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ABSTRACT 

Group II–IV-Nitrides has emerged as a novel class of Earth-abundant semiconductors. Owing to their tunable bandgaps these 
materials are attractive candidates for replacing expensive Ga-based alloys in photovoltaics and green-gap optoelectronics. 
In this work, epitaxial growth of MgSnN2 thin films on 4H-SiC (0001) substrates by direct current magnetron sputtering is 
demonstrated. Mg and Sn metal targets were co-sputtered in a nitrogen-containing atmosphere at growth temperatures up 
to 500 ◦C. The film composition is varied from Sn-rich to stoichiometric and Mg-rich regimes. X-ray diffraction and cross- 
sectional transmission electron microscopy confirm the MgSnN2 layers grow epitaxially in a wurtzite crystal structure, exhibiting 
the epitaxial relationships with the substrate: MgSnN2 [0001]//4H-SiC [0001] and MgSnN2 [ 101̄ 0 ]//4H-SiC[ 101̄ 0 ]. Improved 
crystalline quality is observed for higher deposition temperatures and stoichiometric composition, as evidenced by the narrowing 
of rocking curve’s linewidths. Optical characterization reveals a high absorption coefficient ( ∼ 105 cm− 1 ) in the visible spectrum. 
Photoluminescence measurements show emission peaked at ∼ 2.4 eV, highly desirable for optoelectronic devices in the challenging 
green spectral region. These results establish MgSnN2 as an earth-abundant, environmentally-friendly material, structurally 
compatible with III-nitrides, with potential for cost-efficient components in sustainable optoelectronics and photovoltaics. 
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 Introduction 

he importance of photovoltaics and optoelectronics based on
ew earth-abundant materials should be seen in the perspective
f the ever-growing energy demand of mankind and the need
o address it with sustainable material technology. During the
his is an open access article under the terms of the Creative Commons Attribution Licen
riginal work is properly cited. 
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last decades, III-nitrides revolutionized solid-state lighting and
power electronics [ 1–6 ]. Expanding the nitride semiconductor
family by including the II–IV ternary nitrides [ 7–16 ] offers
an exciting opportunity for materials and device design that
may help to overcome some of the limitations of the III-Ns,
to replace the rare and very expensive gallium and indium
se, which permits use, distribution and reproduction in any medium, provided the 
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n novel light-emitting diodes (LEDs) for the visible spectral
ange. 

g(Zn)SnN2 was first theoretically predicted in 2016 [ 17 ] and
eported to be experimentally obtained in 2019, without any
etails for the method and technological parameters employed
 18 ], demonstrating their tunability in the range of 1.45–3.5 eV.
ernary heterovalent II–IV-N2 , especially MgSnN2 , semiconduc-
ors have some advantages over group-III nitride alloys such
s InGaN, which are the primary materials employed today
n optoelectronics and photonics [ 1–6 ]: (i) composed of earth-
bundant elements, i.e., MgSnN2 is an inexpensive material,
ecause Mg and Sn are significantly less expensive than In and
a and they benefit from a mature recycling infrastructure; (ii)
gSnN2 has the potential to avoid phase separation in the whole
lloy composition range [ 15 ], unlike InGaN [ 19 ], and (iii) MgSnN2
nd related II–IV-N2 can be synthesized at significantly lower
eposition temperatures [ 7–16 ], i.e., their fabrication is more cost-
ffective and energy efficient than that of III-Ns. The ternary
gSnN2 is also a nontoxic and stable compound at ambient
onditions and hence offers additional advantages with respect
o other emerging promising materials for optoelectronics and
hotovoltaics such as perovskites, which are either unstable or
ontain Pb. 

urthermore, the variety of wurtzite-type semiconductors with
and gaps of 1.8–2.5 eV is limited, which hinders bridging the
o-called “green gap” [ 20 ] associated with the low efficiency of
nGaN-based light-emitting diodes in the green spectral range.
he disordered wurtzite-type MgSnN2 has been shown to have a
irect band gap of ∼ 2.3 eV and it is a potential candidate for green
mitters in LEDs [ 15 ]. 

ypothetically, the ideal MgSnN2 structure (similar to ZnSn(Si,
e)N2 ) can be derived from a GaN crystal by replacing every two
a atoms with one Mg atom and one Sn atom. Thus, MgSnN2
nd related II–IV − N2 compounds have an additional degree
f freedom in comparison to III-Nitrides accessible through
he symmetry of the cation sublattice. The state of existing of
wo different valence cations (Mg2 + and Sn4 + ) offers a unique
ossibility to tune the material electronic, electrical, and optical
roperties by means of controlling the degree of cation site
rdering for a fixed stoichiometric formula [ 21 ]. 

ince MgSnN2 is a new material, there are only a few exper-
mental publications in the literature. Pseudo-bulk MgSnN2 in
 powder form, has been synthesized by using a high-pressure
etathesis reaction [ 22 ]. MgSnN2 thin films with different
egrees of crystallinity and crystallographic structures (wurtzite-
ype and metastable rocksalt-like) have been demonstrated by
E-MBE on yttria-stabilized zirconia (111) substrates [ 23 ] (epitaxy
roved only by in situ RHEED study) and RF-sputtering of metal
r composite targets on fused silica, Si, sapphire (0002), MgO
111), and sapphire with a GaN buffer layer (0002) substrates [ 14–
6, 24 ]. Epitaxial rocksalt (rs) MgSnN2 thin films were grown on
ubic MgO (111) substrates at lower temperatures (about 100◦C)
nd their structure comprised small crystalline grains [ 25 ]. This
ock salt phase is metastable since it turns into wurtzite-phase
hen annealed at 400◦C for 5 h in N2 at ambient pressure

 25 ]. Despite the growing interest in MgSnN2 , epitaxial growth
as so far been demonstrated on only a limited number of
of 10
substrates with the best crystalline quality achieved on GaN-
buffered sapphire via RF-sputtering of Mg ─Sn composite target
in a nitrogen atmosphere [ 14, 15 ]. However, the technology
development in general is still in its infancy due to the relatively
low crystalline quality of the MgSnN2 thin films (a result of
predominant employment of the non-equilibrium sputtering
method on substrates with large lattice parameters mismatchs
at low synthesis temperatures), motivating the need for consid-
erable material improvement by epitaxial growth on lattice- and
thermally matched substrates. 

The development of MgSnN2 for practical optoelectronic and
photovoltaic applications requires not only improvements in
crystalline quality but also the establishment of technolog-
ically relevant epitaxial platforms compatible with existing
semiconductor technologies. High-quality epitaxial layers are
essential because they enable reliable determination of the
intrinsic structural, optical, and electrical properties of the
material while providing the foundation for future device
fabrication. 

In this work, we demonstrate direct-current magnetron sputter
epitaxy of high-quality wurtzite MgSnN2 on 4H-SiC(0001), a sub-
strate widely used for III-nitride electronics and optoelectronics
[ 26–28 ]. We establish the epitaxial relationship between MgSnN2 
and the 4H-SiC substrate, demonstrating its structural compat-
ibility with the III-nitride materials platform, and correlate the
growth conditions with the structural, optical, and electrical
properties of the films. By demonstrating strong visible-light
absorption together with green photoluminescence, this work
identifies MgSnN2 as a promising earth-abundant semiconduc-
tor for sustainable optoelectronic and photovoltaic technologies
while providing a pathway toward its future integration with
mature III-nitride platforms. 

2 Results and Discussion 

The growth window for MgSnN2 thin films with different
structures (polycrystalline, textured, and epitaxial) is relatively
wide, i.e., the deposition temperature can be varied from room
temperature to 500◦C [ 24 ]. To get highly oriented material on
4H-SiC (0001) we have focused on the temperature range 350◦C–
500◦C. The deposition rate was determined to be 5.9–5.7 nm/min
at 350◦C, 5.4 nm/min at 400◦C, 5.5–5.8 nm/min at 450◦C, and
5.3–5.6 nm/min at 500◦C. The variations in the DC power ratio
on the metal electrodes were used to fine tune the cation ratio
(semiconductor compound composition). 

2.1 Cation Ratio 

EDS measurements performed in the SEM microscope identify
the cation ratio (layer composition), which varied from Sn-rich
(0.6 ≤ x < 1) to stoichiometric (x = 1) and slightly Mg-rich (1 < x
≤ 1.2). Following growth optimization, stoichiometric MgSnN2 
composition corresponding to 25 at.% Mg, 25 at.% Sn, and 50
at.% N was confirmed for films grown at 400◦C and 450◦C
using an applied Mg-to-Sn target power ratio of 49:11 W. No
other impurities were detected in the as-grown layers with the
sensitivity of the EDS. However, we cannot rule out eventual
Advanced Optical Materials, 2026
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FIGURE 1 XRD measurements of stoichiometric MgSnN2 grown on 4H-SiC (0001) substrate in the temperature range 350◦C–450◦C. (a) θ/2 θ-scan, 
(b) φ-scan, and pole figures of (c) 101̄ 2 MgSnN2 and (d) 101̄ 2 4H-SiC reflections. 
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xygen contamination typical for III-nitrides grown by sputtering
s well as for other II–IV-Nitride such as ZnSnN2 [ 11 ]. 

.2 Structural Properties 

he films’ structural properties were studied by XRD θ/2 θ-scans,
-scans, and pole-figures. A θ/2 θ-scan, typical of stoichiometric
gSnN2 grown at temperatures 350◦C–450◦C on 4H-SiC (0001),

s illustrated in Figure 1 . The intense and narrow peak at 2 θ =
2.85◦, can be assigned to the (0002) Bragg reflection while that
t 2 θ = 68.86◦ to the (0004) reflection of the wurtzite MgSnN2
 29 ]. The θ/2 θ scan also reveals two intense substrate peaks –
he (0004) reflection of 4H-SiC is situated at 35.60◦, and the
0008) one at 75.41◦. In addition, three small peaks become visible
etween the main peaks and are attributed to SiC {000l}, which
re forbidden reflections, owing to multiple scattering in the
ubstrate. To further study the epitaxial relationship between the
gSnN2 film and SiC substrate, φ-scan XRD and pole figure
easurement were employed. Figure 1b shows azimuthal φ-scans
cquired at 2 θ = 44.93◦ and 34.07◦, corresponding to the MgSnN2
1012) and 4H-SiC (1012) reflections, respectively, displayed in
he upper and lower panels. During the measurements, the
ample was tilted by a fixed ψ angle of approximately 44◦ for
he film and 61◦ for the substrate, while the azimuthal angle φ
as rotated at the selected 2 θ position. Six peaks were obtained
t the respective Ψ -angles with an azimuth separation of 60◦
n both measurements for the layer and the substrate. The φ-
cans reveal excellent alignment between the MgSnN2 ( 101̄ 2 )
nd 4H-SiC ( 101̄ 2 ). To verify if there are any other misoriented
rains embedded in the film, XRD pole figures were measured
dvanced Optical Materials, 2026
at (a) 101̄ 2 MgSnN2 and (b) 101̄ 2 4H-SiC reflections, displayed
in Figure 1c,d , respectively. Six distinct reflections located at
Ψ angle ∼ 44◦ and 61◦ can be seen in Figure 1c,d , respectively,
which are attributed to the six-fold symmetry of the hexagonal
structure. No other distinct peaks were observed in both pole
figures, indicating that the MgSnN2 layer grew epitaxially on
the 4H-SiC substrate. Thus, a well-defined epitaxial relationship
of MgSnN2 [0001]//4H-SiC [0001] and MgSnN2 [ 101̄ 0 ]//4H-SiC
[ 101̄ 0 ] can be obtained. These results confirm the epitaxial growth
of c-plane–oriented MgSnN2 layers with a hexagonal wurtzite
structure, demonstrating structural compatibility with group-III
nitrides, which is important for applications in optoelectronics.
Although wurtzite MgSnN2 is commonly associated with Mg-
rich growth conditions due to the higher ionicity of Mg ─N bonds
compared to Sn ─N and Zn ─N bonds, we observed the wurtzite
crystallographic structure even for stoichiometric and Sn-rich
epitaxial layers. 

The effect of the growth temperature and composition on the
structural quality of the Mgx Sn2-x N2 epitaxial layers is illustrated
in Figure 2 . As shown in Figure 2a , the layers grown in the
temperature range of 350◦C–450◦C with stoichiometric, close
to stoichiometric and slightly Mg-rich composition exhibit a
wurtzite (wz) phase with (0002) orientation. No other (e.g., metal,
Mg ─N, and Sn ─N) phase or additional grain orientation was
observed. At a growth temperature of 500◦C and Sn-rich layer
composition, the main growth direction remains unchanged;
however, the layer incorporates additional m-plane oriented
crystal domains, indicated by the presence of (101̄ 0 ) and (202̄ 0 )
diffraction peaks at 2 θ of 30.6◦ and 63.7◦, respectively. The lattice
constants of the c-plane crystals, measured using the (0002) and
3 of 10
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FIGURE 2 (a) 2 θ/ θ scans of the wz -Mgx Sn2-x N2 layers grown at tem- 
peratures in the range of 350◦C–500◦C, the XRD spectrum theoretically 
calculated for stoichiometric MgSnN2 is also shown, (b) (101̄ 2 ) RCs of the 
corresponding layers reported in (a). 
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101̄ 2 ) diffractions, are found to be a = 0.349 and c = 0.547 nm.
alculations using both (101̄ 0 ) and (202̄ 0 ) diffractions yield the
ame value of a = 0.337 nm for the m-plane crystals. At this high
emperature, the layer becomes more Sn-rich with Mg:Sn cation
atio of 39:61. This behavior is attributed to the increased volatility
f Mg at higher growth temperatures. 

espite the large variation in the layers’ cation ratio with growth
emperature, the XRD peaks of (0002) and (0004) diffractions
emain almost unchanged and aligned well with the corre-
ponding peak positions of the powder diffraction pattern for
of 10
stoichiometric MgSnN2 . Despite the variation in the Mg-to-Sn
ratio from 47:53 to 57:43 with increasing growth temperature, the
XRD peak position remains nearly unchanged. This behavior can
be attributed to the similar ionic radii of tetrahedrally coordinated
Mg2 + (57 pm) and Sn2 + (55 pm), which lead to only minor changes
in the lattice parameters with composition [ 14 ]. Furthermore, the
observed variation in composition is relatively modest resulting
in lattice parameter changes below the detection limit of the XRD
measurements. 

The XRD powder diffraction pattern was generated by us employ-
ing Vesta (3D visualization program designed for crystallography,
materials science, and chemistry), with cell parameters of the
disordered wz-MgSnN2 obtained from electronic calculation and
structural optimization using density functional theory, yielding
a = 0.3426 and c = 0.5474 nm [ 29 ]. Notably, the (101̄ 0 ) and (202̄ 0 )
peak positions significantly differ from those of the reference
pattern by + 0.52◦ and + 1.3◦, due to the differences in the lattice
constant a . Interestingly, the lattice constant a of the c-plane
and m-plane domains in the layer are significantly different,
which could be associated with differences in (i) the strain states
and/or (ii) the cation ratio of these two different types of crystal
domains. Figure 2b presents the (101̄ 2 ) rocking curves (RCs)
of the Mgx Sn2-x N2 layers. The RC full width at half maximum
(FWHM) is as large as 3.1◦ for the layer grown at T = 350◦C, while
higher growth temperatures result in progressively narrower
linewidths. In particular, the minimum FWHM of 1◦ is obtained
for the layer grown at T = 500◦C. The result indicates better
crystalline quality of the individual domains at higher growth
temperatures up to 500◦C. 

Interestingly, the secondary m-plane orientation is observed only
for the highest growth temperature and the largest deviation from
stoichiometry, suggesting that its formation is governed by the
combined effects of growth temperature and surface composition.
A possible explanation is that the higher temperature increases
adatom mobility while the increased Mg loss under Sn-rich
conditions alters the surface stoichiometry, consequently, and the
relative stability of competing nuclei. This may reduce the ener-
getic preference for c -plane nucleation during the initial stages of
growth, allowing m -plane-oriented domains to form. Once nucle-
ated, these domains continue to grow, resulting in the observed
textured film. However, this interpretation remains speculative
and dedicated experimental and theoretical studies are required
to elucidate the underlying growth mechanism. In addition, to
further suppress the secondary-oriented grains while preserving
good crystalline quality, further optimization of the initial nucle-
ation stage is required. Possible strategies include using a growth
temperature below the onset of secondary-orientation formation,
introducing a thin low-temperature nucleation layer followed by
moderate-temperature growth, reducing the deposition rate, and
improving the substrate surface preparation prior to deposition as
accomplished for III-nitrides or some technology-relevant oxides
[ 31–36 ]. 

Due to the appearance of m-plane crystal phase orientation for
the Sn-rich sample and the enhanced Mg volatility at higher tem-
peratures the deposition temperature was not further increased
in our series of experiments. RCs for Mgx Sn2-x N2 epitaxial layers
have not yet been reported in the literature, preventing a direct
comparison. Although the RC’s are broader than those typically
Advanced Optical Materials, 2026
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FIGURE 3 Pole figures of { 101̄ 2} diffractions measured for the MgSnN2 layers grown at two different temperatures of T = 450◦C and cation ratio 
57:43 – (a) and T = 500◦C, cation ratio of 39:61 – (b). The mutual orientations marked for the c -plane and m -plane oriented domains are in red and blue, 
respectively. 
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eported for mature III-nitride epitaxy [ 28, 30, 31 ], which has
enefited from approximately six decades of optimization, they
re consistent with the observed single-phase epitaxial growth
nd indicate very good crystalline quality within the current state
f the emerging Mgx Sn2-x N2 epitaxy. 

he pole figure of the layer grown at T = 450◦C and cation
atio of 57:43 contains six peaks at an inclination angle of 44◦,
orresponding to {101̄ 2 } reflections of c -plane-oriented wurtzite
rystal, revealing the expected six-fold symmetry of the lattice (see
igure 3a ). The layer grown at T = 500◦C and a cation ratio of 39:61
dditionally shows 12 peaks at an inclination angle of Ψ = 71.5◦,
hich have significantly lower intensity compared to the main
eaks. The extra peaks match the {101̄ 2 } reflections characteristic
f m -plane (1-100) oriented crystals, indicating the coexistence of
oth c -plane and m -plane domains in the layer grown at 500◦C,
ith the m -plane component being minor (Figure 3b ). For the m-
lane domains, the measured reflections particularly correspond
o (011̄ 2 ) , (11̄ 02 ) , (011̄ ̄2 ) , and (11̄ 02̄ ) planes. The first and second
eflections form an azimuth angle of 84◦, while it is 96◦ for the first
nd third ones. The full set of 12 peaks arises from a 60◦ rotation
epetition of the m -plane oriented domain. Notably, the results
ndicate that the c-axis of the m -plane domains aligns along the
101̄ 0 ⟩ direction of the c -plane host domains. 

he structure of the stoichiometric MgSnN2 layer grown at a
emperature of 400◦C was further studied in cross-sectional
eometry as illustrated in Figure 4 , by preparing a thin specimen
sing FIB. The BF STEM image in Figure 4a shows the columnar
tructure of the MgSnN2 layer, which nucleates at the 4H-SiC
0001) surface. The layer thickness is approximately 600 nm
nd the lateral dimension of the columns is in the range of
0–80 nm. The epitaxial relationship between MgSnN2 and 4H-
iC is conf irmed as MgSnN2 [0001]//4H- SiC [0001] and MgSnN2
 101̄ 0 ]//4H-SiC [ 101̄ 0 ] using a selected area electron diffraction
SAED) pattern recorded from the interface region. Chemical
omposition measurement using EDS (Figure 4c ) reveals a com-
osition of Mg – 28 at.%, Sn – 25 at.%, and N – 47 at.%. These values
re in good agreement with the EDS measurement obtained
dvanced Optical Materials, 2026
from the bulk sample using SEM. Figure 4d shows a high-
resolution BF STEM image of the MgSnN2 layer acquired from
the mid-section confirming the single-crystalline nature of the
column. The interface structure is presented in Figure 4e , where
MgSnN2 grains are observed to nucleate and grow epitaxially on
the 4H-SiC substrate. The interface between the substrate and
the layer was further investigated with element-sensitive high-
angle annular dark-field (HAADF) STEM imaging, as shown in
Figure 4f , where the intensity scales approximately as I ∼ Z2 . A
1–2 ML thick region of dark contrast at the interface indicates a
high concentration of light elements such as C, O, or N. Next to
the HAADF STEM image, the unit cells of the wz-MgSnN2 and
4H-SiC (0001) are shown to illustrate the epitaxial relationship. 

2.3 Optical Properties 

Figure 5 shows the absorption coefficient spectra, extracted
from spectroscopic ellipsometry measurements, for a set of
wurtzite highly oriented MgSnN2 layers with different stoichiom-
etry/cation ratios. The absorption coefficients for all layers are in
the high 104 range up to ∼ 105 cm− 1 in the visible spectrum, i.e.,
values approaching those of the solar-energy-relevant GaAs [ 9 ].
Such experimentally derived values are not reported so far in the
literature. Recent theoretically calculated absorption coefficient
and reflectivity curves of MgSnN2 validate that the disordered
rock-salt structure might be used as an absorber layer in the
higher energy region of the visible spectrum in tandem solar
devices [ 9 ], whereas the disordered wurtzite and orthorhombic
crystal structures could serve as window layers of solar cells.
However, our results demonstrate that highly ordered epitaxial
MgSnN2 layers with a wurtzite structure have large absorption
coefficients too. 

The optical band gap can also be extracted from ellipsometry
or transmission-reflection measurements. However, in heavily
doped semiconductors, it may appear larger than the electronic
band gap because the lowest conduction-band states are already
occupied, forcing optical transitions to higher-energy states. This
5 of 10
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FIGURE 4 (a) BF STEM image showing the columnar structure of the MgSnN2 layer on 4H-SiC substrate. The Pt/C protective layer deposited 
during the FIB preparation is visible on the top. (b) SAED pattern recorded from the interface region showing the epitaxial relationship of wz-MgSnN2 
and 4H-SiC (0001). (c) EDS spectrum recorded from the MgSnN2 layer. (d, e) BF STEM images of the MgSnN2 layer and interface regions, respectively. 
(f) HAADF STEM image of the interface and the atomic arrangements of wz-MgSnN2 and 4H-SiC. 

FIGURE 5 Аbsorption coefficient spectra vs photon energy of 
a set of wurtzite highly oriented Mgx Sn2-x N2 layers with different 
stoichiometry (x = 0.32; 0.42; 0,50; 0.66; 1.08). 
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FIGURE 6 A typical REELS spectrum of a stoichiometric MgSnN2 
layer deposited on 4H-SiC (0001) substrate. 
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urstein-Moss effect. We previously reported such overestimated
ptical band-gap values for ZnSnN2 [ 12 ]. Therefore, in the present
tudy, reflection electron energy loss spectroscopy (REELS) was
mployed to determine the fundamental band gap, as it is less
ffected by band filling than optical methods. 

rior to the measurements, the oxygen adsorbed on the surface of
he as-grown samples, kept at ambient conditions, was removed
of 10
in several steps via Ar ion sputtering controlled by Auger electron
spectroscopy. A typical REELS spectrum of a stoichiometric wz-
MgSnN2 layer deposited onto 4H-SiC (0001) substrate is depicted
in Figure 6 . Since the elastic peak is three orders of magnitude
more intense, accurately measuring the low-intensity loss region
of the spectrum required extended averaging. The average of
10 spectra was used for the MgSnN2 band gap estimation. The
Advanced Optical Materials, 2026
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FIGURE 7 A low-temperature photoluminescence spectrum typi- 
cal of an epitaxial MgSnN2 sample. 
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and gap value of epitaxial material was determined to be 2.24 ±
.1 eV. Optical band gap values ranging from 2.27 to 2.43 eV have
een reported in the literature for the direct bandgap stoichio-
etric MgSnN2 thin films with a different degree of crystallinity

 13–15, 24 ]. 

 low-temperature photoluminescence spectrum, measured at
0 K with a UV laser excitation of 351 nm, typical of a MgSnN2
ample is illustrated in Figure 7 . The PL peak at 2.85 eV is
dentified as the N-Al donor–acceptor pair (DAP) emission of
I-SiC [ 40 ] appearing at low-temperatures, while the peak at
.4 eV is due to the MgSnN2 . Obviously, the material grown
as a green-light photoluminescence with a peak maximum at
.4 eV and therefore is promising for a source in optically active
evices for the critical up-to-date green gap [ 20 ]. Direct bandgap
emiconductors with bandgaps in this range are strongly needed
or the development of green LEDs since the large Indium (In)
ontent in the present green light InGaN-based LEDs leads to
ecreased efficiency due to the In-phase segregation appearing at
arge In contents in the InGaN alloy [ 19 ]. The indium segregation
rincipally originates from the large lattice mismatch between
nN and GaN. 

dditionally, the wurtzite MgSnN2 (0001) could be integrated
ith the well-developed III-nitride semiconductors because of
heir structural compatibility. Moreover, such direct bandgaps [ 15,
9 ] are required for top cells in high-efficiency tandem solar cells.

lectrical Hall effect measurements performed on a series of
gSnN2 samples showed high electron concentration reaching
.7 × 1019 cm− 3 for stoichiometric films and 4.3 × 1020 cm− 3 for
n-rich layers. The corresponding electron mobilities range from
.3 to 5.9 cm2 /V ⋅s. These values are consistent with earlier reports
n the literature [ 22, 29, 37 ]. Such high electron concentrations
ead to a Burstein-Moss shift of the optical transition energy,
ccounting for the difference between the REELS-derived band
ap of 2.24 eV and the PL peak maximum at ≈ 2.4 eV. 

irst principle calculations have shown that wurtzite MgSnN2
xhibits self-doped n -type conductivity, and the antisite defect
nMg was suggested to be the primary source of free electrons [ 38 ].
dvanced Optical Materials, 2026
The propensity for forming the stoichiometry preserving MgSn +
SnMg defect complex leads to cation disorder in MgSnN2 , which
induces a bandgap reduction because of a violation of the octet
rule [ 39 ]. The cation-size mismatch has been suggested to be
the reason for structural distortion, configurational disorder, and
valence-band splitting in II–IV-N2 semiconductors [ 39 ]. However,
the unintentional high free electron concentration could be
also due to oxygen contamination, which is inevitably present
in nitride semiconductors and has been detected in sputtered
ZnSnN2 by SIMS [ 11 ]. 

The unintentionally high electron concentration in as-grown
MgSnN2 still remains a scientific and technological challenge
and additional study is needed to clarify its nature. Nevertheless,
n-type MgSnN2 could be integrated with established p-type semi-
conductors, such as p-GaN or p ─Si, depending on the targeted
device application. 

3 Conclusions 

We have demonstrated direct-current magnetron sputter epitaxy
of wurtzite MgSnN2 on 4H-SiC(0001) substrates, establishing
its structural compatibility with the group-III nitride materials
platform. X-ray diffraction and cross-sectional TEM measure-
ments confirm the epitaxial growth of the hexagonal phase,
exhibiting an epitaxial relationship with the substrate described
by: MgSnN2 [0001]//4H-SiC [0001] and MgSnN2 [ 101̄ 0 ]//4H-
SiC[ 101̄ 0 ]. The crystalline quality improves by increasing the
deposition temperature up to ≈ 500◦C and for stoichiometric
composition. The experimentally determined absorption coeffi-
cient reaches ≈ 105 cm− 1 in the visible range of the spectrum,
i.e., demonstrating the potential of MgSnN2 as an absorber in
tandem solar cells. Furthermore, the observation of green-light
photoluminescence with a peak maximum at ≈ 2.4 eV highlights
the potential of MgSnN2 for optically active devices addressing
the challenging green spectral region. These results establish
MgSnN2 as an earth-abundant semiconductor compatible with
III-Nitride technologies and provide an important foundation for
future optoelectronic and photovoltaic applications. 

4 Experimental Section 

Mgx Sn2-x N2 thin films with a wide compositional x-range (0.6
≤ x ≤ 1.2) were deposited by a DC reactive magnetron co-
sputtering of metal Mg (99.995 vol.%) and Sn (99.995 vol.%)
targets in an N2 -containing atmosphere employing an ultra-
high vacuum Magnetron Sputter deposition chamber with a base
pressure of ∼ 5.33 × 10− 7 Pa. (see for details). The magnetron
assemblies were situated on the bottom lid of the chamber each
90◦ degrees in a co-focal position with an off-axis position of 30◦.
The target diameter was 50 mm and the distance between the
targets and the substrate holder was approximately 135 mm [ 41 ].
For all deposition experiments a mixture of N2 (99.999%) and Ar
(99.999%) was used as a sputter gas in the thin film synthesis.
The substrates with lateral sizes 10 × 10 mm or 10 × 5 mm were
cleaned in an ultrasonic bath as follows: 5 min in acetone, 5 min in
propanol, 5 min in deionized water and finally dried in a N2 -flow
of high purity. MgSnN2 films were co-sputtered on 4H-SiC (0001).
The deposition temperature in a series of experiments varied from
7 of 10
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00◦C to 500◦C with a step of 50◦C, in a nitrogen-containing
tmosphere with Ar addition. The N2 flow was 72 sccm, the Ar
low 18 sccm, and the sputtering pressure was fixed at 0.48 Pa. The
gSnN2 films prepared were nominally undoped. The crystalline
tructures and epitaxial relationship were analyzed by θ/2 θ-
can, φ- scan, and pole-f igure x-ray diffraction (XRD) employing a
ANalytical Empyrean X-ray diffractometer with a Cu-K α source
nd a parabolic mirror as the primary optics and a 0.27◦ parallel
late collimator as the secondary optics. The thin film thickness
as determined by means of a Scanning electron Microscope
SEM) Zeiss, Sigma 300, while the films composition – by Energy
ispersive X-ray spectroscopy (EDS) in the SEM. 

he cross-sectional specimens for transmission electron
icroscopy (TEM) studies were prepared using focused Ga
on beam (FIB) sputtering in a dual beam scanning electron
icroscope (ThermoFisher Scios 2) following a conventional
ift-out method. To study the structure and epitaxy of MgSnN2
ilms, electron diffraction patterns and bright field images were
ecorded using an aberration-corrected electron microscope
ThermoFisher Themis 200) operated at 200 kV acceleration
oltage. The chemical element distribution was measured by
DS and scanning TEM (STEM). The TEM data was processed
sing Velox software (ThermoFisher). 

eflection electron energy loss spectroscopy (REELS) for band
ap measurement was carried on layers grown on 4H-SiC. Since
he REELS measurement is a surface-sensitive technique an oxi-
ized region at the sample surface was removed by ion sputtering
efore the REELS spectra were recorded. For this purpose, low-
nergy ions sputtering was carried out with 1 keV Ar ion beam
canned over a 2 mm spot at the surface. The REELS spectra were
etected using an Escalab Xi + (Thermo Fisher) equipment and
ts low-temperature electron source with a low-energy width of
he exciting beam was used. Measurements took place at 1 keV
rimary energy detecting 300 µm spots of the surface observing.
oth primary electrons and escaping electrons are related to
he surface plane at normal-angle conditions. The spectra were
etected at 0.05 eV steps with 0.5 eV energy resolution of the
nalyzer. 

pectroscopic ellipsometry (SE) using a dual-rotating compen-
ator ellipsometer (RC2, J.A. Woollam Co., Inc.) was performed
n the range from 0.75 to 5.9 eV for the characterization of
ample optical properties. Psi and Delta spectra were measured
t angles of incidence from 45◦ to 75◦ with a step of 5◦. The
xperimental data are analyzed using the WVase32 software (J.A.
oollam Co. Inc.) employing a stratified optical model with
arametrized model dielectric functions (MDFs) assigned to each
ayer. The MDF of 4H-SiC was determined from measurements
f a bare substrate and was kept fixed during the analysis. The
DF of the MgSnN2 film was modeled as a sum of one Tauc-
orentz and two Lorentz oscillators. The film thickness and
he parameters of the oscillators were determined by a non-
inear least-squares fit to the experimental data. The absorption
oefficients of the MgSnN2 films were then obtained from the
espective best-matched MDFs. 

ow-temperature photoluminescence measurements were car-
ied out at 80 K by cooling samples in a liquid-nitrogen cryostat.
he layers were excited using the 351 nm ultraviolet line of an
of 10
Ar-ion laser with a power below 5 mW, moderately focused onto
the sample to a spot diameter of approximately 100 µm. The
emitted PL signal was analyzed using a monochromator (Jobin
Yvon HR460) equipped with a multichannel detector. 
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