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ABSTRACT: Two-dimensional antiferromagnets have garnered OTa @Fel MFe2 @Te 10 T,= 164K .
considerable interest for the next generation of functional <A, *7%—00_*7%—0.1 Ta,Fe, . Te, Paramagnetic
spintronics. However, many bulk materials from which two- o« o o : 6
. . . . . .. o o o =8| Layered AFM ! -
dimensional antiferromagnets are isolated are limited by their air o« o X o : 5%
sensitivity, low ordering temperatures, and insulating transport & ’Oo_&’oo_ a 86 : 2
properties. TaFe,,,Te; aims to address these challenges with o _Oo_%{oo_ s 5 SM
increased air stability, metallic transport, and robust antiferromag- ) , 54 : 39
netism. Here, we synthesize TaFe,,,Te; (y = 0.14), identify its © f \giz j j\}.{i \f o 2 : P
structural, magnetic, and electronic properties, and elucidate the ’ <2| zFC
relationships between them. Axial-dependent high-field magnet- of"i f Jf— K_’Z f : !
oo ] : : ° '
ization measurements on TaFe, ,Te; reveal saturation magnetic 4 i 9 760 7 ) 200 73

fields ranging between 27 and 30 T with saturation magnetic
moments of 2.05—2.12 pup. Magnetotransport measurements
confirm that TaFe; ,Te; is metallic with strong coupling between magnetic order and electronic transport. Angle-resolved
photoemission spectroscopy measurements across the magnetic transition uncover a complex interplay between itinerant electrons
and local magnetic moments that drives the magnetic transition. We demonstrate the ability to isolate few-layer sheets of
TaFe, ,Tes, establishing TaFe, ,Te; as a potential platform for two-dimensional spintronics.

KEYWORDS: van der Waals materials, magnetic metals, layered antiferromagnetism, magnetotransport, high-field magnetic susceptibility,

angle-resolved photoemission spectroscopy

dentifying candidate low-dimensional materials combining

metallic transport behavior with robust antiferromagnetic
order is crucial to advancing spin-based nanotechnologies. van
der Waals (vdW) magnets, in particular, provide an ideal
platform for fabricating atomically thin spintronics and
magneto-optic devices,'  as they possess diverse magnetic
phases and electronic properties that persist down to the two-
dimensional (2D) limit. Within this family of materials, those
exhibiting metallic electronic transport have received intense
attention due to their potential functionality as spin
injectors,”” magnetic tunnel junction electrodes,” or spin—
orbit torque devices.'° Among the available 2D magnets,
layered antiferromagnets are exceptionally attractive due to the
increased resilience to external magnetic fields," "' sensitivity
of electrical resistance to field-induced antiferromagnetic-to-
ferromagnetic transitions,'>'* faster spin dynamics," utility in
high-frequency spin—orbit torque experiments,'® and capa-
bility for higher packing density than ferromagnets in memory
storage devices due to the absence of stray fields.'” Despite an
obvious need, vdW materials integrating metallic behavior with
layered antiferromagnetic order are notably scarce.'® Ta-
Fe, +},Te319_22 is one candidate to overcome many existing
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limitations of vdW magnets, boasting a high Néel temperature
ranging between 160 and 200 K,'”*"**7*° metallic charge
transport properties,'”*>*****” and stability under ambient
conditions, showcasing its promise for metallic antiferromag-
net-based spintronics.

In this work, we synthesize TaFe,,,Te, (y = 0.14) and
explore its electronic and magnetic properties, uncovering its
potential for atomic-scale spintronic devices based on vdW
materials. Temperature- and magnetic-field-dependent mag-
netization measurements reveal a paramagnetic-to-antiferro-
magnetic transition at 164 K followed by a transition into a
spin-glassy magnetic phase below ~100 K. At liquid helium
temperature, full magnetization saturation occurs only at 27—
30 T for all morphological directions, with a saturation
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Figure 1. Structure and composition of TaFe, ;,Te;. (A) Crystal structure of TaFe,;,Te; viewed along the crystallographic b-axis. Morphological
long in-plane (LIP) (green), short in-plane (SIP) (red), and out-of-plane (OOP) (blue) directions are shown relative to the crystallographic a-, b-,
and c-axes. (B) Crystal structure of TaFe, ,Te; viewed along the crystallographic b-axis with the orientation of the Fel (orange arrows) and Fe2
(purple arrows) magnetic moments in the antiferromagnetic state overlaid. (C) Crystal structure of TaFe,;,Te; viewed along a direction that
clearly displays the Fel/Fe2 chain structure. The Te atoms are removed for clarity. (D) False-colored optical microscope image of a TaFe, ,Te;
flake exfoliated onto polydimethylsiloxane (PDMS). The corresponding layer numbers for different regions were determined by atomic force
microscopy and optical contrast (Figure s1). (E—=G) Ta (E), Fe (F), and Te (G) elemental maps of a single crystal of TaFe, ;,Te; as determined by
SEM/EDX. The bottom right inset of each elemental map gives the corresponding elemental composition normalized to Te. In (E) and (F), the
error bars represent the standard deviation of multiple measurements between various crystals and growth batches.

magnetization moment of 2.05—2.12 py. Through density
functional theory (DFT) calculations, we confirm the stability
of the metallic antiferromagnetic phase and characterize its
electronic structure. Longitudinal magnetotransport and Hall
measurements verify the metallic nature and demonstrate a
strong coupling between magnetic order and electronic
transport. Angle-resolved photoemission spectroscopy
(ARPES) measurements further support the metallic nature
of TaFe, ,Te; and reveal a complex interplay between local
moment and itinerant magnetism. We also demonstrate the
ability to isolate few-layer flakes of TaFe, ,Te; through
mechanical exfoliation, solidifying its practicality for spintronic
applications.

Single crystals of TaFe, ,Te; are grown using the chemical
vapor transport method (see the methods for full details).
Tantalum, iron, tellurium, and TeCl, powders are pressed into
a pellet and sealed in a fused silica tube under vacuum. After 7
days in a temperature gradient of 700 to 600 °C, needle-like
crystals are obtained in the sink side of the tube. An Fe2
concentration of 0.14 was not explicitly chosen, but simply a
result of our optimized growth process. We note that attempts
at systematically varying Fe2 stoichiometry were unsuccessful.
We performed single crystal X-ray diffraction (SCXRD) to
determine the structure (Figure 1A—C). The low-dimensional
layered telluride TaFe, ,Te; crystallizes in the P2,/m space
group. The structure features Ta—Fel—Fel—Ta ribbons
aligned along the b-axis while sandwiched between Te layers.
Along the ribbon, the Ta atoms are octahedrally coordinated
by six Te atoms, and the Fel atoms, which make a one-
dimensional zigzag chain, are tetrahedrally coordinated by four
Te atoms. Unlike the Fel site, the Fe2 site is partially
occupied, and the Fe2 atom nestles in the center of the square
pyramid formed by Te atoms (Figure 1A). Single crystals are

stable under ambient conditions, and the layered nature of the
structure, along with the corresponding interlayer vdW bonds,
allows for the isolation of air-stable few-layer flakes of
TaFe, ,Te; through mechanical exfoliation down to the
monolayer limit (Figure 1D). Corresponding tapping-mode
atomic force microscopy images of an exfoliated sample can be
found in Figure sl. Previously reported neutron diffraction
measurements on TaFe  Te; determined that the magnetic
moments are localized on the Fe atoms. The magnetic
structure is identified as A-type antiferromagnetic with Fel
spins coupling ferromagnetically within the layers and
antiferromagnetically between the layers.”> The Fe2 spins
within each layer align parallel to the Fel spins (Figure 1B).
The atomic ratio of different constituent elements was
determined through SCXRD occupancy refinement (Table
s1) and confirmed by energy dispersive X-ray spectroscopy
(EDX) on freshly cleaved samples (Table s2). Corresponding
scanning electron microscopy (SEM)/EDX elemental maps of
a TaFe, |, Te; single crystal were obtained for Ta, Fe, and Te,
with each collection normalized to Te. All elemental maps
display a homogeneous distribution, demonstrating that there
is no evidence of Fe clustering down to the micrometer scale
(Figure 1E—G).

Since the Fe2 site is only partially occupied, we first
characterize the uniformity of the Fe2 distribution and the
impact of Fe2 on the local electronic properties. We performed
scanning tunneling microscopy (STM) and spectroscopy
(STS) on cleaved bulk TaFe, 4 Te;. In Figure 2A, we present
an atomically resolved STM image of the vdW plane at 7.5 K.
The selected distances, determined by a fast Fourier transform
(FFT) of the real-space STM topography, are as follows: Te---
Te (nearest neighbor) = 0.35, 0.36 nm, Fe2:--Te = 0.52 nm,
and Te-Te (next nearest neighbor) = 1.01 nm (Figure 2B).
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Figure 2. Atomic-scale characterization of TaFe, ,Te;. (A) STM
image of TaFe, ,Te; cleaved along the vdW gap. The image was
obtained at T = 7.5 K in constant current mode (V}, = 400 mV, I = 50
pA). (B) Corresponding FFT of the STM image. Select periodicities
are denoted by dashed white circles. (C) TEM micrograph of an
exfoliated TaFe, ,Te; flake with a thickness <50 nm viewed along the
OOP direction. (D) Corresponding electron diffraction image of the
same flake in (C). Select d-spacings are denoted by solid black bars. In
all panels, the orientation of the images with respect to the
morphological SIP and LIP directions is given in the bottom left inset.

These values are in good agreement with those obtained from
SCXRD (Figure 1A). With its atomic precision, STM allows us
to view the topographical corrugation of the Fe chains in detail.
We observe inhomogeneity of intensity in the image, which
may indicate random nanometer-scale clustering of Fe2 in the
crystal, as previously hypothesized in a MG0ssbauer spectros-
copy study of TaFe, +yTe3.20 This clustering may be responsible
for the spin-glass phase that emerges below 100 K (see the
discussion below). Corresponding STS measurements show a
metallic-like density of states (DOS) at all points across
multiple Fe chains, revealing that the occupancy of the Fe2 site
does not significantly impact the local electronic structure
(Figure s2).

To confirm that the quasi-one-dimensional nature of the
structure persists in exfoliated flakes, we performed trans-
mission electron microscopy (TEM) and corresponding
selected-area electron diffraction (SAED) measurements on
an exfoliated flake of TaFe, ,Te; with a thickness <50 nm
(Figure 2C, D; see the methods for details). The diffraction
pattern shows that the crystallinity is intact in the exfoliated
flake of TaFe, ;,Te;. This is also seen in the real-space image,
in which we observe distinct lines of atoms along the direction
of the chains, as depicted in Figure 1C. Select atomic distances
from the SAED image are 0.17 nm for the close-range Fe
atoms and 0.94 nm for the interchain Fe atoms (Figure 2D), in
good agreement with those obtained from SCXRD (Table sl
and Figure 1A, C) and STM (Figure 24, B).

We measured the magnetic susceptibility (y) of TaFe,,Te;
as a function of the applied magnetic field (H) and
temperature (T). In Figure 3A, we present y vs T curves

with H along the SIP, LIP, and OOP morphological directions
(see Figure 1A for reference to crystallographic axes). When
cooling the sample from room temperature, the measurements
show a paramagnetic-to-antiferromagnetic phase transition,
characterized by a peak in y at the Néel temperature Ty = 164
+ 2 K (Figures s3, s4 for additional data). The Neel
temperature is also confirmed through H-dependent heat
capacity measurements (Figure s5). Below the Néel temper-
ature, the zero-field-cooled (ZFC) and field-cooled (FC)
branches separate, signaling the emergence of a spin-glassy
phase below ~100 K (Figures s6—s9 for a more detailed
analysis).”> This behavior, often associated with competing
antiferromagnetic and ferromagnetic interactions, has been
observed in other TaFe,, Te; stoichiometries® and certain
Fe Mn, ,TiO; systems where long-range antiferromagnetic
and reentrant spin-glass phases can coexist.”*>" The extracted
Weiss temperatures (®,,) in the paramagnetic phase convey
strong ferromagnetic coupling, with values of 154, 158, and
149 K for the OOP, LIP, and SIP directions, respectively (inset
of Figure 3A). The Curie—Weiss fit estimates an effective
magnetic moment (y.¢) ranging between 4.26 and 4.28 py for
all morphological directions, in line with the expected local
moment of 4 ug for a majority high-spin tetrahedral Fe*" ion
(Figure 523).32

Figure 3B—D plots the magnetization (M) vs applied H
along all morphological directions (see Figure 1A) up to 35 T
at various T. The OOP- and SIP-oriented M vs H curves at 1.5
K reveal a series of steps in M between 9 and 15 T after which
M continues to increase until saturating at 29 and 30 T,
respectively (Figure 3B, 3D, and Figure s10). The exact nature
of these steps is unclear without further measurements of the
high-field magnetic structure but are likely due to meta-
magnetic transitions (see Figures s11 and s12 for additional
data). The LIP-oriented M vs H curve at 1.5 K is linear up to
27 T after which it saturates, indicating a gradual spin canting
process (Figure 3C). This confirms the LIP direction as the
hard axis (Figure 3C and Figure s10). At 1.5 K, the sample
reaches a saturation magnetic moment for all axial orientations
ranging between 2.05 and 2.12 i3, which is significantly smaller
than the ¢ determined for the high-T paramagnetic phase. As
expected, increasing T decreases the saturation magnetic
moment and the H value at which the moment saturates.

Our measured saturation moments of ~2 yuy are consistent
with those assigned previously based on neutron diffraction
measurements of the antiferromagnetic phase.”” The discrep-
ancy between p. and the measured saturation magnetic
moment implies that both local moment and itinerant
magnetism coexist in TaFe; ,Te;. For further insight, we
performed first-principles DFT calculations on TaFe,,,Te,
with y = 0, 0.25, and 1 with various magnetic orderings (see
the methods for details). We find that the antiferromagnetic
order shown in Figure 1B, with intraplane ferromagnetic order
and interplane antiferromagnetic order, is always electronically
stable and typically lower in energy than other magnetic
orderings (including nonmagnetic), although the energy
differences are oftentimes small. Lowdin charge analysis of
Fe atoms gives a positive charge of 0.3—0.5 and a magnetic
moment of 2.2—2.4 ug, for both Fel and Fe2 (Table s3), in
good agreement with our measured saturation moment.
Because DFT with common functionals is not appropriate
for strongly correlated electrons, the agreement with experi-
ment supports the picture that electron itinerancy is
responsible for the suppression of the magnetic moment.
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Figure 3. High-field magnetic properties of TaFe, ,Te;. (A) x versus T for H oriented along the SIP (solid green lines), LIP (solid blue lines), and
OOP (solid red lines) directions. Both zero-field-cooled (ZFC) and field-cooled (FC) traces are shown. All traces were collected with a field of H =
0.1 T. The extracted Néel temperature is shown by a black dashed line. Layered antiferromagnetic and paramagnetic phases are denoted by gray
and white regions, respectively. The inset shows inverse y versus T for H oriented along the SIP (solid green line), LIP (solid blue line), and OOP
(solid red line) directions. Dashed black lines are linear fits of each trace. The extracted ©,, and . are given in the upper left and lower right insets,
respectively. (B—D) M versus H at different Ts for H oriented along the OOP (B), LIP (C), and SIP (D) directions. In each plot, the extracted
saturation magnetization (M) and H,, are given in the inset. Note that because both the OOP and SIP directions contain a component parallel to
the Fel/Fe2 spin directions, they both exhibit metamagnetic transitions. The LIP direction, however, is completely perpendicular to the Fel/Fe2

spin directions and only displays a gradual spin-canting process.

Although the character of the bands near the Fermi energy
(Eg) is found to be a complex and nearly equal mixture of Fe
3d, Ta 5d and Te Sp orbitals (Figures s20—s21), all DFT
calculations predict a metallic electronic structure, whose
properties we study further by magnetotransport measure-
ments.

In Figure 4, we report the magnetotransport of TaFe, ,Te;
single crystals. Transport devices were fabricated using a
microsoldering technique which consists of drawing micron-
scale contacts with Field’s metal using a micromanipulator (see
the methods for details).”>** Figure 4A plots the zero-field
resistivity (p) of TaFe;;,Te; versus T. Overall metallic
behavior is observed with p decreasing with decreasing T. At
T = 175 + 3 K, there is a sharp jump in the derivative of p
versus T, which is attributed to the onset of antiferromagnetic
order. Below this temperature, p varies approximately as T?,
saturating to a constant value at low T.

Figure 4D presents the H dependence of the magneto-
resistance ratio (MRR). MRR is defined as MRR = [(R(H) —
R(H = 0))/R(H = 0)] x 100, where H is oriented along the
OOP direction. Above Ty, the system is in the paramagnetic
phase characterized by a broad negative MRR (nMRR) due to
the field-induced suppression of spin-flip scattering between
conduction electrons and local magnetic moments. Well below
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Ty at 1.5 K, we observe a negligible MRR up to a critical field
of H; = 8.5 + 0.2 T above which the absolute value of MRR
sharply increases and continues to increase linearly for H > H.
The response of MRR closely follows the measured M vs H
traces (Figure 4B and Figures s13—s17), indicating that H is
correlated with the jump in M vs H. As T increases, Hc
decreases toward zero at Ty, consistent with the magnetization
measurements. These results demonstrate that TaFe, ,Te;
exhibits a relatively strong coupling between its electrical
properties and magnetic order. The fact that MRR decreases as
M increases suggests the primary mechanism could be a field-
induced suppression of interlayer spin-flip scattering; however,
elucidating the exact mechanism behind this coupling will
require further measurements of the field-induced magnetic
structure.

The coupling between the electrical and magnetic properties
can also be seen in the Hall measurements presented in Figure
4C. In magnetic materials, the Hall resistance (Ry) is
typically determined by two components arising from the
external and internal magnetic fields.>* In general, Ry is
proportional to the applied H (the slope of which is related to
the carrier density) plus sample magnetization. These two
contributions can be clearly seen in Hall measurements across
the magnetic transition (Figure 4C; see also Figures s13—s18).
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Figure 4. Electronic transport properties of TaFe, 1, Tes. (A) p (left) and derivative of p (right) versus T at zero H. The extracted residual resistivity
ratio (RRR = R(300 K)/R(2K)) is given in the inset. The extracted Ty is shown by a black dashed line. (B) M versus H at 1.5 K for H parallel to
the OOP direction. (C) Ry, versus H above (solid yellow line) and below (solid magenta line) Ty. Two distinct linear regions (denoted by dashed
black lines) are observed below Ty, whereas a single linear region is observed above Ty. Additional traces at different temperatures can be found in
Figure s18. An optical image of the device is shown in the inset. (D) Magnetoresistance ratio, MRR = [(R(H)—R(H = 0))/R(H = 0)] X 100, versus
H at various T for fields parallel to the OOP direction. Both forward and backward H sweeps are shown and the curves are offset for clarity. The T
values at which each trace was taken are given in the inset. The dashed black line indicates the critical field of the first metamagnetic transition

observed at 1.5 K.

Above Ty (at 300 K), since the sample has negligible
magnetization (Figure s15), the Ry, versus H is linear, from
which we extract a corresponding carrier density of (1.30 +
0.03) X 10*' cm™, consistent with previous measurements on
similar TaFe,,,Te; stoichiometries.”**° Below Ty (130 K),
Ry versus H is linear at low H with the same slope as the 300
K trace, corresponding to the normal Hall contribution from
external H. Once H reaches H¢, Ry, sharply increases and
then continues to increase linearly with H for H > H¢. The
slope of Ry, versus H when H > H¢. is larger than the slope for
H < H due to the additional Hall component from the linear
sample magnetization (Figure s14). The slope of Ry versus H
for both H > H and H < H¢ has a nonmonotonic temperature
dependence which may arise from temperature-dependent
magnetic fluctuations (Figure s18).** Other factors, such as
temperature- and field-dependent changes in the band
structure, could contribute to Ry, However, our results
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bear similarities to other TaFe,,,Te; stoichiometries and

ARPES measurements on TaFe, ,Te; (see below) show only
minor changes in the band structure across the magnetic
transition, indicating Ry, is primarily determined by the
sample carrier density and the sample magnetization (see
Figures s13—s18 for additional data). This clear effect of
sample magnetization on the measured Ry, further demon-
strates the strong coupling between magnetism and electronic
properties in TaFe, ;,Te;.

To experimentally probe the electronic structure of
TaFe, ,Te; we performed ARPES on a freshly cleaved surface
(vdW plane) under ultrahigh vacuum (UHV) across the
magnetic transition (Figure 5). The Fermi surfaces at 20 and
210 K are shown in Figure SA, B, respectively. Two sets of
periodic wave-like Fermi surfaces (FSs) are identified,
indicated by @ and @’ in Figure 5A. The modulated FSs
perpendicular to Fel—Te chain directions (i.e., [—Y) points to
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Figure S. Evolution of the Fermi surface and electronic states of TaFe, ,Te; across the magnetic transition. ARPES Fermi surface maps at 20 K (A)
and 210 K (B). Dark blue (white) colors correspond to high (low) photoelectron intensity. The Fermi surfaces are symmetrized at k,=0 Al In
both (A) and (B), the black dashed rectangle represents the surface Brillouin zone. The I'—X and =Y directions are along the (LIP) and
perpendicular (SIP) Fe—Te chains, respectively. (C) ARPES intensity map along the Y-I'—Y direction is shown as cut #1 (purple dashed line in
(A)). Calculated nonmagnetic band structure is overlaid as semi-transparent white lines. (D) Energy distribution curves (EDCs) at I and Y
symmetry points (vertical dashed white lines in (C)) at 20 K (solid blue lines) and 210 K (solid black lines). (E) ARPES intensity map along the
X-T'—X direction is shown as cut #2 (orange dashed line in (A)). Calculated nonmagnetic band structure is overlaid as semitransparent white lines.

(F) EDCs at k, = 0.07 A" (a) and k, = 0.65 A~! (B) (vertical dashed white lines in (E)) at 20 K (sohd blue lines) and 210 K (solid black lines).

(G) ARPES 1nten51ty map along cut #3 (magenta dashed lined in (A)). (H) EDCs at k, = 0.30 A™" (vertical dashed white line in (G)) at 20 and
210 K. All data were acquired with a photon energy of 21.22 eV. For (C), (E), and (G), purple (yellow) colors correspond to low (high)

photoelectron intensity. All calculated band structures were scaled down by 1.4 and shifted down by 0.2 eV.

significant interchain interactions. The FS features look similar
between the paramagnetic and antiferromagnetic phases,
except for the thermal broadening, consistent with the previous
report.”” The broadened spectroscopic features are likely a
result of the disorder associated with the Fe2 site.

The ARPES intensity maps along the Y-I'=Y and X—['—X
paths in the low-T antiferromagnetic phase are shown in
Figure SC, SE (cut #1 and #2 in Figure SA). ARPES intensity
maps are compared to our DFT band structures of
nonmagnetic TaFeTe;, where the Ep was empirically shifted
to best match the ARPES data (additional orbital-resolved
band structures and partial density of states can be found in
Figures s20—s21). Along the X—I'—X path, we observe two
hole-like bands, o and o', crossing Eg. Another less dispersive
band () is also observed near Ep. Overall, experimental
ARPES intensity maps show reasonable agreement with our
DFT calculations, when the bandwidth of the latter is reduced

by a factor of 1.4 (Figure SC, SE). While the disorder broadens
the ARPES data and makes a detailed comparison with DFT
challenging, the best agreement is achieved when we
renormalize the DFT bands. This suggests the importance of
strong electron correlations that are absent in standard DFT.
However, to precisely determine the correlation effect,
additional high-resolution ARPES studies and dynamical
mean-field theory (DMFT) calculations are required. Figure
SD displays the energy distribution curves (EDCs) at I" and Y
points across the magnetic transition. We observe a distinct
change in spectral intensity and a transfer of spectral weight
from high-to-low binding energy along with a slight shift in the
energy of the bands. A more detailed T dependence reveals
that the most significant changes occur below ~100 K (Figure
$22). The evolution of EDCs across the magnetic transition for
the @ and f bands is shown in Figure SF. Below the magnetic
transition, the f band shows an enhancement in the

https://doi.org/10.1021/acs.nanolett.3c03112
Nano Lett. 2023, 23, 10449—-10457


https://pubs.acs.org/doi/suppl/10.1021/acs.nanolett.3c03112/suppl_file/nl3c03112_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.nanolett.3c03112/suppl_file/nl3c03112_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.nanolett.3c03112/suppl_file/nl3c03112_si_001.pdf
https://pubs.acs.org/doi/10.1021/acs.nanolett.3c03112?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.nanolett.3c03112?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.nanolett.3c03112?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.nanolett.3c03112?fig=fig5&ref=pdf
pubs.acs.org/NanoLett?ref=pdf
https://doi.org/10.1021/acs.nanolett.3c03112?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

Nano Letters

pubs.acs.org/NanoLett

quasiparticle (QP) spectral weight near Ez. However, no such
change was observed for the @ band. ARPES intensity maps
along cut #3 (shown as a dashed line in Figure SA) and EDCs
are shown in Figure SG, SH, respectively. A strong enhance-
ment of the integrated spectral weight of ~16% is observed
within 0 to —1.25 eV in the antiferromagnetic phase relative to
the paramagnetic phase. These combined results reflect that
the magnetic transition is driven by electronic structure
reconstruction rather than Fermi surface nesting.

Our results suggest that the electronic states undergo a
band-dependent reconstruction across the magnetic transition
due to the interplay between orbital and spin degrees of
freedom. This behavior is known to occur in other systems
containing local moments and itinerant electrons,®*™>? such as
heavy Fermion compounds,* Fe-based superconductors,”"**
and other strongly correlated transition-metal oxides.*>** The
coexistence of itinerant and local-moment magnetism in
TaFe, ;,Te;, combined with the fact that TaFe, ,Te; can be
exfoliated down to atomically thin flakes, providing new
opportunities to study such correlated magnetic systems in the
2D limit.

Through a combination of magnetic, electronic, and
transport measurements, supported by first-principles DFT
calculations, we resolve the interplay between the magnetic
and electronic properties in the layered vdW magnet
TaFe, ;,Te;. We performed high-field magnetometry, revealing
the full direction-dependent magnetic properties. Calculations
and magnetotransport measurements confirm the metallic
nature of TaFe; ,Te; and display strong coupling between
electronic transport properties and magnetic order. Temper-
ature-dependent ARPES measurements show minor band
shifts and strong spectral weight renormalization across the
magnetic transition. This, combined with a low observed
saturation moment of 2.05—2.12 py found in both the high-
field magnetometry measurements and DFT calculations,
indicates a complex interplay between local moment and
itinerant magnetism in TaFe, ,Te;. Finally, we demonstrate
the isolation of air-stable few-layer flakes of TaFe, ,Te; down
to the monolayer limit. Altogether, our results establish
TaFe; ,Te; as an exciting material for 2D spintronics,
manifesting robust A-type antiferromagnetism, metallic trans-
port properties, and stability under ambient conditions.
Furthermore, the intersection of local-moment and itinerant
magnetism typically occurs in correlated electronic systems,
offering TaFe; ,Te; as a promising platform for studying
magnetism in 2D correlated electronic materials.
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