3.3 Å. �b� XRD
pattern from Ge0.97Mn0.03 nanowires within AAO. The �111�, �220�,
�311�, �400�, and �331� reflections of the cubic Ge lattice are clearly
observed.
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temperature curves for the nanowires with x=3% indicates
the highest Tc for this sample. The nanowires with the lowest
Mn concentration �x=1% � demonstrate a coexistence of
ferro- and paramagnetic phases, as it is illustrated in Fig.
2�d�. To separate these contributions, the high-field paramag-
netic input was subtracted from the original data set, and
hysterisis loops with saturation �Ms=14 emu cm−3� in low
fields �not shown�, typical of a ferromagnetic material, were
revealed. The measured saturation field, Hs, weakly depends
on temperature, being Hs=3 kOe at 300 K and Hs=5 kOe at
T=10 K. The inset in Fig. 2�d� illustrates the temperature
dependencies of the magnetic moments of the both phases.
The plot clearly demonstrates that, while the ferromagnetic
component is nearly temperature independent in the investi-
gated temperature range, the paramagnetic response is in-
versely proportional to the temperature, in agreement with
the Curie-Weiss law for paramagnetic materials.

The concentration dependence of the coercive field is
shown in Fig. 3�a�, revealing a maximum at x=3%. It is
especially evident for low-temperature data, where the cor-
responding values of Hc increased about three times as com-
pared with room-temperature results. The same data were
plotted in Fig. 3�b� in Hc vs. 1 /T coordinates. The figure
demonstrates that Hc increases linearly with 1/T for x
=1.5% and 3% and temperature insensitive for x=1% and
5%. Thus, the results obtained on 35 nm diameter nanowires
and summarized in Figs. 2 and 3 clearly demonstrate a room-
temperature ferromagnetic order of the studied nanowires,
with magnetic properties being more pronounced at interme-
diate Mn concentrations. Unfortunately, it was not possible
to study the nanowires at temperatures significantly exceed-
ing the room temperature, therefore the exact value of Tc was
not determined.

In order to prove that the magnetic properties of
Ge1−xMnx nanowires are related to Mn doping, the reference
sample containing undoped Ge nanowires was prepared us-

ing the technique described above. The reference sample
showed a clear diamagnetic behavior with a negative M�H�
slope even in low fields and absence of hysteresis. The mag-
netic moment was nearly temperature independent with a
slight increase of the magnetization ��5% � at low tempera-
tures, which corresponds to a presence of a small amount of
uncontrolled foreign paramagnetic impurities in the AAO
membrane. This fact together with convincing structural re-
sults proves that the observed soft ferromagnetism originates
from Mn ions diluted in the Ge matrix, i.e., Ge1−xMnx nano-
wires exhibit a DMS type of ferromagnetic ordering.

The small nanowire diameter may cause substantial inter-
face strain which leads to a distortion of the crystal lattice
especially on the border with AAO. Such strain will unavoid-
ably produce an increase of interfacial magnetic anisotropy
which masks the magnetic properties of the system. In order
to investigate qualitatively the effect of the strain, Ge1−xMnx
nanowires with a larger diameter, d=60 nm, having a lower
surface-volume ratio were studied. Magnetization as a func-
tion of magnetic field was measured in the temperature
range, T=1.8–300 K. Figure 4 shows M�H� curves for
Ge0.99Mn0.01 nanowires, i.e., the sample with the lowest Mn
concentration. The curves are typical for a ferromagnetically
ordered medium, i.e., saturates at Hs=2–7 kOe, and have a
rectangular shape and large coercive field, Hc�600 Oe, even
at room temperature. The saturation magnetization decreases
with increasing temperature and reaches only about 70% of
its initial value at room temperature, while the overall type of
the hysteresis curve still remains ferromagnetic. The shape of
the M vs. H curves is about the same in the temperature
range T=4–300 K, whereas it is less steep in the low and

FIG. 2. Hysteresis curves for Ge1−xMnx nanowires with the di-
ameter of 35 nm and various concentrations of Mn �x=1–5% � as
indicated in the figure. The inset demonstrates the temperature de-
pendencies of para- �triangles� and ferromagnetic �squares� compo-
nents of magnetization for the Ge0.99Mn0.01 nanowire sample.

FIG. 3. Concentration �a� and temperature �b� dependencies of
coercive field for arrays of 35 nm thick Ge1−xMnx nanowires.
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intermediate fields 0� �H��4 kOe, at T=1.8 K. Thus, re-
ducing of the interface related strain allows us to readily
observe room-temperature ferromagnetism even at the low-
est concentration of Mn.

IV. DISCUSSION

The SCF inclusion-phase technique is a relatively new
method for synthesizing semiconductor nanowires. Typically
such methods as chemical vapor deposition, sol-gel chemis-
try, and hydrothermal synthesis are commonly used. The ad-
vantages associated with the SCF technique for materials
synthesis19–21 allow the fabrication of Ge1−xMnx nanowire
arrays with unique magnetic properties. In particular, a Curie
temperature above room temperature was observed in this
study even at the lowest Mn concentration used, x=1%. For
comparison, in a thin film Ge1−xMnx sample with a similar
Mn concentration a Tc as low as 35 K was reported.14

It should be noted, that, despite relatively high growth
temperatures, T=500 °C, used in this work, the SCF fabri-
cation method allows the preparation of DMS materials,
which are free from undesirable phase separation and Mn
clustering effects. Although formation of secondary phases is
commonly observed in Ge1−xMnx films deposited by MBE
even at significantly lower temperatures, the thorough struc-
tural analysis of our samples did not reveal the presence of
any GeMn alloys. A small segregation of Mn ions was shown
to start at x=5% only by means of a TEM technique,
whereas all integral methods have been insensitive to this
effect. In general, the small nanowire diameters within our
samples should considerably reduce the probability of clus-
tering. A similar result can be achieved in MBE-grown
samples by reducing the film thickness.22 Therefore, the fer-
romagnetism of Ge1−xMnx nanowires investigated here can-
not be explained by the formation of ferromagnetic clusters.

In all previous studies of the Ge1−xMnx system, see e.g.,
Ref. 14, Mn in the Ge matrix was commonly observed in +2
state. Although a spin S=5/2, L=0, and a magnetic moment
of 5 �B are expectable for a Mn+2 ion in the substitutional

site in a Ge lattice, the electronic structure calculations14

showed the strong hybridization between d states of Mn and
p states of Ge which causes the reduced value of the mag-
netic moment of about 3 �B per Mn atom. It should be noted
that in the present study the majority of manganese atoms are
in the ionized Mn+3 state which is characterized by lower
spin, S=2, and reduced magnetic moment �4 �B per atom�
compared with the Mn+2 state. Although the loss of a d elec-
tron in this case should give rise to an orbital momentum,
detailed calculations of the Mn+3 electronic structure in the
Ge host are required in order to determine the total momen-
tum of Mn ions. In the concentration range 1% �x�3% the
maximum measured saturation moment per Mn atom is
about 1.8 �B at T=1.8 K. As temperature increases, the mag-
netic moment per Mn atom drops to �1.0 �B at T=300 K.
The result is in good agreement with previous studies on
Ge1−xMnx �Ref. 14� and GaMnAs �Ref. 23� thin film
samples. The observed low value of the magnetic moment
might be explained by a generally reduced moment of Mn+3

ions as well as some amount of Mn ions being in a magneti-
cally inactive state. Although EXAFS and XANES studies
did not show manganese atoms in the next-neighbor posi-
tions, the formation of antiferromagnetically coupled
nearest-neighbor dimmers cannot be entirely excluded within
an uncertainty of the experimental technique. In such con-
figuration magnetic moments of individual ions are mutually
compensated and the dimmer is magnetically neutral. Thus,
in this situation both Mn ions will appear magnetically inac-
tive within the used integral experimental technique. It
should be noted that a significant change in the hybridization
level between d orbitals of Mn and p orbitals of the Ge host
might be typical for the ionized Mn+3 state. In particular,
weaker hybridization will lead to a weaker coupling between
Mn ions and holes which makes carriers less localized and
favors longer-range interactions. Overall, it may cause a
room-temperature ferromagnetism observed in Ge1−xMnx
nanowires. However, detailed calculations of the electronic
states in the Ge1−xMnx system are required. A significant in-
crease of magnetization �up to 50 emu cm−3 at T=1.8 K� ob-
served in Ge0.95Mn0.05 nanowires �Fig. 2�c�� is related to the
beginning of a segregation process at the high dopant con-
centrations.

The main question arising from our experimental data is
what makes the Curie temperature in Ge1−xMnx nanowires so
high with respect to that of the bulk materials and films.
Several theoretical models have been used earlier to explain
a concentration dependence of the Tc. In particular, models
based both on exchange interaction between carriers and lo-
calized spins5 and using ab initio calculations13 predicted a
Tc much lower than we observe experimentally in Ge1−xMnx
nanowires. However, Park et al.14 used a combination of
electronic structure calculations based on a density-
functional theory and a percolation approach to get a Tc
=300 K for x=2%. Although using this model the authors of
Ref. 14 were not able to explain their own experimental re-
sults, it is the only approach which indicates a possibility of
room-temperature ferromagnetism in group IV semiconduc-
tors.

As Ge1−xMnx is a p-type semiconductor, the hole concen-
tration plays an essential role in the mediation of ferromag-

FIG. 4. Hysteresis curves for Ge0.99Mn0.01 nanowires with the
diameter of 60 nm.
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netic ordering between localized spins of Mn atoms. Recent
works on p-type semiconductors showed that Tc could be
increased up and beyond room temperature if the carrier con-
centration is significantly raised. In particular, it was demon-
strated that co-doping of GaAs:Mn by carbon leads to en-
hanced magnetic properties of the material, e.g., nonzero
remanent magnetization was observed up to 280 K.24 Carbon
was shown to occupy the arsenic site and act as a shallow
acceptor. Therefore, the total carrier concentration was con-
siderably increased. Theoretically it was also predicted that it
may be possible to control the magnetization and carrier den-
sity independently, by doping with Mn to supply the local
magnetic moment and doping with nonmagnetic impurity to
control the carrier density.25 In the present work ferromag-
netic ordering was observed for all samples �with an excep-
tion of the case shown in Fig. 2�d�� at room temperature. As
carbon-contained precursors �diphenylgermane and diman-
ganese decacarbonyl� were used during the nanowire fabri-
cation, the possibility of carbon penetration into the nano-
wire and especially its presence on the interface is relatively
high. In the result, a hole-enriched Ge1−xMnx could demon-
strate enhanced magnetic properties due to a co-doping effect
in agreement with the references above. Assuming the pres-
ence of co-dopant, the existence of single-phase ferromag-
netic ordering at the lowest Mn concentration �see Fig. 4�
can also be attributed to a relatively high carrier density
which only partly originates from Mn doping. However, it is
usually difficult to trace a small amount of carbon by stan-
dard structural techniques. Alternative approaches, e.g., mea-
surements of carrier concentration and mobility, should be
envisaged. In particular, technologically challenging Hall ef-
fect measurements on an individual nanowire would be of
great interest.

As the presence of oxygen in Ge1−xMnx nanowires was
proved experimentally,19 its influence on the magnetic prop-
erties cannot be excluded. For example, it was shown that in
wideband GaN:Mn semiconductors addition of oxygen �8
at. %� leads to a significant enhancement of the magnetic
moment.4 Electronic structure calculations26 have also dem-
onstrated the significant enhancement of ferromagnetism in
GaMnN with oxygen co-doping, which may as well increase
Tc.

The above reasoning by analogy only suggests a possible
mechanism for the high Tc in the Ge1−xMnx system. Band
structure calculations of nonmagnetic impurities, such as car-
bon and oxygen, in Ge should be performed taking into ac-
count the restricted dimensionality of the system. These cal-
culations are supposed to clarify the position of co-dopant
levels in the Ge host and their influence on Mn ions. Further
experiments on samples with well-controlled concentration
of co-dopants are also necessary to test the validity of the
model and optimize the nanowire properties.

In strongly confined Ge1−xMnx nanowires the surface-
volume ratio of atoms is significantly increased compare
with thin films and bulk samples. This ratio is even higher
for the dopant atoms, as an enhanced Mn concentration in
the nanowire shell was observed. As the host lattice is dis-
torted in the vicinity of the membrane, the symmetry of the
Mn atom environment at the interface does not correspond to
that in the inner part of the nanowire. A modified crystalline

field may cause broadening of manganese wave functions
and correspondingly stronger exchange in the vicinity of the
interface. Thus, the AAO-nanowire interface should notably
influence the electronic and magnetic properties of Mn at the
nanowire shell and may lead to the high value of the Curie
temperature.

Concentration dependence study reveals that the ferro-
magnetic behavior is most pronounced for samples with in-
termediate Mn concentration, x=1.5% and 3% �Figs. 2 and
3�. This is consistent with results of others, see, e.g., Ref. 14,
where, despite an overall rather low Curie temperature, the
maximum of Tc was reached at x=3.5%. At the same time,
D’Orazio et al.22 demonstrated recently very similar concen-
tration dependence with a maximum of magnetic perfor-
mance at the intermediate concentration range followed by a
total collapse of ferromagnetism at x=5.5%. Our results are
also consistent with earlier studies,13,14 where reduction of
the pair exchange interaction with increasing concentrations
of the Mn atoms was observed. In the case of nanowires of
small diameter and low Mn concentration �Fig. 2�d�� ferro-
magnetic ordering is less likely in the nanowire core as Mn
ions are spaced further apart there. Thus, the central part of
the nanowire is assumed to be paramagnetic due to localized
magnetic ions, whereas a ferromagnetic ordering takes place
in the narrow region at the border with the AAO membrane.
While in the nanowire core Mn ions are likely to occupy a
substitutional position, the energy of formation of both sub-
stitutional and interstitial defects is the same on the Ge
interface.27 In this case, the initially low concentration of
carriers could be further decreased by Mn interstitial defects.
Such defects act as donors, compensating a fraction of the
free holes. As the concentration of Mn and carriers increases,
it becomes sufficient to overcome the reducing influence of
interfacial defects. Then the ferromagnetic behavior can be
readily observed, though the influence of the strain is re-
flected in the nonsquare shape of the hysteresis �Figs.
2�a�–2�c��.

Generally the decrease of the Curie temperature with in-
creasing mean concentration of dopants in thin films and
bulk samples is believed to be connected with either the hole
compensation effect or the clustering of dopants. As it is
discussed above the clustering process is suppressed in the
case of the nanowires due to their smaller dimensionality
with respect to thin films, although a nonhomogeneous dis-
tribution of Mn ions should also be taken into account. Thus,
the observed high Tc allows us to suggest suppression of
both mentioned effects in the nanowire geometry.

V. SUMMARY

We have demonstrated room-temperature ferromagnetism
in the arrays of Ge1−xMnx nanowires. Aligned crystalline
Ge1−xMnx �x=1% –5% � nanowires with the smallest diam-
eter of 35 nm were fabricated in the porous of AAO mem-
brane. It was shown that the ferromagnetic characteristics
reach their maximum at intermediate Mn concentrations fol-
lowed by a qualitative change of the magnetic properties at
x=5%. The decrease of the nanowire diameter leads to the
appearance of an interfacial strain which masks the ferro-
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magnetic behavior. The nature of room temperature ferro-
magnetic behavior in the nanowires is not clearly under-
stood, though the existence of metallic ferromagnetic GeMn
alloys can be excluded. The confinement effect plays a sub-
stantial role in the system, as an oxygen-rich AAO-nanowire
boundary may significantly influence the electron wave func-
tions and the strength of the exchange interaction in the vi-
cinity of the interface. Another possible source of room-
temperature ferromagnetism is carbon co-doping of the
Ge:Mn system, which may lead to a significant increase of
the carrier density. Additional experiments, in particular on
determination of carriers sign, density and mobility, as well
as electronic structure calculations are required in order to
understand the mechanism of the ferromagnetic exchange in
the system.

The observation of ferromagnetic properties in Mn-doped
Ge nanowires at 300 K as well as compatibility of germa-
nium and silicon allow straightforward integration of
Ge1−xMnx nanowires into mainstream electronics and open
the way for room-temperature spintronic devices.
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