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We investigate the electrical properties of nominally undoped, 10–40-nm-thick ScN(111) layers
grown on nearly lattice-matched GaN:Fe/Al2O3(0001) templates by plasma-assisted molecular beam epi-
taxy. Hall-effect measurements yield electron concentrations of 0.7–3.1 × 1019 cm−3 and mobilities of
50–160 cm2 V−1 s−1 at room temperature. The temperature-dependent (4–360 K) conductivity exhibits
two distinct regimes, suggesting two-band conduction in an impurity band and the conduction band.
Assuming a single shallow donor in ScN and employing the standard two-band conduction model, we
extract the carrier density and mobility in these bands. The results reveal nondegenerate characteristics for
a 40-nm-thick layer, while thinner layers are weakly degenerate. For the nondegenerate layer, the donor
ionization energy amounts to approximately 12 meV. The electron mobility of the layers is limited by
ionized-impurity scattering and phonon scattering at low and high temperatures, respectively. Fits with
an expression for optical phonon scattering developed for weakly degenerate semiconductors return an
effective phonon energy of (61 ± 5) meV, a value in between the energies of the longitudinal optical
(≈ 84 meV) and transverse optical (≈ 45 meV) phonon modes in ScN.
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I. INTRODUCTION

ScN is an emerging group-III transition-metal nitride
semiconductor crystallizing in the rocksalt structure. The
electronic band structure of ScN is characterized by an
indirect gap at about 0.9 eV between the X and �

points [1–5], a direct gap at about 2 eV at the X point
[1–4,6–13], and higher direct gaps at the � point of about
3.89 [3–5,13], 5.33 [3,13], and 6.95 eV [3,13].

ScN has attracted significant interest in recent years for
its diverse properties and applications [14,15] in fields
such as thermoelectrics [12,16,17] and infrared opto-
electronics [18]. Due to its close lattice match to GaN
(�a/a ≈ 0.1%) and a large polarization discontinuity at
the ScN(111)/GaN{0001} interface, ScN is also consid-
ered a very promising material for high-density two-
dimensional electron and hole gases [19]. In addition, ScN
has attracted much interest in the form of alloys with
the conventional group-XIII nitrides, i.e., GaN, AlN, and
InN, due to their high piezoelectric coupling coefficients
[20,21]. In particular, the ternary alloy (Sc,Al)N holds
great potential for applications in piezoelectric energy
harvesting [15], bulk- [22,23] and surface-acoustic-wave
devices [24,25], field-effect transistors [26–29], and as a
novel ferroelectric material [30,31].
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Regarding its electrical properties, nominally undoped
ScN is invariably n-type with electron densities nH rang-
ing from 1019 to 1021 cm−3 at room temperature [3,4,6,
8,12,13,17,32–34]. In sputter-deposited material, high nH
values often stem from contamination of the target with F
[3,16], but O incorporation [4,8,16] and N vacancies (V+

N)
[16] in ScN are also discussed as potential donors. In mate-
rials synthesized by hydride vapor-phase epitaxy, high nH
values are attributed to O [10], but H and Cl have also been
suggested [6]. In molecular beam epitaxy (MBE), the high
nH values almost certainly originate from O [13,32] present
in the Sc ingot [35,36], with V+

N remaining a potential
source of electrons for Sc-rich growth conditions [7]. The
lowest nH value of 3.7 × 1018 cm−3 and simultaneously
the highest mobility (μH) of 284 cm2 V−1 s−1 at room tem-
perature were reported for 40-µm-thick ScN layers grown
on Al2O3 substrates by hydride vapor-phase epitaxy, and
these were attributed to the low impurity concentrations in
those layers (in particular, [O] < 1 × 1018 cm−3) [10].

Several groups have investigated the electrical transport
in unintentionally doped n-type ScN using temperature-
dependent Hall-effect measurements [4,12,32–34]. With
the commonly observed background doping levels ranging
from 1020–1021 cm−3, ScN is highly degenerate; i.e., nH
does not depend on temperature [4,32,34]. In addition, the
μH values of these layers have been found to be inde-
pendent of temperature [32] or to only weakly decrease
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with increasing temperature [4,34]. It has been suggested
that the low mobility observed in the former case possibly
arises from boundary scattering in the twinned ScN(111)
films [32].

The decrease of mobility with increasing temperature
has been analyzed quantitatively in only a few studies
[6,37]; in these works, the temperature dependence was
found to follow a T−α dependence, with α being close to
the exponent 3/2 expected for acoustic phonon scattering.
Other authors, not attempting a quantitative analysis, have
attributed this decrease of mobility to dislocation scatter-
ing [12] or optical phonon scattering [4,34]. In fact, theory
shows that optical rather than acoustic phonon scattering
should be the dominant mechanism [5].

In this article, we investigate the electrical properties
of 10–40-nm thick ScN(111) layers grown on nearly
lattice-matched Fe-doped GaN(0001) templates using
plasma-assisted molecular beam epitaxy (PAMBE). The
electrical properties of the layers are investigated in
detail by temperature-dependent Hall-effect measure-
ments, yielding comparatively low electron concentrations
of 0.7–3.1 × 1019 cm−3 and comparatively high mobilities
of 50–160 cm2 V−1 s−1 at room temperature. At the same
time, the data reveal the presence of parallel conduction
originating from both impurity and conduction bands. The
electron density and mobility in the conduction band are
extracted using a standard two-band conduction model and
analyzed with models valid for weakly degenerate semi-
conductors. The temperature dependence of the electron
mobility in the conduction band is limited by ionized-
impurity scattering at low temperatures and by optical
phonon scattering at high temperatures. Peak values up to
280 cm2 V−1 s−1 are observed at temperatures of 140–180
K, and these are among the highest mobilities ever reported
for ScN.

II. EXPERIMENTAL

ScN layers are grown by PAMBE on semi-insulating
Fe-doped GaN (GaN:Fe) layers deposited by metal-
organic vapor-phase epitaxy on Al2O3(0001) substrates
[38]. These templates consist of a 2-µm-thick GaN:Fe
layer ([Fe] = 1 × 1018 cm−3) followed by a 250-nm-thick
undoped GaN layer to prevent Fe segregating into the
ScN layers. Before being loaded into the ultrahigh-vacuum
environment, the GaN templates are etched in an HCl solu-
tion to remove the surface oxide and surface contaminants,
and they are then rinsed with deionized water and finally
blown dry with a nitrogen gun. After this, the templates are
outgassed for 2 h at 500 ◦C in a load-lock chamber attached
to the MBE system. The MBE growth chamber is equipped
with high-temperature effusion cells to provide the group-
XIII and -III metals, including 7N-pure Ga and 5N-pure Sc
(note that these purity levels refer to trace metals but not
to elements such as N, C, or O), respectively. To prevent

the crucible from breaking, the Sc source is kept below
the melting point of Sc (1541 ◦C), which means that the
Sc ingot remains granular and porous. A Veeco UNI-Bulb
radio-frequency plasma source is used for the supply of
active nitrogen (N∗). We use 6N-pure N2 gas as precur-
sor, and this is further purified by a getter filter. The N∗
flux is calculated from the thickness of a GaN layer grown
under Ga-rich conditions and thus with a growth rate lim-
ited by the N∗ flux. Prior to ScN growth, a 100-nm-thick
undoped GaN buffer layer is grown at 700 ◦C under Ga-
bilayer conditions. Subsequently, ScN layers are grown at
the same temperature under N∗-rich conditions with thick-
nesses (dScN) ranging from 10 to 40 nm. These values are
determined by fitting experimental triple-axis 2θ–ω x-ray
diffraction scans with simulated profiles using the freely
available software package InteractiveXRDFit [39] (see
Fig. S1 of the supplementary material [40]).

The layers exhibit excellent structural and morphologi-
cal properties, as evidenced in Figs. S1 and S2 of the sup-
plementary material [40]. For surface chemical analysis,
x-ray photoelectron spectroscopy (XPS) measurements are
performed using a Scienta OmicronTM system equipped
with an Al anode (Al Kα: hν = 1486 eV) under ultrahigh
vacuum conditions. XPS surveys are conducted before and
after Ar+ sputtering with the intention to remove surface
oxides and contaminants (see Fig. S3 of the supplementary
material [40]). Information regarding impurities in the Sc
ingot, as provided by the commercial vendor, is presented
in Fig. S4 of the supplementary material [40]. Raman
spectra of all the layers are recorded at room temperature
using a Horiba LabRAM HR EvolutionTM Raman micro-
scope using a 473-nm diode-pumped solid-state laser for
excitation (see Fig. S5 of the supplementary material [40]).

To investigate the electrical properties of the ScN lay-
ers, we carry out Hall-effect measurements in the van
der Pauw configuration at 4–360 K. A magnetic field of
0.7 T is applied for these measurements. For comparison,
temperature-dependent Hall-effect measurements are also
performed on a ScN/Al2O3(0001) reference layer [13]. The
room-temperature carrier density (nH) and mobility (μH)
of the ScN/GaN layers are summarized in Table I, along
with the values for the conduction band (CB) after account-
ing for parallel impurity-band (IB) conduction. Despite
the nominally identical growth conditions, the values are
seen to scatter significantly, with some samples displaying
higher mobility despite a higher carrier density, indicating
a varying degree of compensation. We believe that these
variations are the result of an inhomogeneous distribution
of trace impurities in the Sc ingot due to its granular and
porous nature. Note that the undoped 100-nm-thick GaN
buffer layer grown on the semi-insulating GaN:Fe template
is fully depleted and thus too resistive to be measured in
our Hall setup. The electrical depletion is consistent with
the background carrier density of 1 × 1016 cm−3 measured
for thick GaN layers grown in the same MBE system.
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TABLE I. Overview of the electrical properties of our ScN/GaN layers with thickness dScN, showing the total [nH (μH)] and
conduction-band [nCB (μCB)] electron densities (mobilities) at room temperature.

dScN (nm) 10 15 20 40
nH (cm−3) 3.1 × 1019 1.6 × 1019 2.7 × 1019 0.7 × 1019

nCB (cm−3) 1.8 × 1019 7.4 × 1018 1.2 × 1019 3.4 × 1018

μH (cm2 V−1 s−1) 158 48 88 127
μCB (cm2 V−1 s−1) 204 71 130 176

III. RESULTS AND DISCUSSION

A. Two-band conduction

Figure 1 shows the temperature dependence of nH and
μH for two ScN(111) layers on Fe-doped GaN(0001)
with different thicknesses. Compared with the ScN(111)
reference layer on Al2O3(0001) (see Fig. S6 of the sup-
plementary material [40]), the values of nH and μH are
more than 1 order of magnitude lower and almost 2 orders
of magnitude higher, respectively. Furthermore, both nH
and μH exhibit a characteristic dependence on tempera-
ture, in contrast to the temperature-independent behavior
observed for the degenerate reference layer. Note that all
samples are unambiguously n-type at any temperature. We
do not see any evidence for a two-dimensional hole gas
at the ScN(111)/GaN(0001) interface as recently predicted
on theoretical grounds [19].

The comparatively low electron densities suggest a sig-
nificantly lower concentration of O in the layers on GaN
as compared with those on Al2O3. This finding confirms
our previous conclusion that the abundance of O in ScN
layers on Al2O3 is partly due to out-diffusion from the sub-
strate [13]; however, the corresponding reduction in the
density of ionized impurities cannot account for the dras-
tically enhanced mobility. Since ScN(111) layers on both
GaN(0001) and Al2O3(0001) exhibit a high density of twin
boundaries, the factor limiting the mobility for the latter
substrate is most likely the very high density of misfit
dislocations resulting from the lattice mismatch (≈ 16%)
for ScN/Al2O3. These misfit dislocations are absent for
ScN/GaN due to the virtual lattice match (≈ 0.1%).

Both nH and μH display the textbook-like behavior
of a nondegenerate semiconductor at high temperatures.
Specifically, nH increases with increasing temperature
because of the thermal activation of electrons from shal-
low donors to the CB [41], and μH increases and then
decreases with increasing temperature due to the combined
effects of ionized-impurity and phonon scattering [42]. Our
data, however, deviate from this behavior at lower temper-
atures. In particular, nH reaches a minimum at a certain
temperature TIB and then increases again, until it saturates
at temperatures <30 K. Simultaneously, μH saturates at
the same temperature. This behavior has been observed
in many semiconductors and is indicative of a gradual
change from transport in an IB and in the CB at low and
high temperatures, respectively [43–54]. Depending on the

impurity concentration, the transport in the IB can pro-
ceed via hopping with a finite activation energy or exhibit
a metallic character.

In the presence of two-band conduction, the total con-
ductivity (σH) can be expressed as the sum of the conduc-
tivities in the impurity (σIB) and conduction bands (σCB),
which are commonly assumed to be thermally activated
[55]:

σH = σCB + σIB

= a1e− Ea1
kBT + a2e− Ea2

kBT , (1)

where a1 and a2 are pre-exponential factors, kB is the
Boltzmann constant and Ea1 and Ea2 are activation ener-
gies.

Figure 2 shows exemplary conductivity data and a fit
with Eq. (1) for the 15-nm-thick ScN layer. The first term
(Ea1 = 18 meV) represents the activation of electrons from
the IB to the CB, and this should be close to the actual ion-
ization energy of the dominant donor (i.e., O); in contrast,
the second term represents the activation within the IB. In
the present case, the fit returns Ea2 = 16 µeV, close to zero
and hence indicating metallic-impurity conduction.

Figure 3 shows the Hall data for the 40-nm-thick ScN
film. To decompose these data into the contributions of the
IB and the CB, we use the standard two-band conduction
model established by Hung [44]:

FIG. 1. Temperature dependence of nH and μH for ScN layers
with dScN = 10 nm (�, ◦) and dScN = 40 nm (�, •).
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FIG. 2. Double-logarithmic Arrhenius representation of the
temperature dependence of σH for the 15-nm-thick ScN layer
(symbols) and a fit using Eq. (1) (lines).

nH = (nCBμCB + nIBμIB)2

nCBμ2
CB + nIBμ2

IB
, (2a)

μH = nCBμ2
CB + nIBμ2

IB

nCBμCB + nIBμIB
, (2b)

where nCB, μCB, nIB, and μIB are the carrier densities and
mobilities in the CB and IB, respectively.

Equations (2a) and (2b) contain four unknowns and can-
not be solved without additional relations or assumptions.
In contrast to two-layer conduction [56,57], for which con-
duction occurs in parallel but independent channels, the
number of carriers in two-band conduction is conserved,

n = nCB + nIB = Nd − Na, (3)

eliminating one variable and replacing it with the
temperature-independent concentrations of donors (Nd)
and acceptors (Na). In addition, because of the metallic
conduction in the IB, we may assume that μIB is con-

stant and equal to μH at 4 K. The remaining two unknown
variables are nCB and μCB. Note that this analysis is
based on the presumption of a single shallow donor and
a single deep acceptor in ScN. In the case of multiple
donor and acceptor species originating, for example, from
trace impurities from the Sc source (see Figs. S3–S4 of
the supplementary material [40]), obtaining a quantitative
understanding of the resulting transport is challenging.

B. Electron density in the conduction band

Values of nCB and μCB extracted with this procedure
are displayed along with the experimental values in Fig. 3
for the case of the 40-nm-thick layer. Analogous values
extracted for the other layers are shown in Fig. S7 of the
supplementary material [40]. To distinguish between non-
degenerate and degenerate layers, this figure also shows
the effective conduction-band density of states (Nc), which
is given by

Nc = 1√
2

(
m∗kBT
π�2

)3/2

, (4)

where m∗ = 0.4m0 is the density-of-states electron mass
of ScN [3,37], and � is the reduced Planck constant. The
data displayed in Fig. S7 of the supplementary material
[40] show that only the 40-nm-thick layer remains non-
degenerate across the whole temperature range, although it
approaches degeneracy at temperatures of about 100 K. In
contrast, all the other layers are degenerate at all tempera-
tures.

Since even the 40-nm-thick layer is close to degeneracy,
we use an expression explicitly derived for weakly degen-
erate semiconductors by Blakemore [51]. This expression
is valid for a Fermi level (EF ) not higher than 1.3kBT
above the CB edge (cf. Fig. S8 of the supplementary
material [40]):

nCB

= 2Nc(Nd − Na)[
Nc + C(Nd − Na) + β−1NaeEd/kBT

] +
√[

Nc − C(Nd − Na) + β−1NaeEd/kBT
]2 + 4β−1(Nd − Na)(Nc + CNa)eEd/kBT

.

(5)

Here, C = 0.27 is a numerical constant that is used to
analytically fit the Fermi-Dirac integrals [58], β = 0.5 is
the degeneracy factor [51], and Ed is the donor ionization
energy.

Figure 4 shows the nCB values for the 40-nm-thick layer
superimposed with a fit to the data using Eqs. (4) and (5)
to extract Nd, Na, and Ed. The best fit is obtained with

Nd = 1 × 1019 cm−3, Na = 0, and Ed = 12 meV. Fits
with finite values for Na result in negative values
for Ed and a larger deviation of the fit from the
data.

Despite the fact that the fit is unique and in very sat-
isfactory agreement with the data, the quantitative results
are probably inaccurate for two reasons. First, the total
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(a)

(b)

FIG. 3. Double-logarithmic Arrhenius representation of (a) nH
and (b) μH for the 40-nm-thick ScN layer. The values of nCB, IB
in (a) and μCB, IB in (b) were calculated using Eq. (2).

electron density n = nH(4 K) = 1.7 × 1019 cm−3 > Nd −
Na = 1 × 1019 cm−3, in contradiction of Eq. (3). Second,
in view of the limited purity of the Sc source (see
Figs. S3–S4 of the supplementary material [40]), we find
the complete absence of compensation highly unlikely.
Indeed, the 10-nm-thick layer exhibits a higher mobility
for simultaneously higher electron density (cf. Table I and
Fig. 1), which can only be explained by a considerable
degree of compensation for the 40-nm-thick layer. A possi-
ble explanation for these discrepancies is the existence of a
second, partially filled band formed by deep donors, which
is not interacting with the CB but compensating accep-
tor states. We did not attempt to quantitatively analyze
the data with such a three-band model because this would
add further unknowns to which we have no experimental
access.

The limited thicknesses of the ScN layers under investi-
gation impede secondary-ion mass spectrometry for detect-
ing the most abundant impurities; however, XPS mea-
surements performed on cleaned surfaces indicate that O
and C are present in the layers [see Fig. S3(b) of the
supplementary material [40]]. While O is well known
to preferentially incorporate on N sites and to act as a
shallow donor in ScN [3,7,13,37,59], the behavior of C
in ScN is less well understood. For GaN [60], density

FIG. 4. Fit of nCB for the 40-nm-thick ScN layer using Eqs.
(4) and (5). Here, Nc is the effective conduction-band density of
states of ScN.

functional theory calculations show that C is ampho-
teric, with the substitution of C atoms on Ga sites (CGa)
resulting in a shallow donor, while CN forms deep accep-
tor states. For ScN, CN has also been found be a deep
acceptor, but the case of CSc has not been investigated
[59]. Extrapolating from GaN, it is likely that C is also
amphoteric in ScN. Since the Fermi level is close to the
CB, the formation energy of CN is likely to be lower
than that of CSc. In terms of native point defects, N
and Sc vacancies have the lowest formation energies
[61]. The former is a singly charged donor (V+

N) and
has been reported to contribute to a high nH value in
ScN grown by PAMBE under Sc-rich conditions [7].
The layers investigated in this study were grown under
N*-rich conditions, and the influence of V+

N is thus likely
to be negligible. The latter is a triply charged acceptor
(V3−

Sc ) and would thus be a highly efficient center compen-
sating shallow donors; however, for non-degenerate ScN,
the formation energy of these defects is still very high [61],
making it unlikely that they are present in sufficiently high
concentrations.

Considering the numerous metal impurities present in
the Sc source used to grow the ScN layers in the present
work (cf. Fig. S4 of the supplementary material [40]), only
a few are present with a concentration that can affect the
electrical properties of the layers. With a concentration
close to 1 × 1019 cm−3, Fe is the foremost of these can-
didates. While Fe is known as a deep acceptor in GaN
[62], its behavior in ScN is unknown. Si is dominantly a
shallow donor in GaN, but it may be amphoteric in ScN.
Finally, Mg has been found to act as a shallow acceptor in
ScN [59].
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C. Electron mobility and scattering mechanisms

The scattering processes limiting the electron or hole
mobilities of many semiconductors have been investi-
gated in great detail. For materials as diverse as Ge [63],
GaAs [64], GaN [65], and β-Ga2O3 [66], ionized-impurity,
acoustic phonon, and optical phonon scattering are found
to determine the mobility at low, medium, and high tem-
peratures, respectively. For heteroepitaxial materials such
as GaN, dislocation scattering may also play a role [67];
however, for ScN, such an understanding has not been
reached because most layers are highly degenerate and
thus do not exhibit a clear dependence of mobility on
temperature. In the few cases in which a quantitative anal-
ysis has been possible, the high-temperature slope has
been found to follow a power law with an exponent close
to that expected for acoustic phonon scattering [6,37].
Conversely, optical phonon scattering is predicted on the-
oretical grounds to actually dominate scattering at high
temperatures [5].

To investigate this question in more detail, we first con-
sider a phenomenological expression combining acoustic
phonon and ionized-impurity scattering [68]:

μCB =
[(

aT−α
)−1 + (bTγ )

−1
]−1

, (6)

where the exponents α and γ represent the respective tem-
peratures and a and b are constants. For nondegenerate
semiconductors, α = 1.5 and γ = 1.5 are both theoreti-
cally expected and experimentally observed [63–66].

Figure 5(a) shows fits of μCB for the 10- and 40-nm-
thick layers obtained using Eq. (6). Evidently, excellent
fits are obtained for both samples, returning values of α =
1.9 ± 0.2 and γ = 0.55 ± 0.2. The former of these values
is close to the value of 1.85 reported by Dismukes et al. [6];
the latter is smaller than that expected for ionized-impurity
scattering in a nondegenerate material, since the layers
are either close to degeneracy at lower temperatures or
weakly degenerate, for which the temperature dependence
of ionized-impurity scattering flattens [69].

Second, we examine the same data using an expression
in which the term representing acoustic phonon scatter-
ing is replaced by the characteristic temperature depen-
dence for optical phonon scattering in weakly degenerate
semiconductors [68]:

μCB =
[

1
c

(
eEph/kBT + 1

)−1 + (dTγ )
−1

]−1

, (7)

where Eph is the effective phonon energy and c and d
are constants. Fits using Eq. (7) are shown in Fig. 5(b),
and these are seen to be only marginally different from
those displayed in Fig. 5(a). In fact, the goodness of fit
as expressed by the adjusted coefficient of determination
(adjusted R2) is essentially identical. The effective phonon

(a)

(b)

FIG. 5. Fits of μCB for the 10- and 40-nm-thick ScN layers
using (a) Eq. (6) and (b) Eq. (7).

energy Eph = (61 ± 5) meV returned from the fits falls
within the range of phonon energies typically observed
for longitudinal optical (≈ 84 meV) and transverse optical
(≈ 45 meV) phonon modes in ScN (see the Raman data
of the ScN/GaN layers in Fig. S5 of the supplementary
material [40]).

The reason for the inability to clearly distinguish
between a power-law and an exponential temperature
dependence is the comparatively low contrast between
the peak mobility at 140–160 K and the mobility at 360
K, which in turn is a direct consequence of the dom-
inant ionized-impurity scattering. Note that our layers
exhibit rather low electron densities and high mobili-
ties compared with most other reports, except for that of
Oshima et al. [10].

IV. SUMMARY AND CONCLUSIONS

We have presented an in-depth analysis of the electrical
properties of ScN(111) layers grown on nearly lattice-
matched Fe-doped GaN(0001) templates by plasma-
assisted molecular beam epitaxy. Temperature-dependent
Hall measurements of these layers, conducted at 4–360 K
in the van der Pauw configuration, have revealed the
presence of parallel conduction arising from electrons
residing in an impurity and the CB. By employing a two-
band conduction model and assuming a single shallow

014067-6



ELECTRICAL PROPERTIES OF ScN(111) LAYERS. . . PHYS. REV. APPLIED 22, 014067 (2024)

donor in ScN, the electron densities and mobilities of
these bands have been extracted. The 40-nm-thick ScN
layer remains nondegenerate across the entire tempera-
ture range, allowing us to deduce an ionization energy of
12 meV for the shallow donor. A quantitative analysis of
the temperature-dependent mobility reveals that scatter-
ing by ionized impurities prevails for temperatures up to
140–180 K, while phonon scattering takes over at higher
temperatures. Fits assuming acoustic or optical phonon
scattering are essentially indistinguishable; the latter are,
however, theoretically predicted to dominate. In fact, the
effective phonon energy of (61 ± 5) meV returned from
the fit assuming optical phonons is just in between the
longitudinal optical (≈ 84 meV) and transverse optical
(≈ 45 meV) phonon energies in ScN, lending credit to
the interpretation supported by theory. Finally, it is worth
noting that we did not observe any evidence for a two-
dimensional hole gas at the ScN(111)/GaN(0001) interface
as recently predicted by modern polarization theory [19].
For incoherent interfaces, misfit dislocations form charged
line defects that may lead to electrical compensation and
scattering, but the interface between ScN and GaN is
coherent. We speculate that a high density of positively
charged point defects such as N vacancies form at the inter-
face analogously to the case of O vacancies in perovskite
heterostructures [70].
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