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limited by electron—phonon, defect, grain-boundary, and dis- prenen = b/oi:dary ¢ :—“{;p uﬂ;y—:

location scatterings. Scandium nitride (ScN), an emerging rocksalt . fricea "k " q%:lﬁ

indirect bandgap semiconductor, exhibits varying electron & 10° B Ay h" +;L+b

mobilities depending on growth conditions. Since achieving high NE & - @ Experimental Dafa
mobility is crucial for ScN’s device applications, a microscopic £ 4q3l —0= Ph
understanding of different scattering mechanisms is extremely = :g::gsﬂmp
important. Utilizing the ab initio Boltzmann transport formalism = o—0= =@= Ph + Gb + Imp + Dis
and experimental measurements, here we show the hierarchy of 10%F —a
various scattering processes in restricting the electron mobility of W

ScN. Calculations unveil that though Frohlich interactions set an 150 300 250
. L. s s 2

intrinsic upper bound for ScN’s electron mobility of ~524 cm”/V's Temperature (K)

at room temperature, ionized-impurity and grain-boundary

scatterings significantly reduce mobility. The experimental temperature dependence of mobilities is captured well considering
both nitrogen-vacancy and oxygen-substitutional impurities with appropriate ratios, and room-temperature doping dependency
agrees well with the empirical Caughey—Thomas model. Furthermore, we suggest modulation doping and polar-discontinuity
doping to reduce ionized-impurity scattering in achieving a high-mobility ScN for device applications.
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lectron mobility in semiconductors is typically limited by

several scattering processes, such as electron—ghonon,
ionized-impurity, grain-boundary, and dislocation."”” While
some of these scattering events are intrinsic to the materials,
others depend on the geometry, structure, presence of defects,
dopants, and other extrinsic conditions. However, irrespective
of their origin, these scattering processes reduce electron
mobility and degrade electronic, optical, and optoelectronic
device performance.’ In the case of nitride semiconductors, the
carrier scattering and associated mobility reduction are of
particular concern since the deposition of epitaxial and
stoichiometric thin films is challenging,4_6 and many III-
nitride semiconductors exhibit polar bonds leading to electron
longitudinal oéptical (LO) phonon scattering or Frohlich
interactions.”” Therefore, a microscopic understanding of
the intricate details and hierarchy of possible scattering
processes is extremely important in the design of high-mobility
nitride semiconductors and tuning their electronic transport
for device applications.

Scandium nitride (ScN), a promising rocksalt group III(B)-
nitride semiconductor, suffers from low electron mobilities
compared to its III(A)-nitride counterparts.'”'' Moreover,
mobility in ScN strongly depends on the growth method and
deposition conditions, with values ranging from less than 10
cm?/V-s to 284 cm?/V-s at room temperature.lz’13 ScN is a

© 2024 American Chemical Society

7 ACS Publications

corrosion-resistant, mechanically hard, refractory transition
metal pnictide and has attracted much interest for thermo-
electricity, as a semiconducting component for epitaxial metal/
semiconductor superlattices, and as seed layers for defect-free
GaN growth.'"”'* In recent years, SN thin films have also
exhibited low loss and high figure-of-merit infrared plasmon
and phonon polaritons and optoelectronic artificial synaptic
functionalities that mimic memory and learning abilities.' "¢
ScN exhibits an indirect I'=X bandgap of 0.9 eV, a direct
bandgap of ~2.2 eV, and a degenerate semiconducting nature
with electron concentration in the 10*°~10*" ¢cm™ range.'""”
Furthermore, due to its polar nature, the vibrational spectrum
of ScN exhibits a large LO transverse optical (TO) phonon
mode splitting and the LO phonon mode exhibits the highest
energy of ~85 meV at the I-point."*'” Mg hole doping has
been used successfully to obtain p-type ScN thin films™*" with
a maximum hole concentration of 2.2 X 10*° cm™. Mg-hole-
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Figure 1. Effect of several scattering mechanisms in limiting electron mobility of ScN. (a) Schematic of electron—phonon, grain-boundary, ionized-
impurity, and dislocation scattering in limiting the electron mobility of semiconductors. (b) Experimental Hall mobility (4.) of electrons in ScN
thin films in the existing literature' >'>'>!%232>2737749 (green data points) and experiments from this work (magenta data points), along with the
calculated aiBTE phonon-limited room-temperature mobility with and without considering screening of electron—phonon matrix elements as
represented by red and blue dots, respectively, as a function of carrier concentrations (1n). Mobility remains unchanged for lower electron
concentrations as we are in the intrinsic regime with similar electron—phonon scattering rates (Figure $S20). In the highly degenerate doping limit,
LO phonon frequency decreases due to free carrier screening, which results in increasing mobility, as shown by the purple data points, considering
the highly degenerate electron—phonon matrix elements. Calculations are performed on some individual n values of 10'¢, 10V, 108, 3.7 x 10",
10", 2.07 X 10", 8.65 X 10", 1.77 x 10%, 3 X 10%, § X 10%, 7.7 X 10%, 7.8 x 10%, 10*, and 1.5 X 10*' cm™>, respectively. (c) Fitting of
experimental room-temperature electron mobility in ScN by the empirical Caughey—Thomas model with calculated electron mobility from aiBTE
including Frohlich interaction and ionized-impurity scattering for two different impurity charge states. Mobility calculations including ionized-
impurity scattering are done on n values of 3.7 X 10%, 10", 2.07 x 10", 8.65 x 10", 1.77 x 10%°, 3 x 10%°, 5 X 10%, 7.7 x 10%°, 10*}, and 1.4 X
10*' cm™, respectively. (d) Contribution of different scattering mechanisms to the temperature-dependent electron mobility in n-type ScN with a

carrier concentration of 3.3 X 10 cm™>. The calculations are carried out in a temperature range of 100 to 500 K with an interval of 50 K.

doped ScN thin films are also shown to exhibit an intriguing
quasi-classical Anderson transition, associated with a 9 order of
magnitude increase in their resistivity.”

Traditionally, magnetron sputtering and molecular beam
epitaxy (MBE)-deposited ScN thin films on (001) MgO
substrates exhibit maximum room-temperature electron
mobility of ~90—130 cm?/V-s.>> However, such higher
mobility is achieved only in films deposited at high growth
temperatures of more than 800 °C and high growth rates
(metal-rich growth condition).”> A decrease in the growth
temperature, nitrogen-rich growth conditions, and changes in
the substrate orientation or type usually lead to reduced
electron mobility as low as 2—5 cm?/V's at room temper-
»** Previous microscopic analysis has revealed that ScN
thin films deposited with reduced substrate temperature lack
sufficient adatom mobilities due to the Ehrlich—Schwoebel
barrier that results in V-shaped columnar grain growth with
structural voids.”® These columnar grain boundaries and voids
act as electron scattering centers, impacting electronic
transport. Further, due to a considerable lattice mismatch
with (001) MgO and (0001) Al,O; substrates, practically all
ScN thin films contain misfit and threading dislocations that
provide an unavoidable pathway for electron scattering,'"*°
Nevertheless, with a large growth rate of a few micrometers per
hour, hybrid vapor-phase epitaxy (HVPE) deposited micro-
meter-thick ScN films exhibit the highest room-temperature
electron mobility of 284 cm?/V-s, ' suggesting the possibility
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of improving the mobility in nanometer-thick films for device
applications.

Along with such structural and geometric defects, ionized
impurities such as substitutional oxygen, halogen atoms, and
nitrogen vacancies are also expected to influence the electronic
transport in ScN significantly. Sputtering or MBE-deposited
ScN thin films usually contain a significant ~1.6 + 1 atomic %
of oxygen (Oy) during the growth process, primarily from
source contaminations, which leads to its degenerate electronic
nature.”” Theoretical calculations have also shown that the
formation of nitrogen vacancies (Vy) is energetically favorable
in metal-rich growth conditions, and Vy should act as donors
increasing ScN’s carrier concentrations.””*” ScN films
obtained with HVPE and other types of chemical synthesis
methods that utilize halogen-containing reagents have also
shown Cl and F impurities acting as donors that scatter
electrons, reducing ScN’s mobility.' "

While the Frohlich interaction presents an intrinsic electron
scattering process in ScN that is difficult to overcome, ionized-
impurity, grain-boundary, and dislocation scatterings represent
extrinsic factors that could be controlled to a larger extent.
However, a detailed microscopic understanding of these
scattering processes and their relative contributions to the
overall mobility reduction are not analyzed with detailed
experimental studies or through comprehensive theoretical
calculations. Though the electronic structure of ScN has been
analyzed over the last two decades with ab initio methods such
as density functional theory with advanced exchange-
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correlation functionals, electron scattering processes,

especially ionized-impurity, grain-boundary, and dislocation,
are barely investigated. A few recent theoretical calculations
have determined the defect formation energy and defect
energy states inside ScN’s electronic structure; however, no
other studies exist except for a single report on the electron—
phonon coupling and phonon-limited mobility calculation.”" In
this work, utilizing the ab initio Boltzmann transport equation
(aiBTE), the hierarchy of various scattering processes such as
electron—phonon, ionized-impurity, grain-boundary, and dis-
location scatterings that limit the electron mobility of ScN are
determined. Further, we suggest experimental pathways such as
modulation doping and polar-discontinuity doping and
suitable choices for substrate and growth conditions that are
expected to reduce the ionized-impurity, grain-boundary, and
dislocation scatterings.

The electron mobility in ScN is modeled hierarchically
including major scatterings such as electron—phonon, ionized-
impurity, grain-boundary, and dislocation, as shown in Figure
la. Here, only phonon (considering all phonon modes) and
phonon with ionized-impurity scattering limited mobilities are
calculated from aiBTE at room temperature.””*’ In a
hierarchical order, the temperature-dependence of mobility
incorporating other scatterings such as grain-boundary and
line-charged dislocations are computed using Matthiessen’s
rule, followed by semiempirical models.**™*® Details on the
methodology, convergence analysis, and further discussions are
presented in the Supporting Information (SI) Section 1.

Calculations show (see Figure 2a) that the Frohlich
interaction dominates the phonon-limited intrinsic room-
temperature electronic drift and Hall mobility in ScN with
values of 549 and 524 cm?/V's, respectively, for a carrier
concentration of 10'® cm™. As the Fermi level (E;) shifts
toward the conduction band with the increase in electron
concentration, the phonon-limited mobility decreases due to
increased scattering phase space near Ey, as shown in Figure 1b
(blue dots). However, with the increase in free charge carriers,
the Frohlich interaction is screened, increasing mobility at high
carrier concentrations (see red dots in Figure 1b). To account
for such screening processes, Lindhard dielectric function
under the random phase approximation (RPA) or Thomas—
Fermi (TF) screening, a static limit of the Lindhard function
with a small wavevector (q) is utilized.*>*' In both these
methods, the electron—phonon matrix element is screened by
the RPA or TF dielectric constant, such as g, (k, q)/&(q).*
Depending on the characteristic plasma frequency of electrons
(a)P) and LO phonon energy (@), TF screening is found
effective in the degenerate regime (n > 8 X 10" cm™), while
Lindhard screening works best in the nondegenerate limit (n<
2 X 10" cm™) (see SI Section 2).

However, in the highly degenerate regime, characterized by
n>7.8x10% cm_3, the free electrons inside the conduction
band (CB) screen the long-range macroscopic electric field
from LO phonon vibrations, increasing the electron mobility
further. In this regime, free carrier screening also affects the LO
phonon energy and collapses the LO—TO splitting. The LO
phonon frequency in ScN quenches with increasing carrier
concentration with an effective decrease from 677 to 440 + 30
cm™! at higher carrier concentration®® ~1.28 X 10* cm™,
which further leads to a significant enhancement of room-
temperature electron mobility in the highly degenerate regime,
shown in Figure 1b (purple dots). Therefore, phonon-limited
intrinsic electron mobility in the ScN ranges from 524 to 177
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Figure 2. Phonon and ionized-impurity limited scattering rates of
electrons in n-type ScN. (a) Spectral decomposition of the scattering
rates of electrons as a function of phonon energy, calculated at the
most representative 3/2kyT away from the conduction band (CB)
edge. The red dashed line corresponds to the right-hand vertical axis,
representing the cumulative integral of dr™'/dw adding up to the
carrier scattering rate 7 '. (b) Phonon mode-resolved electron
scattering rates as a function of carrier energy with respect to the
CB edge. The characteristic frequencies are marked as ;o and wrq,
corresponding to LO and TO modes at the I'-point. (c and d) Carrier
scattering rates, including both phonon and ionized-impurity
scatterings, are represented for carrier concentrations of 3.7 X 108
cm™ with the impurity charge state “—1” and 3.3 X 10%° cm™ with
the impurity charge state “—2”, respectively.

cm?®/V-s at room temperature with the increase in electron
concentration from 10'® to 10*! cm™.

Experiments show a wide range of room-temperature
electron mobility of ScN both in the single crystal and
polycrystalline films as a function of electron concentrations
(see green dots from literature reports and magenta dots from
this work in Figure 1c). The room-temperature experimental
mobility with carrier concentration is fitted with the empirical
Caughey—Thomas model:*’

'umax_ﬂmjn
p=—-—4t+4Hu

" a min
1+ (1)
Mref

The fitting yields a y,,, = 284 cm?/V-s and g, = 6 cm?/V-s
with a and n,,¢ of 1.09 and 9.86 X 10" cm™, respectively. The
orange-shaded region around the fitted line in Figure Ic
includes the error bar of & and n, in fitting. In addition, as
ScN thin films show significantly lower experimental mobility
than the limit set by the phonon (see Figure 1b), additional
scattering, such as ionized-impurity with different charge states,
is incorporated in the modeling. Results show that native
defects such as Vy and foreign impurities such as Cly and Fy
having a charge state of “—1” while Oy donors exhibit a charge
state of “—2” drastically reduce mobility from the intrinsic
phonon-limited values. Moreover, with the inclusion of
ionized-impurity scattering, calculated mobilities become
close to the experimental results.
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Figure 3. Hierarchy of different scattering processes in limiting the electron mobility of the ScN film with an electron concentration of 3 X 10%°
em™2, (a) Effects of the variation of oxygen-impurity (Oy) and nitrogen-vacancy (Vy) point defects on the electron mobility of ScN at room
temperature with constant phonon and grain-boundary scattering throughout the varied impurity concentrations. (b) Effect of ionized-impurity
scattering on temperature-dependent electron mobility on top of phonon contribution with varied impurity charge states and concentrations. (c)
Temperature-dependent electron mobility of the film, including phonon, mixed ionized-impurity of two different types (Oy and Vy) and
concentrations, and grain-boundary scattering along with the reported experimental data. (d) Zoomed-in version of the previous temperature-
dependent plot in a smaller mobility range. The calculated temperature-dependent mobility, including dominant contributions, shows an excellent
agreement with the experimentally reported values.*® The calculations are carried out in a temperature range of 100 to 500 K with an interval of 50

K.

Calculated room-temperature electron mobility considering
ionized-impurity scattering with charge state “—1” over the
electron—phonon scattering is 337 cm?/V-s for the carrier
concentration ~3.7 X 10'® c¢m™, which is close to the
experimental report of 284 cm?®/V-s for the HVPE deposited
ScN. When only the “—2” charge state is considered, mobility
decreases lower than the experimental value, highlighting that
halide contaminations are the major impurity scattering in
lowering phonon-limited mobility for those HVPE films.
Similarly, in the high carrier concentration range (10*°—10*
cm™), the electron mobility of MBE and sputter-deposited
ScN films agree well with substitutional oxygen with a “—2”
charge state as the major ionized-impurity scattering center.
Therefore, the region encompassed by red and blue boundaries
in Figure lc shows the regime where along with Frohlich
dominated interactions, ionized-impurity scattering from
mixed charge states is present.

Although most ScN films exhibit electron mobility that is
close to the limit set by the “—2” impurity charge state (blue
curve in Figure 1c), some show lower values, highlighting the
presence of other scattering mechanisms, such as grain-
boundary and dislocation scatterings. The inclusion of grain-
boundary and dislocation scatterings in the overall mobility
expression fits the experimental temperature-dependent
electron mobility'® for carrier concentration ~3.3 X 10%
cm™ quite well, as shown in Figure 1d. The low-temperature
plateau in the experimental mobility appears mainly due to the
increased grain-boundary scattering as the electronic mean free
path at low-temperature is larger than the grain size. Therefore,

11532

these calculations establish a clear hierarchy of different
scattering mechanisms that reduce the electron mobility of
ScN films.

Spectrally decomposed phonon-limited scattering rates of
electrons at 3/2kgT away from CB show a sharp peak at 75
meV (@), suggesting strong Frohlich interactions and a
small contribution of ~8% from acoustic phonons (see Figure
2a), which is further validated with the mode-resolved
scatterings. Optical phonon scatterings in ScN are inelastic
with activation thresholds (see Figure 2b). Above the
threshold, both emission and absorption of optical phonons
increase, which leads to an enhanced electron—phonon
scattering. Incorporating ionized-impurity scattering further
increases the scattering rates (see Figures 2¢ and 2d) with a dip
near Eg in the degenerate carrier limit (~3.3 X 10*° cm™) for
LO phonon scattering.’* The room-temperature relaxation
time of electrons around Ep, including both the scatterings,
yields 7.6 fs in close agreement with the experimentally
reported value of 9 fs."> Further, the effect of scatterings from
different impurity charge states on electron mobility having
similar carrier concentrations are compared (see SI Section 6).

Depending on growth conditions, MBE and sputter-
deposited ScN films with similar carrier concentrations can
show significantly different electron mobilities. For example,
films having a carrier concentration of ~3.0 X 10* cm™
exhibit a high electron mobility of 101 cm?/V-s when
deposited with metal-rich growth conditions,® while films
exhibiting electron concentrations of ~3.3 X 10*° cm™
deposited with lesser metal flux exhibit lower mobility of 43
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Figure 4. Dependence of the grain-boundary and dislocation scattering parameters to the temperature dependence of the ScN’s electron mobility
with an experimental'® carrier concentration of 3.3 X 10* cm ™, (a) Temperature-dependent ab initio transport mean free path (1) of the electron
in n-type ScN. The inset shows the scanning electron microscopy histogram of the grain size distribution of the ScN film with an average grain size
of 73 nm. (b) The effect of grain size variation on the grain-boundary scattering while considering other scattering parameters to be fixed. (c)
Room-temperature electron mobility of ScN as a function of varying both the grain size (g in nm) and coefficient of reflection (R) from grains. (d)
The effect of dislocation density variation on the electron mobility of ScN while keeping other scattering parameters constant. The unit of
dislocation density is in cm™ The calculations are carried out in a temperature range of 100 to 500 K with an interval of 50 K.

cm?/V:s."> Usually, metal-rich growth conditions lead to faster
growth rates,” reducing the relative concentration of Oy in the
films.*® These results indicate the presence of both Oy and Vy
simultaneously in the films. To understand this behavior,
changes in the electron mobility of ScN with increasing
(decreasing) Oy (Vy) concentrations in the full ionization
limit are calculated. The result shows (see Figures 3a and 3b)
the relative dominance of Oy over Vy in reducing mobility.
The Oy and Vy concentrations are not known for the
experimental room-temperature Hall mobility of ~101 cm?/V-
s. Based on our simulation results in Figure 3a, the data
suggests the presence of 1.1 X 10*° cm™ Vy and 0.8 X 10%°
cm™3 Oy concentrations in the film.

This is further manifested with the temperature-dependent
mobility calculations, where the experimental results can only
be captured with a combination of both types of defects
(shown in Figure 3b). Further, Figure 3b shows that although
temperature-dependent mobility above room-temperature can
be well explained by including phonon and ionized-impurity
scatterings, calculations significantly overestimate experimental
mobility at lower temperatures. It suggests the presence of
additional scattering channels, such as grain-boundary, in
reducing mobility. Keeping the ionized-impurity concentration
(as marked in Figure 3a) constant, grain-boundary scattering
with an effective grain size of 120 nm (see Figure S11) and
reflection coefficient of 0.5 captures the experimental temper-
ature-dependent mobility well (see Figure 3c). The little
deviation in the higher temperature range (see Figure 3d) is
due to considering constant impurity concentrations through-
out the simulated temperature range (100—500 K). Therefore,
the above calculations suggest that the overall electron mobility
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in ScN films results from the combination of mixed ionized-
impurity and grain-boundary scatterings.

Further, parameters affecting the grain-boundary and
dislocation scattering limited mobility in ScN are investigated
by using empirical models. Grain-boundary scattering depends
on carrier mean free path (1), grain size (g), and reflection
coefficient (R) from grain boundaries (see SI Section 5).***
Ab initio calculation yields a phonon-limited A of 18 nm at
room temperature in ScN, consistent with the previous
findings of 23 nm in a similar carrier concentration range.”’
Grain boundary scattering in ScN is significant at lower
temperatures due to higher 4 (see Figure 4a) as compared to
an average grain size of ~73 nm obtained from analyzing
scanning electron microscopy images (see the inset of Figure
4a). Keeping all other scattering parameters constant, the
variation in grain size shows that the scattering rate increases as
the grain size reduces. A small grain size of 25 nm captures the
temperature-dependent electron mobility well, while a slight
deviation is observed at low temperatures (Figure 4b).
However, variations of both R and g (shown in Figure 4c)
show that room-temperature mobility changes from 26 cm?/V-
s with ¢ = 25 nm and R = 0.8 to 54 cm?/V's with g = 205 nm
and R = 0.2. Depending on growth conditions, dislocations can
further lower the mobility of ScN films. High-angle annular
dark-field scanning transmission electron microscopy imaging
(HAADF-STEM) reveals the presence of threading disloca-
tions in ScN films, which can be considered as line-charged
scattering centers (see SI Section 4). Calculation shows that
experimental temperature dependence of mobility is captured
well for a dislocation density (Ny) of ~4.0 X 10"* cm™ and a
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Figure §. Effect of surface scattering on ScN’s electron mobility with reducing film thickness. (a) Thickness-dependent experimental®® and
simulated room-temperature electron mobility of ScN films from the Fuchs—Sondheimer (FS) model of surface scattering (SS). (b) Simulated
electron mobility of ScN in the ultrathin region agrees well with the experimental trends.

dislocation core radius (Ry) of ~1 nm, keeping g and R to be
50 nm and 0.5, respectively (shown in Figure 4d).

Finally, the thickness-dependent electronic transport in
ultrathin ScN is determined. Below a critical film thickness
(d < 4), the electrons primarily encounter surface scattering as
described by the Fuchs—Sondheimer (FS) model. This model
quantifies surface scattering by the phenomenological spec-
ularity parameter p with both diffuse (p = 0) and specular (p =
1) limits.” A recent experiment on ultrathin ScN revealed a
nearly diffuse scattering behavior. This diffuse surface
scattering drastically reduces in-plane electron mobility by
randomizing momentum parallel to the surface. As the
thickness decreases, the in-plane mobility of ScN drops from
its bulk limit (g ~ 101 cm?/V-s), evident for films with
thicknesses below A (~18 nm). Under the diffuse surface
scattering limit of the FS model, calculated thickness-
dependent electron mobility using ab initio determined
parameters aligns with the experimental mobilities for ultrathin
films (see Figures Sa and 5b). However, surface scatterings can
be reduced to achieve higher mobility in ultrathin films by
minimizing surface roughness through growth mode adjust-
ments, offering an avenue for future experimental research.

Having determined the dominant scattering mechanisms
that reduce electron mobility, we also suggest experimental
pathways to increase electron mobility in ScN. Improving
crystalline quality by high-temperature growth, reducing
surface roughness, and growth on nearly lattice-matched
substrates such as wurtzite GaN (0001) and rocksalt ternary
nitride MgHfN, (001) will be crucial in reducing the grain
boundary, surface states, and dislocation scatterings.14’25’26’48
Further, reducing the level of Oy using a high-purity Sc target
and metal-rich and high growth rate deposition conditions in
an ultra-high-vacuum growth chamber can significantly
mitigate the dominant jonized-impurity scatterings. Addition-
ally, advanced engineering methods such as modulation doping
and polar-discontinuity doping can be used to decouple the
semiconductor channel conductance from the impurity band
pinned in the barrier material by forming a 2D-electron gas at
the heterostructure interface, such as ScN/GaN (0001), which
will significantly reduce impurity scattering (see SI Section
7). With all such engineering techniques, achieving
higher electron mobility of ScN that is greater than Si in the
degenerate carrier concentration limit (~10* cm™) may be
possible,'> which will significantly advance ScN’s utility in
high-performance electronic and optoelectronic applications.
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In conclusion, utilizing the ab initio Boltzmann transport
equation and empirical models for electron—phonon inter-
action, ionized-impurity, grain-boundary, and dislocation
scatterings, we demonstrate the hierarchy of various scattering
channels in reducing the electron mobility of ScN. Due to its
polar nature, Frohlich interactions present an intrinsic upper
limit to the electron mobility of ScN with values ranging from
524 to 177 cm?/V's in a 10" to 10*' cm™ electron
concentration range. Further reduction of mobility in
experimental films is caused by ionized-impurity scattering
with different charge states, grain boundaries, and dislocation
scatterings. The average room-temperature electron mobility
with doping concentration aligns with the empirical Caughey—
Thomas model. Our comprehensive calculations and analysis
show the detailed scattering mechanisms that shape the
electronic transport properties of ScN. This work will lead to a
better understanding of the scattering parameters to achieve
high-mobility ScN films for applications in electronic, thermo-
electric, and optoelectronic devices with higher efficiency.
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