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Abstract
Electron transport behavior of polymer‐derived amorphous silicoboron carbonitride 
(a‐SiBCNs) ceramics was studied by measuring DC/AC conductivities and optical 
absorption as functions of the temperature. Structural information of materials was 
investigated by combining X‐ray diffraction (XRD), nuclear magnetic resonance 
(NMR), X‐ray photoelectron spectroscopy (XPS), Raman spectroscopy, and electron 
paramagnetic resonance (EPR) techniques. Conductive mechanisms and electronic 
structure of the materials (eg, hopping mechanism, conduction band, band‐tail, and 
defect energy) were deduced by fitting experimental results to theoretical models. 
Results revealed that DC/AC conduction of materials followed band‐tail hopping 
mechanism instead of previously assumed variable‐range hopping mechanism. 
Hopping mechanism, associated with overlapped band‐tail and defect levels, was 
likely originated by the presence of certain number of defects and highly disordered 
structure of materials. The content of donor defects in materials was considered to 
have great influence on the type of electronic mechanism. These results were dis-
cussed in line with microstructural evolution of materials.
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1 |  INTRODUCTION

The synthesis of nonoxide silicon‐based ceramics by 
thermal decomposition of polymeric precursors (ie, 

polymer‐derived ceramics, PDCs) has attracted substan-
tial attention recently. Compared with traditional powder 
metallurgy‐based and polycrystalline ceramics, PDCs pos-
sess unique processing characteristics 1,2 and structure.3‒8 
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In addition, PDCs has demonstrated unique properties 
9‒14 and potential applications at high temperatures.16‒20 
Especially, owing to their amorphous nature, the structure 
and properties of PDCs change significantly depending 
on the pyrolysis temperature. A detailed understanding of 
these changes is key for exploring further applications and 
establishing the fundamental sciences of these materials.

A detailed study of the conduction mechanism and be-
havior of PDCs could help investigate the semiconducting 
properties of these materials as well as establish struc-
ture‐property relationships. Previous studies have demon-
strated that the conduction mechanism of PDCs is closely 
associated with the concentration of free carbon phase.21 
For example, PDCs with low free‐carbon concentrations 
showed amorphous semiconducting behavior, with the 
electrons being transported by a band‐tail hopping (BTH) 
mechanism instead of the assumed variable‐range hop-
ping mechanism. While the conduction behavior of PDCs 
has been widely investigated,22‒26 the different conduc-
tion mechanisms within these PDCs have not been well 
researched. For example, Haluschka et.al reported SiCN 
followed the three‐dimensional variable range hopping 
(3D VRH) while Wang et.al published the BTH mecha-
nism for SiCN.23,26 Both of them could not provide more 
interpretation about this different. To better understand 
the conduction mechanism of these materials, the elec-
tronic structure should be determined firstly. But, the 
complex microstructure of PDC materials makes it diffi-
cult to theoretically determine electronic structures. Wang 
has recently investigated the evolution of the electronic 
structure of polymer‐derived amorphous silicon carbide 
with the pyrolysis temperature by combining tempera-
ture‐dependent conductivity and optical absorption mea-
surements.27 The variations in the electronic structural 
parameters were discussed according to the microstruc-
tural evolutions of the materials. This study proved that 
the electronic structures information of PDCs could be 
obtained and investigated by combining conductivity and 
optical absorption measurements.

In this paper, we systemically studied the electron trans-
port behavior of polymer‐derived amorphous silicoboron 
carbonitrides (a‐SiBCNs) pyrolyzed at different tempera-
tures. The conductive mechanisms and electronic struc-
ture of the a‐SiBCNs were deduced by fitting the obtained 
results to theoretical models. We showed that the BTH 
mechanism was related to a unique electronic structure 
containing overlapped band‐tail and defect levels. We also 
revealed that the pyrolysis temperature altered the conduc-
tion behavior of these materials by changing their optical 
bandgap, band‐tail, and defect level characteristics. The 
conductive mechanisms and the evolution of the electronic 
structure of these materials were discussed in terms of their 
structure.

2 |  EXPERIMENTAL PROCEDURE

The a‐SiBCN ceramics were prepared by pyrolyzing liquid 
polyborosilazane (PBSN, Institute of Chemistry, Beijing, 
China). All the a‐SiBCN ceramics were prepared similarly. 
The as‐received precursor was first thermally cross‐linked 
at 350°C for 2 hours under a protective flow of ultrahigh 
purity nitrogen in a quartz tube furnace (GSL‐1100X; MTI 
KJ GROUP, Hefei, Anhui, China). The resultant solid was 
ground to fine powder (ca. 1 μm in size) using high‐energy 
ball‐milling (QM‐3A; Midwest Group, Beijing, China). After 
sieving, the powder was pressed into disks of 16 mm in diam-
eter and 1 mm in thickness at a uniaxial pressure of 10 MPa, 
followed by cold isostatic pressing at 200 MPa for 2 minutes 
(CHUAN‐XI, Sichuan, China). The disks were subsequently 
pyrolyzed at 900°C for 4 hours under a steady flow of N2 
in a quartz tube furnace (GSL‐1100X; MTI KJ GROUP). 
The as‐obtained samples were further pyrolyzed at different 
temperatures ranging from 1100 to 1400°C for 3 hours under 
a flow of ultrahigh purity N2 in an alumina tube furnace 
(GSL‐1700X; MTI KJ GROUP). The as‐obtained SiBCN 
materials were amorphous with an average composition of 
SiB0.09C0.95N0.41, regardless the pyrolysis temperature.

The X‐ray photoelectron spectroscopy (XPS) was car-
ried out on an AXIS ULTRA (Kratos, Manchester, UK) ap-
paratus with monochromatic Al Kα radiation. The spectra 
were recorded at room temperature (RT) under high vacuum 
(10−9 Torr). To obtain the internal structure of bulk materi-
als, the testing surface of the sample was first polished away 
5 μm, and then etched by Ar+ ions to remove additional 2 μm 
from the surface before testing. The bind energies were cali-
brated using O1s peak as a reference. The XPS spectra were 
curve‐fitted using the XPS Peak 4.1 program with a Shirley 
background subtraction. Raman spectra were obtained on 
Renishaw in‐Via Raman microscope (Renishaw, London, 
UK) with the 514 nm line of Ar+ laser as the excitation 
source. The X‐band (9.6 GHz) electron paramagnetic reso-
nance (EPR) spectra were recorded on a Bruker EMX‐10/12 
spectrometer (Bruker Instruments, Billerica, MA), of which 
the sensibility is S/N > 1500:1. The output power was 12 kW. 
All measurements were carried out at RT. The solid‐state 
NMR experiments were carried out at 7.05 T (75.47MHz 
Larmor frequency for 29Si) using a Bruker MSL‐400 spec-
trometer. A 4‐mm magic angle spinning (MAS) probe with 
a sample rotation frequency of 62.5 kHz was used for the 
measurement.

For the conductivity measurements, the surfaces of the 
specimens were first polished to 1 μm finish. Silver paste 
electrodes were then painted on the surfaces. The tempera-
ture‐dependent electrical conductivity of the samples was 
then measured in a tube furnace within an ultrahigh purity 
nitrogen environment. The I‐V curve was provided by a 
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semiconductor parameter analyzer (Agilent 4155C; Agilent 
Technologies, Inc, Santa Clara, CA) over a temperature 
range of 50‐650°C. The AC conductivity were calculated 
depend on the complex impedance data using Equation (1), 
which measured on LCR meter (Agilent 4980A; Agilent 
Technologies) in the frequency range of 50 Hz to 2 MHz at 
different temperatures.

where Z′ and Z″ are the real and imaginary parts of the 
complex impedance, respectively; T is the thickness of the 
samples; A is the effective area of the samples.

The same samples used for conductivity measurements 
underwent optical absorption measurements. The grinded 
sample powder was mixed with KBr powder and pressed into 
a disc of 10 and 0.5 mm in diameter and thickness, respec-
tively. The mixture was tested on a UV‐3101 double channel 
spectrometer (Shimadzu Co., Kyoto, Japan). The absorp-
tion spectra of the materials were obtained by subtracting 
the spectrum of pure KBr powder from the spectrum of the 
mixture.

3 |  RESULTS

The temperature‐dependent DC conductivity of the a‐SiBCN 
materials is shown in Figure 1. Conductivity increased by 
several orders of magnitude with the pyrolysis temperature, 
in line with previous observations for polymer‐derived SiC 
and SiCN ceramics.26,27 All samples exhibited semicon-
ducting behavior, with positive temperature coefficients for 
the electrical conductivity. To obtain useful information 
on the semiconducting electron transport behavior of these 

materials, the spectra were fitted to the following theoretical 
models:

where EC, EA, and EF are the mobility edge for the conduction 
band, band‐tail, and Fermi levels, respectively; w is the ther-
mal activation energy, which is equal to the phonon energy of 
the material (we assumed the phonon energy of the a‐SiBCN 
to be in the same range as those of SiC, Si3N4, and BN phon-
ons, ca. 135 meV 28‒30); σ1, σ2, and σ3 are the prefactors; and 
T0 is the characteristic temperature. The electronic transport 
contained three different conduction mechanism contribu-
tions.31 The first term in Equation (2) generated by the con-
duction in extended states, the dominating mechanism at high 
temperatures. The second term generated by the conduction 
in band tail states, the dominating mechanism at middle tem-
peratures. The third term derived from the conduction in local-
ized states, the dominating mechanism at low temperatures.

The good fitting obtained between experimental data and 
the computed parameters of Equation (2) suggested that the 
conduction of the a‐SiBCN ceramics indeed followed an 
amorphous semiconducting model. The best fitting parame-
ters and square of deviance (�2

1
) are listed in Table 1.

Figure 2 shows the effect of the frequency on the AC 
conductivity of a‐SiBCN pyrolyzed at 1200°C. The testing 
temperature is from RT to 300°C. The transition behavior of 
the conductivity contained two regions. At low frequencies, 
the conductivity was frequency‐independent and remained 
stable. At high frequencies, the conductivity followed a fre-
quency‐dependent Jonscher power law behavior, revealing 
the existence of a relaxation process.32‒35

To gain insight into their electronic structure, the optical 
absorption behavior of the a‐SiBCN ceramics was studied. 
According to theoretical models, the absorption of amor-
phous semiconductors can be used to determine the direct 
optical transition gap and the Tauc band‐gap within different 
energy ranges. Over the high energy range, the direct optical 
transition gap follows the equation 36,37:

where α is the absorption coefficient, hv is the photon energy, 
and Eg is the optical band gap between conduction band (EC) 
and the valence band (EV). The bandgaps were estimated 
by the x‐intercept slope of dashed line (Figure 3), plotted as 
(ahv)2 vs hv. The bandgaps for the four samples are listed in 
Table 2.

Over the low excitation energy range, the Tauc absorption 
mechanism can be described as follows 38,39:

where n is a constant, ET is the energy gap (ie, Tauc band‐
gap), and B is a constant. This absorption is associated to 
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F I G U R E  1  Temperature‐dependent DC conductivity 
relationship for amorphous silicoboron carbonitride materials
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transitions in the electronic structure with different n con-
stants. For n = 1.5, Inkson and Pfost separately reported that 
ET should represent the transition from a deep impurity trap 
to a delocalized band as follows 40,41:

where EC is the conduction band mobility edge and ED is 
the defect level with a high density of state. To verify the 
effectiveness of the Tauc transition for a‐SiBCN material, the 
low‐energy range absorption behavior of the materials was 
determined and compared with the theoretical expression in 
Equation (4). The experimental and fitting data are showed 
in Figure 4 and Table 2. Good fittings were obtained with 
low �2

2
 values, revealing the presence of Tauc transition in 

our materials. Besides, the fitting n constant was close to 1.5, 
such that the transition was produced between the deep defect 
states and the mobility edge.

As revealed by previous studies,22,23,25 the dependency of 
the conductivity with the temperature in PDCs is associated 
with structural changes. To better understand the conduc-
tion behavior of the a‐SiBCN ceramics, X‐ray diffraction 
(XRD), nuclear magnetic resonance (NMR), and XPS mea-
surements were conducted to characterize the structure 
of the materials. Figure 5A displays the XRD patterns of 

SiBCN ceramics pyrolyzed at different temperatures. The 
pyrolyzed samples prepared herein showed no diffraction 
peaks and remained amorphous, with no noticeable crystal-
line features. In line with previous studies,42 this phenome-
non was produced by boron, which hindered crystallization.

The chemical bonds present were examined by NMR 
and XPS. Figure 5B shows the 29Si NMR spectra of the a‐
SiBCN pyrolyzed at different temperatures. The spectrum 
could be deconvoluted into three peaks centered at −19, 
−34, and −50 ppm, corresponding to the reported chemical 
shifts of SiC4, SiCN3, and SiN4 bonds, respectively.4 Thus, 
the Si‐based matrix presented three kinds of bonds, and their 
relative concentration can be calculated by the area of each 
peak (Table 3). Unlike SiN4 and SiC4, the concentration of 

(5)ET =EC−ED

Pyrolysis 
temperature (°C) EC−EF (eV)

EA−
EF + w 
(eV) T0 (K) σ3 (Ω

−1cm−1) �
2

1

1100 0.69 0.36 4.93 × 107 1.42 × 100 0.07

1200 0.65 0.32 1.24 × 107 2.62 × 10−2 0.06

1300 0.61 0.28 2.94 × 106 9.61 × 10−4 0.01

1400 0.57 0.25 9.97 × 105 3.11 × 10−4 0.01

T A B L E  1  Fitting parameters for the 
conductivity

F I G U R E  2  Effect of the frequency on the AC conductivity of 
amorphous silicoboron carbonitride pyrolyzed at 1200°C [Colour 
figure can be viewed at wileyonlinelibrary.com]

F I G U R E  3  Bandgaps of samples pyrolyzed at different 
temperatures estimated by the x‐intercept slope of the dashed line

T A B L E  2  Fitting parameters for the optical absorption curves

Pyrolysis 
temperature (°C) Eg (eV) ET (eV) n �

2

2

1100 3.24 0.50 1.23 4.4 × 10−3

1200 3.30 0.51 1.29 1.0 × 10−2

1300 2.93 0.48 1.35 1.4 × 10−2

1400 2.92 0.46 1.47 9.7 × 10−3

www.wileyonlinelibrary.com
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SiCN3 bonding units decreased with the pyrolysis tempera-
ture, revealing micro‐scale structural separation processes in 
the Si matrix phase as the pyrolysis temperature increased. 

Figure 5C shows the B1s XPS spectra of the a‐SiBCN ce-
ramics. Curve‐fitting of the spectrum revealed two peaks at 
189.8 and 191 eV, corresponding to B–C–N, and B–N bonds, 
respectively.44,45 The relative contents of both bonds are sum-
marized in Table 3. The amount of B–N bonds was signifi-
cantly higher than that of B–C–N bonds, suggesting that the 
B–C–N phase is mainly composed of BN3 bonds. Besides, the 
amount of B–N bonds increased with the pyrolysis tempera-
ture, whereas the opposite trend was observed for B–C–N.

F I G U R E  4  Experimental and fitting data for the low‐energy 
range absorption behavior

F I G U R E  5  Structure analysis of 
the amorphous silicoboron carbonitride 
ceramics pyrolyzed at different 
temperatures: A, X‐ray diffraction; B, 29Si 
NMR; C, B1s XPS spectra; D, Raman 
spectroscopy; and E, typical electron 
paramagnetic resonance spectrum

T A B L E  3  Mole percentage for the different silicon bonding 
environments, B–C and B–N bonds of amorphous silicoboron 
carbonitride ceramics

 1100°C 1200°C 1300°C 1400°C

SiCN3 38.60% 30.86% 23.35% 17.88%

SiN4 50.80% 55.72% 61.17% 65.19%

SiC4 7.74% 9.87% 12.00% 13.69%

B‐N 89.82% 91.94% 93.60% 95.57%

B‐C‐N 10.18% 8.06% 6.40% 4.43%
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The structural changes of the free carbon phase were fur-
ther analyzed using Raman spectroscopy (Figure 5D). Two 
major bands were observed at 1350 and 1580 cm−1, corre-
sponding to the D and G bands of the free‐carbon phase, re-
spectively.46 The presence of these two peaks indicated the 
presence of an amorphous carbon phase in our samples. The 
amount and type of point defects in the materials was stud-
ied by EPR. The typical spectrum of a sample pyrolyzed at 
1200°C is shown in Figure 5E. The spectrum showed only 
one symmetric line with a g factor of 2.0032 ± 0.0002, con-
firming the presence of carbon‐related dangling bonds (ie, 
unpaired electrons) in our materials.47

4 |  DISCUSSION

4.1 | Hopping Mechanism
Previous investigations have revealed that the variation of 
conductivity with the testing temperature for PDCs materials 
reveals two different charge carrier transport behaviors at low 
temperatures. First, a 3D VRH reported by Haluschka et al and 
Hermann et al,23,25 with opposite behaviors for the prefactor σ3 
and the characteristic temperature T0 (Equation 1), as follow:

This expression indicates that the conduction takes place 
within the defect energy level close to the Fermi level. 
Second, the BTH mechanism was investigated by Wang et 
al,26 with the following relationship between T0 and σ3:

This expression shows that electrons within the defect 
level fill empty states near the so‐called “transport energy” 

(within band‐tail) and then hop back to lower localized states. 
To determine the electrons transport mechanism prevailing 
in our materials, we represented T0 vs σ3 (Figure 6). A good 
linear relationship was obtained, suggesting that our materi-
als followed the BTH conduction mechanism, rather than the 
previously assumed VRH mechanism.

We also analyzed the effect of an alternating electric field 
on the transport mechanism. The frequency‐AC conductivity 
behavior at different testing temperatures could be separated 
in two regions namely, a low‐frequency region and a high‐
frequency region. In the low‐frequency region, conductivity 
shows a frequency‐independent behavior. We used the con-
ductivity measured at 20 Hz (σL) for the following analysis. 
The low‐frequency conductivity as a function of the testing 
temperature can be calculated as follows:

where σL1 is a constant, T1 is the characteristic tempera-
ture, and β is a constant depending on the conduction mech-
anism. As shown in Table 4, the fitting parameter β is close 
to 4, which indicates that SiBCN ceramics followed the BTH 
conduction mechanism in the low‐frequency region. In the 
high‐frequency region, the conductivity showed a frequency‐
dependent behavior. The conduction mechanism was studied 
by determining the characteristic frequency (fc), which is rep-
resentative of the relaxation process and relates to the peak 
frequency in the frequency‐imaginary part of the electric 
modulus relationship. fc correlates with the testing tempera-
ture as follows:

where f0 and T2 are constants. As shown in Table 4, the 
fitting parameter γ was close to 4, which indicated that the 
relaxation process in a‐SiBCN ceramics remained controlled 
by the hopping process.

4.2 | Electronic structure
As revealed by the fitting results mentioned above, the a‐
SiBCN ceramics showed a BTH conduction mechanism, in 
line with previous reports on SiC and SiCN.26,27 To explain 
the BTH mechanism in our materials, we considered the 
unique electronic structure of a‐SiBCN, which was studied 
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F I G U R E  6  Relationship between T0 and σ3

T A B L E  4  Fitting parameters for the AC conductivity curves

Pyrolysis 
temperature (°C) β �

2

3
γ �

2

4

1200 4.06 2.5 × 10−2 4.02 1.4 × 10−1

0.98 2.7 × 10−1 1.01 7.3 × 10−1
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by calculating the fitting data in Tables 1 and 2.27 By com-
bining these fitting results, we were able to schematically 
represent the obtained electronic structures (Figure 7). The 
change in these electronic structures and the relationship with 
the transport mechanism were discussed in terms of network 
structure changes as follows.

First, we focused on the bandgap information. The struc-
ture analysis results revealed that our material consisted of a 
Si‐based matrix, a free carbon phase, and a B–C–N phase. 
The Si‐based matrix contained an amorphous network com-
prised of SiC4, SiCN3, and SiN4 units, while the B–C–N phase 
was mainly composed of BN3 bonds. Owing to the non‐trans-
parency of free carbon, we hypothesized that the band gap 
of the a‐SiBCN ceramics should be determined by the optic 
absorption of the Si‐based and B‐C‐N phases. According 
to previous studies, the band gap of amorphous SiC, Si3N4, 
and BN3 could vary between 2.0 and 5.0 eV, depending on 
the preparation process and the concentration.48‒50 The band 
gap value obtained herein (Figure 7) was within this range, 
thereby confirming our previous hypothesis. The bandgap 
shows decreased dramatically between 1200 and 1300°C. 
Based on a previous study on the electric structure of SiC, 
this sudden decrease in the bandgap could be related to sig-
nificant hydrogen losses within this temperature range.27

Second, it is the existence of the defect level (ED) and the 
band‐tail band (EA). The position of the defect level proved 
the existence of electronic defects in our materials. ED is 
associated with carbon dangling bonds dispersed in the Si‐
based matrix. The presence of defects was also revealed by 
EPR (Figure 5E).

The band tail is associated with the disordered structure 
of materials. In our case, the band tail was produced by the 
amorphous structure of the Si‐based and B–C–N phases, 
confirming the structure analysis information detailed 
above. Since the band‐tail reveals deviations from periodic 
crystalline structure, we can obtain the degree of structural 
order of our materials by calculating the band‐tail width 
between the band tail level and the edge of the conduction 

band. Thus, a reduction in the band‐tail width is associated 
with a higher order in the structure. As shown in Figure 8, 
EC‐EA changed slightly with the pyrolysis temperature. This 
stability of EC‐EA suggested that structure ordering was hin-
dered in a‐SiBCN. These results were in line with the above 
structure analysis revealing that the disordered structure of 
SiBCN was preserved at these temperatures. Besides, SiBCN 
showed higher EC‐EA values than other a‐SiC ceramics (it 
changed from 0.40 to 0.16 eV upon increasing the tempera-
ture),27 revealing a more disordered amorphous structure for 
the formers at similar pyrolysis temperatures. This can be at-
tributed to the B–C–N phase, which hindered the rearrange-
ment of the Si‐based phase.

Third, and more interesting, it is the overlap between 
the band‐tail and the defect level. This overlap provides 
the hopping conditions required for a BTH mechanism (ie, 
hopping tunnel for electrons to be transported from the de-
fect level to near empty states, and subsequent hop back 
to band tail band). The explanation for this overlapping is 
two‐fold. First, the unique polymer‐to‐ceramic preparation 
process led to the cleavage of chemical bonds and rear-
rangement processes, resulting in gas release and defects 
formation. Especially, the breaking of C–H bonds resulted 
in large amounts of carbon dangling bonds in our materials 
and, as a result, the high defect energy level in band gap. 
Second, the amorphous structure was maintained at high 
temperature, revealing the thermal stability of our materi-
als. This amorphous network of the Si‐based matrix and the 
inhibition effect of B–C–N phase resulted in significantly 
low atomic diffusion rates compared to crystalline Si‐based 
ceramics. Thus, structure rearrangement and crystalliza-
tion were hindered in our materials. As a result, the gap 
between the edge of the conduction band and band tail level 
is wide. Thus, the combining effect of the wide band‐tail 
and the high defect energy level is likely responsible for 
the overlap.

F I G U R E  7  Schematic of the electronic structures
F I G U R E  8  Band‐tail width as a function of the pyrolysis 
temperature
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Another interesting point is the different transport mecha-
nisms of the a‐SiBCN ceramics. Hermann et al reported that 
SiBCN ceramics followed VRH mechanism derived from 
their highly disordered structure and the presence of unsatu-
rated bonds.25 Despite having similar structure, our materials 
followed a BTH mechanism. We consider that this different 
mechanism could be related to different structure informa-
tion used herein, which resulted in different gap distances be-
tween EA, ED, and EF. As indicated above, a‐SiBCN ceramics 
are rich in dangling bonds, thereby displacing EF close to ED. 
The formation of defect states within the band gap was pro-
duced by the existence of C‐dangling bonds acting as electron 
donor defects. Consequently, an increase in the C‐dangling 
bonds could lead to higher density of defect states, resulting 
in the Fermi level moving toward the conduction band, while 
we suppose the defect band would move slightly from the 
conduction band. Thus, the distance between the Fermi level 
and the defect band decreased. So, the hopping probability 
for electrons to move from ED to EF was higher compared to 
ED to EA, and electrons were transported following a VRH 
mechanism. In contrast, the electric structure of our materials 
(Figure 7) revealed lower EA‐ED barriers compared to ED‐EF, 
such that electrons would preferably hop from ED to EA rather 
than to EF (ie, a BTH mechanism). Thus, we consider that 
the concentration of defects of the material is a very import-
ant factor determining the transport mechanism of SiBCN 
ceramics.

5 |  CONCLUSIONS

The conduction mechanism of polymer‐derived a‐SiBCNs 
was investigated by measuring their temperature‐depend-
ent DC and AC conductivities, and the electronic structure 
was established by additional optical spectra measurements. 
The amorphous structure of the material was also studied by 
different techniques. The results revealed that the material 
contained three components: (a) a Si‐based matrix, which 
consisted of SiC4 tetrahedra, SiCN3, and SiN4; (b) a B–C–N 
phase, mainly composed of BN3 with minor amounts of 
BCN2; and (c) a free carbon phase consisting of amorphous 
carbon and C‐dangling bonds. The materials maintained their 
amorphous structure upon increasing the pyrolysis tempera-
ture from 1100 to 1400°C.

The electric properties results showed that, regard-
less the pyrolysis temperature, all the samples exhibited 
band tail hopping under a DC/AC electric field. This 
hopping feature was explained by the unique electronic 
structure of the samples, with close band‐tail and defect 
levels. This overlap was likely produced by the presence 
of a certain number of defects and the highly disordered 
structure of the materials. Unlike the VRH mechanism 
proposed in previous studies, we consider that the 

content of donor defects in our materials had a great 
influence on their electronic structure. The results also 
revealed that the electronic structure of the materials 
was affected by their structural evolution. The band‐tail 
width of the material remained stable with the pyrolysis 
temperature, which was attributed to the stability of the 
amorphous network, favored by the inhibitory effect of 
the B–C–N phase.
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