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Evolution of extremely large magnetoresistance in a Weyl semimetal, WTe2 with Ni-doping
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WTe2, a type-II Weyl semimetal, exhibits extremely large magnetoresistance (XMR) that is attributed to
perfect electron-hole compensation. Here, we studied the evolution of the electronic properties of WTe2 with
Ni substitution at W sites. Transport measurements exhibit a metal-to-insulator transition at low temperatures
with the application of magnetic field; the field-induced effect is significantly reduced in the doped sample. The
XMR of about 106% at 2 K in WTe2 is reduced to 104% in the 10% Ni-doped sample. The magnetoresistance
shows an H 2 dependence and follows the temperature dependence of classical carrier mobility. We observe a
deviation from Kohler’s rule in both cases, indicating the presence of multiple types of charge carriers. Quantum
oscillation data exhibit a signature of four Fermi pockets (two electron and two hole pockets) in both cases,
and the nontrivial nature of the electron and hole bands. Interestingly, the electron-hole compensation is nearly
perfect even in the doped compound, although the size of the Fermi pockets and the charge-carrier interaction
parameters are slightly changed with doping. These results reveal intriguing insight into the XMR behavior of
this class of materials and the possibilities of tuning the properties of charge carriers within the XMR regime.

DOI: 10.1103/PhysRevMaterials.6.124202

I. INTRODUCTION

Magnetoresistance (MR) is an interesting property of a
material in that the electrical resistance changes with the
application of a magnetic field. MR is defined by the percent-
age of the change in resistance, MR = (RH − R0)/R0 × 100
(RH = resistance in the presence of a magnetic field, H , and
R0 is the resistance in the absence of the field). Materials
with high MR have immense importance in advanced device
technology involving sensors, switches, valves, memory stor-
age devices in electronics and spintronics, etc. [1–4]. Usually,
MR is small in simple metals, shows H2 dependence at low
fields, and saturates at high fields. Some materials show huge
MR at low temperatures. For example, giant magnetoresis-
tance (GMR) has been found in Fe/Cr superlattice [5,6],
and colossal magnetoresistance (CMR) has been observed in
manganese perovskites [7–9].

In addition to these magnetic materials, linear mag-
netoresistance (LMR) has been reported in some limited
nonmagnetic materials where MR is independent of the mag-
netic property of the material [10–14]. Examples of such
materials are topological insulators (i.e., Bi2Se3, Bi2Te3,
SnTe), multilayer epitaxial graphene, Bi, silver chalcogenides
(Ag2Se/Te), and three-dimensional Dirac semimetals such as
Cd3As2 [15–18]. Different mechanisms have been proposed
to explain the origin of such MR in these exotic materials
employing quantum/classical models [19,20]. In the quan-
tum model, such a scenario can be achieved in the extreme
quantum limits via application of a strong magnetic field that
condenses all the carriers within the first Landau level [19].

*Corresponding author: kbmaiti@tifr.res.in

On the other hand, in the classical model, LMR has been
attributed to the inhomogeneity of the sample [20]. In Cd3As2,
application of a strong magnetic field invalidates the topolog-
ical protection from the backscattering mechanism, and hence
large MR results [13].

Recently, WTe2 was reported to exhibit extremely large
magnetoresistance (XMR), as high as 1.3 × 107% with no
signature of saturation up to 60 T at 0.53 K [1]. Perfect
electron-hole (e-h) compensation is proposed to be an ori-
gin of XMR in WTe2. Four electrons and four hole pockets
along the �-X direction have been reported in a recent angle-
resolved photoemission spectroscopy (ARPES) experiment
[3]. Another report based on ARPES and quantum oscillation
measurements suggested the presence of two electron pockets
and two hole pockets of almost the same size, supporting the
idea of carrier compensation for XMR [2]. ARPES study by
Pletikosic et al. showed one electron and one hole pocket
only [21]. Cai et al. have found two electron and two hole
pockets in the quantum oscillations study, and they showed
that application of pressure up to 23.6 kPa leads to an increase
in size difference of the e-h pockets that reduces MR [22].
Xiang et al. reported the presence of one electron and two hole
pockets from quantum oscillations studies [23]. Evidently,
there is significant debate on the electronic structure and the
underlying physics of the exoticity of this material, while all
of these studies endorse the e-h compensation mechanism for
XMR. Compensation between electron and hole concentra-
tions should be sensitive to the doping of charge carriers.
Keeping this in view, we studied the properties of Ni-doped
WTe2 and compared its properties with those of the parent
compound. We discovered an interesting evolution of the
properties of charge carriers with doping. Though MR reduces
with doping, the value of MR is still very large in the doped
compound.
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II. EXPERIMENTAL

Single crystals of W1−xNixTe2 (x = 0.0, 0.1) were
grown using the self-flux method. High-purity powder of
W (99.999%), Te (99.999%), and Ni (99.999%) was mixed
uniformly and placed in an alumina crucible, which was
sealed in a quartz tube after evacuating down to ∼10−6 torr.
The ratio of W to Te has been maintained as 1:12. The
sealed tube was heated up to 1050 ◦C with a heating rate
of 300 ◦C/h and then cooled down to 550 ◦C with a cooling
rate of 2 ◦C/h, where the residual Te flux was decanted with
a centrifuge. The resulting crystals were silver-colored and
needlelike in morphology with the crystallographic c axis
perpendicular to the crystal surface. The crystal structure of
the samples was characterized by powder x-ray diffraction
(XRD) after grinding part of the samples to fine powders.
The XRD pattern shows a single phase for both cases, with
no detectable impurity peak. The structure analysis suggests
a Pmn21 space group with lattice constants a = 6.457 ±
0.019 Å, b = 3.459 ± 0.005 Å, and c = 14.053 ± 0.019 Å for
WTe2. The lattice parameters estimated in the doped sample
are a = 6.452 ± 0.010 Å, b = 3.458 ± 0.004 Å, and c =
14.054 ± 0.011 Å; these values are very close to the pristine
case. To find out the composition, we have carried out ele-
mental analysis employing the energy-dispersive x-ray (EDX)
technique. The compositions found from this analysis are
W1.003±0.046Te2 and W0.934±0.046Ni0.076±0.005Te2. Electrical re-
sistivity and magnetoresistance as a function of magnetic field
and temperature were measured using a standard four-probe
technique in a Quantum Design Physical Property Measure-
ment system (PPMS).

A. Results and discussion

Longitudinal resistivity (ρxx) as a function of temperature
T at different external magnetic field H (‖ c-axis) is shown
in Figs. 1(a) and 1(b) for the samples WTe2 and W0.9Ni0.1Te2,
respectively. It is clear that ρxx show metallic behavior in
both cases in the absence of a magnetic field. In WTe2, the
values of ρxx at 300 and 2 K are 2.25 × 10−6 and 3.19 ×
10−9 � m, respectively, resulting in a residual resistance ratio
(RRR) of 705, suggesting the excellent quality of the sample
[1,22,24,25]. In W0.9Ni0.1Te2, ρxx (300 K) and ρxx (2 K) are
2.66 × 10−6 and 2.67 × 10−8 � m with RRR = 100 due to
chemical substitution induced disorder. The effect of disorder
is manifested in the zero-field resistivity by an order of mag-
nitude increment in the doped sample.

With the application of an external magnetic field, H
(= 1 T), ρxx in WTe2 shows a minima at a temperature Tm

(∼30 K) and then gradually increases akin to a semiconduc-
tor; resistivity appears to saturate at low temperatures [see
the inset of Fig. 1(a)] [1,4,26,27]. The point of inflection in
the rising part is defined as Ti. Such a magnetic-field-induced
metal-to-insulator transition (MIT) makes this material a good
candidate for application as low-temperature magnetic sen-
sors and switches. W0.9Ni0.1Te2 also exhibits MIT upon the
application of a magnetic field, though the data at 1 T do
not show MIT, as shown in the inset of Fig. 1(a). It appears
that the scattering centers created due to Ni substitution re-
duce the magnetic-field-induced effect. The turn on behavior

FIG. 1. Resistivity as a function of temperature at different ap-
plied magnetic field for (a) WTe2 and (b) W0.9Ni0.1Te2. The inset in
(a) shows the resistivity at H = 1 T for the samples WTe2 (black) and
W0.9Ni0.1Te2 (red). Plots of ln(ρ ) vs T −1 at different magnetic fields
for (c) WTe2 and (d) W0.9Ni0.1Te2. Black lines are the fit curve used
to extract activation energy in the semiconducting region. ∂ρ/∂T vs
T at different fields for the sample (e) WTe2 and (f) W0.9Ni0.1Te2.
The inset in (e) shows the field dependence of Ti and Tm for WTe2

(closed symbols) and W0.9Ni0.1Te2 (open symbols). The inset in (f)
show the activation energy estimated in (c) and (d): WTe2 (closed
circles) and W0.9Ni0.1Te2 (open circles).

in W0.9Ni0.1Te2 appears at a comparatively higher magnetic
field, and the enhancement of resistivity is less pronounced in
the doped case.

Following Arrhenius’s law [27], the resistivity in the semi-
conducting regime can be expressed by ρ = ρ0 exp( Ea

KBT ),
where ρ0 is the resistivity at T → 0 and Ea is the activation
energy. To extract Ea, we plot ln(ρ) versus (1/T ) in Figs. 1(c)
and 1(d) for WTe2 and W0.9Ni0.1Te2, respectively. Here,
the black lines superimposed over the experimental data are
the fit curves. The extracted activation energy Ea is shown in
the inset of Fig. 1(f) exhibiting enhancement with the appli-
cation of a magnetic field. Interestingly, the activation energy
in the doped case is smaller than that in the pristine case. This
suggests that the magnetic-field-induced localization effect is
significantly lower in the doped sample.

In Figs. 1(e) and 1(f), we plot ∂ρ

∂T at different H for WTe2

and W0.9Ni0.1Te2, respectively. The inflection point, Ti, will
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FIG. 2. Magnetoresistance (MR) as a function of applied
magnetic field (H ) at various temperatures for (a) WTe2 and
(b) W0.9Ni0.1Te2. Insets in (a) and (b) are the MR fitting with the
equation MR = aHk at 2 K. Kohler’s plot at different tempera-
tures for (c) WTe2 and (d) W0.9Ni0.1Te2 using the equation MR =
f (H/ρH

0 ). Insets in (c) and (d) are MR at 11.5 T field (solid circles)
and mobility (open circles) as a function of temperature.

show a minimum in the ∂ρ

∂T plot, and Tm is the temperature
where ∂ρ

∂T vanishes, as shown in the figure. The extracted
Ti and Tm are shown in the inset of Fig. 1(e) as a func-
tion of magnetic field; closed symbols correspond to WTe2

and open symbols represent W0.9Ni0.1Te2. This provides a
field-temperature phase diagram for the sample WTe2 and
W0.9Ni0.1Te2. It is evident that with the increase of H , Tm

increases rapidly but Ti remains almost unchanged in the
entire field range studied. Ti for WTe2 is found to be about
14 K, which becomes 23 K in W0.9Ni0.1Te2. The slope of Tm is
estimated to be 5.5 and 5.0 K/T for WTe2 and W0.9Ni0.1Te2,
respectively. The area above the red lines (T > Tm) shows the
metallic region where ∂ρ

∂T > 0, and the MR value is very small.
The region between the red and the black lines (Ti < T < Tm)
represents a semiconducting nature with ∂ρ

∂T < 0. In this re-
gion, MR is relatively high. The area below the black line
(T < Ti ) shows the plateau region where ∂ρ

∂T → 0, and MR
reaches the extreme limit.

In Figs. 2(a) and 2(b), we study the magnetic field (H ‖ c)
dependence of magnetoresistance at various temperatures for
WTe2 and W0.9Ni0.1Te2, respectively. Maximum MR is found
at the lowest temperature of 2 K and the highest applied field
of 11.5 T, and no sign of saturation of MR is observed in
both cases. The order of MR in WTe2 reaches as high as
106%, which is consistent with the reported value [1,3,22–
24]. Such a high MR demonstrates a strong response of the
sample to the magnetic field as well as excellent quality of
the crystal. In the case of W0.9Ni0.1Te2, MR (= 104%) is

reduced by two orders of magnitude. A similar type of work
has been reported recently, in which aliovalent and isovalent
substitutions are done at the tungsten site, and a reduced value
of MR is observed [24]. In the absence of a magnetic field,
ρxx(2 K) is higher in the Ni-doped sample as shown in Fig. 1.
With the increase in magnetic field, resistivity increases more
rapidly in the pristine case than in the doped case leading
to an extremely high MR in WTe2, while MR in the doped
case is relatively lower. At 300 K, MR is found to be ∼2%
for both samples, indicating a strong dependence on thermal
scattering.

According to the semiclassical theory of transport,
Kohler’s rule predicts that MR follows a universal function
of H/ρH

0 in a metal containing a single type of charge carrier
with temperature-independent carrier density; here ρH

0 is the
resistivity in the absence of field. Therefore, a plot of MR
as a function of (H/ρH

0 ) at different temperatures should
collapse onto a single curve [4,25,26]. The variation of MR
as a function of (H/ρH

0 ) at various temperatures is shown in
Figs. 2(c) and 2(d) for WTe2 and W0.9Ni0.1Te2, respectively. It
is evident from the graphs that the MR deviates from Kohler’s
rule in both cases. Violation of Kohler’s rule has been reported
in some other XMR materials, too, such as WP2, TaAs2,
TaAs, LaBi, NbSb2, and NbAs2 [26,28–31]. This indicates
multiband contributions at the Fermi level and/or multiple
scattering mechanisms [26].

In a compensated material, MR = a◦(μ◦H )2, here μ◦ is
the permeability of the sample and prefactor a◦ = μhμe is
a constant; square root of a0 provides the average clas-
sical mobility, μc. μh and μe are the hole and electron
mobilities. This can easily be realized considering a two
band model where resistivity ρxx can be expressed as ρxx =
1
e

(nhμh+neμe )+(nhμe+neμh )μhμeB2

(nhμh+neμe )2+(nh−ne )μh
2μe

2B2 [26]; the hole concentration nh

is equal to the electron concentration ne. Therefore, we fit
MR using the formula MR = aHk up to H = 3.5 T (beyond
3.5 T, quantum oscillations appear), here exponent k is a
parameter. The fit results are shown in the insets of Figs. 2(a)
and 2(b). The estimated value of k from the best fit is found
to be 1.98 for WTe2 and 1.95 for W0.9Ni0.1Te2; such close
to two exponent indicates charge carrier compensation in the
samples. Thus, it appears that electron-hole compensation is
close to perfect in both WTe2 and W0.9Ni0.1Te2 compounds.

The estimated average classical mobility [32] at various
temperatures is shown together with the MR values at 11.5 T
in the insets of Figs. 2(c) and 2(d). Our estimated values
of mobility in the parent compound are consistent with the
reported values [26,33]. The mobility in the W0.9Ni0.1Te2 is
significantly lower than that of the pristine sample presumably
due to disorder-induced scattering. Mobility decreases with
the increase in temperature in both cases due to the phonon
contributions. Interestingly, the temperature evolution of the
mobility is very similar to the temperature dependence of MR
in both cases.

We now turn to the study of the doping effect on the
Fermi surface employing the measurements of Shubnikov–de
Hass (SdH) oscillations [34]. SdH oscillations are observed
in the transport data due to the formation of Landau lev-
els in the energy spectrum of the conduction electrons
due to the application of a high magnetic field. In the
present study, we observe such quantum oscillations at low
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FIG. 3. (a) SdH oscillations and (b) corresponding FFT spectra
of WTe2 at different temperatures. The inset shows the normal-
ized FFT amplitude as a function of temperature. The solid line
is the fit using the LK formula. (c) Landau fan diagram. Lines
represent the fit data for different frequencies. (d) Dingle plot of
ln[�RH 1/2sinh(αT m∗/H )] vs 1/H ; solid lines are the fit considering
the Dingle formula.

temperatures and high magnetic fields in both samples.
According to the Lifshitz-Kosevich (LK) formula, the am-
plitude of the oscillations can be expressed as [35] �Rxx ∝
RT RDcos[2π (n + 1

2 − 	B
2π

− δ)]. Rxx is the longitudinal resis-
tance. The thermal damping factor RT and the Dingle factor
RD are defined as RT = (αT m∗/H )/[sinh(αT m∗/H )] and
RD = exp(−αTDm∗/H ). Here, α (= 2π2kB

eh̄ ) is a constant, m∗ is
the effective mass of the charge carriers, and TD is the Dingle
temperature. In the experiment, �Rxx is extracted by subtract-
ing a smooth polynomial background from the Rxx data. �Rxx

as a function of 1/H is shown in Fig. 3(a) for WTe2 exhibiting
a distinct signature of oscillations up to 8 K. The beating
pattern of the oscillations indicates that more than one Fermi
pocket is involved in the oscillations, which is also evident
from Kohler’s plot. Fast Fourier transform (FFT) of these os-
cillatory functions is shown in Fig. 3(b) exhibiting a signature
of four distinct peaks at 97, 133, 145, and 170 T oscillation
frequencies, labeled as α, β, γ , and δ. These oscillation fre-
quencies are very similar to the earlier findings [22]. The sizes
of the corresponding Fermi pockets are consistent with the
ARPES results exhibiting signatures of two-hole pockets and
two-electron pockets [33]. Comparing the sizes of the Fermi
pockets in this study and ARPES results, we attribute α and δ

to the hole pockets, and β and γ to the electron pockets. We
have determined the extremal cross-section area of the Fermi
surface, AF , normal to the applied magnetic field using the
Onsager relation, F = h̄

2πe AF ; here F is the frequency of SdH
oscillation. The estimated values of AF for the Fermi pockets
α, β, γ , and δ are 0.0093, 0.0127, 0.0139, and 0.0163 Å−2,

respectively [22,23]. The Fermi momentum kF is estimated
considering AF = πkF

2 and is found to be 0.0544, 0.0636,
0.0666, and 0.0720 Å−1.

In an external magnetic field, the Landau quantization con-
dition can be given by the Lifshitz-Onsager relation, F/H =
(n + 1

2 − 	B
2π

− δ) = (n + ζ ), where n is the Landau level in-
dex, 	B is the Berry phase, and δ is a phase shift determined
by the dimensionality of the system [35–39]. In conventional
metals having parabolic dispersion, 	B is zero, and in Dirac
or Weyl semimetals, 	B = π . The parameter ζ can be deter-
mined from the Landau fan diagram, which lies between 0 and
(±1/8) in a 3D Dirac semimetal or a Weyl semimetal hav-
ing a nontrivial Berry phase [35–39]. A Landau fan diagram
corresponding to different observed frequencies is shown in
Fig. 3(c) for WTe2 at 2 K. The symbols are the experimental
data, and the superimposed solid lines show the fit results. The
value of ζ is estimated from the intercept of the best linear
fit of the Landau fan diagram, and it was found to be 0.010,
−0.096, −0.054, and −0.031 for the α, β, γ , and δ pockets,
respectively, suggesting a nontrivial Berry phase in WTe2.

Following the LK formula, the effective mass of the charge
carriers is determined by fitting the temperature dependence
of the normalized FFT amplitudes. The inset in Fig. 3(b)
shows the fit of the normalized oscillation amplitudes for
WTe2 considering an average H of 7.8 T; significant oscil-
lations are observed in the magnetic field range of 4 � H �
11.5 T in this study. The estimated value of the effective mass
m∗ for the α, β, γ , and δ pockets is found as 0.35me, 0.27me,
0.28me, and 0.33me (me = bare electron mass) consistent
with the reported values [23,40,41]. The Fermi velocity of the
carriers is estimated using the relation vF = h̄kF

m∗ [27] and is
found to be 1.8 × 105, 2.7 × 105, 2.8 × 105, and 2.5 × 105

m/s [40–42].
The Dingle temperature TD is determined from the slope

of the linear fit of the Dingle plot, ln(�RH1/2sinh(αT m∗/H ))
versus 1/H shown in Fig. 3(d) [34,35,43]; here the symbols
represent the experimental data at 2 K, and fits are shown
by lines. Estimated TD is found to be 3.18, 2.97, 3.46, and
3.78 K for the α, β, γ , and δ pockets, respectively [41].
The calculated value of the quantum scattering time, τ , using
the relation τ = h̄

2πkBTD
[27] is 3.82 × 10−13, 4.09 × 10−13,

3.51 × 10−13, and 3.22 × 10−13 s, respectively [42]. We have
also calculated the mean free path for the carriers using the
relation lq = vF τ [27], and we found it to be 69, 110, 98,
and 81 nm for the pockets α, β, γ , and δ, respectively [42].
The estimated quantum mobility, μq, based on the relation
μq = eτ

m∗ [27] is found to be 1918, 2663, 2204, and 1715
cm2/V s, respectively [23,41]. The estimated quantum mo-
bility is smaller than the classical mobility as often observed
due to additional scattering processes not considered in the
classical case [12,27,38]. The classical mobility is usually
sensitive to large-angle scattering, while the quantum mobil-
ity is affected by all those processes that cause broadening
in the Landau level [38]. The estimated carrier concentra-
tion using the formula n3D (= (2eF/h̄)3/2

3π2 ) has been found to
be 5.44 × 1018/cm3, 8.73 × 1018/cm3, 9.93 × 1018/cm3, and
1.26 × 1019/cm3 for WTe2. We have also calculated the ratio
of electron to hole concentration, ne

nh
= n3D(β )+n3D(γ )

n3D(α)+n3D(δ) , which is
1.03 in WTe2, where ne and nh represent the total electron

124202-4



EVOLUTION OF EXTREMELY LARGE … PHYSICAL REVIEW MATERIALS 6, 124202 (2022)

FIG. 4. (a) SdH oscillations in W0.9Ni0.1Te2 at different temper-
atures. (b) Corresponding FFT spectra at different temperatures. The
inset is the normalized FFT amplitude as a function of temperature.
The solid line is the fit using LK formula. (c) Landau fan diagram.
Lines represent the fit data for different frequencies. (d) Dingle plot
of ln[�RH 1/2sinh(αT m∗/H )] vs 1/H ; solid lines are the fit consid-
ering the Dingle formula.

and hole concentration. The total electron and hole densities
are found to be ne ≈ 1.866 × 1019/cm3 and nh ≈ 1.805 ×
1019/cm3. These estimations are verified by Hall resistivity
measurements. The experimental Hall resistivity as a func-
tion of magnetic field at 5 K is simulated using the classical
two-band model [26]. The extracted electron and hole carrier
concentrations are found to be 1.36 × 1019/cm3 and 1.32 ×
1019/cm3, respectively providing ne/nh = 1.03, which is sim-
ilar to the estimation from SdH oscillations. These results
suggest that electron-hole compensation is close to perfect in
the pristine sample, which is consistent with the H2 depen-
dence of MR [inset Fig. 2(a)].

Now, we investigate the effect of Ni-doping on the SdH
oscillation; variation of �Rxx as a function of 1/H is shown
in Fig. 4(a). The corresponding FFT reveals four distinct fre-
quencies at 96, 135, 147, and 167 T corresponding to α, β,
γ , and δ Fermi pockets, respectively; these values are quite
close to the estimated frequencies in WTe2 [see Fig. 4(b)].
The Fermi surface area is found to be 0.0092, 0.0129, 0.0141,
and 0.0160 Å−2, respectively. The estimated Fermi momenta
are 0.0541, 0.0641, 0.0670, and 0.0714 Å−1, respectively.

A Landau fan diagram corresponding to different observed
frequencies at 2 K is shown in Fig. 4(c). The estimated val-
ues of ζ for the α, β, γ , and δ pockets are 0.050, −0.020,
−0.007, and −0.194, respectively. Clearly, the Berry phase
for α, β, and γ pockets is close to π , indicating that the
nontrivial nature of the hole and electron bands survives in
the doped compound. A slight deviation is observed in the
case of δ-band. The estimated effective mass for α, β, γ , and

FIG. 5. ρxy as a function of H in WTe2 (open circles) and
W0.9Ni0.1Te2 (open triangles). The solid lines superimposed over the
experimental data represent the corresponding fitting by the two-
band model.

δ is 0.74me, 0.63me, 0.67me, and 0.74me, respectively, which
is somewhat larger than those in WTe2; the corresponding fits
are shown in the inset of Fig. 4(b). The calculated Fermi ve-
locities (8.5 × 104, 1.2 × 105, 1.2 × 105, and 1.1 × 105 m/s)
are reduced slightly in the doped sample.

While all the above results are in line with the expected
behavior due to chemical substitutional disorder, the estimated
Dingle temperatures are found to be smaller in the doped
sample (TD = 1.39, 0.70, 1.02, and 1.26 K for the α, β,
γ , and δ pockets). This leads to an estimation of enhanced
scattering time, τ (8.75 × 10−13, 1.74 × 10−12, 1.19 × 10−12,
and 9.65 × 10−13 s), lq (74, 204, 138, and 108 nm), and
mobility (2074, 4847, 3128, and 2293 cm2/V s). Under-
standing the underlying physics of such anomalous behavior
requires further studies in this direction. We estimated the
carrier concentration in both cases to investigate the effect
of doping. The carrier concentration in the Ni-doped sample
is 5.35 × 1018/cm3, 8.93 × 1018/cm3, 1.01 × 1019/cm3, and
1.23 × 1019/cm3, respectively. The total electron and hole
densities in this sample are ne ≈ 1.903 × 1019/cm3 and nh ≈
1.763 × 1019/cm3. This suggests that hole concentration is
slightly decreased and electron concentration is increased due
to Ni-substitution. The ratio of total electron to hole con-
centration is 1.08 in the Ni-doped case, which is close to
1, indicating that the e-h compensation condition is closely
maintained even in the Ni-doped compound, which could be
the reason for such a high MR.

We have verified the above estimations using Hall mea-
surements. Experimental Hall resistivity ρxy as a function of
magnetic field, H , collected at a temperature of 5 K is shown
in Fig. 5. The data for WTe2 are represented by open cir-
cles, and those for W0.9Ni0.1Te2 are shown by open triangles.
Red lines superimposed over the experimental data show the
fitting by the classical two-band model [26]. The electron
and hole concentrations are found to be 1.34 × 1019/cm3

and 1.33 × 1019/cm3, respectively, resulting in ne/nh = 1.01.
These numbers are consistent with the carrier concentrations
estimated from the SdH oscillations.

III. CONCLUSIONS

In summary, we have grown high-quality single crystals of
W0.9Ni0.1Te2 (x = 0.0, 0.1) using the self-flux method. Under
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the application of an external magnetic field, a metal-insulator
transition has been found in temperature-dependent resis-
tivity in both compounds. Magnetotransport study exhibits
nonsaturating parabolic XMR and evidence of electron-hole
compensation. The XMR (= 106%) in WTe2 at 11.5 T field
and 2 K temperature is reduced to about 104% with Ni-doping;
the MR follows the temperature dependence of classical mo-
bility in both cases. The nontrivial topological nature of the
charge carriers has been confirmed from the estimated Berry
phase in the Landau fan diagram for the Fermi pockets present
in both samples. Ni-substitution influences various interaction
parameters, such as effective mass, mobility, scattering time,
etc. The electron-hole compensation is found to be closely
maintained even in the doped sample. While mobility appears
to be one of the key parameters deriving the XMR property

in this system, further studies are required to understand the
underlying physics. These results reveal a unique property of
this class of materials where one can tune the properties of
charge carriers maintaining the XMR property of the material
required for advanced technology.
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