PHYSICAL REVIEW B 108, 245145 (2023)

Weak antilocalization in the transition metal telluride Ta,Pd;Tes
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We report transport studies on the layered van der Waals topological crystalline insulator Ta,Pd;Tes. The
temperature-dependent resistance at high temperature is dominated by a bulk insulating gap and tends to saturate
at low temperatures. Low-temperature magnetotransport shows that Ta,Pd;Tes exhibits weak antilocatization
(WAL) effect in both perpendicular orientation and parallel orientation, suggesting a contribution of the WAL
effect from both topological edge states and bulk states. By measuring the anisotropic magnetoconductance and
then subtracting the contribution of bulk states, the WAL effect associated with topological edge states can be
revealed and analyzed quantitatively based on the two-dimensional Hikami-Larkin-Nagaoka model. Our results
have important implications in understanding the WAL phenomena in Ta,Pd; Tes.
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I. INTRODUCTION

In the quantum diffusive regime, the quantum interference
between time-reversed scattering loops can give rise to a
quantum correction to the conductivity [1,2]. The construc-
tive superposition of the scattering amplitudes gives rise to
a negative correction to the conductivity, known as quantum
weak locatization (WL), while in electronic systems with
sufficiently strong spin-orbit coupling (SOC), spin proces-
sion along closed electron trajectories would lead to reduced
backscattering, and thus a positive correction, which is so-
called quantum weak antilocatization (WAL). Both WL and
WAL can be suppressed under external magnetic fields as a
result of time-reversal symmetry breaking. The diminished
destructive interference effects result in a negative magnetore-
sistance for WL [3] and a positive magnetoresistance for WAL
[4]. As the probability of two interfering scattering pathways
is larger in lower dimensions, WL and WAL are generally
more pronounced in low-dimensional systems [5].

While in conventional metallic compounds or semicon-
ductors with a parabolic band dispersion, WAL results from
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strong SOC; it may also occur in systems with a Dirac-like
band dispersion [6]. In such systems as quantum spin Hall
insulators (QSHIs), topological insulators (TIs), and topologi-
cal crystalline insulators (TClIs), electrons’ spin in topological
edge/surface states gives rise to a nontrivial 7 Berry phase of
carriers at the Fermi energy, due to which carrier backscat-
tering can be suppressed. The WAL effects stemming from
surface states of TIs and TCLs have been frequently observed
and extensively studied in the past decades [7-9].

Recently, the van der Waals (vdW) monolayers Ta,Pd;Tes
were predicted to be potential candidates for hosting QSH
states based on first-principles calculations [10]. The open-
boundary calculations confirm the existence of nontrivial
helical edge states therein. Soon after, Wang et al. reported
the direct observation of QSH states, namely the topological
edge states by scanning tunneling microscopy/spectroscopy
(STM/STS) measurements in the vdW material Ta,Pd;Tes
[11]. Due to the double-band inversion, the monolayer was
further predicted to be a two-dimensional quadrupole topo-
logical insulator with second-order topology [12]. Although
the bulk Ta,Pd;Tes was proposed to be TCIs with trivial
symmetry indicators as the Chern numbers in the k, = 0 plane
are computed to be nonzero [10], a diplike feature of the mag-
netoresistance at low magnetic fields is attributed to the WAL
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effect, which indicates the presence of quantum transport
characteristics of TCIs in bulk Ta,Pd;Tes [13]. More recently,
the Tomonoga-Luttinger liquid inhabiting the edge states was
observed in Ta,Pd;Tes, demonstrating Ta,Pd;Tes has the
two-dimensional second-order topology with correlated edge
states [14]. The appearance of superconductivity induced by
Ti- and W-doping, and the metallization and emergence of su-
perconductivity via pressure manipulation in bulk Ta,Pd;Tes,
further indicates that either monolayer or bulk form serves as
a good platform for studying the novel quantum states and the
interactions in low dimensions [15,16]. The Huge Josephson
diode effect and extremely large magnetochiral anisotropy
are found in Ta,Pd;Tes edge interferometer with asymmetric
edge states, otherwise boosting great potential application for
future superconducting quantum devices [17].

In this work, we report the temperature-dependent resis-
tivity, Hall effect, anisotropic magnetoresistance studies on
Ta,Pd;Tes single crystals, which are grown by the method
of chemical vapor transport. The resistivity shows a semicon-
ductor behavior from 300 K to 100 K, and crosses over to
a three-dimensional variable-range hopping (VRH) behavior
until 18 K. At low temperatures, a large bulk resistivity ex-
ceeding 2 2 cm can be found and tends to saturate, indicating
a metallic contribution. In this temperature range, the Hall
coefficient also shows a slight decrease. In both perpendicular
and parallel field configurations, low-temperature magneto-
conductance exhibits WAL effect, suggesting an contribution
of the WAL effect from both topological edge states and bulk
states. By measuring the anisotropic magnetoconductance,
the two-dimensional WAL effect, possibly associated with
topological edge states, is revealed and analyzed quantita-
tively based on the two-dimensional Hikami-Larkin-Nagaoka
(HLN) model.

II. EXPERIMENTAL METHODS

High-quality Ta,Pd;Tes single crystals were obtained
by chemical vapor transport. Powders of the elements
Ta(99.97%), Pd(99.995%), and Te(99.999%) were weighed in
a stoichiometric amount, and were thoroughly ground by hand
in an agate mortar. About 5%wt iodine as a transport agent
were then added to the mixture. The final mixture was loaded
and sealed into an evacuated quartz ampule. All the proce-
dures handling the reagents were done in a glove box filled
with pure argon gas (O, and H,O < 0.1 ppm). The ampoule
was slowly heated to 1123 K and 1073 K in the respective
heating zone for 24 hours. The polarity of the temperature
gradient was reversed after one week and held for another
week. The air-stable crystals with shiny a gray-black flattened
needlelike shape were finally obtained in the cooler side of the
ampule. The schematic diagram showing the transport process
is shown in Fig. S1 of the Supplemental Material (SM) [18].
The size of the as-grown crystals are ~2 x 1 x 0.2 mm? [the
photographic image shown in the left inset of Fig. 1(b)], and
can be easily exfoliated to a thin layer by a razor blade.

The x-ray diffraction (XRD) data acquisition from the
crystal was performed with a monochromatic Cu K, radi-
ation using a PANalytical x-ray diffractometer radiation by
a conventional 8-26 scan (Model EMPYREAN). The crystal
was mounted on a sample holder, which is then followed by
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FIG. 1. (a) The crystallographic structure of Ta,Pd;Tes viewed
along the b axis. (b) Single-crystal x-ray diffraction pattern at room
temperature. The right inset enlarges the third reflection in the x-ray
diffraction pattern. The left inset is a photograph of the as-grown
Ta,Pd;Tes crystals on a millimeter paper. (¢c) Temperature depen-
dence of the electrical resistivity p with the current applied along
the b axis shown in a logarithmic plot. The red line is the fit to the
Arrhenius formula above 100 K as region I. The insets enlarge the
low-temperature region, from which one can see the tendency of
the saturation. (d) Plot of the conductivity o versus 7'/, The
dashed green line is the fit to the three-dimensional (3D) VRH
formula for region II. (e) Plot of the conductivity o versus T~'/* at
low temperature. The magenta line is the fitting result for region III
with the formula taking into account a metallic conduction (dashed
orange line) on the basis of 3D VRH behavior (dashed green line).

the data collection at room temperature. The crystal structure
is plotted using the software VESTA [19]. Energy-dispersive
x-ray spectroscopy (EDS) was carried out by using the Hitachi
S-3400 instrument to get the chemical composition of the as-
grown crystals. The EDS analysis was performed on the fresh
surface of three selected crystals, which gives the average
composition of Ta, ¢Pds Teso. The detailed EDS results are
tabulated in Table S1 of the SM, as seen from which the slight
variations of the chemical composition on different positions
in either crystal indicate the presence of impurity and/or defect
centers.

The temperature-dependent resistivity, Hall effect,
and temperature-/angle-dependent magnetotransport
measurements were performed in the physical property
measurement system (PPMS-9, Quantum Design) with the
standard four-probe method. The Hall-effect measurement
was performed by reversing the field direction. In this way,
a small field-symmetric component due to misaligned
electrodes can be subtracted from the Hall data. An
angle-resolved photoemission spectroscope (ARPES) with
laser (photon energy hv = 6.994 eV) and a base pressure
better than 5 x 10~!! mbar was utilized to measure the band
structure of the samples, and measurements were performed
on a fresh (100) surface of a separate crystal from the
same batch. The ARPES measurement was carried out at
10 K.
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III. RESULTS AND DISCUSSION

Ta,Pd;Tes crystallizes in the space group Pnma with the
lattice parameters a = 13.9531(6) A, b = 3.7038(2) A, and ¢
= 18.5991(8) A [10]. Each unit cell contains two Ta,Pd;Tes
monolayers stacked along the a axis via weak vdW interac-
tions. Each monolayer is composed of three atomic layers. Te
atoms form the top and bottom layers, between which the mid-
dle layers are formed by Ta and Pd atoms. The arrangement of
one distorted octahedral Pd,Te;, chain, two distorted trigonal
prismatic TaTe, and one trigonal prismatic PdTe chains that
run parallel to the b axis constitutes the layered slab. The
crystallographic structure viewed along the b axis is shown
in Fig. 1(a). The crystal morphology, as shown in the left inset
of Fig. 1(b), reflects its structural characteristics. Figure 1(b)
shows the XRD pattern of the crystals with the layered facet
lying on the sample holder at room temperature. A set of
observed diffraction peaks can be well indexed with the (2/00)
peaks, which suggests the a axis being perfectly perpendicular
to the layered facet of the crystal. The full width at half-
maximum of the diffraction is as small as 0.05° for the (600)
peak. From the peak position, we can calculate the average
interplanar spacing to be 6.9737(2) A, very close to half of
the reported lattice parameter a [a/2 = 6.9765(5) Al.

The temperature dependence of the electrical resistance
p(T) along the b axis is displayed in Fig. 1(c). The semicon-
ductor behavior above 100 K, labeled as region I, can be well
fitted with the Arrhenius model p ~ exp(A/kgT), where A is
the activation energy and kg is the Boltzmann constant. The
red line in Fig. 1(c) shows the fitting results with the fitted
A ~ 25.04 meV, much larger than that in Ref. [11]. This dif-
ference may arise from the different quality of single crystals
grown by different methods. Below the temperature range of
the activated behavior, p(T') in region II appears to be better
described by the 3D VRH behavior, p ~ exp[(T /Ty)~ /4],
where Ty is a constant that depends on the density of states at
the Fermi level [20]. With the temperature decreasing further
in region III, the resistivity shows a tendency of saturation.
As shown in Fig. 1(e), we employ a two-channel model to
understand the conductivity (¢ = 1/p) in this region, i.e.,
a parallel circuit of an insulating component characterized
by the 3D VRH behavior and a metallic component [o,, =
(pis+AT)™'], where pj, is a low-temperature residual resis-
tance due to impurity scattering and A is an electron-phonon
scattering constant [21]. The similar metallic channel was
associated with the edge/surface states of Ta,Pd;Tes [13], as
a common approach for interpreting the resistivity saturation
at low temperature in the topologically nontrivial materials
[22,23]. However, a degenerate bulk impurity band could also
contribute to the low-temperature saturated resistivity [24],
which follows the same temperature dependence as 1/oy,
[25]. The fitting parameters extracted here, along with those
in Ref. [13], are summarized in Table S2 of the SM as a
comparison.

Figure 2(a) displays the magnetic field dependence of the
Hall resistivity pxy at selected temperature below 140 K. The
negative pyy linearly decreases with magnetic field, suggesting
the dominance of electron-type charge carriers. The Hall coef-
ficient Ry (T') obtained by linear fitting is plotted in Fig. 2(b).
At high temperature (=60 K), the behavior of Ry(T) is ther-
mally activated, and the data can be fitted with the Arrhenius
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FIG. 2. (a) The Hall resistivity of Ta,Pd;Tes at selected tem-
peratures below 140 K. The dashed line is a linear fit. (b) The
temperature-dependent Hall coefficient derived from the linear fits.
(c) Temperature dependence of the extracted carrier density (left
axis) and mobility (right axis).

model. The fitted activation energy A" = 23.56 meV is very
close to that we obtain from the resistivity analysis above,
though the temperature ranges for the two fittings are slightly
different. With the temperature decreasing in region III, a
slight decrease of Ry from 3.19 cm?/C at 20 K to 2.45 cm?/C
at 2.5 K can be observed, corresponding to the carrier density
nof 1.96 x 10" cm=3 at 20 K and 2.55 x 10" cm™3 at 2.5 K
in a one-band model. The shift of the chemical potential as
temperature varies may cause the temperature dependence of
n, as shown in Fig. 2(c). The blue symbols in Fig. 2(c) sum-
marize the values of Hall mobility, © = Ry/p, as a function of
temperature. The extremely low mobility at low temperatures
excludes the possible origin of charge carriers from the edge
states but suggests the origin from the impurity band.

In Fig. 3(a), we present the magnetoresistance (MR), de-
fined as MR(%) = % x 100%, of the Ta,PdsTes single
crystal measured with the applied current along the b axis and
the applied magnetic field along the g axis (B L I) upto 9 T
at varied temperatures below 10 K. All the curves display the
positive value without saturation up to 9 T, and the negative
MR at low fields above 5 K, as reported in Ref. [13], doesn’t
appear in our data. The small negative MR has been attributed
to the WL effect, which usually appears in disordered elec-
tronic systems. The different sample quality of the crystals
may be the possible reason for the disappearance of the small
negative MR here as the level of deficiencies and disorders can
play a key role in giving rise to the negative MR [3]. The MR
at 2 K and 9 T reaches 12.4%, and gradually decreases with
the temperature increasing. The behavior of MR at low fields
shows a diplike feature at low temperatures, indicating the
presence of a WAL effect [26], and gradually evolves into a
parabolic one above 6 K. The WAL effect is more pronounced
by the field dependence of the sheet magnetoconductance Ao
= (L/W)[1/R(B) - 1/R(0)], where L and W are the length
and width of the thin crystal measured respectively, and R(B)
is the resistance under the applied magnetic field along the a
axis, as shown in Fig. 3(b). The WAL behavior can originate
either from strong SOC in the bulk or from spin-momentum
locking in the topological systems [6]. In the low mobility
and strong SOC regime, the HLN equation is often applied
to characterize the WAL effect [1]. If one takes into account
the background with parabolic conductance contribution, the
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FIG. 3. (a) The magnetoresistance measured at different temperatures indicated with applied magnetic field perpendicular to the current.
(b) The magnetoconductance as a function of magnetic field. The inset displays the fitting curves using the modified Hikami-Larkin-Nagaoka
(HLN) model. (c) Temperature dependence of the fitting parameters o (left axis) and /, (right axis). (d) Temperature depencence of the fitting

parameter .

modified HLN formula can be written as [13,27]

no —af E oty Be) 1 (Be B, (1
o=e(zmm )|+ 5) - (5)] e

where W(x) is the digamma function, and By = /i/ (4el£) is the
phase coherence characteristic field with [, being the phase
coherence length. This model can describe the data satisfac-
torily below 6 K and the fitting curves are shown in the inset
of Fig. 3(b), while the data at 8 K follows the semiclassical
B? dependence resulting from the Lorentz deflection of charge
carriers. The parameter « is a reflection of the number of inde-
pendent conduction channels contributing to the interference
[28]. For the WAL effect induced by the spin-orbit interaction
in systems with parabolic dispersion and no magnetic scat-
tering (the symplectic case), the value of o should be —1/2
[1]. For the quantum spin texture systems such as topological
surface states in TLs, the value of « should also be —1/2 for
a single surface channel due to the existence of nontrivial
Berry phase [8,29]. The modified HLN fitting at 2 K yields the
reasonable parameters o = —0.43 £ 0.12, /, = 30 £ 3 nm,
and B = —1.03 & 0.19 mS T2, the temperature dependence
of which are plotted in Figs. 3(c) and (d). However, the value
of [, should decrease with the temperature increasing due
to the dephasing mechanism [30], contrary with what we
observed here. Its possible origin is an open question and still
under investigation.

We have also carried out the MR measurement on the same
Ta,Pd;Tes crystal with the applied magnetic field parallel to
the current direction (B || I) up to 9 T at 2 K. The value of
the MR for B || I is slightly smaller than that for B L I, as
shown in Fig. 4(a). The similar diplike feature displayed by
the behaviors of the temperature-dependent MR for both cases
indicates the presence of the WAL effect in both field orienta-
tions, i.e., the presence of a three-dimensional component of
the WAL effect. Generally, MR should be isotropic if WAL is
purely caused by the SOC in a three-dimensional bulk channel
[5]. The scenario of the MR curves suggests the superposition
of two contributions to the WAL effect, one from bulk states
and one from topological edge states. We can reveal the WAL
effect induced from topological edge states by subtracting the
three-dimensional WAL contribution from the sheet magneto-

conductance data for B L I using o = (L/W)[1/R(0°, B) -
1/R(90°, B)] [8]. Figure 4(b) displays do as a function of the
field, the contribution ratio of which to the conductivity for
B 1 I is very small (~0.68% at 3 T). A sharper dip is clearly
observed, indicative of the WAL effect due to the topological
edge states in Ta,Pd;Tes. We also characterize the WAL effect
by employing the two-dimensional HLN equation [1]:

so—af <2 Yw(LliBe) (2 2
=) G 5) n(F)] @

As shown by the red dashed fitting curve in Fig. 4(b), the
magnetoconductance tip can be well fitted with this formula.
The fitting yields o = —0.55 £ 0.02 and [, = 17.0 &= 0.3 nm,
respectively.
If the magnetoconductance of the bulk states is anisotropic,
a more accurate method can be employed to eliminate the
contribution of bulk states for quantitatively analyzing the
WAL effect of topological states [31]. Figure 4(c) shows
the symmetrized magnetoconductance o (f) as a function
of the rotating angle 6 measured at 2 K and 3 T. o(0)
displays a 180° periodic angular dependence with the min-
ima and maxima appearing at B L. I (6 = 0° or 180°) and
B || I (6 = 90° or 270°), respectively. In general, the con-
ventional anisotropic magnetoconductance should follow as
9L [31,32], where oy and o, are the conductance

o1 +(oy—01)cos? §
mea(sl‘lred) in the parallel and perpendicular field configura-
tions, respectively. As shown by the violet solid fitting line
using this equation in Fig. 4(c), there is a small deviation from
the experimental data. For two-dimensional surface states, the
magnetotransport is expected to vary with the perpendicu-
lar component of the magnetic field Bcos(f). In this case,
o (0) should have wide peaks around the perpendicular field
configuration (8 = 0° or 180°) and dips with cusp around
the parallel field configuration (6 = 90° or 270°). Then, a
m relationship is expected to be followed by
o(0) [31]. The cyan solid fitting line with this formula ob-
viously mismatches with the experimental data as well. The
QSH states are confirmed in Ta,Pd;Tes [11], and the WAL
effect due to the topological edge states can be fairly described
by the HLN equation as we discussed above. Following a
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FIG. 4. (a) The magnetoresistance measured at 2 K with applied
magnetic field, both perpendicular and parallel to the current. The
inset shows the schematics of the experiment and the definition
of the angle 6. (b) The magnetoconductance difference Ao (6 =
90°, B) as a function of magnetic field at 2 K. The red dotted line
indicates the fitting curve using the HLN equation. (c) The angular
dependence of the magnetoconductance o at 2 K and 3 T. The cyan
solid line is the fitting curve using the % relationship.
The violet solid line is the fitting curve of the first term of Eq. (3)
using measured oy and o, values. (d) The angular dependence of the
magnetoconductance ¢ and the red solid line is the fitting curve using
Eq. (3) with 0, = 0.387 mS, a = —0.28, and /, = 16.2 nm. The
blue solid line is the fitting curve of the first term of Eq. (3) using
measured o value and fitted o, value of about 0.387 mS. (e) The
angular dependence of the Ao, which is the difference between o (6)
measured and the blue curve in panel (d) [the first term of Eq. (3)],
at 2 K and 3 T. The red dotted line is the fitting curve using the HLN
expression with o« = —0.28 and [, = 16.2 nm.

previous approach, we employ an equation that includes both
the conventional anisotropic magnetoconductance and the
two-dimensional HLN-type WAL contribution to interpret the
angle-dependent magnetoconductance measured here:

0|0L

oL+ (o) —0y1)cos? @

< = )[ <1 ¢ > : ( ¢ )}
272h 2 |Bcos#d| [BcosB| ) |
3

The first term in the above equation is the anisotropic magne-
toconductance originated from the bulk states and the second
term is that induced by the topological edge states due to
the Berry curvature. As there is no contribution from the
second term in the parallel field configuration, we take o)
being the measured value but o, being a fitting parameter
in the analysis. As shown by the red solid fitting curve in
Fig. 4(e), the experimental data can be produced perfectly by
this equation with o; = 0.387 £+ 0.001 mS, ¢ = —0.28 +
0.14, and /, = 16.2 £ 2.1 nm. The first term, originated

(2)
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FIG. 5. (a) ARPES band structure at 10 K along the I'-Y high
symmetry direction corresponding to the intrachain direction in real
space. (b) Schematic picture of the energy diagram of the density of
states of the bulk valence band (VB), bulk conduction band (CB),
and impurity band (IB).

from the bulk states, is plotted as the blue line in Fig. 4(d),
which has wide peaks around both perpendicular and parallel
field configurations. The difference of the angular-dependent
mganetoconductance Ao () between o (0) and the blue curve
in Fig. 4(d), along with the red dotted fitting curve from the
second term of Eq. (3), is shown in Fig. 4(e). The topo-
logical edge states contribution ratio, defined as Aa"(—(()o)) X
100%, is calculated to be only ~0.32%, slightly smaller than
that estimated from the field-dependent magnetoconductance
data discussed above. This difference may stem from the
anisotropic magnetoconductance of bulk states, which has
not been considered previously. Such a small contribution
of topological edge states is reasonable because topological
edge states should only exist at the periphery of the topmost
layers, as confirmed by the STM/STS measurements [11].
The same analysis was applied to the data for other fixed
temperatures and the results are shown in Fig. S2 of the
SM. With the temperature increasing, Aa"(g;) decreases to a
negligible value due to the dephasing process. The first term
of Eq. (3) can nicely produce the experimental data above
5 K. The coherence length decreases from 16.2 to 13.1 nm as
the temperature increases from 2 to 4 K, and this monotonic
reduction of coherence length also validates the applicability
of this analysis.

To obtain a better understanding of the transport properties
of Ta,Pd;Tes, we measured its band structure using ARPES.
Figure 5(a) displays the band structure measured at 10 K along
the I'-Y high symmetry direction corresponding to the intra-
chain direction in real space, from which a spectral weight
within the bulk band gap around the I" point can be observed
clearly at the Fermi level. This spectral weight with negligible
band dispersion is most possibly contributed by the impurity
band (more supportive data will be shown and discussed in de-
tails elsewhere), which is formed by the donators. Taking into
consideration all the results discussed above, we can roughly
conclude with a comprehensive picture about the transport
mechanism in Ta,Pd;Tes. The chemical potential is pinned
in the impurity band at low temperatures. The impurity band
contributes the finite electron-type bulk conduction with a
carrier density 2.55 x 10'® cm™3 at 2.5 K as discussed above.
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The chemical potential is shifted slightly with the change of
temperature, which is thus responsible for the temperature
dependence of carrier density. In the impurity band, both
localized and extended electrons coexist, the boundary of
which in the band structure is known as the mobility edge
[20]. Hopping conduction of localized electrons takes place
alongside the degenerate conduction of the impurity band with
the temperature increasing, which gives rise to the VRH con-
duction as seen in Figs. 1(d) and 1(e). At low temperatures, the
degenerate bulk impurity band also contributes to a metallic
channel alongside the VRH conduction. As the temperature
increases higher, thermal activation of electrons from the do-
nators to the bulk conduction bands dominates, giving rise to
the semiconductor behavior and the increase of the electron-
type charge carriers at high temperatures. A schematic picture
of the energy diagram of the density of states of the bulk and
impurity bands is plotted in Fig. 5(b), where E, denotes the
bulk energy gap between the bulk valence band and conduc-
tion band. The WAL effect is mostly caused by the strong
SOC of bulk states. In the meantime, we can find the tiny trace
of the contribution from the topological edge states from the
anisotropic magnetoconductance exhibiting the WAL effect at
low temperatures.

IV. SUMMARY

In summary, we have carried out comprehensive studies on
the transport properties of the Ta,Pd;Tes single crystals. The
resistivity of Ta,Pd;Tes, as one of TCLs with the existence
of helical edge states, shows a semiconductor behavior from
300 K to 100 K, and crosses over to a three-dimensional
VRH behavior until 18 K. At low temperatures, a large bulk

resistivity exceeding 2 2 cm can be found and tends to satu-
rate, indicating a metallic contribution. The extremely small
Hall mobility at low temperatures exclude the possibility
of the dominance of topological edge states. The analysis
of field-dependent and angle-dependent magnetoconductance
suggests the exhibited WAL effect, originated from both topo-
logical edge states and bulk states. The WAL effect is revealed
and analyzed quantitatively based on the two-dimensional
HLN model. The coincidence of the fitting curves and the
experimental data validate the perfect applicability of the
HLN model. The contribution of the edge states in the total
contribution may be as small as ~0.32%. Such a small portion
hardly plays a role in the temperature-dependent resistivity
and Hall effect, consistent with our data analysis. The quasi-
1D Ta,Pd;Tes, highly feasible by the mechanical exfoliation,
provides another platform for investigations of the WAL effect
and low-dimensional topological physics.
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