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Nature of electrically detected magnetic resonance in highly nitrogen-doped 6H-SiC single crystals
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This work focuses on unraveling electron paramagnetic resonance (EPR) and electrically detected magnetic
resonance (EDMR) properties of n-type 6H silicon carbide (SiC) single crystals with high concentrations of
uncompensated nitrogen (N) donors, which is essential for fundamental understanding of spin-related phe-
nomena, developing spin-based devices, optimizing materials and devices, and advancing research in quantum
information and spintronics. Utilizing low-temperature multifrequency EPR spectroscopy (9.4–395.12 GHz),
we identified two intense signals labeled as S line and S1 line in the 6H -SiC crystals with ND–NA ≈ 8 × 1018

and 4 × 1019 cm−3. In addition, in 6H -SiC crystals with ND–NA ≈ 8 × 1018 cm−3, a low-intensity triplet from
N donors substituting the quasicubic “k2” nonequivalent position (Nk2) was observed. The S line [g⊥ =
2.0029(2), g‖ = 2.0038(2)] was assigned to the exchange interaction of conduction electrons and Nk2, while
the S1 line [g⊥ = 2.0030(2), g‖ = 2.0040(2)] is caused by the exchange spin coupling of localized N donors
at the “k1” and “k2” positions. The S1 line was observed in high-frequency EDMR spectra of 6H -SiC with
ND–NA ≈ 8 × 1018 cm−3, and its emergence was explained by an enhancement of the hopping conductivity
due to the EPR-induced temperature increase mechanism. No EDMR spectra were found to occur in the
6H -SiC crystals with ND–NA ≈ 4 × 1019 cm−3, which is close to the critical donor concentration value for a
semiconductor-metal transition. Thus it can be concluded that this N donor concentration is too high for the
appearance of spin-dependent scattering and too low for the emergence of EPR-induced hopping mechanisms in
6H -SiC.

DOI: 10.1103/PhysRevB.110.125205

I. INTRODUCTION

Silicon carbide (SiC), a wide band gap IV-IV semicon-
ductor compound containing silicon (Si) and carbon (C),
is a cornerstone in the industrial scale production of large-
size single crystalline wafers and epilayers of high quality,
leading to the wide spread of high-performance SiC-based
modules and devices. SiC materials offer a number of
unique properties, such as high thermal conductivity, high
breakdown voltage, and low on-resistance, which allow SiC-
based devices operating at high temperatures and voltages
to possess high light output, high efficiency, high thermal
stability, high power handling capability, and high operating
temperatures.
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This makes SiC suitable for sensors, actuators, and other
microdevices requiring resilience in extreme conditions [1]
and contributes to developing smaller, lighter solar inverters
[2]. SiC-based power devices are widely used in high-power
applications such as electric vehicles [3], renewable energy
systems, and industrial motor drives. SiC LEDs are used in
automotive, street, and indoor lighting applications [4]. More-
over, SiC-based devices are used in radar [5] and satellite
communication systems [6]. Most recent publications con-
cerning future potential applications of SiC material relate to
using SiC as a multiqubit memory and quantum computing
platform [7]; for quantum information processing [8]; and for
quantum sensing of magnetic, electric fields, and temperature
at the nano- and microscale [9,10].

SiC exhibits polymorphism with various polytypes, repre-
senting different structures of the same chemical compound.
There are over 250 polytypes of SiC, each characterized by a
unique stacking sequence of Si-C bilayers. The most known
SiC polytypes are cubic (3C), hexagonal (2H, 4H, 6H), and
rhombohedral (15R).

Among other SiC polytypes, the 6H stands out owing to
its stability, wide band gap, high thermal conductivity, me-
chanical strength, and optical properties. According to [11],
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due to the freeze-out of deep donor levels, the ionized impu-
rity scattering in 6H-SiC is reduced, and the role of phonon
scattering is enhanced, relative to the 3C and 4H polytypes.
Moreover, 6H-SiC should provide a reduced electron trapping
(compared to 4H-SiC) due to the larger conduction band
offset at the SiC/SiO2 interface in metal-oxide-semiconductor
electron devices [12]. These benefits contribute to the in-
dustrial application of 6H-SiC, including power electronics,
automotive, aerospace, and optoelectronics. In past years, 6H-
SiC has been widely used as substrates for the growth of
GaN crystals [13], graphene [14], AlGaN/GaN high-electron-
mobility transistors [15], AlGaN thin film cathodes [16], thin
MgO films [17], and diamond films [18]. Recently, a device
comprising a 6H-SiC-based double gate Schottky barrier FET
with two cavities for detecting biomolecules was proposed
[19]. In [20], the advantage of using 6H-SiC over other
solid-state materials in quantum/solid-state magnetometers
was shown.

Nitrogen (N) is the principal uncontrolled n-type dopant
impurity in all SiC polytypes. According to [21], one of the
main issues of the usage of N-vacancy (NV) centers in SiC
in quantum calculations and sensorics systems is the control
of paramagnetic N donor content and spin couplings, leading
to the loss of coherent properties of NV centers. Since N
donors in SiC have shallow levels in the band gap, their wave
functions are highly delocalized and unpaired donor electrons
can be delocalized on C and Si atoms. Moreover, the polytype
and donor impurity site in the SiC lattice affect the ratio of the
delocalization degree.

Heavily N-doped 6H-SiC wafers are essential for fabricat-
ing high-power [Schottky diodes, metal-oxide-semiconductor
field-effect transistors (MOSFETs)] and high-frequency
[High Electron Mobility Transistors (HEMTs) and Bipolar
Junction Transistors (BJTs)] devices, and rf power amplifiers.
Moreover, recently it was reported that the resistivity
nonuniformity in the grown SiC crystals considerably
decreases when the SiC crystal is highly N doped allowing
the obtaining of homogeneously nitrogen-doped SiC crystals
with uniform electrical resistivities [22]. Thus, studying the
relationship between the magnetic and electrical properties of
N donors in such low-resistivity material is highly important
both for electronic and quantum device fabrication.

Electron paramagnetic resonance (EPR) spectroscopy is
widely applied to study the electronic and magnetic properties
in SiC materials. In electrically detected magnetic resonance
(EDMR) measurements, one detects EPR through a change in
sample current, so this technique is sensitive to defects taking
part in electronic transport. As a result, studying the origin of
EDMR signals and their correlation with conventional EPR
signals in SiC.

While the EDMR data on SiC material have been ex-
tensively studied in 4H-SiC MOSFETs [23–25], transistors
[26–28], Si vacancies and interface defects [29,30], C dan-
gling bonds [31,32], radiation-induced defects that occurred
in 4H-SiC/SiO2, 6H-SiC LEDs [33], and nanostructures [34],
there remains a significant gap in our knowledge—the lack of
EDMR data on spin defects in bulk SiC crystals [9].

We recently reported an observation of an EDMR signal
in 15R-SiC single crystals with an uncompensated N donor
concentration of about 5 × 1018 cm−3 at low temperatures

[35]. The emergence of the EDMR signal was attributed to
exchange-coupled N donors and explained by the spin-flip
hops process and mechanism of EPR-induced temperature
increase.

The X-band (∼ 9 GHz) EDMR investigation of crys-
talline 4H-SiC with ND–NA ≈ 1018 cm−3 and 6H-SiC with
ND–NA ≈ 2 × 1018 cm−3 in Ref. [36] allowed the author to
conclude that the mechanism of EPR-induced temperature
increase leads to the appearance of a low-temperature EDMR
signal.

At the same time previous temperature-dependent X-band
EPR studies of highly N-doped 6H-SiC crystals with un-
compensated N donor concentration exceeding 1019 cm−3

revealed at least two overlapping signals at low tempera-
tures: one signal was related to the exchange coupling among
localized and nonlocalized electrons, and another one was ten-
tatively attributed to the exchange coupling between localized
N donors substituting hexagonal (h) and cubic (k) positions
[37].

Since no spin Hamiltonian parameters were presented for
the observed EDMR signal in Ref. [36], the relationship with
observed EPR and EDMR spectra was not established and,
as a result, the nature of the EDMR signal responsible for
electrical properties of highly N-doped 6H-SiC single crystals
remains unknown.

In this work, by utilizing multifrequency EPR and EDMR
spectroscopy, we aim to elucidate the nature of the spin-
related phenomena and the impact of nitrogen doping on
the electrical and magnetic properties of 6H-SiC single
crystals.

II. MATERIALS AND METHODS

The n-type 6H-SiC single crystals with uncompensated
N donor concentration ND–NA ≈ 8 × 1018 cm−3 (4.5 mm ×
2 mm × 0.5 mm) and 4 × 1019 cm−3 (6 mm × 2.1 mm ×
0.5 mm) (determined by Hall effect at room temperature) were
grown by a modified Lely method [38] utilizing polycrys-
talline SiC as source material with 1.2 mm/h growth rate on
the [0001] Si face at 2200 ◦C−2400 ◦C and Ar pressure of
30–50 mbar.

Figure 1 represents the 6H-SiC crystal structure, having
two nonequivalent quasicubic positions (“k1” and “k2”) and
one hexagonal (“h”). N donors substitute these nonequivalent
positions with deep energy levels in the 6H-SiC band gap: 81
meV for N substituting the h position (Nh), 137.6 meV for
N substituting the k1 position (Nk1), and 142.4 meV for N
substituting the k2 position (Nk2) [39].

X-band (ν ∼ 9.4 GHz) continuous wave EPR spectra
in 6H-SiC single crystals were measured using a Bruker
ELEXSYS E580 spectrometer equipped with a Bruker ER
4122 SHQE SuperX High-Q cylindrical TE011 cavity and
variable temperature helium-flow cryostat ER 4112HV. The
following parameters were used: microwave (MW) power
level of 0.4743 mW, modulation frequency of 100 kHz, mod-
ulation amplitude of 0.1 mT, conversion time of 70 ms,
and spectral resolution of 2048 points. The samples were
fixed on a fused quartz rod with a diameter of 4 mm. As a
reference sample, the 1,1-diphenyl-2-picrylhydrazyl free radi-
cal (g = 2.0036) was used.
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FIG. 1. The 6H -SiC crystal structure drawn using the data from
Ref. [40] in the VESTA 3.5.2 program [41]. The c axis is along the
[0001] direction.

High-frequency EPR (from 100 to 395.12 GHz) and
EDMR (100 GHz) spectra were measured on a THz FraScan
Spectrometer (CEITEC BUT, Brno, Czech Republic) using
a chip sample holder [42,43] and two different MW sources
[and a set of passive frequency multipliers (3×) for 395.12
GHz] utilizing a superconductive cryogen-free magnet, Cryo-
genic Ltd, UK. High-frequency EPR spectra were measured
with the following parameters: magnetic field sweep rate:
0.1–0.18 mT/s; time constant: 30 ms; modulation frequency:
2.8–4.3 kHz; modulation amplitude: 0.24–0.4 mT; MW power
level of ∼1−2 mW. High-frequency EDMR spectra were
recorded utilizing the detection scheme from [44] with the
following parameters: magnetic field sweep rate: 0.1 mT/s;
time constant: 30 ms; magnetic field modulation amplitude:
0.24–0.5 mT; magnetic field modulation frequency: 734 Hz;
bias voltage: +4.88 V; MW power level of ∼125 mW. For
EDMR measurements, the sample was contacted with Ag-
based paint onto a glass substrate with Au contact pads. As
a reference sample for high-frequency EPR, we utilized Cr3+
in MgO with g = 1.9797.

For the EPR spectra simulation, we have used the “pepper”
function from the EASYSPIN 5.2.36 toolbox [45] utilizing the
spin Hamiltonian (expressed in angular frequency units),

Ĥ = μBBgS/h̄ − gnμnBI/h̄ +
∑

i

SAiIi + IPI, (1)

where μB is the Bohr magneton; B = (0, 0, Bz) is the exter-
nally applied magnetic field; B0 is the resonance magnetic
field position, g is the electron g-tensor; S is the electron spin
operator; h̄ = h/2π is the reduced Planck constant; gn is the
nuclear g factor; μn is the nuclear magneton; Ii is the nuclear
spin operator of the ith nucleus; Ai is the hyperfine interac-
tion tensor of the іth nucleus; P is the nuclear quadrupole

FIG. 2. The X-band EPR spectrum measured in 6H -SiC single
crystals with ND–NA ≈ 8 × 1018 cm−3 at T = 5 K and B ‖ c.

interaction tensor. In the case of axial g-tensor symmetry
g1 = g‖, g2 = g3 = g⊥ and A‖ = al + 2bl , A⊥ = al–bl (аl is
the isotropic hyperfine interaction constant of the lth atom;
bl is the anisotropic hyperfine interaction constant of the lth
atom).

For the paramagnetic center having S = 1/2 and I = 0, one
should consider the first and second terms of Eq. (1) only,
and a single line in the EPR spectrum is observed. For the
paramagnetic center having S = 1/2 and I = 1, all the terms
of Eq. (1) should be considered, and a triplet (2I + 1 = 3
lines) in the EPR spectrum is detected.

III. RESULTS AND DISCUSSION

A. EPR measurements

Figure 2 represents the typical X-band (ν ∼ 9.4 GHz) EPR
spectrum recorded in 6H-SiC single crystals with ND–NA ≈
8 × 1018 cm−3 at T = 5 K. The central part of the EPR spec-
trum reveals two overlapping signals labeled as S line and S1
line with S = 1/2, I = 0 previously reported in 6H-SiC single
crystals with ND–NA ranging from 1 × 1019 to 4 × 1019 cm−3

[37]. The S-line temperature behavior corresponds to those
obtained for the conduction electron spin resonance (CESR)
signal [37]. In addition, a triplet of small intensity (with much
lower spin density than the central signals) arising from Nk2

donors (S = 1/2, I = 1) [46] is seen. The Nh and Nk1 donors
(with shallower energy levels in the band gap than Nk2) are
ionized in these samples; therefore, no EPR spectra were
observed from these centers.

In 6H-SiC single crystal samples with ND–NA ≈ 4 ×
1019 cm−3, only S-line and S1-line signals were observed in
EPR spectra at T = 5 K, and no signals from Nk2 donors.
According to Ref. [44], a multifrequency EPR approach was
utilized to resolve the overlapping signals. Figure 3 demon-
strates the experimental and simulated EPR spectra in 6H-SiC
single crystals having ND–NA ≈ 8 × 1018 cm−3 at different
MW frequencies in two magnetic field orientations. Applying
high MW frequencies, we could distinguish the spin Hamil-
tonian parameters for the S line and S1 line at such high
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FIG. 3. EPR spectra recorded in 6H -SiC single crystals with ND–NA ≈ 8 × 1018 cm−3 at ν = 9.40 GHz B ‖ c (a), ν = 150.01 GHz, B ‖ c
(b), ν = 9.40 GHz, B⊥c (c), ν = 395.12 GHz, and B⊥c. T = 5 K. Black solid lines represent experimental spectra. Magenta, blue, and green
solid lines are simulated spectral components using Eq. (1), and red solid lines show the sum of simulated spectral components.

N concentration; the free electrons, which are ionized from
N donors at “h” and “k1” sites in 6H-SiC, may screen the
localized Nk2 electrons and, thus, lead to the ionization of the
deeper Nk2 donors [47].

Table I summarizes the spin Hamiltonian parameters
of the observed paramagnetic centers. It shows that the
hyperfine coupling constants for the Nk2 center are slightly
lower than those found previously in 6H-SiC single crystals

with ND–NA ≈ 1017 cm−3 [46]. This effect can be elucidated
by the possible deviation from Si/C stoichiometry in highly
N-doped 6H-SiC single crystals.

Considering the obtained g values for the S line, this para-
magnetic center should be assigned to the exchange coupling
of conduction electrons and Nk2. The difference in the spin
Hamiltonian parameters for the S line at T = 5 K in this
work from those obtained for the CESR signal at the X band

TABLE I. The spin Hamiltonian parameters for paramagnetic centers in highly N-doped 6H -SiC single crystals at T = 5 K, along with
the literature data.

Paramagnetic center ND–NA (cm−3) Temperature range g⊥ g‖ A⊥ (mT) A‖ (mT) Reference

Nk2 8 × 1018 T < 25 K 2.0030(2) 2.0037(2) 1.11 1.11 This work
Nk2 1017 T < 80 K 2.0030(3) 2.0037(3) 1.19 1.19 [46]
Nk1 1017 T < 80 K 2.0026(3) 2.0040(3) 1.2 1.2 [46]
S line 8 × 1018 T < 150 K 2.0029(2) 2.0038(2) — — This work
CESR signal 1019 − 4 × 1019 T < 150 K 2.0034(3) 2.0047(3) — — [37]
S1 line 8 × 1018 T < 25 K 2.0030(2) 2.0040(2) — — This work
S1 line 5 × 1018 − 4 × 1019 T < 25 K 2.0031(3) 2.0045(3) — — [37,48]
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FIG. 4. EPR and EDMR spectra recorded in 6H -SiC single crys-
tals with ND–NA ≈ 8 × 1018 cm−3 at ν = 100.03 GHz, B⊥c, and
T = 5 K. Black solid lines represent experimental spectra. Magenta,
blue, and green solid lines are simulated spectral components using
Eq. (1). The spectral intensity was normalized to its maximum value.

[37] should be attributed to the fact that the multifrequency
EPR approach allows us to establish the spin Hamiltonian
parameters more precisely.

The S1 line is observed at T < 25 K [37] and has g⊥ =
2.0030(2), which coincides with the g⊥ value for Nk2, and
g‖ = 2.0040(2) corresponding to the g‖ value for Nk1. There-
fore, we can conclude that the S1 line should be related to the
exchange spin coupling of localized Nk1 and Nk2 donors in
highly N-doped 6H-SiC.

The conclusions made above are also confirmed by the
fact that the temperature interval for the appearance of the S
line (T < 150 K) corresponds to the temperature range where
electron transitions from impurity levels to the conduction
band occur in 6H-SiC single crystals with ND–NA ≈ 1 ×
1019 − 4 × 1019 cm−1 [49] [at T > 150 K the cavity Q factor
is too low to adjust the automatic frequency control (AFC)
and record the EPR spectrum from the S line]. At the same
time, the temperature range for S1-line emergence (T < 25 K)
matches the range for the electron hopping process over N
impurity atoms in the D0 bands taking place in 6H-SiC with
ND–NA ≈ 1 × 1019 − 4 × 1019 cm−1 [49].

B. EDMR measurements

We have observed a single line in high-frequency
EDMR spectra of 6H-SiC single crystals with ND–NA ≈
8 × 1018 cm−3 at T < 10 K. The temperature behavior, power
dependence, and current dependence of this EDMR signal
(see Supplemental Material [50]) correspond to those pre-
viously reported for 15R-SiC with ND–NA ≈ 5 × 1018 cm−3

in Ref. [35], 4H-SiC with ND–NA ≈ 1018 cm−3, and 6H-SiC
with ND–NA ≈ 2 × 1018 cm−3 in Ref. [36].

Figure 4 shows the comparison of high-frequency EPR and
EDMR spectra recorded at T = 5 K in 6H-SiC single crystals
with ND–NA ≈ 8 × 1018 cm−3 at ν = 100.03 GHz, B⊥c. It

can be seen that the resonance field position of a single EDMR
line corresponds to the S1 line detected in the EPR spec-
trum. This fact agrees with our previously published results
in 15R-SiC single crystals having ND–NA ≈ 5 × 1018 cm−3,
where the EDMR line was also related to exchange interaction
between identical Nk1 donors [35].

Moreover, according to Ref. [36], hopping conductivity is
the dominant charge transport process at low temperatures in
SiC crystals with ND–NA from 1018 to 1019 cm−3. In 6H-SiC
having ND–NA ≈ 2 × 1018 cm−3, the Fermi level lies near the
N energy level at quasicubic lattice sites, and thus hopping
should take place only between quasicubic site donors.

In contrast to Ref. [36], where both intense EDMR line and
N donors were observed in the EDMR spectrum in 6H-SiC
having ND–NA ≈ 2 × 1018 cm−3, we observe only one EDMR
line in our samples, which can be elucidated by the higher N
donor content in our samples.

Thus we may conclude that we observe the same EDMR
signal as was previously detected in 6H-SiC having ND–NA ≈
2 × 1018 cm−3 [36] where its appearance was considered
based on the following microscopic process: at resonance, the
spin system absorbs energy, through spin lattice this energy
is transferred to the lattice surroundings, leading to a tem-
perature increase at resonance conditions, enabling additional
hopping. So, the EDMR mechanism in our samples can be
related to an enhancement of the hopping conductivity due to
the EPR-induced temperature increase process as responsible
for the EDMR signal.

In [36], it was proposed that the EDMR mechanism varies
with the N donor concentration in SiC. For EDMR signals
caused by the spin-dependent donor-acceptor recombination
mechanism, the ND–NA should lie from 1011 to 1013 cm−3.
The EDMR signal, caused by hopping conductivity due to the
EPR-induced temperature increase, occurs when ND–NA lies
from 1018 to 1019 cm−3. The samples with ND–NA of about
1015 cm−3 should not reveal EDMR signals since this con-
centration is too large for the spin-dependent recombination
mechanism (the recombination rate is too high as compared
to the EPR rate) and is too low for hopping conductivity
(the average distance between N donors is too large) [36].
For the ND–NA concentrations higher than the critical donor
concentration value for the semiconductor-metal transition,
the appearance of the EDMR signal should be related to
the mechanism of spin-dependent scattering at the neutral
impurities [51]. Thus the semiconductor-metal transition sep-
arates the region between EPR-induced and spin-dependent
hopping.

According to the Mott criterion, the semiconductor-metal
transition occurs when N1/3

c aB ≈ 0.3 (Nc is the critical donor
concentration; aB is the Bohr radius). We did not detect
EDMR signals in 6H-SiC single crystals having ND–NA ≈
4 × 1019 cm−3 which is close to Nc ≈ 7 × 1019 cm−3 for 6H-
SiC (aB ≈ 7.2 Å). Therefore, we can conclude that when
ND–NA is close to Nc, it is still too low for the spin-dependent
scattering mechanism to occur, whereas it is too high for
the appearance of the EPR-induced hopping process, and no
EDMR signal in 6H-SiC can be detected.

The fact that we do not see the EDMR signals in 6H-SiC
single crystals with ND–NA ≈ 4 × 1019 cm−3 is also related
to the lower conductivity of these samples which prevents the
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detection of the EDMR signal. In Ref. [36], the author
reported that in the 6H-SiC crystals with ND–NA ≈ 2 ×
1019 cm−3 and ND–NA ≈ 4 × 1019 cm−3, the resistivity in-
creased under MW irradiation, and this was explained by the
fact that when N concentration is higher than Nc the donor
states are delocalized and charge transport is bandlike. When
the MW irradiation is applied, the mobility of the conduc-
tion electrons decreases leading to a resistivity enhancement.
Furthermore, we have observed the same effect in 4H-SiC
crystals with ND–NA > Nc.

It should be noted that the S line is characterized by a
purely Lorentzian line shape, while the S1 line is described by
the Voigtian line shape both in EPR and EDMR spectra. This
is in agreement with an EDMR signal line shape observed for
6H-SiC single crystals with ND–NA ≈ 2 × 1018 cm−3 [36],
which was partly a Gaussian line shape due to inhomogeneous
broadening and partly a Lorentzian one due to homogeneous
contributions from the exchange interaction.

IV. CONCLUSIONS

The n-type 6H-SiC single crystals, grown by the modified
Lely method, with uncompensated N donor concentration
of 8 × 1018 and 4 × 1019 cm−3, were examined by multifre-
quency EPR and EDMR techniques at T = 5 K.

Three paramagnetic centers were observed in the EPR
spectra of 6H-SiC crystals with ND–NA ≈ 8 × 1018 cm−3.
The triplet of small intensity arises from N donors residing
“k2” (Nk2) donors with S = 1/2, I = 1 and spin Hamilto-
nian parameters: g⊥ = 2.0030(2), g‖ = 2.0037(2), and A⊥ =
A‖ = 1.11 mT. The slight decrease in hyperfine coupling
constants for the Nk2 center from those found previously in
6H-SiC single crystals having ND–NA ≈ 1017 cm−3 as A⊥ =
A‖ = 1.19 mT was explained by the possible deviation from
Si/C stoichiometry in highly N-doped 6H-SiC single crystals.

The intense signal of a Lorentzian line shape labeled
as S line having S = 1/2, I = 0 and g⊥ = 2.0029(2), g‖ =
2.0038(2) was observed in EPR spectra at T < 150 K. Taking
into account the previously published data this S line was
attributed to the exchange interaction of conduction electrons
and Nk2. Another intense signal of a Voigtian line shape la-
beled as S1 line characterized by S = 1/2, I = 0 and g⊥ =
2.0030(2), g‖ = 2.0040(2) was detected at T < 25 K in EPR
spectra. Based on its spin Hamiltonian parameters, we assign
this paramagnetic center to the exchange spin interaction of
localized Nk1 and Nk2 donors.

In 6H-SiC single crystals having ND–NA ≈ 4 × 1019 cm−3

the EPR spectrum consists of the S line and the S1 line, and no

triplet line from the Nk2 donor state was observed due to the
free electron screening effect that occurs owing to ionization
electrons from shallow Nh and Nk1 donor levels.

The EDMR spectrum measured in 6H-SiC crystals hav-
ing ND–NA ≈ 8 × 1018 cm−3 revealed a single line attributed
to the S1 line. The emergence of this EDMR signal is re-
lated to the enhancement of the hopping conductivity due
to the effect of an EPR-induced temperature increase. This
mechanism can be characterized as follows: at resonance con-
ditions, the spin system absorbs MW energy, and then due
to relaxation processes, this MW energy is transferred to the
surroundings. Thus, at resonance conditions, the crystal is
heated.

The 6H-SiC single crystals having ND–NA ≈ 4 ×
1019 cm−3 revealed no EDMR signal from the S line, which
was explained by the fact that this concentration close to the
critical donor concentration value for semiconductor-metal
transition is too low for the spin-dependent scattering
mechanism and it is too high for the EPR-induced hopping
process.

The insights gained from the study regarding N donor
interactions in 6H-SiC single crystals and their effects on
electrical properties can be applied to designing high-power
SiC-based electronics. This includes improving the perfor-
mance and reliability of devices like MOSFETs, Schottky
diodes, and high-frequency transistors, which are essential
in electric vehicles, renewable energy systems, and indus-
trial power management. Moreover, the obtained results are
essential from the perspective of SiC usage in quantum appli-
cations.
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