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In the last decade, conductive domain walls (CDWs) in single crystals of the uniaxial model ferroelectric
lithium niobate (LiNbO3; LNO) have been shown to reach resistances more than 10 orders of magnitude
lower than the resistance of the surrounding bulk, with charge carriers being firmly confined to sheets
with a width of a few nanometers. LNO is thus currently witnessing increased attention because of its
potential in the design of room-temperature nanoelectronic circuits and devices based on such CDWs.
In this context, the reliable determination of the fundamental transport parameters of LNO CDWs, in
particular the 2D charge carrier density n2D and the Hall mobility μH of the majority carriers, is of great
interest. In this contribution, we present and apply a robust and easy-to-prepare Hall-effect measurement
setup by adapting the standard four-probe van der Pauw method to contact a single, hexagonally shaped
domain wall that fully penetrates the 200-µm-thick LNO bulk single crystal. We then determine n2D and
μH for a set of external magnetic fields B and prove the expected cosinelike angular dependence of the
Hall voltage. Lastly, we present photoinduced-Hall-effect measurements of one and the same DW, by
determining the impact of super-band-gap illumination on n2D.
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I. INTRODUCTION

Continuous progress in solid-state nanotechnology
relies on answering a number of unsolved scientific ques-
tions with respect to both material systems and device
operation principles. One such burning issue is electri-
cal transport under well-defined and controlled conditions
in reduced dimensions, as in 2D-material systems. While,
for example, 2D van der Waals materials have been thor-
oughly analyzed [1], our focus here is on 2D sheets built
up from ferroelectric conductive domain walls (CDWs),
i.e., the transition regions between ferroelectric domains
of opposite dielectric polarization, which can be tuned
to exhibit a strongly enhanced conductivity as compared
with the surrounding bulk [2,3]. DWs in ferroelectrics
have been reported to form effective 2D electron gases
after application of specialized preparation routines to
these wide-band-gap bulk materials [4,5]. LiNbO3 (LNO)
turned out to be the “Drosophila” ferroelectric for CDW
engineering, since it is robust, semiconductor compati-
ble, and easy to reconfigure at room temperature, while

*elke.beyreuther@tu-dresden.de

being commercially available both as a bulk material and
in crystalline thin-film-on-insulator form [6–9]. Notably,
this ever-increasing interest in CDWs has been reviewed
with respect to both theoretical and device-oriented aspects
[10–17].

At the fundamental level, primarily, the divergence of
the ferroelectric polarization (i.e., the local vector field
that describes the volume density of unit-cell dipoles) at
the DW has been identified as one of the main driving
forces behind the localized DW conductivity that was pre-
dicted in the 1970s [18]. This divergence is understood
as an intrinsic charge density acting as the source of the
so-called depolarization field. In turn, the emergent elec-
trostatic field leads to the attraction of free charge carriers
to the DWs, as well as to the population of otherwise free
electron and/or hole states due to local band bending at
the DW position. For the simplest case of a uniaxial ferro-
electric (as is LNO) that shows purely Ising-type DWs, this
divergence is directly related to the geometrical inclination
of the DW with respect to the polar axis [2,19].

Nevertheless, on a practical level, the determination of
DW-related quantitative transport data such as the charge
carrier type, density, and mobility, has been, to date,
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restricted to a few exemplary cases. In this context, espe-
cially the analysis of the Hall effect in DWs in the improper
ferroelectrics YbMnO3 and ErMnO3 has been shown to
be a valuable tool, as reported in the groundbreaking
papers of Campbell et al. [20] and Turner et al. [21],
respectively. Those authors chose scanning-probe-based
approaches for the evaluation, needing a cumbersome and
sophisticated procedure to disentangle the Hall potential
from the cantilever-based three-terminal reading via cali-
bration routines and accompanying simulations. Moreover,
as those authors stated, their approach is valid mainly
for extraction of near-surface charge-carrier densities and
mobilities. With respect to proper ferroelectrics, the Hall-
effect investigation by Qian et al. [22] of DW p-n junctions
engineered into x-cut thin-film lithium niobate was equally
limited to near-surface carrier densities, while McCluskey
et al. [23] made use of the fact that a DW in z-cut
thin-film-lithium-niobate is comparable to the Corbino-
cone geometry and in turn found promisingly high carrier
mobilities, which were extracted from a magnetoresistance
analysis. Notably, Beccard et al. [5] recently proposed a
completely different approach, quantifying the 2D charge-
carrier densities n2D and Hall mobilities μH through
“macroscopic” Hall-effect measurements by adapting the
classical van der Pauw (vdP) [24] four-point electrode con-
figuration to measurements from a single CDW in bulk
BaTiO3.

The work presented in this paper starts similarly as the
approach in Ref. [5], by adopting the vdP scenario to the
particular case of a single CDW in z-cut bulk LiNbO3,
the uniaxial model ferroelectric of uttermost importance
for prospective nanoscale applications. While significantly
high DW conductivity (DWC) in LNO has been proven
in the last decade in a number of consecutive studies
[2,3,25,26], Hall-effect measurements in LNO CDWs are
still lacking. The challenge consists in adapting the vdP
method to the hexagonally shaped DW in LNO as depicted
in Fig. 1; as seen, the four vdP contacts then likely measure
the parallel junction of two such conductive DWs in LNO,
rather than connecting to one single planar 2D sheet as was
the case for the CDW in BaTiO3 [5]. Nonetheless, in the
following we show that evaluating the DW sheet resistance
and the magnetic-field-dependent Hall voltages still allows
application of the vdP method, hence revealing quantita-
tive data for both n2D and μH on a so-far-unprecedented
level and with so-far-unprecedented precision. The error
stemming from the parallel DW junction is a factor of 2 at
maximum, as easily figured by calculating the total resis-
tance of a parallel junction of two identical or two different
resistors, i.e., two CDWs. Notably, this factor of 2 does not
change the order of magnitude of n2D and μH . In addition,
the same error factor of 2 is obtained when the Hall data
are analyzed in a more-rigorous way by application of the
concept of the resistor network [27], as is discussed in Sec.
D in Supplemental Material [28].

Moreover, the integrity of the results obtained by the
vdP method is corroborated here by two further investi-
gations: (i) by our quantifying the angular Hall-voltage
dependence, and (ii) by our inspecting the Hall-voltage
response under super-band-gap illumination for the pur-
pose of generating additional electron-hole pairs within the
CDW.

II. MATERIALS AND METHODS

A. Samples: Fabrication of domain walls

We used two 5 mol% Mg–doped congruent z-cut
LiNbO3 crystal plates, with sizes of approximately 1 ×
0.5 mm2 in the x-y plane and a thickness of 200 µm in
the polar z direction, which were cut from a commercial
wafer obtained from Yamaju Ceramics Co., Ltd. In the fol-
lowing, we label these samples as “LNO1” and “LNO2.”
A single, fully penetrating and hexagonally shaped fer-
roelectric domain of 257-µm-diameter (LNO1) and 356-
µm-diameter (LNO2) [see Figs. S7(a) and S7(b) in the
Supplemental Material [28] ] was then grown into these
samples by our applying the well-established method of
UV-assisted poling [25,29] using liquid electrodes and a
He-Cd laser (Kimmon Koha IK3301R-G) operated at a
wavelength of 325 nm; for more details, see, e.g., Refs.
[25,30]. Then, four 8-nm-thick chromium electrodes were
vapor-deposited in high-vacuum conditions onto every
DW structure, with use of a shadow mask. The exact elec-
trode geometry and arrangement with respect to the two
crystals and DW orientations are sketched in Figs. 1(b) and
1(d), while a polarization-sensitive-microscopy top-view
image is shown in Fig. S7(c) in Supplemental Material
[28]. In the following, the electrodes are consecutively
labeled by indices 1–4, as is standard in four-point van
der Pauw experiments. As a result, the four vdP electrodes,
1–4, directly contact the two DWs that lie in the x-z plane,
one at the front (dashed red line) and one at the back (dot-
ted green line), as seen in Fig. 1 for LNO1 and LNO2,
respectively. Note that in parallel, two monodomain ref-
erence samples, LNO3 and LNO4, were prepared as well,
having identical electrodes 1–4 but containing no DWs.

B. Enhancement of the domain-wall conductivity

Subsequently, the as-grown hexagonal DWs in LNO1
and LNO2 underwent the DWC-“enhancement” procedure
by our applying high voltages between the z+ and z−
sides supplied by the voltage source of a Keithley 6517B
electrometer, as described in Refs. [2,3]. The correspond-
ing current-voltage curves recorded during these voltage
ramps are depicted in Fig. S1 in Supplemental Material
[28], and the exact parameters of the postgrowth treatment
are given in Table S1 in Supplemental Material [28]. Our
enhancement procedure leads to higher average DW incli-
nation angles relative to the polar z axis and, in turn, to
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(a) (b) (c) (d)

FIG. 1. (a),(c) Three-dimensional-CSHG-microscopy data and (b),(d) chromium-electrode arrangement 1–4 for the two samples
LNO1 and LNO2 as prepared from z-cut LiNbO3 single crystals for Hall-transport measurements using the van der Pauw method.
Note that contacts 1–4 enclose a parallel junction of two CDWs, one at the front (dashed red line) and one at the back (dotted green
line). The different protocols applied for DWC enhancement in LNO1 [(a),(b)] and LNO2 [(c),(d)] resulted in the different shapes and
appearances as seen in (a),(c). The enhanced and desired head-to-head (H2H) DW inclination is color coded in red in the CSHG scale
bar, while tail-to-tail- (T2T) type DWs appear in blue. As seen, sample LNO2 shows a larger DW inclination enhancement, justifying
the larger DW current, as compared with sample LNO1.

stronger DW-confined charge accumulation and thus to a
larger DW conductivity. However, to possibly break up the
initial parallel DW junction arrangement (see Fig. 1) and
to apply our Hall-effect measurements to a single CDW,
the enhancement procedure here was realized differently
and deliberately asymmetrical for the two LNO samples.
In particular, we treated LNO1 with only one high-voltage
ramp between electrodes 1 and 3, while LNO2 experienced
consecutive voltage ramps between both top-bottom elec-
trode pairs 1-3 and 2-4, respectively; see Table S1 and Fig.
S1 in Supplemental Material [28]. Accompanying images
obtained by 3D Cherenkov-second-harmonic-generation
(CSHG) microscopy, our standard nondestructive and real-
space method of choice both for visualizing ferroelec-
tric DWs [3,31,32] and especially for correlating their
local inclination to the DW conductivity, indeed eluci-
dates a very different DW appearance for LNO1 and LNO2
[see Figs. 1(a) and 1(c)], with average inclination angles
between 0◦ and 0.5◦ and broad inclination distributions.
The two different enhancement procedures for LNO1 and
LNO2 are clearly reflected in the two CSHG-microscopy
pictures in Figs. 1(a) and 1(c), where the walls in LNO2
show, on average, a much larger distribution of angles,
suggesting a larger local screening charge, which is later
reflected in the carrier densities; nonetheless, the over-
all DW conductivities could be readily enhanced for both
cases, by 3 orders of magnitude (LNO1) and 6 orders of
magnitude (LNO2) at maximum [see Figs. S2(a) and S2(b)
as well as Table S1 in Supplemental Material [28] ]. The
detailed current-voltage characteristics recorded between
the different electrode pairs can be found in Sec. A in
Supplemental Material [28].

C. Realization of Hall-voltage measurements

To quantify the LNO DW Hall voltage, the adapted vdP
configuration [24] was used as illustrated in the inset in

Fig. 2 and, in a previous study, successfully tested for 2D
electron gases in BaTiO3 CDWs [5]. The sample therefore
was mounted in an electromagnet at room temperature that
delivers magnetic fields B of up to ±420 mT. Contacts
1 and 4 were connected to the Keithley 6517B electrom-
eter to apply a bias voltage of 6 V, which resulted in a
domain-wall current I = I14 on the order of 0.1 nA. The
corresponding carriers hence experience the Lorentz force
FL as sketched in the inset in Fig. 2, resulting in the Hall
voltage UH := U23 that is detected between contacts 2 and
3 with a Keithley 2700 multimeter. The ratio Rh = UH/I ,
subsequently denoted as the Hall resistance, was deter-
mined for six different magnetic field values set between
330 and 420 mT. To account for any sample misalignment
within the electromagnet (i.e., nonparallel alignment of the
magnetic field and DW normal vector), the magnetic field
direction was switched by our changing the sign of the
electromagnet’s voltage, and the measurement series was
repeated—a common practice for Hall-voltage measure-
ments [33]. The corresponding dataset was acquired for
DW samples LNO1 and LNO2 (see Fig. 2 for the averaged
data and Fig. S5 in Supplemental Material [28] for the raw
data, i.e., the magnetic-field-direction-dependent data).

TABLE I. Overview of the DW parameters, i.e., the sheet resis-
tance RS (for the graphical determination see Table S3 and Fig.
S4 in Supplemental Material [28]), the 2D charge-carrier density
n2D, and the Hall mobility μH , as extracted from DW-confined
Hall-effect measurements with use of Eqs. (1)–(3).

Sample RS n2D μH
(1012�/�) (103/cm2) (cm2/V s)

LNO1 5.6 20 ± 2 54 ± 5
LNO2 0.6 297 ± 36 35 ± 4
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FIG. 2. Results of the macroscopic Hall-effect measurements
for LNO1 and LNO2, performed as sketched in the inset. The
magnetic field B was applied perpendicular to the CDWs and
then swept both positively and negatively. The charge carriers,
i.e., mainly electrons—as discussed in the main text—that flow
between current contacts 1 and 4 are deflected by the Lorentz
force FL, resulting in a measurable Hall voltage UH = U23 read
between contacts 2 and 3. Plotted in the main diagram is the Hall
resistance Rh = U23/I14 as a function of the magnetic field for
the two samples, with LNO2 showing a nearly 10 times larger
response. Note that the plotted Rh values are the averaged val-
ues of Rh(+B) and Rh(−B) so as to compensate for sample
misalignment effects (see the raw data in Fig. S5 and the refer-
ence UH measurement recorded from a monodomain bulk LNO
crystal (containing no CDW at all) in Fig. S6(a) in Supplemen-
tal Material [28]). The corresponding 2D charge-carrier densities
n2D were then extracted from the slope of these linear relation-
ships according to Eq. (1) and are discussed further in the main
text and are summarized in Table I.

D. Angular dependence of the Hall voltage

To verify that a true Hall voltage and not a
parasitic quantity is measured, the angular dependence
UH (�) was recorded next, by our mounting LNO2 on a
rotation table inside the electromagnet. Here, � denotes
the angle between the magnetic field vector B and the
plane of carrier transport, varying between 0◦ and 90◦ in
a cosine fashion [see the inset in Fig. 3(a)]. UH (�) was
then recorded for a fixed magnetic field of 400 mT at five
different � values, including 0◦ and 90◦. The data are plot-
ted in Fig. 3(a), and clearly show the expected Hall-voltage
behavior, especially with also UH (� = 90◦) = 0 recorded.

E. Hall voltage under super-band-gap illumination

A second independent integrity experiment, performed
also only with LNO2, investigated the influence of
super-band-gap illumination on the DW current, which

is expected to significantly increase the sheet carrier
density n2D by generating electron-hole pairs that then
must decrease Rh and UH . For this complementary test, the
DW of LNO2 was placed in a 110-mT field of a permanent
magnet with � = 0◦ and then illuminated at a wavelength
of 310 nm, which corresponds to the optical band gap
Eg = 4.0 eV for bulk 5 mol% Mg–doped LiNbO3 [25]. A
1000-W Xe arc lamp coupled to a grating monochroma-
tor (Cornerstone 260 from Oriel Instruments) and the light
from which was focused onto the whole 5 × 10 mm2 sam-
ple area served as the photoexciting light source applying
a constant photon flux of 1013 s−1 [see the sketch in Fig.
3(b)]. Using this setup, we acquired UH as a function of
DW current I both with and without light. The data are
displayed in Fig. 3(b).

F. Theoretical background for the extraction of sheet
carrier densities and Hall mobilities

Before discussing the results of these experiments, we
briefly summarize here the mathematical background that
is needed to extract both the charge carrier densities n2D
and the Hall mobilities μH from our experimental data. A
full step-by-step discussion is given in Beccard et al. [5],
where we underlined the indispensable necessity for off-
set and error corrections in vdP experiments as outlined by
Werner [33]. To interpret our Hall data, we assume that
the DW current is established by electrons as the major-
ity charge carriers. That the majority carriers are negative
was derived from a preliminary experiment testing sim-
ply the polarity of the Hall voltage. The assumption that
these carriers are very probably electrons is derived from
two recent studies: first, via in situ strain experiments for a
set of equivalently prepared DWs based on crystal pieces
of LNO wafers from the same manufacturer [34] and that
electrons are the dominating charge carrier can be under-
stood due to their superior mobility compared with holes
and the positive bound charges at a head-to-head DW
requiring negative screening charges [26,35]; and second,
via temperature-dependent DWC measurements revealing
activation energies in the range of 100–250 meV [36]
and thus pointing towards electron-polaron-mediated hop-
ping with ionic transport being very improbable. We also
assume that the magnetic field is perpendicular to the
conductive layer, i.e., the CDW. Then the Hall voltage
UH follows [37,38] the relationship UH = IB/qnd, where
B is the absolute value of the magnetic field, I is the
current driven through the conducting DW layer (in par-
ticular, I = I14), q is the elementary charge, d is the DW
width, and n is the 3D charge-carrier density. Introducing
the 2D charge-carrier density n2D, also referred to as the
sheet carrier density, with n2D = nd and the Hall resistance
Rh = UH/I = U23/I14, one can extract the former from
the slope of the (measured) expected linear Rh-versus-B
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(a) (b)

FIG. 3. (a) The DW of LNO2 was exemplarily rotated in the magnetic field of the electromagnet, with the angle � being varied
between 0◦ and 90◦ and the corresponding Hall voltages measured, as sketched in the inset. As expected, the Hall voltage UH decreases
when � is changed from 0◦ to 90◦ and the ratio UH /UH ,0 with UH ,0 being the Hall voltage at 0◦ (i.e., with the magnetic field vector
being aligned perpendicular to both the CDW and the injected current) follows the theoretically predicted cosine function very clearly.
All data points were acquired with a constant magnetic field of 400 mT. (b) Impact of super-band-gap illumination on the Hall
transport for LNO2, which was placed in a constant magnetic field of 110 mT supplied by a permanent magnet and illuminated at a
wavelength of 310 nm under a constant photon flux of 1013 s−1. The Hall voltage UH = U23 was recorded as a function of the current
I = I14 for the two cases: (i) under illumination (purple data points) and (ii) in the dark (black data points). Both datasets show a
linear behavior, however with a significantly increased response when the DW is illuminated, then generating additional electron-hole
pairs.

dependence as

Rh ∝ B
qn2D

. (1)

For the subsequent calculation of the Hall mobility μH of
the majority charge carriers, we use the relation

μH = 1
qn2DRS

. (2)

Note that the Hall mobility μH is linked to the “actual”
mobility μ via the Hall factor Rh as μH = Rhμ. The Hall
factor, which depends on internal scattering mechanisms,
is not known in most practical cases and is commonly
assumed to be unity [20]. Furthermore, RS is the sheet
resistance of the CDW, which is readily obtained by
solving the van der Pauw equation numerically [38]:

exp
(

− π

RS
R13,42

)
+ exp

(
− π

RS
R34,21

)
= 1. (3)

R13,42 = U42/I13 and R34,21 = U21/I34 are easily extracted
from corresponding current-injection and voltage measure-
ments between the respective contacts. The values mea-
sured here are listed in Table S3 in Supplemental Material
[28].

III. RESULTS AND DISCUSSION

As key findings of our study, the measured
relationship between Rh = UH/I and the absolute value
of the magnetic field B normal to the DW is depicted for
both DWs in Fig. 2. The corresponding raw data before
averaging over both field directions are shown in Fig. S5
in Supplemental Material [28], while an additional aver-
aging over the two possible current directions as in Refs.
[5,33] could not be realized due to the rectifying character
of the U23-versus-I14 curves. According to Eq. (1), rewrit-
ten as Rh ∝ bB, with slope b = 1/qn2D, very clear and
linear dependencies of the Rh-versus-B curves are indeed
observed experimentally here for the DWs in both LNO
samples. The corresponding slopes were extracted from the
linear fits. They read as b1 = (31 ± 3) × 109 � T−1 and
b2 = (21 ± 3) × 108 � T−1 for LNO1 and LNO2, respec-
tively. Table I summarizes the sheet carrier densities n2D
as extracted from these slopes. The numerical values of
n2D cover 2 orders of magnitude for the two samples,
with LNO2 showing the larger n2D value of 3 × 105 cm−2,
which is 2 orders of magnitude larger than the value
recently observed in conductive BaTiO3 DWs, and, more-
over, is a very-reasonable value for a 2D electronic system
[5]. Reconsidering the findings of the CSHG imaging [see
Figs. 1(a) and 1(c)] the n2D discrepancy between LNO1
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and LNO2 is not a surprise, since the DW of LNO2 shows
a broader range of DW inclination angles. Consequently,
a greater charge-carrier reservoir in contrast to LNO1 is
obviously expected. In other words, the link between DW
geometry, or more generally, the DW’s real structure, and
electrical performance is reflected in the present Hall-effect
results.

In principle, the 3D charge-carrier density n = n2D/d
can be calculated as well, provided the DW width d
is known. Nevertheless, for the two samples here, d is
unknown, but to tentatively estimate typical values we
use the literature value of 174 pm, which was derived by
transmission electron microscopy by Gonnissen et al. [39]
on macroscopically noninclined LNO domain walls, and
obtain carrier densities n of 1.15 × 1012 cm3 for LNO1 and
17 × 1012 cm3 for LNO2. However, it is currently not clear
(i) whether the width of our conductivity-enhanced DWs
here is comparable with the width of the DWs as measured
by Gonnissen et al. and (ii) to what extent the width of the
transport channel is different from the width defined by the
polarization change as measured via transmission electron
microscopy, i.e., whether screening charges are trapped in
a larger area. Therefore, the above values for n should be
seen as first “qualified guesses.”

The second quantity evaluated from our four-point-
probe setup using Eqs. (2) and (3) is the Hall mobility
μH . The extracted values are listed in Table I. In compar-
ison with mobilities of LNO bulk that have been reported
[40] to be 0.8 cm2/V s, the domain walls’ Hall mobilities
found here are significantly (almost 2 orders of magni-
tude) higher, which is an expected and desirable result.
On the other hand, the Hall mobilities in thin-film-based-
LNO domain walls, which were reported by Qian et al.
[22] (337.30 cm2/V s) and McCluskey et al. [23] (around
3700 cm2/V s) are 1–2 orders of magnitude larger once
more and it will be a future experimental challenge to
investigate whether these ranges can be achieved within
LNO-single-crystal DWs as well. One may question to
what extent the preconditions that justify Eq. (3) are sat-
isfied for the DWs of the current study. In an ideal case,
the conducting sheet in the van der Pauw configuration has
to be homogeneous, isotropic, uniform in thickness, and
without holes, and the contacts have to be point contacts
at the perimeter. Reconsidering the CSHG-microscopy
images showing a significant range of inclination angles
and a tendency towards spike-domain formation at least
for LNO2 and the fact that the LNO DWs are more tube-
like rather than forming a 2D sheet, we find that it appears
to be necessary to estimate these errors as induced by these
nonidealities:

In the simplest case and as indicated in Figs. 1(b) and
1(d), the Hall transport in LNO1 and LNO2 can be assumed
as a parallel conduction through two identical DW sheets,
which would mean a factor of 2 between the measured
current and the current flowing through one of the two

sheets, i.e., in turn, n2D would be diminished by a factor
of 2. Accounting for the more-complex real structure of
the CDWs in LNO1 and LNO2 [see Figs. 1(a) and 1(c)],
we performed resistor-network simulations as described in
detail earlier [27] and briefly outlined in Sec. D in Supple-
mental Material [28], with the rather-similar result that the
determined charge-carrier densities are of the same order
of magnitude needing correction factors of 0.51 and 0.65
for LNO1 and LNO2, respectively (Sec. D in Supplemen-
tal Material [28]). Note that the other extreme case, i.e., a
strongly asymmetric conductivity of the two parallel DW
sheets, would not need such a correction, since the mea-
surement would reflect mainly the “Hall behavior” of the
highly conductive DW. Against the background that in a
Hall scenario primarily the orders of magnitude of the
carrier densities and mobilities are of interest, correction
factors between 0.5 and 1 are fully acceptable in any case.

Nevertheless, the nonideal fitting to the van der Pauw
restrictions gave further motivation for use to test the
integrity of the approach by additional Hall-effect measure-
ments.

In a first supporting experiment we recorded the depen-
dence of UH on the angle � enclosed by the magnetic
field B and conducting sheet as exemplarily illustrated in
Fig. 3(a) for LNO2, i.e., the DW with the largest charge-
carrier density and the lowest sheet resistance. As seen
from the plot of the normalized Hall voltage UH/UH ,0 ver-
sus angle �, the expected cosine behavior is convincingly
reproduced by the measured data.

In a second additional experiment, illustrated in Fig.
3(b), performed again with the DW of LNO2, we stud-
ied whether super-band-gap illumination at 310 nm, which
corresponds to the optical band gap of Mg-doped LiNbO3
of 4.0 eV, might impact the Hall voltage. The earliest
experiments focusing on measuring the DW conductiv-
ity in LNO qualitatively reported that super-band-gap light
strongly increases the charge-carrier density at DWs [25].
Indeed, the slope of the UH -versus-I curve decreases
under UV illumination, as shown in Fig. 3(b), indicat-
ing a decrease in Rh and hence an increase in the sheet
carrier density n2D, as follows from Eq. (1). The numer-
ical evaluation of the slope via linear curve fitting yields
a significant increase of the carrier density by a fac-
tor of 4–5 under super-band-gap excitation with a rather
moderate photon flux. In the control experiment where
a monodomain z-cut LiNbO3 bulk crystal (i.e., without
hexagonal domain structures) was covered with the same
electrode configuration and tested in the same type of mea-
surement scenario, a bulk photoinduced Hall effect could
be excluded, since no functional relationship between the
driving current I14 and the Hall voltage U23 apart from
noise was observed [Fig. S6(b) in Supplemental Material
[28] ]. Thus, we state that the proposed Hall-effect mea-
surement setup is also efficient for investigating the pho-
toinduced DW-confined transport behavior, which clearly
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opens up the box to implement DW-based devices for
nano-optoelectronic applications as well.

IV. CONCLUSION

In summary, two exemplary ferroelectric conductive
domain walls, engineered into a z-cut 200-µm-thick 5
mol% MgO–doped LiNbO3 single crystal, completely
penetrating the latter and shaped like hexagonal tubes
with, however, a different microscopic real structure, were
macroscopically electrically connected with four Cr elec-
trodes (two on the z+ surface and two on the z− surface)
to set up a van der Pauw four-point-probe geometry for
Hall probing. This setting in turn was used to measure
the Hall resistance Rh as a function of the magnetic field
B applied perpendicular to two of the six side sheets of
the hexagonally shaped DW tubes, as well as the sheet
resistance Rs of the DWs, which finally allowed us to
extract two characteristic key quantities for such low-
dimensional electronic systems, i.e., the 2D charge-carrier
density n2D, which was found to be in the range from
20 × 102 to 300 × 102 cm−2, and the Hall mobility μH
(extracted as 54 and 35 cm2/V s for the two samples,
respectively, with a reasonable error of around 10%).
The validity of these numbers was further tested through
angle- and illumination-dependent Hall-voltage record-
ings, which both showed the expected behavior. Moreover,
we used resistor-network simulations to calculate correc-
tion factors for n2D and μh, due to the parallel junction
formed by the two CDWs, which were in the range of 0.5
and thus did not change the order of magnitude of the two
quantities. Thus, we propose that macroscopic Hall-effect
analysis, as applied here, provides a robust and versatile
method for the comparative quantification of the electrical
performance of conductive domain walls in both LNO and
many other materials. Moreover, photoinduced-Hall-effect
measurements might gain even more interest, especially
also for realizing nano-optoelectronic circuits.

The data that support the findings of this study are
available from the corresponding author upon reasonable
request.
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