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Anisotropic magnetotransport in the layered antiferromagnet TaFe, ,sTe;
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The discovery of fascinating ways to control and manipulate antiferromagnetic materials have garnered con-
siderable attention as an attractive platform to explore novel spintronic phenomena and functionalities. Layered
antiferromagnets (AFMs) exhibiting interesting magnetic structures can serve as an attractive starting point to
establish novel functionalities down to the two-dimensional limit. In this work, we explore the magnetoresistive
properties of the spin-ladder AFM TaFe, ,sTe;. Magnetization studies reveal an anisotropic magnetic behavior
resulting in the stabilization of a spin-flop configuration for H_L (10-1) plane (i.e., out-of-plane direction).
Angle-dependent longitudinal and transverse magnetoresistances show an unusual anharmonic behavior. A
significant anisotropic enhancement of magnetoresistance when H_l (10-1) plane compared to H|| (10-1)
directions has been observed. The present results deepen our understanding of the magnetoresistive properties of
low-dimensional layered AFMs, and point towards the possibility of utilizing these novel material systems for

antiferromagnetic spintronics.

DOL: 10.1103/PhysRevMaterials.6.084408

I. INTRODUCTION

The capability to manipulate and control antiferromagnets
(AFMs) via electrical techniques has provided unprecedented
opportunities for the development of materials, and new-
concept electronic devices with different functionalities [1-3].
Previous works utilizing AFMs in quasi-three-dimensional
heterostructure geometry have demonstrated promising char-
acteristics such as electrical control of antiferromagnetic Néel
vector and stabilization of AFM skyrmions [4-7], expected to
pave the way for future AFM-based memories and devices
for unconventional computing architectures. On the other
hand, there has not been much focus on low-dimensional
(layered and chainlike) AFMs, fundamentally and techno-
logically interesting due to their abilities to introduce new
functionalities and translate the existing properties down to
the two-dimensional (2D) limit. Among the different fami-
lies of layered AFMs, Fe-based chalcogenides are attractive
owing to their reasonably high magnetic ordering tempera-
ture (7x), coexistence, and competing relationships between
superconductivity and magnetism [8—12]. Among them, lay-
ered TaFe; ,Tes is interesting [13,14], where the Fe atoms
form a two-leg ladder along the principal axis (i.e., b axis)
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but with a zigzag shape representing an intriguing quasi-
one-dimensional magnetic system. TaFe; ,Te; crystallizes
in a monoclinic structure, consisting of Ta-Fe bonded lay-
ers sandwiched between the Te layers [Fig. 1(a)]. There are
also excess Fe atoms, randomly occupying some intersti-
tial sites, potentially influencing the magnetic order in the
Fe-Te layers [15,16]. Previous magnetic and magnetoresis-
tance measurements on TaFe;,;Te; suggest a spin-density
wave magnetic character, below Ty, where the neighbor-
ing spins within each ladder are antiparallelly coupled [17].
On the other hand, neutron diffraction measurements on
TaFe; 55Te; indicate a ferromagnetic two-leg zigzag ladder
configuration which is antiferromagnetically coupled to its
neighboring layers [18]. Despite these studies, a detailed
investigation concerning the magnetoresistive responses orig-
inating from the unique ladderlike magnetic structure and
its modification with varying number of layers remains un-
explored. Owing to the layer dependent magnetic character,
TaFe,,Tes serves as an archetype system for understanding
the impact of dimensionality on magnetic order, electronic,
topological, and correlated physics, crucial for future devel-
opment of novel layered materials. Furthermore, despite its
low Tx, TaFe; »5Tes is an interesting candidate for exploring
the physics of intralayer and interlayer exchange interac-
tions, and electrical current-induced effects in few-monolayer
heterostructures which could be crucial for future develop-
ment for layered material-based devices. The interplay of
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FIG. 1.
pattern of TaFe; 55 Te; single-crystalline sample at room temperature. (c) Optical micrograph of TaFe 55 Te; single crystal utilized in this study.
Inset shows the needlelike single crystals obtained by chemical vapor transport synthesis. (d) Laue diffraction pattern of the single crystal.
(e) Scanning electron micrograph image of the needlelike nature of TaFe, ,sTe; single crystal. (f) Energy dispersive x-ray analysis (EDX)
spectra for TaFe, 55 Tes.

this unique AFM order and its preferential alignment with
respect to certain crystallographic directions can manifest in
anisotropic magnetoresistive behavior, providing qualitative
information concerning magnetic anisotropy, a key parameter
concerning the potential of a material system for development
of spintronic devices. Intuitively, the application of magnetic
field (H) on this A-type interlayer antiferromagnetic coupling
could also be interesting, where a potential transformation
of the relatively weak AFM interaction into an Ising-like or
XY-type ferromagnet (FM) state [19-22] can consequently
result in a significant magnetoresistance (MR). While such
an alteration of AFM order by H is generally deemed to
be difficult, a strong coupling between the spin and lattice
degrees of freedom can result in a modification of electronic
structure through a spin-flop transition, manifesting in sig-
nificant MR. In addition, MR, and its angular dependence
in naturally occurring layered compounds can also serve as
an alternative route for understanding of the exotic magnetic
structure. Finally, the existence of such a unique MR effect
is expected to introduce different avenues for utilization of
AFMs.

In this work, we have explored the magnetic, temperature,
and angle-dependent MR effects in layered AFM TaFe,,Tes.
Temperature dependent magnetization (M) measurements
show antiferromagnetic ordering at ~200 K, consistent with
previous study [17]. An applied magnetic field (H) perpen-
dicular to the (10-1) plane shows the existence of a spin-flop

(a) Crystal structure of TaFe,,Tes. The interstitial Fe atoms are denoted by white-green circles. (b) Out-of-plane x-ray diffraction

transition at 7 ~ 130 K, associated with an increase of M and
an abrupt drop of the longitudinal MR, only for AL (10-1)
plane. Interestingly, the spin-flop transition also results in a
sharp deviation of the angle-dependent longitudinal MR be-
havior from its usual harmonic nature, manifesting in a strong
anharmonicity in angular dependence. Along with this, there
is a significant enhancement of longitudinal MR, compared to
H]|| (10-1) configuration. Our work deepens the understanding
of MR properties in layered AFMs and indicates the possibil-
ity of utilizing this magnetoresistive effect as a prospective
scheme for introducing spintronic functionalities in layered
AFMs.

II. EXPERIMENTAL DETAILS

Single crystals of TaFe; »5Te; (TFT, hereafter) were grown
by the chemical vapor transport (CVT) method. A stoichio-
metric mixture of Ta (3N), Fe (3N), and Te (3N) was ground
thoroughly and sealed in an evacuated quartz tube along with
TeCly as the transport agent. The tube was kept in a two-zone
furnace at a temperature gradient of 690 °C/660 °C. Needle
shaped crystals were obtained after ten days. Structural anal-
ysis of the crystals was performed by x-ray diffraction (XRD)
at room temperature using a PANalytical diffractometer with
Cu-K, radiation. Magnetic properties were characterized us-
ing a superconducting quantum interference device (SQUID)
in the temperature range 5-300 K. From the synthesized
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single crystals, several mm-sized samples were selected and
cut into square/rectangular shapes of typical sizes of ~ 1-4 x
1-4 mm?. The surface of these samples was freshly cleaved
in an inert atmosphere. Current and voltage electrodes were
fabricated in situ by connecting Au wires on the samples by
silver epoxy. Electrical and magnetotransport measurements
were performed by a physical property measurement system
using a conventional four-probe technique under an applied
dc I [|| (10-1) plane] of magnitude 10 mA. Longitudinal (or)
and transverse (por) resistivities were obtained as a function of
temperature (7') and applied magnetic field (H).

III. RESULTS AND DISCUSSIONS

In this section, we show the experimental results and dis-
cuss the magnetic and magnetotransport properties of TFT
single crystals.

A. Structural characterization of TaFe; »sTe; (TFT)

Figure 1(a) shows the crystal structure of TFT. The lay-
ered ternary compound crystallizes in a monoclinic structure
(space group P2, /m), comprising layers of Ta-Fe sandwiched
between Te layers, forming TaFeTes;. The excess Fe (atomic
percentage 0.25) is expected to partially occupy the interstitial
sites in a random manner [shown as white-green spheres in
Fig. 1(a)]. Figure 1(b) shows the experimental results of out-
of-plane XRD for TFT single crystals. The observed Bragg
peaks can be indexed with (/0-/) peaks, perpendicular to the
sample surface. Besides, any additional peak corresponding
to unreacted elements or due to unintentional formation of
other Ta-Fe-Te variants was not observed. Rietveld refine-
ment of the XRD data of a powdered sample (see Appendix)
yields lattice parameters to be a = 7.422 A, b =3.640 A, c=
10.001 A, and g = 109.144° respectively, consistent with the
earlier reports [13,14]. Figure 1(c) shows the optical micro-
scope image of needlelike single crystals of TFT. The inset
shows the collection of as-grown crystals. Figure 1(d) shows
the Laue diffraction pattern confirming formation of good
quality of the obtained crystals. A scanning electron micro-
scope (SEM) image of a needlelike layered crystal is shown
in Fig. 1(e). The chemical composition of the grown crystals
was confirmed from atomic percentage ratios obtained from
energy-dispersive X-ray (EDX) spectroscopy measurements
[Fig. 1(f)] within the instrumental limit.

B. Magnetic and magnetocaloric properties of TFT

Figures 2(a) and 2(b) show the experimental results of
temperature (7") dependence of field-cooled (FC) magnetic
susceptibility (x) under different magnetic field uoH = 0.1,
1, 5, 7 T, applied parallel or perpendicular to the (10-1)
sample plane (i.e., in plane or out of plane with respect to
crystal), respectively. Magnetic susceptibility (x) under ap-
plied poH = 0.1T parallel or perpendicular to the (10-1)
plane shows a sharp transition at 7~194 K, demonstrating the
onset of antiferromagnetic order. The observed Néel temper-
ature (7y) is slightly higher than previous reports on single
crystals [17,18], but almost matches that of polycrystalline
TaFe; »sTes (Ty ~ 200K) [13]. When H L (10-1) plane (.e.,
along the out-of-plane direction), 7y is weakly suppressed
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FIG. 2. (a) Magnetic susceptibility (x) versus temperature (")
under various magnetic fields uoH =0.1, 1, 5, and 7 T ap-
plied parallel to (10-1) plane, i.e., along the plane of the crystal.
(b) x versus T under various magnetic fields puoH = 0.1, 1,
and 7 T applied perpendicular to (10-1) plane, i.e., along the
out-of-plane direction. (c) Field (H) dependence of magnetiza-
tion (M) for TaFe,,sTe; single crystal at 7 =5, 10, 50, and
120 K, for applied H parallel to (10-1) plane. (d) Experimental
results for M versus H at T =5, 50, and 120 K, for applied H
perpendicular to (10-1) plane.

from ~194 K for uoH = 0.1 T to ~183 K for uoH = 7T.
Along with the reduction of 7Ty, some previous results also
reported a ferromagneticlike nature within a small temper-
ature range below Ty, attributed to the alignment of excess
Fe atoms towards the applied H direction [23]. The coupling
of this glasslike ferromagnetic state to the bulk AFM order
was shown to result in a considerable exchange bias field of
~0.16 T below 10 K [22]. Figures 2(c) and 2(d) show the
results of magnetization (M)-H measurements for applied H
along the (10-1) or L (10-1) plane, respectively. For5 < T <
50K, M increases linearly with H, representative of the anti-
ferromagnetic nature of the system. At higher T (> 120 K),
for applied H_L (10-1) plane, we observe an increasing ten-
dency above a threshold field, reminiscent of the flopping of
the antiferromagnetic moments leading to an enhancement
of M. On the other hand, for HL (10-1) plane, we do not
observe such behavior up to maximum applied uoH = 7T.
Unlike the previous report [23], we also do not observe any
hysteretic feature in M-H, indicating a virtually nonexistent
spin-glass-like state. Besides, we observe a considerable dif-
ference in magnitude of x for applied H|| (10-1) or J (10-1)
plane, clearly indicating the existence of an antiferromagnetic
anisotropy in the system.

To further characterize the anisotropic magnetic proper-
ties of TFT, isothermal magnetic entropy change (ASy) was
calculated, under applied H|| (10-1) and L (10-1) plane
directions within a 7 range 160-250 K from magnetiza-
tion isotherms. ASy was obtained from M-H curves using
Maxwell’s relation [24,25],

ASy(T H)—/H[M} dH )
SR oH |,
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FIG. 3. (a) Temperature (7') dependence of magnetic entropy
change (ASy) under application of magnetic fields uoH = 1-7T
applied perpendicular to (10-1) plane. (b) Experimental results of
similar measurements under application of magnetic fields uoH =
1-7T applied parallel to (10-1) plane. (c) T dependence of rotational
magnetic entropy change (ASuR), defined as the difference between
ASwy from (a) and (b) at a constant 7 and H. (d) T dependence of
spin-flop field, obtained from M-H measurements under applied H L
(10-1) plane. Color bar in (d) indicates the magnitude of the first
derivative of magnetization (from M-H measurements).
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Figures 3(a) and 3(b) show the T dependence of ASy
under woH = 1-7T, applied || or L (10-1) plane, respectively.
As we decrease T from 250 K, ASy is initially negative when
the system is in the paramagnetic state. Around T~194 K,
ASm changes sign owing to the onset of AFM order, coin-
ciding with Ty obtained from magnetization measurements.
Subsequently, the application of H in the antiferromagnetic
state results in adiabatic cooling owing to the enhancement
of configurational entropy of the spin structure, and reduction
of the lattice entropy. Interestingly, under uoH = 7T, applied
L (10-1) plane, ASy = 0.29J/kg K, which is significantly
larger than that for applied H|| (10-1) plane of identical mag-
nitude (ASy = 0.04J/kg K). We also calculate the rotational
magnetic entropy change (ASY) as

ASN (T, H) = ASm(T, Hy10-1) ) — ASm(T, Hjjio-1y)- (3)

Figure 3(c) shows the 7 dependence of AS,R under
applied poH = 1-7T, confirming the anisotropic magnetic
character of the system. The sign of ASIIS,[ [defined as Eq. (3)]
is always positive, considered to be indirect evidence of strong
AFM coupling among the Fe moments, perpendicular to the
(10-1) plane. The magnitude of AS,f~0.257J/kgK, for TFT,
is comparable to van der Waals ferromagnetic Fe;GeTe, [26].
Furthermore, we have observed that an increase of H results
in a shift of the peak position towards lower 7. The observed
feature is most likely due to the flopping of the antiferromag-
netic moments under applied H which can be confirmed from
Fig. 3(d), and, as shown later, plays a crucial role in governing
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FIG. 4. (a) Temperature (7') dependence of longitudinal resis-
tivity (oL) under various magnetic field (H), applied parallel or
perpendicular to (10-1) plane. Inset in (a) shows pp vs T under
noH = 9T is applied L (10-1) plane. Broken line indicates the
T at which there is a nonmonotonic variation in pp. (b) Applied
H dependence of transverse resistivity (or) at various 7. Inset in
(b) shows the direction of the applied H and current (/) for p;. and
pT Measurements.

the unique magnetotransport features of this layered AFM
system.

C. Magnetotransport properties of TaFe; »sTe; (TFT)

Figure 4(a) shows the 7' dependence of longitudinal re-
sistivity (o) under applied dc I [|| (10-1) plane] i.e., along
the crystal plane [inset of Fig. 4(b) shows the schematics
of the measurement setup]. We observe a metallic behav-
ior over the entire range with or without applied H and a
transition at 7~195 K, approximately around the Néel tem-
perature, determined from magnetization measurement. When
woH =9T is applied L (10-1) plane, we also observe an
anomalous transition at 7~120 K [inset of Fig. 4(a)], in agree-
ment with the M-H measurements [Fig. 2(d)]. Figure 4(b)
shows the H dependence of transverse resistivity (por) at
various 7. Furthermore, we also observe a resistivity up-
turn for T < 30K, possibly associated with the emergence
of interplanar electronic transport mediated by interstitial Fe
[Fe(2)] atoms, in addition to that within the Ta-Fe network
[18]. Below T~150K, pr increases linearly under H, ap-
plied either || or L (10-1) plane. Above this threshold, for
H_1 (10-1) plane, two distinct regimes are evident, viz., a
linear regime followed by a sudden rise in pr, tentatively
attributed to arise from the net magnetization acquired by
the flopping of the AFM moments. Carrier concentration
calculated using the linear part of the field dependence of
transverse resistivity below the spin-flop field yields a carrier
density 7~ 0.99 x 10* cm™ at 150 K. To investigate the
origin for the observed features, we measure the H depen-
dence of pp at various T, and calculate magnetoresistance
(MR) (in%) = [pL(H) — pL(0)]/pL(0) [Fig. 5(a)]. At low
temperatures (10 < 7 < 100K), for both H|| or L (10-1)
plane, MR exhibits a small negative amplitude (<0.5%).
However, an increase in T (= 130K), for H_L (10-1) plane,
results in a slightly positive MR succeeded by a sharp drop.
The threshold H corresponding to this drop decreases from
~84TatT = 130K, to 6.4 T at T = 180 K. Interestingly,
no such behavior is observed for applied H|| (10-1) plane
[Fig. 5(b)]. To understand the factors responsible towards this
distinct behavior, it is necessary to consider the impact of
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FIG. 5. (a) Temperature (T') dependence of magnetoresistance
(MR) (in %) versus applied magnetic field (H ), applied perpendicular
to (10-1) plane (i.e., H|| out-of-plane direction). (b) Comparison of
MR for applied H|| (10-1) or L (10-1) plane directions, at T =
150 K. Dotted arrow in (b) indicates the observed magnitude of H
at which the sharp drop in p occurs, at T = 150 K.

applied H on the bulk antiferromagnetic order of TFT. TFT
possesses a zigzag ladder configuration of Fe moments and
additional interstitial Fe moments, running parallel to the b
axis [15-18,27]. However, they mainly differ on the magnetic

arrangement of Fe moments within each zigzag ladder and
their coupling to the subsequent layers.

Some previous studies indicated an intraladder anti-
ferromagnetic arrangement of neighboring moments and
spin-density wave type AFM structure [17], while neutron
diffraction and angle-resolved photoemission spectroscopy
measurements [18,27] indicate an intraladder ferromagnetic
alignment of the Fe moments with an antiferromagnetic
coupling between consecutive ones (A-type AFM order). Fur-
thermore, this AFM ground state is also composed of a
quasi-two-dimensional Fermi surface with sizeable interlad-
der hopping mediated by superexchange interaction [27]. The
Fe moments within a ladder are arranged ferromagnetically
at an angle of 17.6° with respect to the (10-1) direction
(i.e., the conventional out-of-plane direction) and are anti-
ferromagnetically coupled to the nearest neighboring chains.
Considering this A-type AFM ground state, the sharp drop in
longitudinal MR for H_L (10-1) plane [Fig. 5(a)] might be
attributed to arise from an interladder spin-flop configuration
and/or spin-flop followed by rotation of the AFM moments
perpendicular to the applied H. The absence of a similar
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FIG. 6. (a) Schematic representation of the measurement configuration utilized in this work. The azimuthal (6) and polar (¢) angles are
defined as the angle subtended by the applied magnetic field (H) with respect to the applied current (/) along x direction. (b) ¢ dependence
of transverse resistivity (or) under constant magnetic field uoH = 9T [H|| (10-1) plane], at various temperatures (7). (c) ¢ dependence of pr
under varying magnitudes of H at 7 = 5 K. (d) 6 dependence of pr under constant magnetic field uoH = 9T [H L (10-1) plane], at various 7.
(e) 0 dependence of pr under varying magnitudes of H, at T = 5 K. (f) 6 dependence of longitudinal resistivity (por,) under constant magnetic
field uoH = 6T at various 7 (10 < T < 130K). (g) Experimental results of similar measurements under puoH = 8T, for T > 130 K. Solid
lines in (b), (c), and (f) denote the fitting of the experimental data with the harmonic sine squared dependence. Schematic diagrams in
(g) represent possible spin configurations in the spin-flop and AFM configurations.
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sharp drop in longitudinal MR for H|| (10-1) plane [Fig. 5(b)]
indicates the existence of an anisotropic behavior, restricting
the stabilization of the spin-flop configuration only for certain
directions of applied H. Transverse resistivity (o) measure-
ments also support a similar scenario [Fig. 4(b)], where the
sudden rise in pr for T > 150K can be attributed to arise
from the net magnetization acquired by the spin-flopped con-
figuration, for applied H|| (10-1) plane. As shown below, the
stabilization of a unique AFM ground state and the realiza-
tion of an anisotropic spin-flop configuration renders drastic
ramifications into the angular magnetoresistive properties
of TFT.

To clarify the manifestations of the anisotropic mag-
netotransport behavior, we measured the angle dependent
longitudinal and transverse magnetoresistance at various 7 .
Figure 6(a) shows the schematic diagram of the measure-
ment geometry, and the definitions of the azimuthal (angle
¢ between H and I) and polar (angle 6 between H and I)
angles with respect to the single crystal. An applied dc /
(]| (10-1) plane) was passed through the single crystal along
the x direction (i.e., along the crystal plane). The resulting
change in longitudinal or transverse voltages were measured
under rotation of external H of constant magnitude along
the azimuthal and polar planes. Intuitively, 6 sweep corre-
sponds to H rotating from a magnetic hard (6 =~ 0°) to easy
(0 &~ 72.4°) direction, compared to ¢ sweep, enabling us
to quantitatively clarify its impact on the magnetoresistive
features. Figures 6(b) and 6(c) show experimental results of
pu versus @, under constant H (T = 5K)and T (uoH = 97),
respectively. We observe that py versus ¢ follows a twofold
symmetry with a sin’¢ behavior [solid lines in Figs. 6(b) and
6(c)]. Furthermore, the amplitude of the sin2<p dependence
monotonically decreases with increasing T or decreasing H.
Owing to the A-type AFM order along with the absence of
spin-flop configuration for H|| (10-1) plane, the observed
magnetoresistive behavior can be interpreted as anisotropic
magnetoresistance (AMR), arising from the orientation of the
antiferromagnetic Néel vector with respect to /, commonly
found in most FM or AFMs. On the other hand, significant
deviations from the conventional AMR [28,29] were observed
for H rotations along 6 [Figs. 6(d) and 6(e)]. pr versus 6
curves deviate significantly from the harmonic behavior and
show a sharp sign reversal as HL (10-1) plane. Interest-
ingly, the anharmonic behavior is strongly dependent on H
[Fig. 6(e)], and weakly varies with T [Fig. 6(d)]. This indi-
cates that the underlying origin of this anharmonic behavior
might not be dominantly linked to the flopping of the AFM
moments, induced by the applied H. While we cannot rule out
any contribution from spin-flop configurations, we speculate
that the anharmonic nature might be strongly influenced by
the magnetic anisotropy of TFT, preferring an AFM alignment
perpendicular to the (10-1) planes. To further explore the
peculiar nature of the magnetotransport features of TFT, we
also study the effect of H rotation (6) on pp [Figs. 6(f) and
6(g)]. For applied H less than the spin-flop field (10 < T <
130K, uoH = 6T), the MR curves show a harmonic behavior
(sin?6 dependence). Interestingly, as H is larger than the spin-
flop field (T > 130K, uoH = 8 T) we observe a significantly
different behavior, strongly anharmonic in nature with the
appearance of plateaulike features for certain 6, along with
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FIG. 7. (a) Temperature (7)) dependence of the amplitude of
transverse resistivity (or) for H rotations along azimuthal () and
polar (¢) directions under applied noH = 8T. (b) T dependence of
the amplitude of longitudinal resistivity (or) for H rotations along
azimuthal (0) and polar (¢) directions under applied uoH = 8 T.

a significant increase in the magnitude of pr . Furthermore, an
increase in T, in this regime at fixed uoH = 8T, also results
in a reduction of p; magnitude, attributed to an enhancement
of spin fluctuation near 7y.

In AFM systems, the spin-flop transition refers to a sit-
uation where there is a transition from an AFM order to a
noncollinear spin configuration or a canting of the magnetic
moments, both of which result in a finite magnetic moment.
A reversible transition from an AFM order to a spin-flop
state might be useful for applications either by utilizing the
anomalous Hall effect or associated changes in the linear mag-
netoresistance due to strong spin-lattice couplings [19-22,
28-31]. However, the utilization of the spin-flop effect is
overly complicated due to at least two reasons: (i) requirement
of uniaxial anisotropy and an external field, and (ii) typical
transition spin-flop fields are several tens of T, which is too
high for real applications [32-34]. From this perspective, a
layered AFM system can be reminiscent of a synthetic AFM
or ferrimagnetic systems, where the spin flop field is propor-
tional to the difference of sublattice magnetizations. To get
a deeper understanding of the underlying physics governing
the different magnetoresistive behaviors, we have extracted
the magnitude of the observed magnetoresistances versus 6
and ¢ [Figs. 7(a) and 7(b)]. For either 6 or ¢ rotations, the
amplitude of the transverse resistivity (Apr)) monotonically
decreases with increasing T, as expected for a MR signal
originating from magnetic order. On the other hand, the am-
plitude of longitudinal resistivity (App) shows a dramatic
behavior. Starting from 7 = 10K, for 8 or ¢ rotations, App
slightly decreases up to 100 K thereafter, showing a significant
enhancement in the 7" range 130-150 K (for 6 rotation), while
it decreases monotonically for ¢ rotations. Considering an
A-type AFM ground state of TFT with an intralayer ferromag-
netic alignment, for ¢ rotation, the H is always perpendicular
to the Néel vector, roughly oriented at ~18° with respect to the
surface normal. We speculate that no further discernable reori-
entation of the Néel vector occurs under ¢ rotation resulting
in a monotonic decrease of MR behavior. As stated before, 6
rotation results in the H rotating between magnetically easy
and hard directions which can have a profound effect on the
interlayer AFM moments. Interestingly, the observed sharp
drop in pp. occurs when H is perpendicular to the (10-1) plane,
i.e., applied almost along the magnetically easy directions. As
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FIG. 8. Experimental results of x-ray diffraction for TaFe; ;s Tes
polycrystalline sample in theta (6)-26 geometry.

a result, the significant enhancement in Apy is tentatively at-
tributed to the stabilization of a spin-flop configuration of the
interlayer AFM configuration. Our results are also indicative
of a strong interlayer magnetic coupling and represents an
intriguing situation despite the large separation between the
Fe moments between the adjacent layers. In a typical AFM,
the magnitude of AMR originating either from the spin-orbit
coupling of the electronic band structure or exchange coupling
to an adjacent FM is small, roughly 0.5-1% [35,36]. On the
other hand, the MR effect in the spin-flop configuration is sub-
stantially large, ~3—4%. We believe that this work would open
an unexplored pathway to utilize spin-flop configurations
for introducing unique functionalities in antiferromagnetic
spintronics.

IV. CONCLUSIONS

In conclusion, we have investigated the magnetic, tem-
perature, and angle dependent longitudinal and transverse
magnetoresistive effects in the layered AFM TaFe; 55Tes.
Temperature and applied magnetic field dependent magneti-
zation measurements reveal the existence of an anisotropic
behavior, H_1 (10-1) plane results in a spin-flop-like transi-
tion around 7 > 130K as opposed to an antiferromagnetic

nature for HL (10-1) plane. The spin-flop behavior also
manifests in anisotropic magnetotransport behavior and re-
sults in a sharp drop of linear resistivity at similar 7 and H
configurations. Interestingly, the angle dependent longitudi-
nal magnetoresistance around the spin-flop transition shows
a strong anharmonic behavior along with a pronounced en-
hancement in its magnitude. A thorough investigation of
magnetoresistive properties and observation of an unusual
longitudinal MR around the spin-flop transition in a layered
AFM system was unexplored. We believe that our results will
inspire future experimental investigations with the variation
of number of layers which might initiate a new paradigm of
AFM spintronics with layered material systems. The present
experimental results provide considerable insights into the
remarkable magnetic and magnetotransport feature of layered
AFMs, and suggest an alternative scheme to introduce novel
spintronic functionalities in layered AFMs.
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APPENDIX: X-RAY DIFFRACTION OF TaFe, ,sTe;

To determine the lattice parameters of our sample, the
single-crystalline samples were grounded for several hours
and out-of-plane x-ray diffraction were performed. Figure 8
shows the XRD pattern of crushed single crystals of TFT at
room temperature. Rietveld refinement of the XRD patterns
using FULLPROF software yielded the lattice parameters re-
ported in the main text, consistent with earlier reports [13]
and the ICSD database.
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