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Half-metallic ferromagnets (HMFs) are ferromagnetic metallic compounds with 100% spin polarization at
the Fermi level (EF ), and thus they are of particular interest in the field of spintronics, but the identification of
HMFs with experiments is a challenging task. In principle, temperature-dependent electrical transport measure-
ments should sensitively probe the half-metallic ferromagnetism since the spin-flip electron-magnon scattering
mechanism is expected to be absent. In this work, we perform a systematic temperature-dependent electrical
transport measurement on the ferromagnetic full Heusler compound Co2MnGe. Our experimental results reveal
that Co2MnGe exhibits an exponential suppression of spin-flip electron-magnon scattering below a characteristic
crossover temperature (� ∼ 79 K), which suggests that this material possesses a perfect spin polarization at the
low temperature. The energy gap (kB�) characterizing the suppression of spin-flip electron-magnon scattering
is ∼7 meV. This key finding is further established by a sign change in magnetoresistance at T � �. Moreover,
we have also studied the anomalous Hall effect (AHE) of the present compound. We find a notable change
in the ordinary Hall coefficient (R0) and in the carrier density (n) at T � �, which is consistent with the
complete absence of minority-spin states at the EF . The anomalous Hall resistivity (ρA

yx) is observed to scale
near quadratically with the longitudinal resistivity (ρxx), and further experimental analysis indicates that the
AHE in Co2MnGe is dominated by the intrinsic Karplus-Luttinger Berry phase mechanism. These findings
imply that the Co2MnGe is a rare ferromagnetic full Heusler compound in which half-metallicity coexists with
the topology-driven AHE.
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I. INTRODUCTION

Spin-dependent electrical transport has been a topic of re-
newed interest since the discovery of giant magnetoresistance
(GMR) in 1988 [1,2], especially due to its potential techno-
logical applications. Half-metallic ferromagnets (HMFs) are
a class of magnetic materials characterized by the coexistence
of metallic nature for one electron spin and insulating nature
for the other [3]. Thus, they possess 100% spin polarization
at the Fermi level (EF ). Figure 1(a) represents a schematic
of the density of states (DOS) of an HMF for the minor-
ity and majority electrons. Due to the complete absence of
minority-spin states at the EF , an energy gap kB� arises for
only one spin direction and, hence, it shows various conse-
quences in transport properties [4]. The presence of an energy
gap suppresses the spin-flip electron-magnon scattering of the
conduction electrons and, therefore, the electrical resistivity
(ρ) exhibits an exponential suppression of the T 2 dependence
[5–9]. In spite of its simplicity, the experimental realization of
half-metallic ferromagnetism is still very challenging [10,11].

In general, the HMFs are theoretically recognized by
the band structure and the integer spin moments calculation
[12], while surface-sensitive experimental techniques such as
spin-resolved photoemission spectroscopy [13,14], scanning
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tunneling microscopy [15], and point-contact Andreev reflec-
tion measurements [16,17] are utilized to identify an HMF.
However, temperature-dependent electrical resistivity and
magnetoresistance (MR) are the bulk measurements and can,
in principle, precisely identify a true HMF because of the ab-
sence of spin-flip electron-magnon scattering at the EF . There
are numerous theories for spin-flip electron magnon scattering
in HMFs [7,10,18,19], which has been extensively imple-
mented for the identification of HMFs, for instance, in CrO2

[8,10,11,20], perovskite manganites [14,21,22], and Heusler
alloys [7,23,24]. In the context of Heusler alloys, the concept
of HMF was first introduced by de Groot et al. in NiMnSb [3].
Half-metallic ferromagnetism has also been predicted theoret-
ically for many other Heusler compounds [25–31], but apart
from the pioneering studies on Co2FeSi [7] and Co2MnSi
[24,32,33], the experimental understanding of actual HMF
materials among Heusler compounds is still very elusive.

In the family of Heusler compounds, Co2-based ferromag-
netic full Heusler compounds with cubic L21 structures have
a unique position in the hierarchy of half-metals because of
their high Curie temperatures, which are important for the
application of half-metals at finite temperatures [34]. Due
to their highly tunable electronic and magnetic properties
[35–37], various novel topological transport and magneto-
transport phenomena are also observed in these compounds,
like the anomalous Hall effect (AHE), the anomalous Nernst
effect, the chiral anomaly, etc. [38–45]. Among these vari-
ous Co2-based full Heusler compounds, Co2MnGe has been
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FIG. 1. (a) Schematic representation of the density of states
(DOS) of a half-metallic ferromagnet for the majority and minority
electrons with an energy gap (kB�) at the Fermi level (EF ) for
minority electrons. (b) The Rietveld refinements at room tempera-
ture of the XRD pattern for Co2MnGe. The experimental data are
represented by the black circles, and the calculated result is shown
by the solid red line. The vertical green lines represent the Bragg
peak positions, whereas the solid blue line at the bottom represents
the difference between experimental and calculated data. (c) The
corresponding crystal structure of Co2MnGe. (d) Field-dependent
magnetization curves up to 5 T at 2 and 300 K. The Slater-Pauling
value of magnetization is marked by a dotted magenta line.

theoretically predicted to exhibit 100% spin polarization at the
EF with a minority-spin gap of ∼0.5 eV [46,47]. Co2MnGe
also possesses one of the highest Curie temperatures
(∼915 K) among the Heusler compounds [48]. Additionally,
some of these Co2-based magnetic full Heusler compounds
have also been predicted to host the topological nontriv-
ial state in their band structure [49,50]. Moreover, attempts
to investigate anomalous transport properties in Co2MnGe
have yielded conflicting results regarding the origin of AHE
[51,52]. Hence, Co2MnGe provides a perfect platform for the
experimental realization of half-metallic ferromagnetism and
anomalous transport phenomena at the same time.

In this paper, we have systematically investigated the
temperature-dependent electrical transport properties, i.e., re-
sistivity, MR, and AHE, in the ferromagnetic full Heusler
compound Co2MnGe. Our experimental results reveal that the
material under scrutiny, i.e., Co2MnGe, is a true HMF at low
temperatures because we indeed observe an exponential sup-
pression of T 2 behavior in the electrical resistivity at T � �,
where � ∼ 79 K. This key finding is further supported by a
sign change in the MR at T � �. Moreover, we have also
investigated the AHE in Co2MnGe and found an anomalous
Hall conductivity (AHC) of ∼140 S/cm at room temperature
with an intrinsic contribution of ∼118 S/cm. The calcu-
lated ordinary Hall coefficient (R0) and carrier density (n)

exhibit significant changes at T � �. Further experimental
results suggest that the Berry phase-driven intrinsic Karplus-
Luttinger (KL) mechanism is responsible for the observed
AHE in Co2MnGe.

The rest of the paper is organized as follows: In Sec. II,
we detail the experimental methodologies utilized for the
measurements. The experimental findings and analysis are
discussed in Sec. III. Finally, the conclusions are drawn in
Sec. IV.

II. EXPERIMENTAL DETAILS

Bulk polycrystalline Co2MnGe was synthesized by a
conventional arc-melting furnace under a high-purity ar-
gon atmosphere using high-purity of Co (∼99.99%), Mn
(∼99.99%), and Ge (∼99.99%) elements. The sample was
remelted seven to eight times to ensure homogeneous melt-
ing. The as-cast ingot was then sealed in a vacuumed quartz
tube, annealed at 1273 K for seven days, and then quenched
in cold water. The structure and phase purity of the bulk
Co2MnGe were characterized by the x-ray diffraction (XRD)
technique (Rigaku SmartLab) with Cu Kα radiation. Rietveld
refinements for the experimentally obtained XRD data were
performed using the “FULLPROF” software. The actual com-
position of the studied sample was confirmed by energy
dispersive x-ray (EDX) analysis. Results are discussed in
Sec. S1 of the Supplemental Material [53]. The magnetization
measurements were carried out by using a vibrating sample
magnetometer (VSM) in a physical property measurement
system (PPMS, Quantum Design, USA). The sample used
for the magnetic measurements was of approximate dimen-
sions 0.4 × 0.5 × 4 mm3. For each M(H ) isotherm, we have
stabilized the temperature at least for 30 min to achieve
good thermal stability. The electrical and magnetic transport
measurements were carried out using a physical property mea-
surement system (PPMS, Quantum Design, USA) using the
electrical transport option (ETO). Both the longitudinal and
Hall resistivity measurements were performed in a standard
four-probe method using conducting silver epoxy and copper
wires. For the Hall resistivity (ρyx) measurements, to cancel
out the longitudinal resistivity (ρxx) contribution due to the
voltage probe misalignment, the final Hall resistivity was cal-
culated by the difference of transverse resistance measured at
the positive and negative fields.

III. RESULTS AND DISCUSSIONS

A. Structural and magnetization properties

To evaluate the crystal structure and the phase purity
of the studied compound, we have taken room-temperature
(∼300 K) XRD data. Figure 1(b) depicts the room-
temperature XRD pattern of the polycrystalline Co2MnGe
along with its Rietveld refinement. The corresponding crys-
tal structure of the compound is represented in Fig. 1(c).
The crystallographic positions of the Co atoms are (0, 0, 0)
and ( 1

2 , 1
2 , 1

2 ), while the Mn and Ge atoms are ( 1
4 , 1

4 , 1
4 ) and

( 3
4 , 3

4 , 3
4 ), respectively. The obtained XRD pattern shows no

impurity peaks, and the Rietveld refinement of the XRD data
ensures the single-phase nature of the present compound and
its crystallization in the cubic L21 structure with the space
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FIG. 2. (a) Temperature-dependent longitudinal resistivity (ρxx) for 0- and 9-T magnetic fields. The upper left inset shows the expanded
view at low temperatures and the lower right inset represents the expanded view at high temperatures. (b) Temperature dependence of
magnetoresistance (MR) at 9 T. (c) ρxx as a function of temperature at 0 T. The solid red line shows the fitting of Eq. (3) for a conventional
ferromagnet. (d) The temperature variation of ρxx at 0 T along with the fitting of Eq. (5). The fitted curve is shown in red color. The inset shows
an enlarged view of the fitting at low temperatures.

group Fm3̄m. Generally, the ordered structure of Co2-based
full Heusler alloys marks the presence of both (111) and
(200) superlattice reflections [43,54]. The presence of both
(111) and (200) peaks suggests the ordered L21 structure of
Co2MnGe. The lattice parameter obtained from the refinement
is found to be 5.748 Å, which is in good agreement with
earlier reports [47,55].

The magnetic field-dependent dc magnetization at 2 and
300 K is shown in Fig. 1(d). It is noteworthy that the
half-metallic full Heusler compounds generally follow the
Slater-Pauling (SP) type behavior of magnetization [25]:
Mtot = (Ztot − 24) μB/f.u., where Mtot is the total magnetic
moment and Ztot is the total number of valence electrons in
the unit cell of the compound. For Co2MnGe, the value of
Ztot is 29. So, according to the above-mentioned relation, the
total magnetic moment should be 5 μB/f.u. From Fig. 1(d),
the value of saturation magnetization (MS) is estimated to be
around 4.98 μB/f.u. at 2 K, which is consistent with the SP
rule. Because of the high Curie temperature of the material
[48], the temperature dependence of the MS is negligible up to
room temperature.

B. Longitudinal resistivity and magnetoresistance

The temperature-dependent longitudinal resistivity (ρxx)
for 0 and 9 T is demonstrated in Fig. 2(a). At 2 K, the residual
resistivity value is estimated to be around 29 μ� cm, which
gives a residual resistivity ratio [RRR = ρxx(300 K)/ρxx(2 K)]
∼ 2.4. This value is larger than most of the earlier reported val-

ues in Co2-based full Heusler compounds [40,41,54,56–58],
which indicates a comparatively clean sample. Usually, for a
metallic ferromagnet, the electrical resistivity arises due to the
scattering of conduction electrons from defects (ρ0), magnons
(ρM), and phonons (ρph). According to Matthiessen’s rule,
the total electrical resistivity of ferromagnetic materials is
attributed to the sum of all contributing scattering mechanisms
[59,60]:

ρxx(T ) = ρ0 + ρph(T ) + ρM (T ), (1)

where residual resistivity ρ0 is independent of temperature
and the phononic contribution (ρph) in the ρxx can be described
with the Bloch-Grüneisen formula [7]

ρph(T ) = A

(
T

�D

)5 ∫ �D/T

0

x5

(ex − 1)(1 − e−x )
dx, (2)

where A is related to the strength of the electron-phonon
scattering process. The magnonic term ρM ∝ T 2 for spin-
flip electron-magnon scattering in conventional ferromagnets,
which gets exponentially suppressed in half-metallic ferro-
magnets. Now, considering Co2MnGe to be a conventional
ferromagnet, we have fitted the temperature-dependent ρxx

data with the following equation [61]:

ρxx(T ) = ρ0 + ρph(T ) + αT 2, (3)

where αT 2 is the electron-magnon scattering term. The fit-
ted curve with Eq. (3) is illustrated in Fig. 2(c). The fit
quality is poor, as evidenced by the wide disparity between
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the experimental and fitted data. Hence, Co2MnGe can-
not be considered as a conventional metallic ferromagnet
and calls for the search for other unconventional scatter-
ing mechanisms. It is also noteworthy that the contributions
due to the electron-phonon scattering are comparatively
low (A ∼ 3.7 × 10−10); therefore, the resistivity is mainly
dominated by the ρM in this compound. All the fitting pa-
rameters are tabulated in Table S2 of the Supplemental
Material [53].

In order to explain the unusual nature of the observed
temperature-dependent resistivity, the predicted half-metallic
character of the compound is taken into account. For an HMF,
the minority-spin electronic states are completely gapped,
while the majority-spin electronic states are gapless at the EF .
Thereby, the T 2 dependence of the spin-flip electron-magnon
scattering is expected to be exponentially suppressed and is
expressed by the empirical expression [7,10,60]

ρM = βT 2 exp(−�/T ), (4)

where the parameter β is related to the strength of the
electron-magnon scattering process, and kB� is the energy
gap between the nearest band edge of unoccupied minority
spins and the EF . Now, the temperature-dependent zero-field
longitudinal resistivity data are fitted with the relation, which
is given as

ρxx = ρ0 + ρph(T ) + βT 2 exp(−�/T ). (5)

It is evident from Fig. 2(d) that considering the exponential
suppression of the T 2 dependence in the ρxx data significantly
improved the fit quality. It reduced the chi-square value by
more than an order of magnitude (see Table S2 of the Supple-
mental Material [53]). The enlarged view of the fitting is also
shown in the inset of Fig. 2(d). The fitting gives � ∼ 79 K,
which yields an energy gap (kB�) ∼ 7 meV. The exponential
suppression of the T 2 term clearly signifies the existence of
half-metallic ferromagnetism in Co2MnGe, and it exists only
for T < �. However, the obtained energy gap is much smaller
as compared to the theoretically predicted value [46,47]. A
similar deviation of an energy gap in the experimental and
theoretical values has also been observed previously in other
HMFs [7,60]. It is also noteworthy that the experimentally
observed energy gap in the studied compound Co2MnGe
(∼7 meV) is smaller than that of the Co2FeSi (∼9 meV) [7],
despite the fact that Mn has one fewer d electron than Fe,
which should place the Fermi surface even further from the
bottom of the minority-spin band. This difference in the ob-
served energy gap results from a substantial change in the
binding energy between Si and Ge [46]. Interestingly, theo-
retical investigations reveal that the half-metallic energy gap
is smaller in Co2MnGe (∼0.54 eV) [46] than in Co2FeSi
(∼0.655 eV) [62], which is in accordance with our experimen-
tal findings.

Another independent verification of half-metallicity can
be obtained from the corresponding MR measurements of
Co2MnGe. The temperature dependence of MR can be mea-
sured by using the following equation:

MR =
[
ρxx(H ) − ρxx(0)

ρxx(0)

]
× 100% = �ρ

ρ0
× 100%, (6)

FIG. 3. Magnetic field dependence of the magnetoresistance
(MR) at different temperatures.

where ρxx(H ) and ρxx(0) are the electrical resistivity under
H and zero field, shown in Fig. 2(a). A maximum MR value
of ∼3% is observed under an applied field of 9 T. It can be
clearly seen from Fig. 2(b) that �ρ

ρ0
> 0 when T � 79 K, and

�ρ

ρ0
< 0 when T � 79 K.

Further, to get more insight about the crossover in �ρ

ρ0

we measured the field-dependent resistivity at various con-
stant temperatures as shown in Fig. 3. At higher magnetic
fields, the resistivity increases with the increasing field at
low temperatures and decreases with the increasing field at
higher temperatures. The observed temperature dependence
of MR can be explained by the above-mentioned scenario,
where the resistivity is dominated by the gapped spin-flip
electron-magnon scattering. The low-temperature MR re-
mains negative for conventional ferromagnets, whereas, in
HMFs, due to the complete absence of minority-spin states
at the EF , spin-flip scattering is exponentially suppressed for
T < � and the MR crosses over from a negative to a positive
value on decreasing temperature [7]. Indeed, such behavior is
observed in both Figs. 2(b) and 3 at T � 79 K.

C. Anomalous Hall effect

After proving Co2MnGe as an HMF for T � �, we have
studied the AHE in a wide temperature range from 2 to
300 K in this compound. Figure 4(a) represents the magnetic
field dependence of Hall resistivity (ρyx) at different constant
temperatures. The schematic diagram of the sample device
used for the longitudinal voltage (Vx) and Hall voltage (Vy)
measurements is shown in the right inset of Fig. 4(a). At a
low field, the ρyx(H) increases sharply with an increase in
the field, and it changes its slope close to the saturation field
(∼0.5 T), whereas, in the high-field region, the ρyx(H) ex-
hibits a weak linear field dependence up to 9 T. The isothermal
field dependence of dc magnetization is shown in Sec. S2 of
the Supplemental Material [53] at various constant tempera-
tures. The identical nature of the shapes of ρyx(H) and M(H )
curves in the low-field region confirms the presence of AHE
in Co2MnGe.
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FIG. 4. (a) Magnetic field-dependent Hall resistivity (ρyx) at different temperatures from 2 to 300 K. The right inset shows the sample device
used for the longitudinal and Hall resistivity measurements. (b) Temperature dependence of anomalous Hall resistivity (ρA

yx). (c) Temperature
dependence of the ordinary Hall coefficient (R0). Inset shows the temperature-dependent carrier density n. (d) Double-logarithmic plot between
ρA

yx and ρxx and the linear fitting is shown in the magenta line.

In general, the Hall resistivity ρyx for ferromagnets is made
up of two components [63],

ρyx = ρ0
yx + ρA

yx = R0H + RSμ0M, (7)

where R0 and RS are the ordinary and anomalous Hall co-
efficients, and μ0 is the vacuum permeability. The first term
(ρ0

yx) is the ordinary Hall resistivity that arises from the triv-
ial Lorentz force, and the second term (ρA

yx) represents the
anomalous Hall contribution that originates from intrinsic
magnetization, respectively. The ρA

yx and R0 can be obtained
from the linear fit of ρyx(H) at the high-field region. The
y-axis intercept and the slope of the linear fit correspond to
ρA

yx and R0, respectively. The RS can be calculated by using
the relation ρA

yx = RSμ0Ms. In Fig. 4(b), anomalous Hall
resistivity ρA

yx is depicted as a function of temperature; from
2 to 300 K, it increases monotonically. Figure 4(c) represents
the temperature dependence of R0. The positive values of R0

indicate that the transport properties in Co2MnGe are mainly
dominated by hole-type charge carriers in the whole tem-
perature range. Using the formula R0 = 1/ne, one can also
determine the temperature-dependent carrier density (n) and
carrier type. Using the values of R0, the carrier density n is
obtained, as depicted in the inset of Fig. 4(c). It can be clearly
seen from Fig. 4(c) that there is a considerable change in R0

and n at T � � because of the absence of minority density
of states at the EF [5]. The estimated carrier density at 2 K
is ∼7.13 × 1021 cm−3, and the associated carrier mobility
(μh) is ∼ 30 cm2 V−1 S−1. The temperature variation of RS is

depicted in Fig. S3 of the Supplemental Material [53]; similar
to ρA

yx, it also increases monotonically as the temperature
rises.

Further, to investigate the origin of AHE in Co2MnGe, we
have checked the scaling behavior of ρA

yx according to the
scaling relation ρA

xy ∝ ρξ
xx [63], in the temperature range 2

to 300 K on a double-logarithm scale. Generally, the AHE
in metallic ferromagnets originates either from the intrinsic
Karplus-Luttinger (KL) mechanism [64] which has been re-
cently explained by the Berry phase effect of the occupied
electronic Bloch states [65,66] or by an extrinsic mechanism
(i.e., side jump or skew scattering), which can be under-
stood as a result of asymmetric scattering from the spin-orbit
interaction acting on the conduction electrons or impurities
[67,68]. While for skew scattering the ρA

yx is linearly pro-
portional to ρxx (i.e., ξ ≈ 1), on the other hand, side-jump
scattering is proportional to ρ2

xx (i.e., ξ ≈ 2), similar to that
of the intrinsic KL mechanism [63]. In Fig. 4(d), a linear
fitting is employed to determine the exponent ξ accord-
ing to the aforementioned scaling relation. We determined
the exponent ξ be ∼1.78, which suggests that the AHE in
Co2MnGe is dominated by intrinsic Karplus-Luttinger (KL)
or extrinsic side-jump mechanisms. It has been shown that the
extrinsic side-jump contribution of AHC is on the order of
[e2/(ha)(εSO/EF )], where εSO is the spin-orbit interaction and
EF is the Fermi energy [69,70]. The terms e, h, and a denote
the electronic charge, Planck constant, and lattice parameter,
respectively. The term (εSO/EF ) is typically on the order
of 10−2 for most of the metallic ferromagnets [41,54,58].
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FIG. 5. (a) Magnetic field-dependent Hall conductivity (σxy) at different temperatures. (b) Temperature dependence of anomalous Hall
resistivity (ρA

yx) and anomalous Hall conductivity (σ A
xy). (c) Plot of ρA

yx vs ρxx . The fitted curve is shown in a solid pink color. (d) Temperature
dependence of the scaling coefficient (SH ).

Therefore, as compared to intrinsic AHC, the contribution
from extrinsic side jump should be very small. Hence, the
intrinsic Berry phase-driven KL mechanism dominates the
AHE in Co2MnGe.

In order to comprehend the microscopic origin of the ob-
served AHE in the studied compound, we need to look at the
variation of AHC with ρA

yx and temperature. Therefore, using
the following conversion relation [39,58], we have calculated
the Hall conductivity (σxy):

σxy = ρyx(
ρ2

yx + ρ2
xx

) . (8)

The magnetic field-dependent Hall conductivity data at
various temperatures are depicted in Fig. 5(a). Using zero-
field extrapolation of high-field Hall conductivity data along
the y axis, we have extracted the AHC (σ A

xy). Temperature-
dependent σ A

xy and ρA
yx are plotted in Fig. 5(b), and the change

of AHC is almost temperature independent, illustrating that
the origin of AHE in Co2MnGe is intrinsic in nature [58,71].
At 2 K, the value of AHC is ∼160 S/cm and does not change
largely up to room temperature (∼140 S/cm). The observed
AHC in Co2MnGe is comparable to that reported for several
ferromagnetic Heusler compounds [38,41,43,54]. It is worth
noting here that the intrinsic AHE is likely to dominate in the
overall behavior of the AHE when the sample’s longitudinal
conductivity (σxx) is in the good metallic range, i.e., σxx is of
the order of 104−106 S/cm [63]. The temperature-dependent
σxx is shown in Sec. S4 of the Supplemental Material [53]. For
the present system, the σxx is found to be ∼3.5 × 104 S/cm
and 1.5 × 104 S/cm at 2 and 300 K, respectively. These values
lie under the category of a good metallic regime, in which

the AHE is primarily attributed to the intrinsic Berry-phase
mechanism.

To differentiate the intrinsic and extrinsic components of
AHC, we plotted the ρA

yx with the ρxx as illustrated in Fig. 5(c)
and fitted it using the equation [43,58]

ρA
yx = askρxx + binρ2

xx, (9)

where ask is the skew-scattering coefficient and bin is the Berry
phase-driven intrinsic AHC, respectively. We found ask to be
∼0.002 and intrinsic AHC, bin to be ∼118 S/cm. Therefore,
the intrinsic Berry phase-driven mechanism is responsible for
more than 84% of the total AHC at 300 K in Co2MnGe.
As the intrinsic AHC is nearly proportional to the magneti-

zation, the scaling coefficient (SH = RSμ0

ρ2
xx

= σ A
xy

M ) should be
constant and temperature independent [41,54,72]. Figure 5(d)
demonstrates that SH is nearly independent of temperature,
confirming further the dominant intrinsic Berry phase con-
tribution to the AHE in Co2MnGe. The calculated SH value
is comparable to that reported in the literature for numerous
Heusler compounds and ferromagnetic systems (SH ∼ 0.01–
0.2 V−1) [41,54,73].

Furthermore, it is important to note that Obaida et al.
showed that the AHE came from an extrinsic skew-scattering
mechanism in Co2MnGe thin film [51], where the RRR
value (<1) is considerably lower than that reported in this
work. On the contrary, recent theoretical investigations [50]
and the angle-resolved photoelectron spectroscopy (ARPES)
experiment [52] on bulk Co2MnGe reveal that this com-
pound exhibits time-reversal symmetry-breaking topological
Weyl fermions in its electronic band structure, where one
can anticipate a large Berry phase-driven intrinsic AHE,
which is consistent with our experimental findings of Berry

205108-6



HALF-METALLIC FERROMAGNETISM AND INTRINSIC … PHYSICAL REVIEW B 108, 205108 (2023)

phase-driven intrinsic AHE in Co2MnGe. The experimentally
determined AHC (∼140 S/cm at 300 K) is also comparable
to the value predicted theoretically [50].

While Berry phase-driven intrinsic AHE has been seen
in a number of topological Heusler compounds in the past
[39,41,43,58], true half-metallic ferromagnetism along with
intrinsic AHE (this study) is rather scarce in topological
Heusler compounds. For example, the ferromagnetic full
Heusler compounds such as Co2MnGa and Co2MnAl dis-
play a very large intrinsic AHC but do not exhibit true
half-metallicity [39,42]. Similarly, the topological Heusler
compounds Co2TiZ (where Z = Si, Ge, and Sn) also show
Berry phase-driven AHE, but do not exhibit true half-
metallic ferromagnetism [40,41]. On that account, Co2MnGe
is a very rare ferromagnetic Heusler compound where the
half-metallicity coexists with a topologically nontrivial band
structure at low temperatures.

IV. CONCLUSIONS

In summary, our magnetic, transport, and magnetotransport
measurements yield significant evidence that Co2MnGe is a
true HMF at T � � (where � ∼ 79 K) because we indeed
observe an exponential suppression of spin-flip electron-
magnon scattering at T � �. The claim is further supported
by a sign change in MR from positive at low temperatures
(T � �) to negative at higher temperatures. Nevertheless,
the obtained half-metallic gap kB� ∼ 7 meV is significantly

smaller than the theoretically predicted value. Moreover, we
have also investigated the AHE in the present compound.
The ordinary Hall coefficient and carrier density show no-
table changes at T � � due to the absence of minority-spin
states at the EF . We find an AHC of ∼140 S/cm at room
temperature with an intrinsic contribution of ∼118 S/cm,
which is comparable with the theoretically predicted value.
The ρA

yx scales near quadratically with the ρxx, and our de-
tailed experimental analysis demonstrates that in AHC, the
Berry phase-driven intrinsic KL mechanism dominates over
the extrinsic mechanisms in Co2MnGe. The coexistence of
half-metallic ferromagnetism and topology-driven AHE is
very rare in magnetic Heusler compounds. Thus, this work
provides a suitable platform for future studies of half-metallic
ferromagnetism along with Berry phase-driven AHE in other
topological Heusler compounds.
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