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Layered transition metal chalcogenides have stimulated wide research interest due to their many exotic phys-
ical properties. In this paper, we study the magnetotransport properties of the exfoliated nodal-line semimetal
TaNiTes. A giant positive magnetoresistance (MR) is observed when the current is parallel to the crystallographic
¢ axis, while it is strongly diminished when the current flows along the a axis. The observed giant MR is gradually
suppressed either on reducing the thickness of the nanoflake or on increasing temperature. By performing MR
measurement in tilted magnetic fields, the interlayer coupling is found to be weakened both by reducing the
thickness and by increasing temperature. We propose a mechanism of electron-electron interaction assisted
interlayer transport as an origin of the giant MR. The mechanism is likely to provide an explanation for giant

MR in other layered materials.
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I. INTRODUCTION

Layered transition metal chalcogenides have revealed
a range of unique electronic phenomena, including two-
dimensional superconductivity [1], charge density waves [2],
anisotropic chiral anomaly [3], and coexistence of ferroelec-
tric polarization and Dirac surface state [4]. This contributes to
their great potential both for fabricating electronic devices and
for fundamental research to explore exotic quantum phases. In
2014, WTe,, as a typical transition metal chalcogenide, was
reported to exhibit an extremely large positive magnetoresis-
tance (MR) effect, which can be as high as 13 000000% and
has potential applications in magnetic sensors and memories
[5]. This finding has stimulated extensive research interest in
transition metal chalcogenides. Although the extremely large
positive MR effect has been observed in several other transi-
tion metal chalcogenides such as MoTe, and ZrTe, [6,7], its
origin is still under intensive debate. Electron-hole compen-
sation is usually used to explain large MR effect. However,
Wang et al. claimed that the electron-hole compensation is not
the mechanism for large MR in WTe; [8]. Similarly, in thin
WTe, and MoTe,;, the magnitude of MR was found to be de-
termined by high carrier mobility rather than by electron-hole
compensation [9,10]. Alternatively, the topological property
of carriers was reported to play a dominant role in the oc-
currence of large MR in WTe, and SnTaS; [11,12]. Thus it
is necessary to further investigate the MR effect in layered
transition metal chalcogenides.

Recently it has been found that the TaNiTes compound, a
member of the transition metal chalcogenide family, is a Dirac
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nodal-line semimetal with fourfold degeneracy [13]. A giant
positive MR was found in the compound, but its origin has not
been fully explored [14]. On the other hand, regarding the di-
mensionality of TaNiTes, it was theoretically predicted to be a
two-dimensional topological semimetal [15,16]. However, Xu
et al. found that TaNiTes hosts quasi-one-dimensional topo-
logical electronic properties via magnetization and electrical
transport measurements [17]. On the contrary, Chen et al.
performed magnetotransport and de Haas—van Alphen effect
studies and suggested that TaNiTes is a three-dimensional
topological semimetal [18]. Therefore, the magnetotransport
property of TaNiTes needs to be further studied.

In this paper, we systematically perform magnetotransport
measurements of TaNiTes nanoflakes with different thick-
nesses. A giant positive MR is observed when an applied
current is along the crystallographic c axis, while it is strongly
diminishes when the current is along the a axis. The observed
giant MR is gradually suppressed with decreasing thickness
and increasing temperature. Regarding its origin, we found
that the observed MR cannot be explained by weak antilocal-
ization or by electron-hole compensation. We attribute it to the
interlayer transport assisted by electron-electron interaction.

II. EXPERIMENTAL METHOD

We fabricated high-quality TaNiTes single crystal by
the chemical vapor transport method. Powders of Ta
(99.998%), Ni (99.999%), and Te (99.999%) with a
1:1:5 molar ratio were mixed and sealed in a quartz
tube under high vacuum. The quartz tube was put into
a furnace and heated from room temperature up to
973 K within 24 h. Then the temperature was maintained for 4
days, and slowly cooled to 773 K within 24 h. Last, the quartz
tube was taken out of the furnace for natural cooling to room
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TABLE 1. Electrical parameters of the exfoliated nanoflakes.
RRR is the residual resistivity ratio. MR is magnetoresistance at
2Kand 8 T.

Sample  Thickness (nm) RRR  Current direction MR (%)
S1 157.6 29.1 a axis 29.2
S2 48.3 25.7 a axis 43.0
S3 88.6 25.8 ¢ axis 486.8
S4 65.7 16.3 c axis 408.3
S5 33.7 28.3 ¢ axis 132.5

temperature. The grown TaNiTes single crystals were char-
acterized by x-ray diffraction (XRD), transmission electron
microscopy (TEM), and energy dispersive x-ray spectroscopy
(EDS) measurements. TaNiTes nanoflakes with different
thicknesses were obtained by the mechanical exfoliation of
the grown single crystals. The exfoliated nanoflakes were
transferred onto silicon substrates with a 300 nm SiO, cover
layer. Their thicknesses were determined by atomic force
microscopy (see Table I). For the nanoflakes, their exposed
surfaces were found to be the crystallographic ac plane (i.e.,
normal to the b axis). The measured patterns were defined
by standard photolithography. For ribbon-shaped nanoflakes,
four ohmic contacts were deposited by thermal evaporation of
Ti/Au [see the insets of Figs. 2(a) and 2(b)], while six ohmic
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contacts were deposited for the wider nanoflakes [see the
insets of Figs. 2(c) and 2(d)]. Five nanoflakes studied in this
paper can be classified into two groups. One group contains
two samples with different thicknesses (referred to as samples
S1 and S2, respectively), in which the applied current is along
the a axis. The other group contains three samples (referred to
as samples S3, S4, and S5, respectively), in which the applied
current is along the ¢ axis. The magnetotransport properties
were measured in a physical property measurement system
(PPMS, Quantum Design).

III. RESULTS AND DISCUSSION

Figure 1(a) shows the XRD pattern of the grown TaNiTes
single crystal. All observed peaks can be indexed as (0L0)
reflections of TaNiTes and no secondary phase is detected.
From the positions of these peaks, the lattice parameter b was
calculated to be equal to 13.09 A, consistent with the reported
value of 13.17 A [19]. Figure 1(b) shows a high-resolution
TEM image of the grown TaNiTes. One can see a well-
defined atomic ordered arrangement that is indicative of high
crystalline quality. From the EDS measurement, the atomic
ratio of Ta:Ni:Te is determined to be 0.95:1.06:5.13, which is
near 1:1:5 for the stoichiometric TaNiTes. The EDS images
for three elements, Ta, Ni, and Te, as shown in Fig. 1(c),
demonstrate that all of them are uniform distributions without
secondary phase, consistent with the XRD data.

FIG. 1. (a) X-ray diffraction pattern of TaNiTes single crystal. (b) High-resolution transmission electron microscopy image. (c) Energy

dispersive x-ray spectroscopy images of three elements, Ta, Ni, and Te.
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FIG. 2. Resistivity p,, as a function of temperature 7 at various magnetic fields B for samples (a) S1, (b) S3, (c¢) S4, and (d) S5. Dashed
lines are fits according to the Fermi liquid model p,, = A + CT?2. Insets are optical microscope images of devices. The current directions are

marked by arrows.

Figure 2(a) shows longitudinal resistivity p, as a function
of temperature 7 for sample S1 under different magnetic field
B’s. Here B is perpendicular to the plane of sample. For B =
0T, one can see that p,, exhibits a decrease with T decreas-
ing from 300 down to ~10 K. This is suggestive of typical
metallic behavior. As T is further reduced to the lowest mea-
sured temperature of 2 K, p,, becomes saturated and forms
a plateau at low 7. We can define residual resistivity ratio
(RRR) as p,,(300K)/ . (2 K). It was calculated to be 29.1,
comparable with the reported result in bulk TaNiTes [18]. o,
in the low-T range of 2-30 K can be fitted by using a relation
Pox =A+CT? (A and C are two constants), indicating a
Fermi liquid behavior in which electron-electron interaction
(EEI) dominates electrical transport. As B increases, the oy,
plateau demonstrates a vertical upward shift, but no visible B
dependence for p,, is observed at high 7. The upward shift of
the p,, plateau with B indicates the presence of positive MR
at low 7. A similar phenomenon is also observed in sample
S2 (not given here). Figure 2(b) shows p,, as a function of T
for sample S3 under different B’s. For B = 0T, similarly to
sample S1, p,, shows a typical metallic character at high T,
accompanied by the appearance of a plateau at low T'. The EEI
also dominates electrical transport at low T (the dashed line is
a fit according to p,, = A + CT%. WhenB > 0T, compared

with sample S1, there are two characteristics in these curves
to note. First, the vertical shift of the p,, plateau with B is
more remarkable, in agreement with the reported results [17].
This is indicative of a larger positive MR when the current
flows along the ¢ axis. Second, for B > 4T, p,, shows an
increase with decreasing 7T in the intermediate T range of
10 — ~30 K. That is, we observe so-called “turn-on” behavior
that has been widely found in other layered transition metal
chalcogenides. When the thickness of nanoflakes is reduced,
as shown in Fig. 2(c) for sample S4, the vertical shift of the p,,
plateau with B seems to remain unchanged. But the “turn-on”
behavior disappears when the thickness of the nanoflake is
further reduced to 33.7 nm for sample S5 [see Fig. 2(d)].
Figure 3(a) shows the MR curves for all our samples at 2 K.
Here, the MR is defined as MR = [0, (B) — 0x:(0)]/0x:(0).
One can see that two MR curves for the first group of samples
S1 and S2 are almost overlapped, with a maximum value of
43% under B = 8 T. This indicates that the MR is thickness
independent when the current is along the a axis. Interestingly,
the magnitude of MR is far smaller than that in the second
group of samples, S3-S5, with the current along the ¢ axis.
As seen in Table I, MR varies between 132.5%—-486.8% at
2 K and 8 T for the second group. This implies that there is
an obvious current direction dependence for MR in TaNiTes.
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FIG. 3. (a) Magnetoresistance (MR) at 2 K for five samples. (b) MR at various 7's for sample S3. Inset shows the MR as a function of
T for a given field B = 8 T. (c) Magnetoconductivity curves at various 7's for sample S3. Solid lines are fits according to Eq. (1). (d) The

extracted parameters « and L, as a function of 7'. Solid line is a fit.

Strikingly, the MR in the second sample group exhibits a
strong thickness dependence: it is gradually suppressed with
reduction of the thickness of the nanoflakes for samples S3—-S5
in sequence. This is completely different from observations in
the first group of samples, S1 and S2, implying that there must
be different MR origins between the two sample groups. The
giant MR in samples S3-S5 is of interest because of potential
applications. Figure 3(b) shows a T dependence of MR in
sample S3. One can see that the observed MR is gradually
diminished as T increases, and it is invisible above 50 K. A
plateau of MR at low T is observed for B = 8 T, as seen in the
inset of Fig. 3(b).

What causes the giant MR in samples S3—S5? Weak antilo-
calization (WAL) effect arising from an additional 7= Berry
phase of the nodal line is a possible source [11,12]. In or-
der to check this possibility, we fitted magnetoconductivity
[defined as Ao, (B) =~ 1/Rs(B) — 1/Rs(0), where Ry is sheet
resistance] using two-dimensional Hikami-Larkin-Nagaoka
(HLN) theory in a strong limit of spin-orbit coupling [20]:

QORI

where « is a factor, e is electronic charge, 4 is Planck’s
constant, B, = h/ (8neL§,) (L, is phase coherence length),
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and W(x) is the digamma function. As shown in Fig. 3(c)
for sample S3 as a representative example, the fitting curve
follows the experimental data very closely in the low-B
range of |[B| <3 T for any fixed T. The extracted L, vs T
curve is given in Fig. 3(d). One can see that the data can
be described by the relation L, ~ T-095. This is a further
evidence that there exists EEI that dominates the dephasing
process for carriers [21,22]. The presence of deviation below
~15 K can be attributed to the saturation term [23]. The
extracted o from the fits is also given in Fig. 3(d). We note
that it is very large and exhibits a slight decrease with in-
creasing 7. A very large o value may result from the bulk
conduction channels [12,24,25]. More importantly, as seen in
Fig. 3(c), there appears a large deviation between the fitting
curve and experimental data at high B. This shows clearly that
the observed giant MR in samples S3—S5 cannot be attributed
to the WAL effect. Furthermore, considering the WAL effect
arising from the topological protected carriers, it is reasonable
to deduce that the giant MR in samples S3—S5 is not related to
the presence of the Dirac point. This is consistent with obser-
vation in layered semimetal HfTe, [26]. On the other hand, a
disorder-induced nonsaturating linear MR is widely reported
in other layered materials such as PtBi, and BiySe; [27,28],
but the giant MR in our samples cannot be attributed to the
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FIG. 4. (a) Hall resistivity py, as a function of B at various T"s for sample S4. Solid lines are fits with Eq. (3). (b) The fit-obtained carrier
mobilities as a function of T'. (c) The fit-obtained carrier concentrations as a function of 7. Inset is a schematic diagram of the band structure
near the Fermi level. (d) MR at 2 K for sample S3. Solid line is calculated result according to Eq. (2).

disorder due to two reasons. First, the observed giant MR
displays a quasiquadratic field dependence [Fig. 3(a)], which
is not a linear field dependence. Second, the RRR magnitude
of samples S3-S5 is thickness independent (see Table I),
signifying that the disorder is not significantly changed with
reducing the thickness. If the giant MR arose from the disor-
der, it should be thickness independent. Contrarily, the giant
MR in the second sample group exhibits the strong thickness
dependence [Fig. 3(a)]. This proves that the giant MR in our
samples cannot be explained by the disorder.

Another possible origin is the electron-hole compensa-
tion that is a prevailing explanation for large MR effect
in transition metal chalcogenides. Theoretically, a perfect
electron-hole compensation will yield a nonsaturating MR
with a quadratic field dependence [29]. In order to clarify the
contribution of electron-hole compensation to MR, we adopt
a two-band model [30] where the B dependences of p,, and
Hall resistivity py, are given as

(npn + pip) + (ntp + prn) i, B
e[(nn + pup)* + (p —ny’uplB?]’
(prs — nup)B + (p — mpo B
e[(npn + pip)* + (p — )’ u2pu2B?]’

pxx(B) = @)

Pxy(B) = 3

where n (p) and u, (u,) are electron (hole) concentration
and mobility, respectively. Since Hall measurement can be
realized in samples S4 and S5, we tried to perform a simul-
taneous fit of both p,, and p,, data in these two samples.
Unfortunately, we found it impossible to obtain a good fit,
presumably due to the presence of the aforementioned WAL
at low B that can complicate the fit. Hence only the p, vs B
curve is analyzed to obtain carrier concentration and mobil-
ity. Figure 4(a) shows p,, as a function of B at various 7"'s
for sample S4. One can see that the slopes of these curves
are positive for any fixed 7. This implies that holes play a
dominant role, in agreement with the reported result [13].
Importantly, there is a slightly nonlinear B dependence for
Pxy» especially below 100 K. This signifies a coexistence of
multiple carriers, in agreement with the theoretical prediction
[see the inset of Fig. 4(c)] [17]. We fit these py, vs B curves by
using Eq. (3). As can be seen in Fig. 4(a), Eq. (3) describes the
experimental data very well at various T's. The fit-obtained
M, and w, are given in Fig. 4(b). Both of them decrease
slowly on increasing T, which can be attributed to electron-
electron and/or electron-phonon scattering. The fit-obtained
carrier concentrations are given in Fig. 4(c). Both n and p are
T independent below 30 K, but the latter displays a remark-
able increase at high T, presumably resulting from thermal
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FIG. 5. Kohler’s rule by plotting MR vs B/p, from 2 to 200 K for samples (a) S3, (b) S4, and (c) S5. Red dashed lines are fits according
to Eq. (4). Inset in (a) shows the normalized MR with value at 2 K for sample S3. (d) p,, as a function of T at various Bs for sample S3. Solid

lines are fits with Eq. (5).

activation. A similar phenomenon is also reported in TaNiTes
single crystal [14]. It is worth noting that the p value is far
larger than the n value, leading to a large ratio p/n = 13.9
below 30 K (a larger value is expected at high 7). The large
ratio implies a breakdown of electron-hole compensation in
our samples, proving that it is not the origin of the observed
giant MR. To further confirm this point, the MR was further
calculated by substituting the fit-obtained values into Eq. (2).
As shown in Fig. 4(d) for sample S4 at 2 K as a representative
example, we find that the magnitude of the calculated MR is
far smaller than that of the measured MR (quantitatively, for
B = 8T, the calculated MR is only 42.4% while the measured
value is as high as 408.3%). Furthermore, the calculated MR
tends to saturate above 6 T, which is completely different
from the shape of the measured MR. This, combined with
the smaller magnitude of the calculated MR, supports that
the electron-hole compensation cannot be used to explain the
giant MR in samples S3-S5.

A B-induced energy gap [31,32] has been proposed to
explain the p,, “turn-on” behavior [Figs. 2(b) and 2(c)] that
might be related to the giant MR. However, the normalized
MR vs T curves at various B’s, as seen in the inset of Fig. 5(a)

for sample S3, converges on a single curve, indicating the
same T dependence. This manifests that the B-induced energy
gap does not exist in our samples [33]. On the other hand,
Kohler’s rule was believed to provide a good explanation
for the p,, “turn-on” behavior in WTe, and MoTe, [34,35].
Figures 5(a)-5(c) show the MR vs B/p, curves (here, py is
longitudinal resistivity under B = 0 T) at various 7"’s for sam-
ples S3-S5. As can be seen in these figures, all MR data for
a given sample are scaled onto a single curve. This indicates
that the T dependence of MR follows Kohler’s rule,

MR = B(B/po)", )

where both 8 and m are constants. We have used Eq. (4)
to fit the MR vs B/py curves [red dashed lines are fits in
Figs. 5(a)-5(c)]. The fit-obtained m varies between 1 and
2 (namely, m < 2), deviating from the perfect electron-hole
compensation with m = 2 [36]. This is further evidence that
the electron-hole compensation is broken in our samples, in
agreement with the analysis of Hall data in Fig. 4. Equation
(4) can be rewritten as

pu(T,B) = po + BB"/p~". o)
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FIG. 6. (a) The ac and (b) ab planes of TaNiTes crystal structure. The yellow rectangles in (a) indicate the one-dimensional NiTe, chains.

Combined with the relation pg = A 4+ CT? at low T (see
Fig. 2), Eq. (5) perfectly reproduces py, vs T curves under
different B’s, as shown in Fig. 5(d) for a representative sample,
S3. This indicates that Kohler’s rule indeed provides a good
explanation for the p,, turn-on behavior. The observations
in Figs. 5(a)-5(c) that MR follows Kohler’s rule only sug-
gest that one single relaxation time dominates the scattering
process of carriers, in line with the breakdown of electron-
hole compensation. But this cannot uncover the origin of
giant MR.

In order to find the origin, one should note three charac-
teristics of giant MR in our samples: (1) it is present when
the applied current flows along the ¢ axis, while it is strongly
diminished when the current is along the a axis; (2) it is pro-
gressively suppressed both as the thickness of the nanoflake is
reduced and as T increases; and (3) its appearance is accom-
panied by the EEI at low T'. Kastrinakis theoretically proposed
that the giant MR arises from the combination of elastic spin
disorder scattering and a special value of the Hubbard constant
[37,38], but this mechanism cannot explain the characteristic
(1) of giant MR in our samples, indicating that it can be
negligible. Characteristic (1) must be closely related to the
crystal structure. Theoretically, TaNiTes has been reported
to have an anisotropic Fermi surface with different valleys
in different crystallographic directions [13,17]. It might be
a possible source for the observed MR if characteristic (1)
was only considered. We note that there is no significant
difference for carrier concentrations in both samples S4 and
S5. This is suggestive of comparable Fermi energy in these
two samples, but a remarkably suppressed MR is observed
in sample S5, excluding the anisotropic Fermi surface with
different valleys as the source of giant MR. Furthermore, it
cannot offer a reasonable explanation for the T dependence
of giant MR, either. We therefore conclude that the observed
giant MR cannot be attributed to the anisotropic Fermi surface
with different valleys because of characteristic (2).

Figure 6(a) shows the ac plane (normal to the b axis) of
the TaNiTes crystal structure. One can see that there are many
parallel one-dimensional NiTe, chains that are stretched along
the a axis. Two adjacent NiTe; chains are linked via Ta atoms,

which makes these NiTe, chains form a two-dimensional
layer in the ac plane. The formed two-dimensional layers, as
shown in Fig. 6(b), are stacked along the b axis via a weak
van der Waals (vdW) force. It is found that transport electrons
mainly originate from the NiTe, chains, while Ta atoms make
little contribution to electrical transport [13]. Apparently, a
lower electivity can be obtained when the current is along the
direction of the NiTe; chains (i.e., along the a axis), compared
to other current directions. This explains a recent experimen-
tal observation that the bulk TaNiTes demonstrates a highly
anisotropic transport behavior [17]. Then one question arises:
What will happen when the applied current is along the other
directions, such as the ¢ axis in our samples S3—S5? Naturally,
it is unavoidable that there occurs an interchain transport via
Ta atoms and/or an interlayer transport across the vdW gap.

In Cr,Ge,Te¢ thin flakes, the interlayer vdW force was
found to cause an anisotropic colossal MR effect [39]. In
TaNiTes single crystal, there exist quantum oscillations for
the in-plane magnetic field (i.e., parallel to the ac plane)
[18]. Recently, it was reported that there are metallic surface
states on the “side-cleaved” surface perpendicular to the vdW
layer of TaNiTes [40]. All these reported results signify that
the interlayer transport across the vdW gap has an impor-
tant influence on the electrical transport behavior of layered
compounds.

If the interlayer transport played a dominant part in
the presence of giant MR, a reduction in the thickness of
the nanoflake may weaken the interlayer coupling, which
consequently suppresses the giant MR [corresponds to char-
acteristic (2)]. In order to check this point, the MR effect is
further studied in tilted B. As shown in the inset of Fig. 7(b),
0 is defined as an angle between B and the normal direction
of the nanoflake (i.e., & = 0° in Figs. 2 -5). Figure 7(a) shows
the MR of a representative sample S3 at 2 K for various 9's.
We found that the MR is gradually suppressed with increasing
6 from 0° to 90°, but for & = 90°, as seen in the inset of
Fig. 7(a), the MR does not disappear and its magnitude is
24% under B = 8 T. This is suggestive of a three-dimensional
anisotropy that is also reported in WTe, [41], support-
ing that TaNiTes is a three-dimensional semimetal [18]. It
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FIG. 7. (a) MR at 2 K for sample S3 when B is tilted along various directions. Inset is an enlargement of the MR curve when B is parallel
to the ¢ axis. (b) The same data in (a) with B multiplied by a factor &,. Inset is a sketch of experimental configuration. (c) &y vs tilted angle 6 at
various T"s. Solid lines are fits with Eq. (7). (d) T dependence of the extracted mass anisotropy y for sample S3. Inset shows y as a function

of the thickness of a nanoflake at 2 K.

can be analyzed by a scaling approach about longitudinal
resistance [41,42],

R(B.0) = R(&4B), Q)

with a scaling factor

g9 = (cos’0 + y‘zsin29)1/2, @)
where 2 is the ratio of the electron effective mass for 6 = 0°
and 90°. As seen in Fig. 7(b), the MR curves at various 6’s
are collapsed onto a single curve with a field scaling. From
the scaling analysis, we extracted the scaling factor 4. The 6
dependences of the extracted g4 for several selected T's are
shown in Fig. 7(c). As seen in the figure, the experimental
data can be well described by Eq. (7) (solid lines are fits).
The fit-obtained y as a function of 7 is given in Fig. 7(d).
One can see that y exhibits a rapid decrease from 6.14 to 3.16
on increasing T from 2 to 50 K, and it tends to saturate to
2.23 up to 200 K. This T dependence is presumably due to
the thermal expansion of the crystal and/or electron-phonon
coupling [43]. These y values are smaller than the reported
values of ~12 in graphite [44] and ~9 in superconductor
YBa;Cu;0; [45], but they are comparable to those of 2—5 in
WTe, [41], 5.4 in HfTes [46], and 2.1 in black phosphorus

[47]. Most importantly, as shown in the inset of Fig. 7(d),
y displays a continuous decrease as the nanoflake is made
more thinner for a fixed 7'. This proves that the interlayer cou-
pling is indeed weakened in the thinner samples, as reported
in WTe, nanoflakes [48]. Therefore, the interlayer transport
across the vdW gap is likely to play a dominant part in the
occurrence of the giant MR.

Furthermore, the accompaniment of EEI [i.e., character-
istic (3) mentioned above] implies that the EEI may be
indispensable for observing the giant MR in our samples.
Actually, the EEI has been found to wield influence on the
occupation of different bands for carriers [49]. Additionally,
the appearance of the MR plateau at low T [see the inset
of Fig. 3(b)] implies that only a single scattering process
of EEI is important for carriers. Hence one can speculate
that the EFEI is closely related to the interlayer coupling in
our samples. Considering the dominant role of the interlayer
transport, we tentatively propose an alternative mechanism
for the giant MR: EEl-assisted interlayer transport. In this
mechanism, carriers move across the vdW gap between two
adjacent ac planes due to EEI. When the current is applied
along the direction of the NiTe; chains (i.e., along the a axis),
carriers move dominantly along the direction of the chains. In
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this situation, the EEI-assisted interlayer transport can be neg-
ligible. As a result, the giant MR is absent. This corresponds
to the case of samples S1 and S2, where the observed small
MR in Fig. 3(a) may result from the weak antilocalization. In
contrast, when the current is applied along the c axis for sam-
ples S3-S5, the EEl-assisted interlayer transport dominates
the electrical transport behavior of carriers, and then the giant
MR appears, as seen in Fig. 3(a). When the nanoflake becomes
thinner, the interlayer coupling is expected to be weakened.
The EEl-assisted interlayer transport is thus suppressed to
some extent, and consequently the giant MR is diminished
in the thinner sample. For a given thickness of nanoflake, the
EEl-assisted interlayer transport is also gradually suppressed
as T increases because of the interlayer coupling weakness
deduced by the decrease in y with T [see Fig. 7(d)]. This
explains the observation that the giant MR is diminished as T
increases [see Fig. 3(b)]. It can be concluded that our proposed
EElI-assisted interlayer transport as an origin can capture all
features of the giant MR in our samples.

Importantly, it has been widely reported that the mag-
nitude of large MR is proportional to the thickness of the
film or nanoflake for other layered materials such as WTe,
[48], MoTe, [10], NbTe, [50], and multilayer graphene [51].
Considering the suppression of MR in the thinner sample as a
typical feature of our proposed mechanism, therefore, one can
conjecture that the EEI-assisted interlayer transport induced
MR may be a universal phenomenon in the layered compound
family. However, it should be mentioned that there is no
theoretical model that addresses the proposed scenario, and
further theoretical study is highly required to quantitatively

describe the giant MR. We should emphasize that we do not
question the other reasonable interpretations of the giant MR
in layered materials, such as disorder effect in layered HfTes
[46], quantum mechanism in multilayer graphene [52], and
perfect electron-hole compensation in WTe, [5]. Our pro-
posed mechanism can offer a substituting explanation for the
giant MR in layered materials.

IV. CONCLUSION

We study the magnetotransport properties of exfoliated
TaNiTes nanoflakes with different thicknesses. A small MR
with the magnitude less than 50% appears at 2 K and 8 T when
the current is along the crystallographic a axis. In contrast, a
giant positive MR reaching to 486.8% is observed when the
current is along the ¢ axis. The observed giant MR is gradually
suppressed either on reducing the thickness of the nanoflake or
on increasing temperature. Through the evolution of giant MR
with different tilted magnetic fields, the interlayer coupling is
found to be weakened both by reducing the thickness and by
increasing temperature. The observed MR can be explained
not by weak antilocalization or electron-hole compensation
but by the EEI-assisted interlayer transport.
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