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Nonmagnetic fractional conductance in high mobility InAs quantum point contacts
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In this paper, we report the magnetoelectronic properties of high mobility InAs quantum point contacts
grown on InP substrates. The InAs quantum well is embedded between In0.72Ga0.28As cladding layers and
In0.81Al0.19As barrier layers, and is populated via self-accumulation. The one-dimensional (1D) conductance
reaches a maximum value of 17 plateaus, quantized in units of 2e2/h, where e is the fundamental unit of charge
and h is Planck’s constant. The in-plane effective g factor was estimated to be −10.9 ± 1.5 for subband N = 1
and −10.8 ± 1.6 for subband N = 2. Furthermore, a study of the nonmagnetic fractional conductance states at
0.2 (e2/h) and 0.1 (e2/h) is provided. While their origin remains under discussion, evidence suggests that they
arise from strong electron-electron interactions and momentum-conserving backscattering between electrons
in two distinct channels within the 1D region. This phenomenon may also be interpreted as an entanglement
between the two channel directions facilitated by momentum-conserving backscattering.
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I. INTRODUCTION

Quantization of conductance in units of 2e2/h in one-
dimensional (1D) quantum point contacts (QPCs) was first
observed by Wharam [1] and van Wees [2] when investigating
a gate-controlled channel defined in the two-dimensional elec-
tron gas (2DEG) of a GaAs/AlGaAs heterostructure. Since
then, many reports have studied the interesting physics of
these constrictions: the effect of a source-drain bias voltage
[3,4], the appearance of the 0.7 conductance anomaly [5–9],
and many-body effects [10–13]. One of the most highlighted
recent advances in the field demonstrated the potential to
spatially manipulate electron spins in a QPC [14–16]. This is a
crucial component for spin-based technologies. Additionally,
the realization of an all-electrical spin field-effect transistor
was achieved through the implementation of two QPCs [17].

The 1D quantization of conductance is observed in ballistic
constrictions where the mean free path of the electrons is
larger than the size of the split gates. Therefore, high quality
heterostructures with high 2DEG electron mobility are re-
quired. Furthermore, a 2DEG with strong spin-orbit coupling
(SOC) would facilitate the manipulation of the electron spins.
A material that meets all these requirements would be an ideal
candidate for spintronic and quantum information devices.
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High electron mobility InAs quantum wells (QWs) have
been grown in both lattice-matched GaSb [18,19] and lattice-
mismatched InP [20,21] substrates. However, the reported
presence of sidewall conduction in InAs QWs grown on GaSb
substrates [22] makes InP a better choice. Moreover, recent
advancements [23] in wafer manufacturing have improved
upon the current state-of-the-art QW thickness tQW (tQW = 4
nm for In0.75Al0.25As [21] barrier layers and tQW = 7 nm for
In0.81Al0.19As [24] barrier layers) of InAs QWs grown on InP
substrates. This advancement shows an improvement in the
highest achievable mobility. Other significant properties of
InAs include its small effective mass [25] and its large bulk
g factor. For comparison, the g factor of bulk InAs is −15
[26], which is considerably larger than that of InGaAs (−9)
[27] or GaAs (−0.44) [28]. Furthermore, InAs exhibits strong
SOC that allows efficient control of spin currents. The large
g factor of InAs leads to Zeeman splitting at low magnetic
fields, which in proximity to an s-wave superconductor could
introduce Majorana zero modes [29–32] that can be utilized
for topological quantum computing applications [33]. Sev-
eral studies have already been conducted on 1D InAs QPCs
[20,34–36], with a maximum of eight pronounced quantized
conductance plateaus observed at 1.5 K [37].

Strong electron-electron interactions occur when the car-
rier density in the QPC is low. In this state, nonmagnetic
fractional quantization of conductance has previously been
reported in strained-Ge [38], InGaAs [39], and GaAs [40]
QWs. Although the origin of these new quantum states is not
fully understood, their study could lead to future applications
in quantum computing.

In this work, we present the magnetotransport properties
of gate-defined 1D QPCs fabricated on InAs QWs grown on
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FIG. 1. (a) Schematic of the wafer structure with the added dielectric layer. (b) Two-terminal conductance measurement setup. A constant
ac differential voltage drop across the device is applied using a potential divider. A dc source-drain bias voltage, Vsd, can be superimposed onto
the signal using an ac/dc adder. All gates are protected by a low pass gate filter. The outgoing signal is amplified by a current preamplifier and
measured by a lock-in amplifier. CRYOMEAS [41] is the program utilized to record the data.

InP substrates, with QW thicknesses exceeding those reported
in earlier studies. We demonstrate clean and controllable 1D
behavior. Furthermore, strong electron-electron interactions at
low carrier densities are investigated. Here, nonmagnetic frac-
tional quantization of conductance is observed, and possible
effects leading to this phenomenon are discussed.

II. DEVICE FABRICATION AND EXPERIMENTAL SETUP

The device presented in this work is an InAs QW
heterostructure grown on a semi-insulating Fe-doped InP
(001) substrate by molecular beam epitaxy. The 2DEG lies
130 nm below the surface and is surrounded by In0.72Ga0.28As
cladding layers and In0.81Al0.19As barrier layers. The het-
erostructure is nominally undoped; however, the 2DEG forms
via self-accumulation [42,43], with carriers likely originating
from donors in the In0.81Al0.19As barrier layers. The width of
the QW is 16 nm, exceeding the maximum previously achiev-
able width for InAs QWs grown on InP substrates [21,24].
A diagram of the wafer structure is shown in Fig. 1(a). A
more detailed explanation of the growth conditions can be
found in Ref. [23].

For 1D electrical and magnetotransport measurements,
Hall bars of 1400 µm in length and 80 µm in width were
fabricated. Using a mixture of H2SO4:H2O2:H2O (1:8:120),
the Hall bar mesa was etched so that the QPC channel lies
along the [110] direction. This orientation was chosen because
the electron mobility is largest in this direction [44]. AuGeNi
Ohmic contacts connecting the 2DEG and the surface were
evaporated onto the sample and annealed at 450 ◦C for 2 min.
To insulate the 2DEG from the gates, a 35-nm Al2O3 dielec-
tric layer was deposited using atomic layer deposition after
cleaning the surface with buffered hydrofluoric acid. Windows
for the Ohmic contacts were opened by etching through the
dielectric. Finally, the split gates and QPC top gates were

patterned onto the wafer using electron beam lithography.
Cross-linked polymethyl methacrylate was used as a dielectric
between the split gates and the QPC top gates, and Ti/Au
was deposited to form the gates. The results presented in
this paper were obtained from split gates measuring 500 nm
in length and width or 400 nm in length and 500 nm in
width. At 1.5 K, the 2DEG carrier density is 3.6 × 1011 cm−2,
and the electron mobility is 9.3 × 105 cm2 V s. The effective
electron mass and the Rashba coefficient were determined as
(0.031 ± 0.002)me, where me is the rest electron mass, and
12 × 10−12 eV m, respectively [23]. All of these parameters
were extracted at zero Hall bar top gate voltage.

In all experiments, the two-terminal differential conduc-
tance (G) was measured as a function of split gate voltage
(Vsg), while a 10 µV ac voltage at 33 Hz was applied. The
experiments in Secs. III A and III B were performed with the
QPC top gate voltage Vtg = 0 V, whereas in Sec. III C, Vtg was
held constant at a negative value during each split gate sweep.
The split gates were biased symmetrically unless stated oth-
erwise. The measurements were taken without illumination
in a cryo-free dilution refrigerator at 220 mK over multiple
cooldowns. The gates were grounded during cooldown. The
measurement configuration is shown in Fig. 1(b).

III. RESULTS AND DISCUSSION

A. 1D conductance quantization

Figure 2 illustrates the quantized 1D conductance as
the split gate voltage is raised from the pinch-off state. We
observe 17 plateaus quantized in units of 2e2/h, which is
twice the number reported in earlier studies [20,34–37]. This
finding underscores the high material quality and indicates
ballistic transport in the gate-defined 1D QPCs. The observed
conductance trace is consistent across different cooldown
cycles, but it shows a gradual shift toward more negative
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FIG. 2. G as a function of Vsg when Vtg = 0 V. The split gate
dimensions are 400 nm in length and 500 nm in width, and up to
17 plateaus quantized in units of 2e2/h can be observed. The series
resistance for this measurement was 1.3 k�, determined individually
at each cooldown and each QPC.

pinch-off voltages with repeated voltage sweeps. This drift
can be attributed to interactions between large applied split
gate voltages and charge traps within the dielectric layer
[37,45]. To mitigate this, we employed slightly larger split
gates (500 nm in width and length), resulting in a more stable
pinch-off voltage and minimal drift, suggesting dielectric
charging as a primary cause of the shift.

B. Calculation of the in-plane effective g factor

The effective g factor, g∗, was estimated by analyzing the
Zeeman splitting under an applied in-plane magnetic field, B,
and the subband spacing by applying a dc source-drain bias
voltage, Vsd, using the expression [46]

|g∗| = 1

μB

d (�Ez )

dB
= e

μB

δVsd

δVsg

δVsg

δB
, (1)

where μB is the Bohr magneton and Ez represents the Zeeman
energy.

Clear Zeeman spin splitting is observed when applying an
in-plane magnetic field, as shown in Fig. 3. The splitting is
visible at approximately 2 T. As the magnetic field increases,
odd-numbered plateaus emerge while the even-numbered dis-
appear. At sufficiently high magnetic fields, crossing of the
spin-split subbands is observed before the reappearance of
the even-numbered plateaus. This crossover point allows the
extraction of δVsg, which, when divided by the corresponding
magnetic field, yields δVsg/δB.

Figure 4(a) depicts 1D conductance traces under varying
dc bias voltages. When a high dc bias is applied, the mo-
mentum degeneracy is lifted [47] and the spin-degenerate
plateaus evolve into 0.5 (2e2/h), 1.5 (2e2/h), 2.5 (2e2/h),
etc. For negative dc bias, this behavior is apparent, however,
for positive dc bias, a distinct plateau at 0.25 (2e2/h) can be
seen. This effect has been observed before in InGaAs [46] and
GaAs [47] heterostructures, where the asymmetric behavior
was attributed to the formation of a density wave or skyrmion
[46]. In the case of GaAs [47], the emergence of the 0.25

FIG. 3. Transconductance (dG/dVsg) plotted as a function of in-
plane B on the y axis and Vsg on the x axis. The bright yellow
lines correspond to rises in conductance, while the blue dark regions
signify the quantized plateaus. Subband crossings are also visible.

FIG. 4. (a) G as a function of Vsg for different values of Vsd

varying from −7 mV (left) to 7 mV (right) in 0.05 mV steps. The
blue trace corresponds to Vsd = 0 V. For display purposes, the traces
have been shifted laterally by 10 mV. The series resistance for this
measurement was 1.6 k�. (b) Transconductance (dG/dVsg) plotted
as a function of Vsd on the y axis and Vsg on the x axis. The blue
dark regions correspond to the quantized plateaus, while the brighter
yellow regions indicate the subband transitions where dG/dVsg

is large.
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TABLE I. Extracted parameters for the Zeeman splitting and
subband spacing crossings used to determine g∗.

Subband N = 1 N = 2

δVsg/δB (10−2 V/T) 1.21 ± 0.06 1.43 ± 0.11
δVsd/δVsg (mV/V) 52.2 ± 6.6 43.8 ± 5.5
g∗ − 10.9 ± 1.5 − 10.8 ± 1.6

(2e2/h) structure was linked to the creation of a unidirectional
spin-polarized current. The transconductance as a function
of Vsd and Vsg in Fig. 4(b) shows how the even diamonds
evolve into odd-quantized values. The intersection where two
subbands cross can be used to extract δVsd/δVsg.

The effective g factor for each subband N was then de-
termined using Eq. (1). The variables necessary for this
calculation are provided in Table I. The computed effective
g factor is of similar order to that reported in previous studies
on InAs QWs [37].

C. Nonmagnetic fractional conductance quantization

The observation of nonmagnetic fractional quantization
of conductance typically occurs at low carrier densities and
asymmetric confining potentials [38–40]. To investigate frac-
tional conductance quantization in the 1D InAs QPCs, the
carrier density was reduced by applying a negative voltage
to the QPC top gate. As the QPC top gate voltage became
increasingly negative, a sudden transition in conductance was
observed in the ground state, shifting from 2e2/h to 2 (2e2/h),
as indicated in Fig. 5. This transition preceded the emergence
of fractional conductance plateaus and may suggest the for-
mation of a zigzag incipient Wigner crystal [12].

The 0.2 and 0.1 (e2/h) fractions, previously observed in
InGaAs [39], are seen in InAs at low carrier densities. Both
fractional states persist even as the temperature increases, as
shown in Fig. 6. Combined with multiple cooldown measure-
ments, this suggests that these nonmagnetic fractional states
are not caused by disorder. The slight lifting of the plateaus

FIG. 5. G as a function of Vsg for different values of Vtg, ranging
from 0 V (left) to −2 V (right). The encircled region highlights the
suppression of the 2e2/h conductance plateau, which occurs around
Vtg = −1.7 V.

FIG. 6. Temperature dependence of the (a) 0.1 (e2/h) and (b) 0.2
(e2/h) plateaus. The 0.1 (e2/h) plateau was observed at Vtg =
−3.03 V, while the 0.2 (e2/h) plateau was observed at Vtg =
−2.93 V. The temperature was varied from 220 mK (left) up to
920 mK (right) in 100 mK steps. For clarity, the traces have been
shifted horizontally by 20 mV.

from their quantized value with temperature is consistent with
predictions by Shavit and Oreg [48]. Their theoretical model
allows for nonmagnetic fractional conductance quantization
through momentum-conserving backscattering of electrons in
two distinct spin subbands or transverse channels, such as
those formed in a zigzag incipient Wigner crystal. As a result,
the two zigzag channels may become entangled. The resulting
conductance is given by

G = (n1 − n2)2

n2
1 + n2

2

(
e2

h

)
, (2)

where n1, n2 represent the number of backscattered electrons
from subbands 1,2. This model predicts the 0.2 (e2/h) plateau
when n1 = 1, 2 and n2 = 2, 4, but it does not explain the
formation of the 0.1 (e2/h) plateau. A scenario where channel
1 is decoupled from the leads but confined within the wire
and strongly interacts with the other channel could yield a
conductance of G = n2

1/(n2
1 + n2

2) [48], potentially explaining
the 0.1 (e2/h) state for n1 = 1 and n2 = 3. However, no evi-
dence of channel 1 being confined within the wire is observed
in this study. Further investigations are necessary to elucidate
the origin of the 0.1 (e2/h) plateau.

Between the two QPC top gate voltages where the frac-
tional plateaus appear, the 0.2 (e2/h) plateau evolves into the
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FIG. 7. G as a function of Vsg under an in-plane magnetic field
perpendicular to the current direction, varying from 0 T (left) to 2 T
(right), for the (a) 0.1 (e2/h) and (b) 0.2 (e2/h) plateaus. The 0.2
(e2/h) plateau vanishes at a lower magnetic field than the 0.1 (e2/h)
plateau.

0.1 (e2/h) plateau. This behavior remains consistent with the
theory of Shavit and Oreg, as reducing the QPC top gate volt-
age, and thus the carrier concentration, alters the number of
available scattering states between the two channels, allowing
one fractional state to evolve into the other.

Applying a magnetic field to these fractional states reveals
deviations from previous observations in InGaAs systems
[39]. In InGaAs, the fractions persisted under the application
of an in-plane magnetic field parallel to the current direction
but disappeared when the field was applied in plane and per-
pendicular to the current. In contrast, in InAs, the fractions
vanish under an in-plane magnetic field regardless of its ori-
entation relative to the current, as shown in Fig. 7.

In InGaAs systems, the formation of fractional conduc-
tance states has been attributed to electron backscattering
between Rashba spin-split subbands, separated in k space.
When the magnetic field was parallel to the current, a spin
gap formed, enabling backscattering between the spin-split
subbands. Conversely, when the magnetic field was perpen-
dicular, one of the spin-split subbands shifted up in energy,
preventing backscattering and thereby causing the fractions
to disappear. However, the distinct behavior observed in our
InAs devices suggests that our states are not spin polarized
and do not arise from momentum-conserving backscatter-

FIG. 8. G as a function of Vsg with varying degrees of lat-
eral asymmetric confinement, reaching a maximum shift of �Vsg =
±0.5 V on each side of the graph, for the (a) 0.1 (e2/h) and (b) 0.2
(e2/h) plateaus. The blue trace corresponds to symmetrically biased
split gates.

ing between electrons in different spin subbands. Instead,
it raises the possibility that they result from backscattering
between different transverse channels within a Wigner crystal,
where the dispersion bands align in k space. In this scenario,
the application of a magnetic field in any direction shifts one
of the subbands to higher energy, thereby suppressing the
backscattering process.

This difference can be explained by examining the wafer
structures. The InGaAs wafers are intentionally Si doped,
which enhances the Rashba asymmetry across the QW. In
contrast, the InAs wafers are nominally undoped. Addition-
ally, the InGaAs QWs are in direct contact with the InAlAs
barriers, whereas in the InAs structures, the electron wave
function exhibits minimal penetration into the InAlAs layer
[49]. The combination of reduced doping and limited wave-
function overlap with the barrier material results in a lower
structural asymmetry in the InAs QWs, thereby suppressing
Rashba spin splitting and accounting for the observed differ-
ences in behavior.

Figure 8 shows the conductance measured under varying
lateral asymmetric potentials, �Vsg, which displace the en-
tire ballistic channel in real space, exposing it to a different
electrostatic environment. Fractional plateau formation is pre-
served for one polarity of asymmetry but suppressed for the
opposite. Under negative asymmetry, the 0.2 (e2/h) plateau

075404-5



I. VILLAR RODRIGUEZ et al. PHYSICAL REVIEW B 112, 075404 (2025)

disappears entirely, while the 0.1 (e2/h) plateau weakens, ini-
tially increasing in value and subsequently oscillating around
its nominal value. In contrast, under positive asymmetry, the
0.1 (e2/h) plateau is halved in value, and the 0.2 (e2/h)
plateau exhibits oscillations around its nominal position.
This asymmetry-dependent behavior, where one polarity pre-
serves the fractional plateaus while the other suppresses
them, has been consistently observed across two separate
cooldowns. Further experiments are needed to conclusively
identify the origin of this behavior.

An interesting aspect of these fractional electron states
is their potential to demonstrate fractional charge. Numer-
ous studies [50–54] have investigated fractional charge in
fractional quantum Hall effect (FQHE) systems through shot
noise experiments. The detection of fractional charge in these
InAs fractional conductance states could provide new oppor-
tunities to investigate whether they exhibit non-Abelian prop-
erties, potentially playing a crucial role in the development
of topological quantum computing. To enable such investiga-
tions, high reproducibility of the fractional states is essential.

IV. CONCLUSION

In summary, we have demonstrated high mobility ballistic
transport in 1D InAs QPCs, with conductance quantization
observed up to 17 (2e2/h). The in-plane effective g factor
was calculated to be −10.9 ± 1.5 for N = 1 and −10.8 ± 1.6
for N = 2, determined from the intersection of spin-split and
momentum-split subbands.

Additionally, we have provided evidence for nonmag-
netic fractional quantization of conductance. Our experiments
demonstrate that these states persist at elevated temperatures,
are not spin polarized, and their occurrence is preserved under
one direction of lateral asymmetric bias while being sup-
pressed in the opposite direction. This provides experimental

support for the theoretical model presented in Ref. [48], which
suggests that nonmagnetic fractional conductance quantiza-
tion can arise from strong electron-electron interactions and
momentum-conserving backscattering between electrons in
distinct subbands.

The data further suggest the potential formation of a zigzag
incipient Wigner crystal, where backscattering between the
two transverse channels could result in fraction formation and
entanglement. Further investigation is required to elucidate
the origin of these fractions and their associated subband
configurations.

The unique properties of InAs combined with these
fractional states suggest promising future applications in spin-
tronic devices and quantum computing systems.
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