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In this paper, we investigate the resistance fluctuations near the Lifshitz transition in WTe2 devices. We
identify the Lifshitz transition from electrical and thermal transport studies. The band structure obtained at low
temperatures using quantum oscillation measurements consists of two hole pockets and two electron pockets at
the Fermi energy, the hole pockets vanish above the Lifshitz transition temperature. The electrical noise shows
a conspicuous peak near the Lifshitz transition temperature; we establish this noise to be arising from charge
carrier scattering between the Weyl nodes and proximate areas of the bands. Our comparative study of the noise
on WTe2 devices fabricated on substrates with different scattering mechanisms elucidates the effect of interband
scattering on the physics of Weyl semimetals.
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I. INTRODUCTION

A system undergoes a Lifshitz transition when its band
topology changes under external perturbations like temper-
ature, strain, doping, electric field, or pressure [1]. This
transition, which does not involve any symmetry breaking,
is characterized by the appearance of zeros in the energy
spectrum of a many-body fermionic system. The modifi-
cation of the low-energy excitation spectra often leads to
interesting changes in the electronic, magnetic, and optical
properties [2,3]. Examples of such topological transitions are
spiral order in magnets, charge density waves in metals, su-
perconductivity, and superfluidity [4–11].

Among the low-dimensional systems that undergo a Lif-
shitz transition, transition metal ditellurides like WTe2 and
MoTe2 have attracted special attention. In the specific case of
Td-WTe2, an extremely large magnetoresistance [12,13], su-
perconductivity (induced through pressure [14–16], proximity
effects [17,18], gating [19], and intercalation [20]), ferroelec-
tricity at room temperature [21], enhanced Nernst signal [22],
and quantum spin Hall effect in its single-layer form [23–25]
make it a model system to test various theories [26,27]. Impor-
tant for our purposes,WTe2 is a type-II Weyl semimetal with
tilted Weyl cones. Consequently, when the the Fermi energy
(EF ) is at the Weyl node, the electron and the hole bands
touch each other [28–31]. It is thus instructive to investigate
the effect of charge-carrier scattering at the Weyl nodes on the
topological transport properties like Chiral anomaly [32–35].
Unfortunately, barring one notable recent exception [36], this
topic has not been adequately addressed by the community.

Td-WTe2 undergoes a Lifshitz transition between a phase
with four bands (two electron and hole pockets each) and a
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phase with two bands (two hole pockets) along the X − � − X
direction on the Fermi surface at a critical temperature TL.
The transition is driven by the strong temperature depen-
dence of the chemical potential caused by the proximity of
the electron and hole bands [37]. TL is thickness dependent
and is best detected through spectroscopic techniques like
angle-resolved photoemission spectrorscopy (ARPES) [38].
In transport studies, the Lifshitz transition is generally iden-
tified via scaling of the magnetoresistance using Kohler’s rule
and by a sudden change in the ratio of the number den-
sity of the itinerant electrons and holes [39,40]. For systems
having a high Lifshitz transition temperature, quantum oscil-
lations cannot be used to deduce the band structure change
due to thermal smearing effects. In three-dimensional (3D)
systems, a Lifshitz transition can also be detected from ther-
mal measurements [41]; this however becomes unfeasible in
lower-dimensional systems where it is incredibly challenging
to determine the minute changes in thermoelectric coefficients
that signal this transition.

In this paper, we establish, through resistance fluctuation
spectroscopy studies, that the Lifshitz transition has a pro-
found influence on the charge carrier dynamics in Td-WTe2.
Specifically, we demonstrate that the scattering of the charge
carriers at the Weyl nodes near the Lifshitz transition is
predominantly by long-range isotropic defect potentials. Our
work provides insight into the charge-carrier dynamics at the
topological nodes in Weyl and Dirac fermionic systems. It
establishes a benchmark for the quality of samples required
to see the physics of Weyl nodes unambiguously.

II. RESULTS

A. Transport measurements

Td-WTe2 flakes were obtained on a silicone elastomer
polydimethylsiloxane (PDMS) from a bulk crystal by the
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FIG. 1. Plot of the resistance versus temperature of WTe2 at dif-
ferent magnetic fields. Insets: Schematics of the two types of devices.

well-established mechanical exfoliation technique [42–44].
The crystals, grown by the flux growth technique, were
procured commercially from 2D semiconductors [45]. Iso-
lated flakes of Td-WTe2 of thickness ∼125 nm [identified
through atomic force microscopy were transferred from the
PDMS onto Cr/Au electrical contacts (prepared using stan-
dard electron-beam lithography) on the substrate (for details
see Ref. [46]). We used two substrates that offer very distinct
charge carrier scattering mechanisms. The first, 285 nm SiO2

on top of Si++, is known to host dangling bonds that affect
the charge carriers in the transport channel of the material on
top (in this case, Td-WTe2) via strong, short-ranged interac-
tions. The second is single-crystalline hBN flakes on top of
SiO2/Si++ – here, short-range scattering is almost entirely
eliminated, and the charge carriers are affected by long-range
Coulomb interactions [47]. We refer to these as WTe2/SiO2

devices and WTe2/hBN devices, respectively (see inset of
Fig 1). The entire sample fabrication process, in both cases,
was performed inside an N2 filled glove box with O2 concen-
tration <0.1 ppm to avoid degradation of the WTe2.

Figure 1 shows the temperature dependence of the resis-
tance of the WTe2/SiO2 device over a temperature range

2 K < T < 200 K at different perpendicular magnetic fields,
B. At 0 T, the resistivity has a metallic behavior down to 2 K.
For B > 4 T, dRxx/dT is positive down to a certain temper-
ature Tt , below this temperature, dRxx/dT becomes negative.
The value of Tt increases from 33 K at 4 T to 85 K at 14 T.
This so-called turn-on behavior is considered an indication of
a high-quality and low charge carrier density sample [48].

B. Thermoelectric measurements

To verify the presence of Lifshitz transition, we measured
the Seebeck coefficient S of the bulk crystal as shown in
Fig. 2 [22,49]. The measurement was done on the bulk crystal
of Td-WTe2. The flakes used for transport measurement are
cleaved from the same bulk crystal. The negative value of S
suggests that electron-type carriers dominate the thermoelec-
tric transport in measurement temperature range of interest.
For standard conductors where electron-electron interaction
is negligible, the Seebeck coefficient is often described using
the following the semiclassical Mott formula [50]:

S = −π2

3

k2
BT

e

{
∂ ln(τvSF )

∂ε

}
ε=εF

. (1)

Here, v is the Fermi velocity, SF is the Fermi surface area and
τ is the scattering/relaxation time. Generally, the scattering
time, the Fermi velocity and the Fermi surface area are energy
independent leading to a simple linear-in-temperature form as
per the above equation. However, the modifications in Fermi
surface area, SF can lead to the significant change in the
Seebeck coefficient [51].

Figure 2(a) shows a sharp kink in the T dependence of S
and the corresponding discontinuity in the T dependence of
dSdT [Fig. 2(b)] can be associated with the reconstruction of
Fermi surface due to the Lifshitz transition in bulk Td-WTe2

at T T E
L = 147 K. We attribute the slight difference between

TL and T T E
L to the thickness difference of the sample studied,

while we measured the Seebeck coefficient on a bulk crystal,
transport measurements used to extract TL were performed on
Td-WTe2 flakes exfoliated from the bulk crystal.
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FIG. 2. (a) The Seebeck coefficient S and (b) dS/dT versus temperature in the heating cycle. The shaded regions in both (a) and (b) show
the Lifshitz transition temperature.
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FIG. 3. (a) Plot of the longitudinal magnetoresistance versus 1/B after background subtraction at different temperatures for WTe2/SiO2.
(b) Frequency spectrum of the SdH oscillations obtained at T = 2 K. h1 and h2 are the frequencies corresponding to the two hole pockets
while e1 and e2 correspond to the two electron pockets WTe2/SiO2. (c) Plot of the longitudinal magnetoresistance versus 1/B after background
subtraction at different temperatures for WTe2/hBN. (d) Frequency spectrum of the SdH oscillations obtained at T = 2 K for WTe2/hBN.

C. Band structure from quantum oscillations

Figure 3(a) is the plot of the Shubnikov–de Haas (SdH)
oscillations in the WTe2/SiO2 device as a function of 1/B.
The Fast Fourier transform of the SdH oscillations gives four
distinct frequencies at h1 = 81 T, e1=121 T, e2=141 T and
h2=155 T [see Fig. 3(b)]. h1 and h2 corresponds to the two
hole pockets, while e1 and e2 correspond to two electron pock-
ets [52,53]. With increasing temperature, the amplitude of the
oscillations diminishes [54]. We extract the effective mass m∗
by fitting the temperature dependence of the normalized δRxx

to the Lifshitz-Kosevich equation [55]:

δRxx ∝ 2πkBm∗T

h̄eB
sinh

(
2πkBm∗T

h̄eB

)
. (2)

The average value of m∗ extracted from the fits is 0.44 me,
where me is the mass of the free electron. The transport scat-
tering time τtr=0.94 ps was calculated from the values of μ

and m∗. From the Dingle plots of the quantum oscillation data,
we find the value of the quantum lifetime to be τQ =0.3 ps.

D. Resistance fluctuation spectroscopy

Having established the Lifshitz transition and the low-
temperature band-structure in Td-WTe2, we turn our attention
to dynamics of charge carriers at the Fermi surface near
T = TL through resistance fluctuation spectroscopy studies.
The low-frequency resistance fluctuation measurements were

performed over a temperature range of 85 to 200 K using
a four-probe digital signal processing technique. Briefly, a
dual-channel lock-in amplifier was used to bias the device
with an AC current of rms value 40 μA at a carrier fre-
quency of 228 Hz. The voltage drop across the device was
amplified using a low-noise preamplifier (SR554) and sub-
sequently detected by the lock-in amplifier (for details of
the measurement technique, see our previous publications
[46,56,57]). The temperature of the cryostat insert was con-
trolled to better than 5 mK using a temperature controller. The
resistance fluctuations at each temperature were recorded for
30 min at a sampling rate of 2048 data points/s using a 16-bit
analog-to-digital converter. The time series of the resistance
fluctuations were digitally decimated and antialiased filtered.
The power spectral density (PSD) of the resistance fluctua-
tions, SR( f ), was calculated over a spectral frequency range of
7 mHz< f <7 Hz from the filtered time series using the Welch
periodogram method.

The time series of the resistance fluctuations measured at a
few representative temperatures for the WTe2/SiO2 device are
plotted in Fig. 4(a) [Fig. 5(a) for WTe2/hBN device]; the data
have been vertically shifted for clarity. Figure 4(b) shows the
PSD of these time series; the data have been multiplied by f
to detect any deviations from 1/ f nature. At 100 and at 200 K,
the PSD has an inverse dependence on f . But over a narrow
intervening range of temperatures 152 K < T < 160 K, the
PSD deviates from the 1/ f dependence on the spectral fre-
quency. The corresponding data for the WTe2/hBN device are
presented in Fig. 5(b).
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FIG. 4. (a) Plot of the time-series of resistance fluctuations for the WTe2/SiO2 device at a few representative temperatures ranging from
152 to 160 K in steps of 1 K. (b) Plots of the scaled PSD f SR( f )/R2 versus f at different temperatures. The measured data are shown as scatter
plot, the solid lines are fits using Eq. (3). (c) Plot of fc as a function of 1/T ; the green open circles are the data extracted from Eq. (3) and
the dotted red line is the fit to the Arrhenius relation. (d) Plot of the relative variance of resistance fluctuations versus T – the shaded region
highlights the sharp peak near T = TL .

We fit the scaled PSD of the resistance fluctuations to the
following equation (see Figs. 3):

f
SR( f )

R2
= A + B f fc(

f 2 + f 2
c

) . (3)

The first term on the right-hand side quantifies the contribu-
tion to the total noise from the 1/ f component; the second
term is the Lorentzian component. These fits to the data (solid
lines in the two figures) confirms the presence of a Lorentzian
component in the spectrum of the resistance fluctuations along
with the ubiquitous 1/ f noise.

The relative variance of the resistance fluctuations was
calculated by integrating SR( f ) over the measured frequency
bandwidth:

R = 〈δR2〉
〈R2〉 = 1

R2

∫ 7 Hz

0.007 Hz
SR(f)df. (4)

The T dependence of R are shown in Figs. 4(d) and 5(d).
We observe a sharp peak over a narrow temperature window
151 K < T < 162 K ; this window coincides with the T range
over which the Lorentzian noise is seen. One notable differ-
ence in the case of the WTe2/hBN device is the appearance
of a secondary peak in R at T = 200 K [Fig. 5(d)]. This
second peak is very close to the temperature where an addi-
tional Lifshitz transition has been seen in Td-WTe2 through
ARPES measurements [38]. The origin of this additional Lif-
shitz transition is debated in the community with most authors
attributing it to the second hole band moving below EF .

III. DISCUSSION

To summarize our observations, Td-WTe2 has two noise
sources near the Lifshitz transition – (1) a 1/ f part and (2) a
Lorentzian part. Additionally, the integrated noise has a sharp
peak around TL. Below we propose a possible origin of these
two very distinct noise phenomena.

Fluctuations with a Lorentzian line shape arises when the
value of the fluctuating quantity toggles between two well-
defined values (random telegraphic noise). Physically, this
usually happens when there are two energetically equivalent
states accessible to the system with the time scale of switching
between the two states τ = 1/ fc [58]. We find the values
of fc are thermally activated: fc = f0e−Ea/KBT [59] with an
activation energy Ea = 280 ± 8 meV for the WTe2/SiO2 de-
vice [Fig. 4(c)].The value of activation energy associated with
the secondary peak (seen only in the WTe2/hBN device) is
Ea = 447 ± 15 meV [Fig. 5(c)]. We speculate that this energy
scale most likely corresponds to the to the trapping-detrapping
energies of the charge carriers at the interface between WTe2

and the substrate. Note that the random telegraphic noise is
not apparent in the time series of resistance fluctuations as it
is masked by larger amplitude 1/ f fluctuations.

Resistance fluctuations with a 1/ f spectrum in a conductor
can have two independent origins: fluctuations in the mobility
or fluctuations in the charge carrier number density – R =
δ〈R2〉/〈R2〉 = δ〈n2〉/〈n2〉 + δ〈μ2〉/〈μ2〉 [60,61]. In materials
with moderately high-mobility and low number density mate-
rials, like Td-WTe2, number density fluctuations dominates.

115421-4



INTERBAND SCATTERING ACROSS THE LIFSHITZ … PHYSICAL REVIEW B 106, 115421 (2022)

FIG. 5. (a) Plot of the time-series of resistance fluctuations for the WTe2/hBN device at a few representative temperatures ranging from
182 to 215 K. (b) Plots of the scaled PSD f SR( f )/R2 versus f at different temperatures. The measured data are shown as scatter plot, the solid
lines are fits using Eq. (3). (c) Plot of fc as a function of 1/T ; the blue open circles are the data extracted from Eq. (3) and the dotted red line is
the fit to the Arrhenius relation. (d) Plot of the relative variance of resistance fluctuations versus T ; the shaded region highlights the sharp peak
near T = TL . There is an additional peak in the noise for the WTe2/hBN device at T = 200 K. This peak T = 200 K arises from an additional
Lifshitz transition seen in WTe2 through ARPES measurements [38]

The contribution of mobility fluctuations to the measured
noise in such materials is much smaller by comparison [62].
In the specific case of Td-WTe2, these fluctuations arise due to
the strong scattering at the Weyl node [35,63]. From transport
measurements, we find that the ratio of the transport scattering
time τtr and the quantum scattering time τQ to be τtr/τQ =
3 at 2 K for the WTe2/SiO2 device. Recall that in sys-
tems with τtr/τQ > 1, the scattering of the charge carriers is
anisotropic and is primarily due to long-range disorder arising
from screened Coulomb potentials [64]. For charge carriers
to scatter from a Weyl node to some other band, the relevant
quantity is δkξ , where δk is the change in the wave-vector,
and ξ is the defect correlation length. δkξ values were taken
from the theoretical calculation done in Ref. [36]. We estimate
that for the WTe2/SiO2 device, δkξ ≈ 1. This value indicates
a strong coupling between the Weyl point and some other
point in the reciprocal space opening up a large phase space
for carrier scattering. The effect of this is most striking near
T = TL where the Weyl nodes come close to EF with the
interband scattering leading to random telegraphic noise and
consequently, a large increase in resistance fluctuations at
T = TL.

In the case of the WTe2/hBN device, τtr/τQ ∼ 30 at 2 K,
implying that the scattering is extremely anisotropic (with
strong suppression of backscattering) and is primarily due to
remote ionized impurities [65]. A direct consequence of the

anisotropic scattering is that the effect of interband scatter-
ing has a stronger effect on the resistance fluctuations than
that from intraband scattering processes. To get a quantitative
understanding of the magnitude of the measured resistance
fluctuations, one needs a comprehensive understanding of
the inter-band scattering processes in a Weyl semimetal. To
the best of our knowledge, a theory that completely encom-
passes this process is missing. Comparing the excess noise
at TL in the two types of devices two distinctions become
obvious: (1) the noise peak at TL in WTe2 /SiO2 is much
sharper as compared to the WTe2/hBN device and (2) there
is an additional peak in the noise for the WTe2/hBN device
at T = 200 K. The large increase in τtr/τQ with increas-
ing device quality translates to an increase in δkξ , which in
turn is predicted to lead to an exponential increase in the
visibility of topological features like chiral anomaly [36].
The larger mobility measured for devices fabricated on hBN
(as compared to those on SiO2) is usually attributed only
to the suppression of impurity scattering at the interface.
Our study establishes that the nature of disorder scatter-
ing from the substrate (short-range for SiO2 and long-range
for hBN) is also an important parameter that significantly
affects the device mobility [66]. Our observations estab-
lish that in the high-quality devices, resistance fluctuation
spectroscopy can identify topological phase transitions that
standard transport measurements cannot resolve; a case in
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FIG. 6. Schematic showing the temperature evolution of the electron and the hole bands with T for Td-WTe2 as it undergoes the Lifshitz
transition. The electron and hole bands are shown by green and blue lines respectively, the red filled circles are the Weyl nodes and the dashed
black lines are the Fermi arcs. For simplicity, we show only one each of the electron and the hole bands.

point being the second Lifshitz transition in the WTe2/hBN
device.

For T < TL, both the hole and the electron bands are oc-
cupied (see Fig. 6 for a schematic). At temperatures far away
from TL, the number of both electrons and holes is significant,
and consequently, the relative variance of resistance fluctua-
tions is insignificant. With increasing T , the hole band moves
down in energy, and at T = TL, it touches the Fermi energy.
As T → TL, the number density of the hole bands decreases
drastically. The combined effect of the decrease in the number
of holes and the enhanced scattering at the Weyl points lead
to a sharp increase in δ〈n2〉/〈n2〉 and to the observed peak in
R for 151 K < T < 162 K. Beyond TL, electrons are the only
charge carriers in the system, the Weyl nodes vanish, and the
measured resistance fluctuations again go down.

Over the last few years, there has been a growing consensus
in the community that electrical transport in such multiband
systems is substantially modulated by strong conductance
fluctuations arising from interband scattering processes. In the
case of type-II Weyl semi-metals, where the electron and hole
bands cross at the Weyl points, such conductance fluctuations
lead to a negative longitudinal magnetoresistance [67] which,
in some cases, is strong enough to wholly mask the effects
of topological phenomenon like Chiral anomaly [68]. In this
paper we propose that the resistance fluctuations across the
Lifshitz transition in the type-II semimetal WTe2 is dominated
by interband scattering at the Weyl points. Our study estab-
lishes the need for high-quality samples to detect the exciting
science of Weyl semimetals.
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APPENDIX A: THERMOELECTRIC MEASUREMENTS
IN BOTH HEATING AND COOLING CYCLE

The thermoelectric power measurement of bulk Td-WTe2

single crystal was done in both the heating and cooling cycle.

Measured thermoelectric data is presented in Fig. 7, which
unambiguously confirms a sharp transition near 147 K due to
the Lifshitz transition of Td-WTe2. Since the Fermi surface
reconstruction due to the Lifshitz transition is very sharp near
the transition, we see sharp kink in both heating and cooling
cycle (S vs T data) near the transition without any noticeable
hysteresis.

APPENDIX B: ELIMINATION OF BACKGROUND NOISE

The measurements were performed using a dual channel
method wherein the bias-independent noise component (typ-
ically the sum of thermal noise from the sample, 1/ f noise
from the amplifier, and other spurious noise sources) appears
as a quadrature component of the output voltage of the lock-in
amplifier. We call this the background signal. On the other
hand, the in-phase component of the output voltage of the
lock-in-amplifier is a sum of the bias-dependent noise from
the device and background noise. The power spectral den-
sity of δV (t ) at the output of the lock-in-amplifier is given
by [69,70]:

SV ( f , δ) 	 G2
0

[
S0

V ( f0 − f ) + I2
0 SR( f )cos2(δ)

]
, (B1)

FIG. 7. The Seebeck coefficient (S) versus temperature (T) in the
heating and cooling cycle.
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FIG. 8. Spectrum showing 1/ f noise (blue circles) and back-
ground noise (Wine color solid line). Red color solid line shows the
1/ f fit. The noise measurement is done in Td -WTe2 at 5K using SR
554 transformer preamplifier.

where G0 is the product of the gain of the preamplifier and
the LIA, S0

V is the power spectral density due to the back-
ground fluctuation and is not related to the sample noise, f
is the measurement frequency, f0 is the excitation frequency,
I0 is the RMS value of the biasing current, δ is the relative
phase between the source current and the input of the phase-
sensitive detector of the lock-in amplifier, SR( f ) is the PSD of
resistance fluctuation of the sample (SV ( f ) = I2

0 SR( f )). The
additional noise contribution arising from different electrical
components of the measurement setup is low or eliminated
properly so that the main contribution to the Johnson-Nyquist
noise is S0

V ≈ 4kBT R [71].
When δ = 0 (in-phase component of the signal):

SV ( f , 0)/G2
0 	 S0

V + SV ( f ), (B2)

while for δ = π/2 (quadrature component of the signal);

SV ( f , π/2)/G2
0 	 S0

V . (B3)

The time series of these two (in-phase and quadrature)
components are measured simultaneously. Subtracting the
power spectral density of the background noise from that of
the in-phase component gives us the bias-dependent noise
from the device, uncontaminated by amplifier noise or other
background noises [72–74]. Details of the technique can be
found here [57]. Before each measurement, we calibrate the
system by measuring the noise of a standard resistor. We en-
sure that the measured voltage fluctuations δ〈V 2〉 (from which
we extract the resistance fluctuations using δ〈R2〉 = δ〈V 2〉/I2

depends quadratically on the source-drain bias V . This ensures
that the measured 1/ f is indeed from the device and that all
spurious noise sources such as contact noise, amplifier noise,
and other pick-up have been completely eliminated. Figure 8
shows the spectrum of 1/ f noise and background noise of the
WTe2 device.

FIG. 9. Plot showing the contribution of 1/ f (solid brown cir-
cles) and Lorentzian components (Open red circles) to the resistance
fluctuations. Total noise is shown in half-filled orange circles.

APPENDIX C: LORENTZIAN AND 1/F
COMPONENTS OF NOISE

In a nonmagnetic conductor, there are two dominant
sources of resistance fluctuations; charge carrier mobility fluc-
tuations and charge carrier number density [60,61,75,76]. In
high-number density metals, it is fluctuations in the carrier
mobility determined, among other things, by phonon scatter-
ing [77,78]. On the other hand, in the case of low number
density systems like WTe2, the resistance noise is dominated
by number density fluctuations [62]. In our system, the charge
carrier number density fluctuations is the dominant source
of noise. Figure 9 shows the contribution of 1/ f and the
Lorentzian component to the total noise. It is clear from the
graph that the peak present in the total noise during the Lif-
shitz transition is not only from the 1/f component but also
from the Lorentzian component. The origin of the temperature
dependence of the noise is the 1/ f component of the noise.

APPENDIX D: ESTIMATING THE QUANTUM LIFE TIME

The amplitude of the SdH oscillations related to the quan-
tum life time τQ by the following expression [79–81]:

δR = 4R0χ (T ) exp(−π/ωcτQ), (D1)

where ωc = eB/m∗ is the cyclotron frequency and χ (T ) =
(2π2KBT/h̄ωc)/sinh(2π2KBT/h̄ωc) and R0 is the resistance
at zero magnetic field. τQ can be extracted from the slope
of ln((δR/4R0)/χ (T )) versus 1/B, Fig. 10 shows the Dingle
plot of WTe2/SiO2 device at 2K. The pockets being very
close to each other, it was not possible to calculate the τQ for
each pocket individually. Instead, we calculated the average
τQ using the Dingle plots. The τQ value estimated for the
WTe2/SiO2 is 0.3 ps and for WTe2/hBN is 0.25 ps.

APPENDIX E: ESTIMATING THE TRANSPORT LIFE TIME

To calculate the transport time, we measured the Hall re-
sistance at 2K. We analyzed the Hall data (Fig. 11) using the
two-band model:

ρxy = −B

e

(
neμ

2
e + nhμ

2
h

) + Bμ2
eμ

2
h(ne + nh)

(neμe + nhμh)2) + B2μ2
eμ

2
h(ne + nh)2

(E1)
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FIG. 10. Dingle plot for the amplitude of SdH oscillations mea-
sured at 2 K. The filled blue circles are the data points, the red line is
the fit to extract the quantum lifetime τQ.

with the constraint ρxy(B = 0) = (eneμe + enhμh)−1. Here
ne, μe, and nh, μh are the carrier density and the mobility
of electrons and holes, respectively. The μh, μe, nh and ne

for WTe2/SiO2 device is 3,788 cm2V/s, 21,318 cm2V/s,
9.9 × 1017 cm−3 and 1 × 1018 cm−3. For WTe2/hBN de-

FIG. 11. Plot of Hall resistivity for WTe2/SiO2 device at 2K
(blue open circle) and the fit to Eq. (E1) (red line).

vice these values are 19 483 cm2V/s, 24,504 cm2V/s,
1 × 1018 cm−3 and 1 × 1018 cm−3, respectively. The mobility
of the holes is used to extract τtr using τtr = m∗μ/e. Here m∗ is
the effective mass extracted from Lifshitz-Kosevich equation.
The τtr value estimated for the WTe2/SiO2 is 0.9 ps and for
WTe2/hBN is 7.5 ps.
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