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The silicon carbide (SiC) wide bandgap (WBG) semiconductor power device has been
widely applied for its excellent properties. However, the charge accumulated in the
interface of SiC semiconductor-related insulation packaging may lead to serious
material performance degradation and failure, threatening the reliability and operation
life of power devices. In this research, interface charge accumulation characteristics of
SiC–epoxy resin double-layered material were investigated, and space charge injection,
transport, and accumulation mechanisms, as well as the related temperature effect for the
SiC–epoxy resin under polarization and depolarization conditions, were studied by the
pulsed electro-acoustic (PEA) technique. The results show that a charge peak appears
between the SiC–epoxy resin interface, which shows the same polarity as the SiC side
electrode. Charge injects from the SiC electrode, transports along with the SiC
semiconductor bulk due to the high mobility, and is blocked by the interface barrier. In
addition, under high temperature and high electrical stress conditions, obvious charge
accumulation occurs inside the epoxy resin bulk, which was captured by the deep traps.
The charge accumulation of the SiC-insulation packaging material can influence the
operation of the power device and should attract more attention.
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INTRODUCTION

Recently, great progress has been made in the development of power chips and modules. High
voltage, high power density devices, and modules are the significant directions (Konstantinov et al.,
1997). At present, new type wide bandgap (WBG) semiconductor materials, such as silicon carbide
(SiC) and gallium nitride (GaN), have gradually been widely researched because of their excellent
electrical, mechanical, and thermal properties (Kong et al., 1988; Palmour et al., 1988; Suttrop et al.,
1992; Liu et al., 2019). SiC WBG power devices and modules are widely used in automotive motor
drive, oil gas drilling and extraction, avionics power supply, military, and other fields (Götz et al.,
1993; Asada et al., 2015). To improve the power conversion efficiency and increase the power density,
the size of the high-voltage power module should be small to a certain extent, while the working
voltage and temperature are improved constantly, which puts forward higher requirements for the
SiC and related insulation packaging materials. However, the invalidity of SiC WBG and the related
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packaging material is an inevitable issue that restricts the
development of SiC WBG power devices in the field of high
voltage and high current (Delage and Dua, 2003; Oh et al., 2015).

Space charge is the important inducement and internal
mechanism of material degradation and invalidity. Under the
blocking condition of SiC WBG power devices, a charge carrier
can be injected and accumulated inside the SiC WBG
semiconductor and insulation packaging material. In addition,
chemical defects in polymer materials will introduce deep traps
and become defect points that allow carriers to stay, which
provides conditions for space charge accumulation, and
greater energy is required for the trapped charge to escape
(Teyssedre and Laurent, 2005). The charge used for
transporting and trapping will accelerate the electrical aging
and even breakdown of these materials, leading to the
aggravation of the materials’ invalidity. The accumulation of
the space charge can distort local electrical stress distribution
and the discharge, aggravating the material property degradation
and failure. In addition, during the operation of SiC WBG power
devices, the high temperature effect caused by the device heating
could lead to the charge carrier transportation and accumulation
becomes more complicated. To investigate the mechanism of the
invalidity of the SiC semiconductor and related insulation
packaging material, it is significant to study the charge carrier
transportation and accumulation in the SiC-packaging
material first.

Until now, extensive research has been carried out on the
invalidity of the SiC WBG semiconductor and the related
packaging material (Chi et al., 2020). Published reports are
mainly focused on the breakdown voltage, leakage current
(Schoeck et al., 2018; Indari et al., 2019; Long et al., 2020),
and the defect characteristic of SiC semiconductors (Jacobson
et al., 2002; Jacobson et al., 2004; Skowronski and Ha, 2006; Peng
et al., 2016). SiC material has 3 times the bandgap width of the
silicon material, 10 times the critical breakdown electric field
strength of the silicon material, and 3 times the thermal
conductivity of the silicon material (Ren and Xu, 2020). Also,
much emphasis has been placed on the partial discharge, aging,
and electrical tree of semiconductors’ packaging materials (Auge
et al., 2013; Locatelli et al., 2014; Sato et al., 2015). However, the
research on the charge carrier transportation and accumulation
in the SiC WBG semiconductor and the related insulation
packaging materials is not reported yet. Also, it still lacks an
understanding of space charge effect between the SiC WBG
semiconductor and the related packaging material.

In this research, the charge carrier injection, transport,
accumulation, and dissipation mechanisms in the SiC–epoxy
resin packaging material were discussed. Interface charge
behaviors were studied under polarization and depolarization
conditions based on the pulsed electro-acoustic (PEA) space
charge measurement technique. It reveals that the charge
carrier can be injected from the electrode, transported along
the SiCWBG semiconductor, and blocked by the SiC–epoxy resin
interface barrier, causing an obvious accumulation of interface
charge. Also, homo-charge accumulation also appears inside the
epoxy resin packaging material. This research mainly focuses on
the charge transport dynamic on SiC WBG semiconductors. The

charge accumulation and local electrical stress distortion in SiC
semiconductors and the related packaging material can influence
the normal operation of the power devices and should attract
more attention.

EXPERIMENTAL METHOD

In this article, the 4H-SiC WBG semiconductor and epoxy resin
insulation materials were used to study the interface charge
characteristics. The thickness of these two samples was 0.3 and
0.2 mm, respectively. The micropipe density of the measured SiC
crystal material is 20/cm2. The vanadium-doped concentration is
2.6 × 1016/cm3. This information is provided by the SiC wafer
manufacturer. Also, gold electrodes were sputtered on each side
of the SiC and epoxy resin materials. The space charge for the
SiC–epoxy resin double-layered sample was measured with the
pulsed electro-acoustic (PEA) space charge experiment method.
Figure 1 shows the schematic diagram of the measuring device.
During the space charge measurement, the SiC–epoxy resin
double-layered plate sample was put into the space charge-
measured electrode. A nanosecond pulse source was used to
apply the high-frequency nanosecond pulse signal, while the
HVDC source was used to apply the high-voltage signal. In
this research, the SiC semiconductor side was set to the anode
electrode, while the epoxy resin side was the cathode electrode.
Also, through the high temperature circulating bath, the
temperature condition for both the higher and lower surfaces
of the double-layered sample could be set to a fixed value. The
data acquisition system of measurement equipment mainly
consists of an amplifier, oscilloscope, and computer and was
used to process the measured PEA signal furthermore.

In this research, the space charge was measured under 10, 15,
and 20 kV/mm DC electrical stresses, and 30, 50, and 70°C
temperature conditions, respectively. The polarization time
was set at 20 min, while the depolarization time was set at
10 min. After the measurement, the space charge profiles were
calibrated and recovered based on the wave propagation law in
the two samples. To improve the accuracy of charge data
processing, first, the background clutter was collected and
subtracted by each measured space charge waveform.

RESULTS AND DISCUSSION

Space charges for the SiC–epoxy resin double-layered sample
are presented in Figure 2. An obvious interface charge peak
appears in the interface of the SiC–epoxy resin double-layered
sample, which shows the same polarity with the SiC electrode
(anode) charge peak. Also, the interface charge peak increases
with the polarization time, while the SiC electrode charge peak
decreases. Also, almost no charge appears inside the epoxy
resin bulk under 10 kV/mm, while obvious homo-charge
accumulates near the epoxy resin electrode (cathode) under
15 and 20 kV/mm. Therefore, the accumulation of the
interface charge is mainly originated from the charge carrier
injected from the SiC WBG electrode; another way of the
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source of the interface charge is impurity ionization. After
injection from this electrode, the charge carrier can transport
along with the SiC bulk rapidly because of the high mobility of
SiC WBG semiconductor material. Also, the migrated carrier
would be blocked by the SiC–epoxy resin interface due to the
interface barrier, which is caused by the nonideal interface
contact and additional interface states. A small part of the
charge carrier may pass through the interface, but it cannot be
indicated by the space charge profiles because of the limit of
the resolution of the PEA measurement technique.

In addition, due to the higher injection barrier of the epoxy
resin electrode interface, the charge carrier cannot be injected into
the epoxy resin under 10 kV/mm. Under 15 and 20 kV/mm DC
stress, carriers can be injected from the epoxy electrode and
captured by deep traps near the electrode interface. Due to the
high energy level of deep traps, the trapped charges are not easy to
fall off, which is equivalent to reducing the overall mobility of the
carriers, causing homo-charge accumulation (Montanari et al.,
2001; Mazzanti et al., 2003). Almost 20 min later, after the
application of DC electrical stress, space charge profiles of the
SiC–epoxy resin double-layered sample reach an equilibrium
state. Also, to analyze the influence of the applied DC
electrical stress, the space charge profiles of the SiC–epoxy
resin double-layered sample under a steady-state are collected
together, which is presented in Figure 3.

It could be concluded that both the interface charge and the
homo-charge inside the epoxy resin increase with the applied DC
electrical stress. The amplitude of the three interface charge peaks
is 0.4, 0.6, and 1.0 C/m3, while the homo-charge amplitudes are 0,
0.3, and 0.7 C/m3. Meanwhile, the homo-charge near the epoxy
resin electrode extends into the sample bulk. Therefore, the
injection rate of the charge carrier from the two electrodes
increases with the applied DC electrical stress. With the
aggravation of charge injection from the epoxy resin electrode,

the partial carrier can transport inside the bulk, causing an
extension of the homo-charge.

The related local electrical field distribution of the
SiC–epoxy resin double-layered sample is also calculated
from the space charge profiles through the Poisson
equation, as shown in Figure 4. It can be seen from
Figure 4 that the accumulation of the interface charge
distorts the local electric field distribution inside the
SiC–epoxy resin double-layered sample. The electrical field
inside the SiC WBG semiconductor decreases, while it
increases inside the epoxy resin. This is mainly because the
interface charge is injected from the SiC electrode and shows
the same polarity as the electrode. The injection rate of the two
electrodes is also influenced by the distortion of the local
electrical field. In addition, the local electric field
distribution near the epoxy resin electrode decreases due to
the accumulation of the homo-charge under 15 and 20 kV/
mm. Also, it could be seen from Figure 4 that the largest
negative electrical field appears inside the epoxy resin, while
the most serious distorted electrical field exists in the
SiC–epoxy resin interface. Also, the local electrical field at
the interface from the SiC WBG semiconductor and the epoxy
resin changes rapidly.

To study the influence of the high temperature effect caused
by the fever of the power devices, the charge carrier
transportation and accumulation under the high
temperature conditions (30, 50, and 70°C) were also
measured and analyzed in this research. Figures 5, 6
present the space charge and electric field distribution
profiles of the SiC–epoxy resin under different temperature
conditions. As Figure 5 shows, the interface charge peak
increases, while the two electrode peaks decrease with the
temperature. Therefore, the high temperature effect can
aggravate the injection rate of both the epoxy resin

FIGURE 1 | Schematic diagram of PEA space charge measuring system for the SiC–epoxy sample.
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insulation material and SiC WBG semiconductor electrodes,
so both the accumulated homo-charge and the interface charge
increase with the temperature. In addition, the migration rate
of the charge carrier in the epoxy resin also improves with the
temperature, and these two factors cause the accumulated
charge to extend into the epoxy resin furthermore. From
Figure 6, the largest electrical stress in the epoxy resin and
the distortion of the interface electrical field also increase with
the temperature. Therefore, during the operation of SiC WBG
semiconductor power devices, the interface position between
the SiC and the related packaging insulation material should be
paid more attention to as the electric field concentration and
distortion.

It could be deduced that the charge carrier injection from
the SiC electrode can improve the interface charge, while its
injection from the epoxy resin electrode aggravates the
extension of the homo-charge into the sample and toward
the interface. As the injection and migration of charge carrier
increase with the applied DC electrical stress and temperature
condition, the charge carrier injection from the epoxy resin
electrode may transport and accumulate near the interface at

high temperature and high DC electrical stress conductions,
resulting in a hetero-charge distribution in the SiC–epoxy
resin interface. The carrier transport and accumulation
under such a higher temperature will be studied in our
following research.

To investigate the depolarization charge characteristic and
residual charge behavior of the SiC–epoxy resin material, the
short circuit space charge profiles are measured and analyzed. At
20 kV/mm, the short-circuit charge profile at 30°C and 70°C are
shown in Figures 7A and B respectively.

It can be seen that the SiC electrode charge peak dissipates
to the noise level rapidly, just takes almost 10 , whereas the
interface charge peak dissipates a little slowly. Also, the charge
peak at the epoxy resin electrode dissipates relatively slow, that
is, 10 min later, some residual charge still exists. Because of the
higher mobility of the SiC WBG semiconductor than that of
the epoxy resin, the interface charge mainly dissipates through
the SiC electrode rapidly after depolarization, and the
existence of the interface barrier limits the dissipation rate.
Also, at the epoxy resin electrode, the capacitive charge can
dissipate relatively quickly. However, the charge carrier

FIGURE 2 | Space charge profiles for the SiC–epoxy resin double-layered sample with different polarization time. (A) Space charge distribution at 10 kV/mm. (B)
Space charge distribution at 15 kV/mm. (C) Space charge distribution at 20 kV/mm.
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captured by the deep traps cannot be extracted easily, and most
of them stay in the epoxy resin as the residual charge. Also,
under the higher temperature, the residual charge extends a
little far away from the epoxy resin electrode, as shown in
Figure 7B.

CONCLUSION

In this article, the carrier transportation and accumulation in the
SiC–epoxy resin double-layered sample were measured and

analyzed with the PEA space charge experimental technique,
and the interface charge behaviors were investigated. The results
showed that an obvious interface charge peak appears in the
SiC–epoxy resin interface, which shows the same polarity with
the SiC electrode charge peak. Also, the homo-charge appears
near the epoxy resin electrode and extends toward the sample
bulk. These interface charges and homo-charge increase with the
temperature and DC electrical stress. The accumulation of the
space charge causes an obvious distortion of the local electrical
field distribution, resulting in the electrical field changing rapidly
at the interface. Also, after depolarization, the SiC semiconductor

FIGURE 3 | Space charge profiles for the SiC–epoxy resin double-
layered sample under different DC electrical stresses.

FIGURE 4 | Electrical field distribution for the SiC–epoxy resin double-
layered sample under different applied DC electrical stresses.

FIGURE 5 | Space charge profiles for the SiC–epoxy resin double-
layered sample under different temperature conditions.

FIGURE 6 | Electrical field distributions for the SiC–epoxy resin double-
layered sample under different temperature conditions.
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charge peak dissipates rapidly, while the dissipation of the
interface charge peak shows little slowness. Also, several
minutes later, a residual charge still exists inside the epoxy
resin bulk.

This interface charge peak between the SiC WBG
semiconductor and the epoxy resin is originated from the
injection of the charge carrier from the SiC electrode. After
injection, these carriers transport along the SiC bulk rapidly
due to the high mobility of SiC WBG semiconductors. Then,
these charge carriers are blocked and accumulated at the
interface due to the interface barrier. Also, with the increase
of the injection rate at high temperature and high electrical
stress, the interface charge peak could increase. In addition,
the accumulated homo-charge in the epoxy resin was caused
by the injection of electrodes and trapping by the deep traps.
After depolarization, the interface charge dissipation is
limited by the interface barrier, so it could not dissipate
rapidly, while the residual charge captured by the deep trap
stays inside the epoxy resin for a relatively long time.
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FIGURE 7 | Depolarization charge profiles for the SiC–epoxy resin double-layered sample under different temperature conditions. (A) Depolarized charge
distribution at 30°C. (B) Depolarized charge distribution at 70°C.

Frontiers in Chemistry | www.frontiersin.org April 2022 | Volume 10 | Article 8794386

Chen et al. Charge Transport Characteristics in SiC–Epoxy

https://www.frontiersin.org/journals/chemistry
www.frontiersin.org
https://www.frontiersin.org/journals/chemistry#articles


REFERENCES

Asada, S., Okuda, T., Kimoto, T., and Suda, J. (2015). Temperature Dependence of
Current Gain in 4H-SiC Bipolar junction Transistors. J.Appl.Phys 54 (4s),
04DP13. doi:10.7567/jjap.54.04dp13

Auge, J.-L., Lesaint, O., and Thi, A. T. V. (2013). Partial Discharges
in Ceramic Substrates Embedded in Liquids and Gels. IEEE Trans. Dielect.
Electr. Insul. 20 (1), 262–274. doi:10.1109/tdei.2013.6451366

Chi, Q., Cui, S., Zhang, T., Yang, M., Zhang, Y., Zhang, C., et al. (2020).
Nonlinear Conductivity and Breakdown Strength Characteristics of Silicon
Carbide and Hexagonal boron Nitride Co-doped Epoxy Resin Composites.
AIP Adv. 10 (5), 055322. doi:10.1063/5.0007437

Delage, S. L., and Dua, C. (2003). Wide Band gap Semiconductor Reliability: Status
and Trends.Microelectron. Reliability 43 (9/11), 1705–1712. doi:10.1016/s0026-
2714(03)00338-x

Götz, W., Schöner, A., Pensl, G., Suttrop, W., Choyke, W. J., Stein, R., et al. (1993).
Nitrogen Donors in 4H-silicon Carbide. J. Appl. Phys. 73 (7), 3332–3338. doi:10.
1063/1.352983

Indari, E. D., Yamashita, Y., Hasunuma, R., Nagata, T., Ueda, S., and Yamabe, K.
(2019). Relationship between Band-Offset, Gate Leakage Current, and Interface
States Density at SiO2/4H-SiC (000-1) Interface. AIP Adv. 9 (4), 045002. doi:10.
1063/1.5088541

Jacobson, H., Birch, J., Yakimova, R., Syva€ja€rvi, M., Bergman, J. P., Ellison, A., et al.
(2002). Dislocation Evolution in 4H-SiC Epitaxial Layers. J. Appl. Phys. 91 (10),
6354–6360. doi:10.1063/1.1468891

Jacobson, H., Bergman, J. P., Hallin, C., Janzén, E., Tuomi, T., and Lendenmann, H.
(2004). Properties and Origins of Different Stacking Faults that Cause
Degradation in SiC PiN Diodes. J. Appl. Phys. 95 (3), 1485–1488. doi:10.
1063/1.1635996

Kong, H. S., Glass, J. T., and Davis, R. F. (1988). Chemical Vapor Deposition and
Characterization of 6H-SiC Thin Films on off-axis 6H-SiC Substrates. J. Appl.
Phys. 64 (5), 2672–2679. doi:10.1063/1.341608

Konstantinov, A. O., Wahab, Q., Nordell, N., and Lindefelt, U. (1997). Ionization
Rates and Critical fields in 4h Silicon Carbide. Appl. Phys. Lett. 71 (1), 90–92.
doi:10.1063/1.119478

Liu, X., Hao, J., You, N., Bai, Y., and Wang, S. (2019). High-pressure Microwave
Plasma Oxidation of 4H-SiC with Low Interface Trap Density. AIP Adv. 9,
125150. doi:10.1063/1.5115538

Locatelli, M.-L., Khazaka, R., Diaham, S., Pham, C.-D., Bechara, M., Dinculescu, S.,
et al. (2014). Evaluation of Encapsulation Materials for High-Temperature
Power Device Packaging. IEEE Trans. Power Electron. 29 (5), 2281–2288.
doi:10.1109/tpel.2013.2279997

Long, H., Ren, N., Guo, Q., Gan, X., Chen, L., Zhang, W., et al. (2020).
Understanding the Breakdown Asymmetry of 4H-SiC Power Diodes with
Extended Defects at Locations along Step-Flow Direction. J. Appl. Phys. 128
(16), 164501. doi:10.1063/5.0020066

Mazzanti, G., Montanari, G. C., and Alison, J. M. (2003). A Space-Charge Based
Method for the Estimation of Apparent Mobility and Trap Depth as Markers
for Insulation Degradation-Theoretical Basis and Experimental Validation.
IEEE Trans. Dielect. Electr. Insul. 10 (2), 187–197. doi:10.1109/tdei.2003.
1194099

Montanari, G. C., Mazzanti, G., Palmieri, F., Perego, G., and Serra, S. (2001). Space-
charge Trapping and Conduction in Ldpe, Hdpe and Xlpe. J. Phys. D: Appl.
Phys. 34 (18), 2902–2911. doi:10.1088/0022-3727/34/18/325

Oh, H., Han, B., Mccluskey, P., Han, C., and Youn, B. D. (2015). Physics-of-failure,
Condition Monitoring, and Prognostics of Insulated Gate Bipolar Transistor
Modules: a Review. IEEE Trans. Power Electron. 30 (5), 2413–2426. doi:10.
1109/tpel.2014.2346485

Palmour, J. W., Kong, H. S., and Davis, R. F. (1988). Characterization of Device
Parameters in High-temperature Metal-oxide-semiconductor Field-effect
Transistors in β-SiC Thin Films. J. Appl. Phys. 64 (4), 2168–2177. doi:10.
1063/1.341731

Peng, B., Jia, R. X., Wang, Y. T., Dong, L. P., Hu, J. C., and Zhang, Y. M. (2016).
Concentration of point Defects in 4H-SiC Characterized by a Magnetic
Measurement. AIP Adv. 6 (9), 095201. doi:10.1063/1.4962545

Sheng, K., Ren, N., and Xu, H. (2020). A Recent Review on Silicon Carbide Power
Devices Technologies. Chin.Soc. Elec. Eng. 40 (6), 1741–1753. doi:10.13334/j.
0258-8013.pcsee.191728

Sato, M., Kumada, A., Hidaka, K., Yamashiro, K., Hayase, Y., and Takano, T.
(2015). Dynamic Potential Distributions of Surface Discharge in Silicone Gel.
IEEE Trans. Dielect. Electr. Insul. 22 (3), 1733–1738. doi:10.1109/tdei.2015.
7116371

Schoeck, J., Schlichting, H., Kallinger, B., Erlbacher, T., and Rommel, M. (2018).
Influence of Triangular Defects on the Electrical Characteristics of 4H-SiC
Devices. MSF 924, 164–167. doi:10.4028/www.scientific.net/msf.924.164

Skowronski, M., and Ha, S. (2006). Degradation of Hexagonal Silicon-Carbide-
Based Bipolar Devices. J. Appl. Phys. 99 (1), 11101. doi:10.1063/1.2159578

Suttrop, W., Pensl, G., Choyke, W. J., Stein, R., and Leibenzeder, S. (1992). Hall
Effect and Infrared Absorption Measurements on Nitrogen Donors in 6H-
silicon Carbide. J. Appl. Phys. 72 (8), 3708–3713. doi:10.1063/1.352318

Teyssedre, G., and Laurent, C. (2005). Charge Transport Modeling in Insulating
Polymers: from Molecular to Macroscopic Scale. IEEE Trans. Dielect. Electr.
Insul. 12 (5), 857–875. doi:10.1109/tdei.2005.1522182

Conflict of Interest: Author CHC was employed by the company China Southern
Power Grid.

The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors, and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Chen, Li, Wang, Wu, Cheng, Wang and Fu. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CCBY).
The use, distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication in this
journal is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Chemistry | www.frontiersin.org April 2022 | Volume 10 | Article 8794387

Chen et al. Charge Transport Characteristics in SiC–Epoxy

https://doi.org/10.7567/jjap.54.04dp13
https://doi.org/10.1109/tdei.2013.6451366
https://doi.org/10.1063/5.0007437
https://doi.org/10.1016/s0026-2714(03)00338-x
https://doi.org/10.1016/s0026-2714(03)00338-x
https://doi.org/10.1063/1.352983
https://doi.org/10.1063/1.352983
https://doi.org/10.1063/1.5088541
https://doi.org/10.1063/1.5088541
https://doi.org/10.1063/1.1468891
https://doi.org/10.1063/1.1635996
https://doi.org/10.1063/1.1635996
https://doi.org/10.1063/1.341608
https://doi.org/10.1063/1.119478
https://doi.org/10.1063/1.5115538
https://doi.org/10.1109/tpel.2013.2279997
https://doi.org/10.1063/5.0020066
https://doi.org/10.1109/tdei.2003.1194099
https://doi.org/10.1109/tdei.2003.1194099
https://doi.org/10.1088/0022-3727/34/18/325
https://doi.org/10.1109/tpel.2014.2346485
https://doi.org/10.1109/tpel.2014.2346485
https://doi.org/10.1063/1.341731
https://doi.org/10.1063/1.341731
https://doi.org/10.1063/1.4962545
https://doi.org/10.13334/j.0258-8013.pcsee.191728
https://doi.org/10.13334/j.0258-8013.pcsee.191728
https://doi.org/10.1109/tdei.2015.7116371
https://doi.org/10.1109/tdei.2015.7116371
https://doi.org/10.4028/www.scientific.net/msf.924.164
https://doi.org/10.1063/1.2159578
https://doi.org/10.1063/1.352318
https://doi.org/10.1109/tdei.2005.1522182
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/chemistry
www.frontiersin.org
https://www.frontiersin.org/journals/chemistry#articles

	Transport Characteristics of Interfacial Charge in SiC Semiconductor–Epoxy Resin Packaging Materials
	Introduction
	Experimental Method
	Results and Discussion
	Conclusion
	Data Availability Statement
	Author Contributions
	Funding
	Acknowledgments
	References


