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We report on a combined structural and magnetotransport study of Hall bar devices of various
lateral dimensions patterned side-by-side on epitaxial PdCoO2 thin films. We study the effects of
both the thickness of the PdCoO2 film and the width of the channel on the electronic transport and
the magnetoresistance properties of the Hall bar devices. All the films with thicknesses down to
4.88 nm are epitaxially oriented, phase pure, and exhibit a metallic behavior. At room tempera-
ture, resistivity values as low as 6.85 and 8.17 µΩcm are achieved in Hall bar devices
with channel width W = 2.5 µm and W = 10 µm, respectively. For the 4.88 nm thick
sample, we find that while the density of the conduction electrons is comparable in both channels,
the electrons move about twice as fast in the narrower channel. At low temperatures, for Hall bar
devices of channel width 2.5 µm fabricated on epitaxial films of thicknesses 4.88 and 5.21 nm, the
electron mobilities of ≈ 65 and 40 cm2V−1s−1, respectively, are extracted. For thin-film Hall bar
devices of width 10 µm fabricated on the same 4.88 and 5.21 nm thick samples, the mobility values
of ≈ 32 and 18 cm2V−1s−1 are obtained. The magnetoresistance characteristics of these PdCoO2

films are observed to be temperature dependent and exhibit a dependency with the orientation of
the applied magnetic field. When the applied field is oriented 90° away from the crystal c-axis, a
persistent negative MR at all temperatures is observed; whereas when the field is parallel to the
c-axis, the negative magnetoresistance is suppressed at temperatures above 150 K.

The delafossite oxides, with general molecular formula
of ABO2 (A=Pd or Pt), have captured significant atten-
tion due to their extraordinary electronic and structural
properties. The key electronic characteristics include, for
example, PtCoO2 having the highest conductivity per
carrier of all known materials and PdCoO2 exhibiting the
longest electron mean free path (le(T=4 K) = 21.4µm) for
all known oxide materials [1–3]. The huge conductivity
results from extremely broad conduction bands based on
the 4d-5s electrons of Pd, and the 5d-6s electrons of Pt,
whose character is nearly free electron like [3].

We focus on the PdCoO2 delafossite material. The
crystal structure of PdCoO2 consists of two-dimensional
(2D) Pd+ and [CoO2]-layers alternated along the c-axis
as shown in Fig. 1(a). The triangular coordinated Pd site
layers are sandwiched between transition metal oxide lay-
ers in a stacking sequence [Fig. 1(b) - 1(c)]. The 2D Pd+

layers are electrically conductive, whereas the [CoO2]-
layers are electrically insulating. This quasi-2D layered
crystal structure results in considerable anisotropy in
electrical conduction. In single crystal samples, the room
temperature ab-plane resistivity of ρab ≈ 0.0026 mΩ cm
and c-axis resistivity of ρc ≈ 1.07mΩ cm were re-
ported [3].

For fundamental research perspective, the combination

∗ corresponding author: pngabonziza@lsu.edu

of above interesting electronic characteristics together
with its fascinating structural properties makes PdCoO2

a promising material candidate for the investigation of
fascinating and rich physics of the delafossite materials.
Additionally, PdCoO2 has a great protential for
technological applications. It exhibits exceptional
physical properties, such as, a high thermal stabil-
ity and high optical transparency, which are com-
parable to those found in transparent conducting
oxide compounds employed as electrode material
for wide-bandgap semiconductor devices [4, 5].

Although PdCoO2 and related metallic delafossites
were first synthesized in 1971 [6, 7], PdCoO2 was largely
ignored for decades. It is only in the mid 1990s that
Tanaka and co-workers reported the growth of PdCoO2

and PtCoO2 crystals [8], as well as the first measurement
of the temperature-dependent resistivity of PdCoO2 [9].
This brought a renewed interest in PdCoO2 material
for studying its basic properties like the thermoelec-
tric power [10–12], electronic structure [13–15] and high
anisotropy in structure, conductivity and compression
behavior [16–18]. However, the physics of PdCoO2 has
been primarily studied by using single crystal samples.
Despite decades of research, these single crystals are still
limited in size of ≈ 3 mm in diameter [2, 19, 20]. Thus,
to allow further studies of its physical properties, par-
ticularly as its thickness is decreased down to few unit
cells, and the assessment of proof-of-principle spintronic
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devices, thin film samples with large area and smooth
surfaces are desired.

Recently, the thin films of metallic delafossites with
thicknesses down to a few nanometers have been re-
ported by several groups [4, 21–26]. These thin films
were grown along the c-axis direction on substrates with
pseudo-triangle lattices, such as Al2O3(0001) [27–29] and
β−Ga2O3 (2̄01) [4, 30, 31]. The Al2O3 (0001) substrates
have been mostly used for the thin-film growth of metal-
lic delafossites [32]. Specifically, epitaxial PdCoO2 films
have been synthesized using sputtering [33, 34], pulsed-
laser deposition (PLD) [22, 24, 35], molecular-beam epi-
taxy (MBE) [23, 25, 28, 29] and solid-phase reactions of
precursors [26].

The magnetoresistance (MR) properties of PdCoO2

have been characterized both in bulk single crystals [3]
and in epitaxially-grown thin film prepared mostly on
sapphire substrates [22–26, 28, 29, 33–35]. The MR data
were only reported for a single (one) Hall bar device that
was structured by focused ion beam on PdCoO2 single
crystals [36], and also for a single Hall bar device fabri-
cated on epitaxial PdCoO2 films [28, 35, 37]. However,
patterning several Hall bar devices of various channel
width side-by-side on the same PdCoO2 sample offers an
advantage over single crystal-based devices as it provides
the opportunity to perform comparative study of magne-
totransport properties from the same sample, measured
in similar conditions [38]. Moreover, this practice is ideal
for the exploration of lateral dimensional confinement ef-
fects in epitaxial films for tuning their electronic ground
states.

In this paper, we report on a combined structural and
magnetotransport study of Hall bar devices of various
lateral sizes patterned side-by-side on the same PdCoO2

thin film. In magnetotransport, we focus on exploring
the effects of the film’s thickness (t), the variation of the
width (W) in Hall bar devices as well as the orientation of
the magnetic field B on the MR characteristics. We use
pulsed laser deposition (PLD) for the epitaxial growth
of these thin films. The growth conditions are optimized
to achieve phase-pure metallic delafossite PdCoO2 thin
films of different t down to a few manometers. Subse-
quent structural analyses using x-ray diffraction (XRD)
for unpatterned epitaxial films and high-resolution scan-
ning transmission electron microscopy (STEM) for pat-
terned Hall bar devices, confirm that these films and thin-
film devices are epitaxially oriented and phase pure. The
temperature dependence of the in-plane resistivity as a
function of film thickness show metallic behavior down
to ∼ 4.88 nm.

For metallic delafossite PdCoO2 of various t, we fabri-
cated side-by-side on the same PdCoO2 films several Hall
bars of various W, and then explored their magnetotrans-
port properties. In particular, for two Hall bar devices
of channel width W = 2.5 and 10 µm, we found that the
electron mobilities (µe), simultaneously extracted from
Hall measurements at various temperatures, changed sys-
tematically as W and t were varied. At 2 K, we extracted

µe values of ≈ 65 and 40 cm2V−1s−1 from the Hall bar
devices of W = 2.5 µm fabricated on epitaxial films of
t = 4.88 and 5.21 nm, respectively; whereas the µe val-
ues of ≈ 32 and 18 cm2V−1s−1 were obtained from the
devices with channel W = 10 µm fabricated on the same
respective films. In addition, we find that the magneto-
transport is strongly temperature dependent, and present
a negative MR that can persist at all temperatures or
switch to positive MR at certain temperatures depend-
ing on the orientation of the applied magnetic field with
respect to the sample c-axis.

Epitaxial PdCoO2 films were deposited on the (0001)-
oriented Al2O3 (c−Al2O3) at a substrate temperature
of Tsub = 700 °C under an oxygen pressure of 100 −
150 mTorr in a PLD chamber using the 4th harmonic
(266 nm) of Nd:YAG laser for ablation. PdCoO2 and
mixed-phase PdOx targets were alternately ablated to
obtain a stoichiometric composition. We prepared films
of different thicknesses varying from 4.88 to 11.58 nm.
The thickness of the PdCoO2 films was determined us-
ing the thickness fringes around the PdCoO2 (0006) peak
in the XRD and the x-ray reflectivity data [21]. The
electronic transport properties were measured by using
a Quantum Design Physical Property Measurement Sys-
tem (PPMS), where a excitation current of I = 1 µA
was applied to the Hall bars. The MR properties of the
PdCoO2 films were studied by changing the orientation of
the magnetic field B such that B ∥ c, and B oriented 45°
and 90° away from c. Details on the Hall bar device fab-
rication are provided in the supplemental material [39].

Figure 1(d) depicts XRD 2θ−ω scans of PdCoO2 films
of different thicknesses. This thickness-dependent anal-
ysis exhibits the crystal structure purity of the grown
samples. The film reflections form only parallel (000l)
planes of the bulk crystal structure of PdCoO2, indicat-
ing an epitaxial and single phase growth along the c-axis.
Additionally, the clear Laue oscillations observed around
the film peaks suggest that the films have smooth sur-
faces. Note that as the thickness of the films increases
(increasing unit cells), the films diffraction peaks become
sharper. All these observations are consistent with previ-
ous reports on the epitaxial growth of PdCoO2 thin films
using PLD [22], MBE [23, 25, 28, 29], and sputtering [34].

We studied the structural perfection of the samples
by performing symmetric rocking curve ω scans for the
(0006) film peak as shown in Fig. 1(e). The full width
at half maximum (FWHM) values extracted by fitting
the rocking curves are plotted in Fig. 1(f). These small
FWHM values hint at highly oriented PdCoO2 films ex-
hibiting minor out-of-plane misorientation [22, 25, 40].
It is noteworthy that other works on the heteroepitaxial
growth of PdCoO2 have reported azimuthal mosaicity
(in-plane orientation distribution) by recording ϕ scans
on asymmetric reflections. It was found that the PdCoO2

films exhibit far greater mosaicity in the plane, and grow
by forming twin domains which are rotated 180° from one
another [see Fig. S1 of the supplemental material] and 30°
from the Al2O3 substrate [22, 23, 25, 34]. Nevertheless,
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FIG. 1. Structural characterizations of unpatterned PdCoO2 films. (a) A (100) atomic plane view of the crystal
structure of delafossite PdCoO2 presenting alternating stacks of highly conducting Pd and insulating CoO2 layers. The layers
are connected through O–Pd–O dumbbells. Both layers form triangular lattices as shown in the atomic (001) planes in (b) and
(c), respectively for Pd and CoO2. (d) Thickness-dependent 2θ− ω x-ray diffraction patterns of PdCoO2 epitaxial films grown
on (0001)−oriented Al2O3 substrates. The substrate peaks are indicated by asterisks (*) and the thickness of the films are
indicated by the numbers adjacent to each XRD plot. (e) Rocking curve of a representative PdCoO2 sample acquired around
the main (006) film peak, and fitted to extract the full width at half maximum (FWHM). (f) Variation of the FWHM extracted
from the (006) peak of the PdCoO2 films shown in (d). Note the increase of the FWHM with increasing film thickness.

we consistently noted a small hump in the line shape
of the main peak in the rocking curves of all the films
[see Fig. S2 of the supplemental material]. This could be
an indication of an adjacent crystalline domain having
a different orientation to the main crystalline block [41].
Our Scanning transmission electron microscopy (STEM)
measurements provide evidence of twin boundaries in the
PdCoO2 film as discussed in the following.

Figure 2(c) presents the high-angle annular dark field
(HAADF) STEM images of the PdCoO2 film along the
[210] orientation, obtained from a cross-section of a Hall
bar device, as illustrated in Fig. 2(b). The magnified
HAADF image reveals a sharp and smooth interface be-
tween the PdCoO2 film and the Al2O3 substrate, consis-
tent with the well-defined Laue oscillations observed in
the XRD patterns [see, Fig. 1(d)] [25, 42]. Furthermore,
the periodic layer stacking of the PdCoO2 film confirms

the presence of a pure delafossite phase. The crystallo-
graphic structures of both the film and substrate can be
overlaid on the simultaneously acquired HAADF and an-
nular bright-field (ABF) images, which provide contrast
for the lighter elements Al and O.

The STEM images indicate that the epitaxial rela-
tionship between the film and substrate is established
through the initial [CoO2]

− layer [Fig. 2(c)], which pro-
vides the low-energy interface for contact with the sub-
strate, resulting in a stable heterointerface [25, 42, 43].
This is commonly achieved in the growth of delafossite
PdCoO2, PtCoO2 and PdCrO2 materials on the sapphire
substrate using both PLD and MBE [22, 25, 28, 29].
Moreover, the HAADF STEM images along the [010] ori-
entation [Fig. 2(d)] reveal domain boundaries, indicating
the presence of stacking faults (S) and twin boundaries
(T) in the film. The stacking faults correspond to the
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FIG. 2. Device fabrication and Microstructural characterization of the PdCoO2 sample grown on (0001)-
oriented Al2O3 substrate using PLD. (a) Optical micrograph image showing a top view of a whole PdCoO2 sample on
which several Hall bar devices of different channel widths (W) were fabricated side-by-side. The channel widths of these devices
are W = 10 µm, 5 µm, 2.5 µm, 1 µm and 500 nm. (b) Schematic illustration of a typical Hall bar device (red rectangle in
(a)) indicating the transport measurement configuration. (c) Cross-sectional HAADF-STEM image obtained from a Hall bar
device as indicated by the blue rectangle in (b). The enlarged insets show the atomic-scale structure of the delafossite-substrate
interface along the [210] orientation of the film with an structural overlay of the atomic models on simultaneously acquired
HAADF and ABF images. The HAADF STEM images provide strong contrast for the heavier elements Pd and Co, while the
O and Al atomic columns are only visible in the ABF images capturing electrons scattered toward lower angles. (d) HAADF
STEM image along the [010] orientation of the film reveals domains with opposing orientations of the CoO6 octahedra in
subsequent [CoO2]

− layers indicating the presence of twins T (red arrow), and stacking faults S. (e) EELS elemental mapping
across the PdCoO2/Al2O3 interface obtained by extracting the respective edge signals from a 2D spectrum image across the
[010] zone axis, indicating a sharp film-substrate interface.

translational displacement of oxygen octahedra in suc-
cessive delafossite layers; and, the twin boundaries de-
pict the mirrored orientation of the oxygen octahedra in
adjacent layers. These features are commonly observed
in delafossite thin films grown on c-axis-oriented sub-
strates [22, 23, 25, 44].

EELS elemental mapping across the PdCoO2/Al2O3

interface, shown in Fig. 2(e), reveals the atomic elemental
distribution along the [010] orientation of the film. The

extraction of element-specific energy loss edge signals en-
ables the mapping of the delafossite structure composi-
tion. The absence of intermixed layers at the interface
suggests that the film exhibits good stoichiometry [45],
and confirms its epitaxial growth. The EELS elemen-
tal maps further verify that the film nucleates with a
[CoO2]

− layer.

The PdCoO2 samples also exhibit good electrical char-
acteristics over the varying thicknesses as portrayed in
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FIG. 3. Thickness-dependent electronic transport characteristics of PdCoO2 epitaxial films. (a) and (b) Temper-
ature dependent resistivity at zero magnetic field for patterned PdCoO2 Hall bar thin-film devices for a range of thicknesses.
The channel widths are (a) w = 2.5µm and (b) w = 10µm. The vertical dashed lines indicate Tmin = 20 K. The patterned
Hall bar devices in (a) and (b) were fabricated side-by-side on the same PdCoO2 films in which electronic transport properties
were studied. (c) Plot of the variation of the residual resistivity ratio (RRR) as ρ300 K/ρ2 K VS films thickness for both Hall
bar widths. (d) Variation of the room temperature (RT) resistivity values as a function of the film’s thickness for both Hall
bar geometries. The RRR and the RT resistivity values plotted in (c) and (d), respectively, are extracted from (a) and (b).
Note that the overall trend with respect to both Hall bar device widths is that the confinement of charge carriers in a narrower
channel results in improved electronic properties, as the scattering pathway is reduced.

the temperature dependence of the resistivity at zero
magnetic field presented in Fig. 3, for the Hall bar de-
vices with channel widths 2.5 and 10 µm. The resistiv-
ity is seen to decrease with increasing film’s thickness.
We recently demonstrated that a defective inter-
facial CoO layer forms at the PdCoO2/Al2O3 in-
terface [42]. It is likely that this interfacial layer
and its associated defects influence the electronic
characteristics of thinner films more significantly,
explaining the trend observed in the resistivity.
For each sample, the resistivity displays a positive tem-
perature coefficient, consistently for the two Hall bar de-
vices [Fig. 3(a) and 3(b)]. This is indicative of a metallic
behavior in all the films over almost the entire tempera-
ture range [46, 47]. However, in the low temperature re-
gions, T ≤ 20 K, and for all the samples in both device ge-
ometries, the residual resistivity is substantially the total
resistivity, as the plots are all nearly straight horizontal
lines. This saturation is the result of the low temperature
effect in nearly pure metallic compounds as outlined by
the Matthiessen’s rule: To the first approximation, the
residual resistivity is governed by scattering of impuri-
ties, whose contributions constitute an additive effect to
the resistivity and are independent of temperature [48–
50]. Nonetheless, deviations from the Matthiessen’s rule

are observed at higher temperatures ( T > 20 K), as the
temperature-dependent component of the resistivity in-
creases in magnitude with decreasing film’s thickness [see
Fig. S7 of the supplemental material]. Similar thickness-
dependent electrical resistivity behavior was reported for
MBE grown PdCoO2 thin films [51]. In addition, the ef-
fective mass was found to considerably increase with de-
creasing film’s thickness. It was suggested that, as thin-
ner films exhibit larger surface scattering fraction and
higher in-plane defects concentration, disorder-enhanced
electron-phonon scattering could be one of the possible
mechanisms behind the observed deviations [51]. Note
that for bulk pure and nearly pure metals such as Pd, Au,
Cu, and Ag, temperature-dependent electrical resistivity
analogous to that discussed here has been reported [48].
It is remarkable that the temperature minimum

(Tmin = 20 K) at which the resistivity starts to plateau
(yielding the minimum resistivity) is constant regard-
less of the thickness of the films and the device width
[Fig. 3(a) and 3(b)]. This suggests that the low tempera-
tures transport properties of these films with thicknesses
up to about 12 nm are mostly limited by inherent crystal-
lographic defects, which are potentially of equal concen-
tration [48, 49]. In particular, a shallow increase in the
resistivity below Tmin associated with disorder-induced
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FIG. 4. Temperature-dependent magnetoresistance (MR) properties of epitaxial PdCoO2 films measured at
different B orientations. The data are from two Hall bar devices of channel widths W = 2.5 µm and W = 10 µm fabricated
on the PdCoO2 sample with thickness t = 4.88 nm. (a) and (b) MR simultaneously acquired when B ∥ c, ie, θ = 0°. (c) and
(d) MR simultaneously acquired when B ⊥ c, ie, θ = 90°. The insert in (a) shows the orientation of B with respect to the
c-axis. Note that when θ = 0°, the MR present a cross-over from negative to positive at temperatures above 150 K; but when
θ = 90°, the negative MR persist at all temperatures. Note that through out the magnetotransport measurements, B is always
perpendicular to I.

localization effects in the PdCoO2 films was reported in
a recent study [23]. It was observed that annealing of the
PdCoO2 films leads to a drop in Tmin and to improved
electrical characteristics owing to the reduction of the
density of defects in the films [23].

Additionally, since the presence of impurities or de-
fects in metals make these systems more resistive at low
temperature [48], the residual resistivity ratio (RRR) for
a temperature close to absolute zero (ρ300 K/ρ2 K) rep-
resents a very sensitive gauge to structural disorder in
the PdCoO2 films. The maximum RRR of 1.56 for our
thickest PdCoO2 films (11.56 nm) is two orders of mag-
nitude smaller than that of pure bulk single crystals [20],
but comparable to those recently reported for PLD and
MBE grown PdCoO2 films at similar thicknesses [22–25]
[Fig. 3(c)]. Moreover, the RRR seems to be indepen-
dent of the thickness of the films. This is contrary to
the almost linear trend reported for MBE grown PdCoO2

films where it was indicated that surface scattering mech-
anisms including scattering at the twin boundaries and
film-substrate interface have a larger contribution to the
low temperature electrical resistance [23, 25].

The variation of the room temperature (RT) resistiv-
ity values as a function of the film’s thickness for both
device widths is plotted in Fig. 3(d). Values as low as
6.85 and 8.17 µΩcm are achieved in the narrower
and wider devices, respectively. These values are
comparable with those reported for the epitax-
ial growth of PdCoO2 thin films [22, 23, 25, 51];
and somewhat higher than the RT in-plane value
of ∼2.60 µΩcm obtained in bulk pure single crys-
tals [1, 3, 36]. It is however important to highlight
that the comparatively low in-plane electrical proper-
ties of our PdCoO2 thin films, especially the low RRR,
stem from the presence of additional structural defects
in the film such as dislocations, which originate from the
large lattice mismatch between the PdCoO2 film and the
Al2O3 substrate [37]. The c-axis transport charac-
teristics of the films, which are conceptually chal-
lenging to measure would be significantly influ-
enced by these defects, in addition to the insulat-
ing state of the CoO2 layer [15].

The magnetoresistance (MR) responses of our 4.88 nm
thick PdCoO2 film measured at temperatures ranging
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from 2 K to 300 K with the magnetic field B ∥ c (θ = 0°)
and oriented 90° away from c (θ = 90°) are shown in
Fig. 4 for both Hall bar devices. It can be seen that the
MR is strongly temperature dependent. When θ = 0°,
ie, transverse MR [Fig. 4(a) and (b)], the magnetotrans-
port presents two distinct regimes. At temperatures be-
low 150 K , both devices exhibit negative MR which in-
creases with decreasing temperature down to 2 K. This
negative MR which is more pronounced at low temper-
atures (≤ 50 K) could be thought to originate from the
weak localization of the electrons in the PdCoO2 sample.
Weak localization is known to be an anomalous quan-
tum phenomenon observed in the transport properties of
disordered 2D systems [52]. It has been reported to es-
sentially originates from the quantum interference of the
conduction electrons on the defects of the systems [52].
For our PdCoO2 samples, which exhibit metallic
properties, weak localization is likely a predom-
inant contributor to the observed negative MR.
However, at comparable magnetic field strengths,
the lineshapes of the negative MR data shown in
Fig 4 somewhat differ from those of negative MR
data solely attributed to weak localization effects
[see Refs. [28, 52]]. This suggest the presence of
additional quantum phenomena which, together
with weak localization, govern the negative MR
observed in our PdCoO2 films.

For longitudinal MR measurement (B ∥ I) on a ultra-
clean PdCoO2 single crystal sample and for a magnetic
field strength up to 9 T, Kikugawa et al. [53] observed
a negative MR at 1.4 K, similar to the low tempera-
tures MR shown in Fig 4. They argued that this neg-
ative MR could not be caused by scattering at mag-
netic impurities and explained in terms of weak local-
ization effects, given the magnitude of the measured
MR, the high purity as well as the non-magnetic prop-
erty of the sample. This claim was supported by show-
ing that for B ⊥ I (transverse MR), large and posi-
tive (at all temperatures down to 1.4 K) MR could be
achieved. The authors rather attributed the observed
negative MR to the emergence of the axial anomaly be-
tween the Fermi points of a field induced one dimensional
electronic dispersion in PdCoO2 [53]. Similarly, our
measured PdCoO2 samples present no evidence of
surface magnetism [see Fig. S7 of the supplemen-
tal material]. Evidence of surface ferromagnetism
was previously reported in an ultrathin (3.8 nm)
PdCoO2 film [37]. The absence of magnetism in
our PdCoO2 samples is possibly due to the mixed
termination of the surface, as indicated by the
relatively rough surface [see Fig. S1 of the sup-
plemental material]. Nonetheless, given the mea-
surement geometry of the data in Fig. 4 where the
current was always perpendicular to the sample
c-axis, we would believe that a different under-
lying quantum mechanism combined with weak
localization could be driving the negative MR in
our data.
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FIG. 5. Electron mobility (µe) and carrier density
(n) as a function of temperature. Electronic transport
characteristics of the Hall bar devices with channel widths
(a) W = 2.5 µm and (b) W = 10 µm fabricated on PdCoO2

epitaxial films of thickness t = 4.88 nm. These data were
simultaneously extracted from Hall effect measurements with
B ⊥ I, i.e., θ = 0°. The narrower channel W = 2.5 µm yields
µe values that are about twice those of the wider channel
W = 10 µm, while the n values are comparable.

It is interesting that for the same longitudinal MR
measurement by Kikugawa et al., the negative MR is
progressively suppressed by increasing the temperature,
but does not completely vanishes at the highest temper-
ature of 300 K [53]. This is consistent with the MR
response shown in Fig. 4(c) and (d) for MR measure-
ments with B ⊥ c, i.e., when θ = 90°. These observa-
tions suggest that the driving mechanism of the negative
MR would not be suppressed when B ⊥ c, regardless
of the increased thermal energy which triggers resistive
mechanisms such as electron-phonon interaction. This
is in contrast to the MR response presented in Fig. 4(a)
and (b) (θ = 0°, B ∥ c). There, as the temperature
increases, the lineshape of the MR progresses towards a
more quadratic dependence from low temperatures where
the MR is negative to temperatures beyond 150 K where
the MR becomes positive. Positive MR is believed to be
dominated by classical orbital magnetoresistive effects as-
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sociated with scattering from impurities and phonons. It
is remarkable that these magnetoresistive effects kick in
at earlier temperatures in the thickest measured sample,
t = 11.56 nm. This is most probably due to the
reduced density of in-plane defects and the small
surface scattering fraction of the thicker samples.
This provides support for weak localization as the
major contributor for the origin of the negative
MR. Positive MR are observed at temperatures > 125 K
[see Fig. S3 of the supplemental material]. It is important
to highlight that the temperature dependent magneto-
transport properties of the 4.88 nm and 5.21 nm samples
are comparable, regardless of the orientation of B [see
Fig. 4, and Fig. S4 and S5 of the supplemental material].
Note that a similar temperature-dependent MR cross-
over was recently reported in a PLD grown PdCoO2 thin
film [37].

Figure 5 depicts the evolution with temperature of the
electron mobility, µe, and the carrier density, n, of the
two Hall bar with indicated channel widths for the same
PdCoO2 sample studied in Fig. 4. Two distinct regimes
can be identified for n: A regime at temperatures be-
tween 300 K and 50 K where the carrier densities drop
by ≈ 20% in cooling; and a regime at temperatures bel-
low 50 K where the carrier densities are independent of
the temperature. These behaviors are consistent with
previous reports on the temperature dependence of n in
epitaxial PdCoO2 films [37, 51, 54]. It is however note-
worthy that the strong dependence of n to high temper-
atures could be inferred to the level of disorder/defect in
the film at high temperatures, which is also associated
with sizable changes in the effective mass as discussed
above. Hence, it could be that the Hall coefficient at
high temperature for this class of material may not re-
flect the actual carrier density [36, 51].

The extracted µe range between ≈ 18 and ≈
65 cm2V−1s−1 in both Hall bar devices from RT to 2 K.
This range of electron mobility values is consistent with
the small amplitudes of the MR at the field strength of
9 T and for the respective temperatures [37, 55]. In the
sample with t = 5.21 nm and for both Hall bar channels
[see Fig. S8 of the supplemental material], the carrier
densities also drop by ≈ 20% in a single regime from
300 K to 2 K. The electron mobilities vary from ≈ 10 to
≈ 40 cm2V−1s−1 while cooling from RT down to 2 K,
which are consistent with a recent report [37].

In this study, we have reported the structural, mi-

crostructural and magnetotransport properties of Hall
bar devices of various widths, fabricated on epitaxial Pd-
CoO2 films of different thicknesses. We have analyzed
two Hall bar geometries of width W = 2.5 and 10 µm, all
structured into the same delafossite PdCoO2 thin films
of various thicknesses. The PLD prepared PdCoO2 sam-
ples exhibit good structural quality with sharp interfaces
that present no signs of atomic interdiffusion. In addi-
tion, both Hall bar devices exhibit transport character-
istics, ρ, n, and µe, that are comparable to those re-
ported in the literature. For the device geometries dis-
cussed in this work, we found that the narrower Hall bar,
W = 2.5 µm, displays slightly better electronic transport
performances as compared to the wider 10 µm Hall bar.
Furthermore, we have demonstrated that the MR prop-
erties of the PdCoO2 samples are strongly temperature
dependent, but show no variation with either the thick-
ness of the film or the geometry of the Hall bar device.
Moreover, we have noted a persistent negative MR when
B ⊥ c at all temperatures from 2 to 300 K. For transverse
MR, B ∥ c, the negative MR is suppressed at tempera-
tures above 150 K, and the MR progresses toward a more
parabolic dependence, characteristic of classical orbital
magnetoresistance. The lineshapes of our MR data
suggest that the origin of the emergence of this
negative MR in our PdCoO2 samples could be at-
tributed to the combining effect of weak localiza-
tion and some underlying quantum phenomenon.
An attempt to unravel this would be to carry out a sys-
tematic study which combines theory and experiment.
The results of this study provide additional basis for the
understanding of the MR in PdCoO2 which has proved
to be highly dependent on the orientation of the mag-
netic field, a property that could be relevant to certain
applications.
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