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Abstract. In this paper, the third generation power MOSFET is introduced, and the physical
model based on silicon based MOSFET is improved for SiC MOSFET, and the commercial
planar gate and trench gate 1.2kV SiC MOSFET are simulated. The accuracy of physical modals
is tested by comparing the static characteristics with commercial ones. The dynamic
characteristics of two MOSFETs are simulated by inductively clamped double pulse circuit, and
the circuit parameters are analyzed according to the static characteristics of the devices. The
switching loss of the two MOSFETs is calculated and compared by using TCAD software. In
the two devices with the same volume, the trench gate structure has the larger switching loss.
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1. Introduction

With the development of power electronic technology, semiconductor devices play a very key role and
are the core of power electronic equipment. Among them, the development of Si-based power
semiconductor devices has been relatively mature [1], and they have been widely used in power grid
conversion, electric vehicles, household appliances and other fields. However, with the continuous
improvement of the overall efficiency and stability requirements of devices, Si-based power devices
have approached their performance limits. At this time, the third generation power semiconductor
material such as SiC began to attract the attention of researchers. SiC power semiconductor devices
show better characteristics than Si based devices in on-state resistance, operating temperature and
blocking capacity [2]. Compared with Si based devices, the breakdown voltage of SiC semiconductor
devices can reach several times larger than that of Si based devices [3-4]. This allows SiC semiconductor
devices to achieve the same blocking voltage in the smaller volume, while also allowing for smaller on-
state resistances. In addition, in terms of switching characteristics, since the electron saturation drift rate
of 4H-SiC material is two times higher than that of Si, the drift removal rate of SiC device is faster,
which can greatly improve its switching efficiency [5].

In the development of SiC devices, the performance of SiC MOSFET is very bright, especially in its
switching loss, because it is a unipolar device, can work at very high switching frequency and have low
switching loss. SiC MOSFET can be divided into two types according to the structure, horizontal
structure and vertical structure. Horizontal structure of MOSFET device, its gate, source and drain are
in the same plane, the channel is parallel to the plane, the production of it is simple, but there are large
on-resistance and other defects. Therefore, vertical SiC MOSFET with drain on the back of the device
and easier to integrate has greater advantages in terms of high voltage and low power consumption [6].

© 2023 The Authors. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
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SiC power semiconductor devices have been vigorously developed by the United States since the 1980s,
but their research progress is not rapid until the early part of this century. In the performance research
of SiC MOSFET device, Ganesan P et al studied the influence of device parameters of 6.5kV planar-
gate SiC MOSFET on its switching characteristics [7],Sarah R. El-Helw et al studied the dynamic and
static characteristics of 1.7kV planar-gate SiC MOSFET [8],Kevin Matsui et al. designed the structure
of SiC MOSFET with planar gate and trench gate of 1.2kV, integrated Schottky diode with MOSFET,
and verified its electrical characteristics [9]. The above researches are concentrating on the influence of
the device parameters of MOSFET on its electrical characteristics, while there are few simulation studies
on comparison of static and dynamic characteristics of SiC MOSFET with planar gate and trench gate
structure. Domestic research on this kind of research is also in the initial stage.

In this paper, the research prospect and existing research of SiC devices are introduced firstly. In the
second section, the structural models of 1.2kV SiC MOSFET are established, and their characteristics
are compared with those of commercial SiC MOSFET respectively to verify the reliability of the models.
The third section introduces the static characteristics and test conditions of the device and makes a
comparative analysis. The fourth section introduces the double pulse test circuit used to test the
switching characteristics of the device and the analysis of the dynamic characteristics. Section 5
summarizes the experimental results.

2. The structure and the physical models of SiC MOSFET

In this paper, two commercial 1.2kV SiC MOSFET devices were selected as research objects, and their
simulation analysis was conducted. In order to test their dynamic switching characteristics at normal
temperature, the static characteristics were simulated and analyzed at normal temperature to confirm the
validity of the simulation models. The two types of SiC MOSFETs are planar gate and trench gate
respectively,and the structures are shown in Fig.1. In order to study the difference between planar gate
and trench gate structures themselves, two traditional structure are picked up, that carrier storage layer
and p-buried layer under the gate are not used.
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Figure 1. The structure of (a) planar gate SiC MOSFET (b) trench gate SiC MOSFET.

In the vertical device, its gate is on the top of the device, while the drain is at the bottom of it. When the
MOSFET is on, the current mainly flow vertically and the channel is formed in the P body between the
P source and the N-drift. The doping concentration and thickness of the N-drift region and the device
size of the two MOSFETs remain the same to ensure the reliability of the experiment. These important
parameters are shown in the table below.
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Table 1. Simulation parameters of the two MOSFETs.

Gate oxide Channel length N-Drift N-drift doping
thickness thickness concentration
parameters 50nm 1 bJm 10m 5el5cm™

In the process of device simulation, the physical models and device parameters used will affect the
results of the whole experiment. For conventional silicon-based devices, the simulation process has been
relatively mature, but in the simulation of SiC devices, the physical model based on silicon-based
devices is not so accurate, its physical models need to be adjusted. In order to better simulate and analyze
SiC devices, the Fermi-Dirac statistic was adopted in this paper to analyze the properties of materials
with high doping concentration [10]. In terms of mobility, energy is lost due to various scattering
processes after the activation of holes and electrons. In order to accurately describe these situations,
Lombardi CVT Model is adopted in this paper. The Lombardi(CVT) model includes doping
concentration factor as well as temperature effects and also accounts for the transverse electric fields,
and the models to transverse electric fields in which ionized impurity scattering, carrier scattering, and
high field degradation are transverse electric fields are included in the simulation calculation [11].

3. Measured results of the static characteristics
After the above physical models are adopted, the static electrical characteristics of the two devices are
tested, and results are shown in the figure below.
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Figure 2. Comparison of breakdown voltage between simulated planar gate MOSFET
and commercial device.
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Figure 3. Comparison of breakdown voltage between simulated trench gate MOSFET
and commercial device.

Fig.2 and Fig.3 show the breakdown characteristics of planar and trench gate SiC MOSFET between
commercial ones.As can be seen, the breakdown voltage of simulated structure are similar to commercial
structures, which shows that the using physical models are accurate. As shown in the figure, with the
same thickness of N-drift and doping concentration, the breakdown voltage of the trench type structure
will be lower than that of the planar type structure. This is because a larger voltage will be applied to
the drain during off-state, and the electric field will gather at the corner below the trench. This will cause
the electric field intensity of the oxide layer in the trench corner to be too large, which will make the
device breakdown in advance. In order to increase the breakdown voltage of trench gate SiC MOSFET
on the premise of ensuring the device conduction characteristics, the most commonly used method is
not to reduce the doping concentration in the N- drift region, but to set a P-type region under the trench
to protect the oxide layer [12].
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Figure 4. (a) the conductivity characteristics of planar gate SiC MOSFET (b) the
conductivity characteristics of trench gate SiC MOSFET.
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Figure 5. Comparison of transfer characteristics between planar gate MOSFET
and trench gate MOSFET.

Fig. 4 (a) and (b) show the conduction characteristics of the planar gate and the trench gate SiC MOSFET
respectively. At the same temperature, the conductivity of the trench type structure are much higher than
the planar one, because under the same size of structure, the current flow path of the trench structure is
shorter, while the planar structure has JFET resistance and accumulation layer resistance because of its
JFET region, resulting in its poor conduction characteristics. Fig. 5 shows the transfer characteristic
curves of the two structures.

4. Dynamic characteristics simulation

4.1. Introduction and analysis of double pulse circuit

Double pulse test is widely used in the characteristic evaluation of power switching elements such as
MOSFET and IGBT. Many dynamic parameters of power devices can be obtained from the device data
manual, but the device manual only gives the dynamic parameters under specific test conditions. When
the parameters such as power circuit voltage and current, drive circuit voltage, resistance and external
capacitance change, the switching time of the device will also change. Therefore, it is necessary to
conduct double pulse test for specific operating conditions of the device during design to obtain more
real performance.

In the dual pulse circuit, the test board is the core to complete the dual pulse test. It is generally a
half bridge circuit, and sometimes the topology based on the actual system application is used. Its main
components include bus capacitor and drive circuit. The bus capacitor provides stable bus voltage and
required current for the test process. The drive circuit controller completes the switching action to
achieve a double pulse process. For convenience, some parameters in the simulation design are
expressed as follows: gate series resistance R, gate voltage Vg, drain voltage V,, load current I, MOS
gate-source voltage Vg, MOS drain-source voltage Vg4, MOS drain-source current lgs, and inductive
load L. This paper uses a normal double pulse test circuit is shown in the figure below[13].

808



Proceedings of the 2nd International Conference on Computing Innovation and Applied Physics (CONF-CIAP 2023)
DOI: 10.54254/2753-8818/5/20230507

AN\
RE

Vgs

1

Figure 6. The double pulse test circuit.

This test is used to detect the dynamic operating characteristics of the device under certain conditions.
The high-voltage DC bias voltage Vps used in this paper is 400V, the gate series resistance is 5 €, and
the drive voltage is 0/20V. The diode used in the simulation is an ideal diode. When testing planar gate
and trench gate devices with different conduction characteristics so as to ensure the accuracy of the test,
the inductance needs to be designed separately, because the inductance meets the following formula (1)
during the test.
Ldi/dtzvds (1)

The cycle of a pulse is 4, and the current change time dt is 2|s. The current density of the two devices
is set the same as 200A/cm?, so the inductance is 40H.

4.2. Calculation of switching loss

The loss of MOSFET is mainly divided into dynamic operation loss and static operation loss. The static
operation loss mainly refers to the loss between the conduction voltage drop and current when the device
is in the conduction state. This paper mainly studies the dynamic loss, that is, the loss when the voltage
and current change during the switching-on and switching-off of MOSFET. The switching loss is
calculated using the measured drain-source voltage (Vg4s) and current (I4) waveform. The expressions of
the opening and closing losses are using formula (2), (3).

Eon = fTOn(VdsIds) dt (2)
Eon = fToff(VdSIdS) dt 3

Eon, Eorr is the switching-on loss and the switching-off loss, Vs is the drain-source voltage, Ids is the
drain-source current.

The integration time starts from the moment when the Vg rises to 10% of its specified value and ends
when the collector current s drops to 2% of its specified value (this is the Eqg, while the Eon is the
opposite).

4.3. Double pulse test results

The figure below illustrates the comparison between the switching-off and switching-on losses of the
planar gate SiC MOSFET and the trench gate SiC MOSFET. The trench one has higher switching-off
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and switching-on consumption, 43.8% and 46.2% higher than the planar gate respectively.
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Figure 7. The comparison of (a) switching-off characteristics and (b) switching-

on characteristics between planar gate MOSFET and trench gate MOSFET.
The current amplitude is 20A. It can be seen that the switching loss of MOSFET with trench type
structure is larger than that of planar type when the device size is the same, which is consistent with the
predicted result. This is because the internal capacitance is dominant in switching characteristics of
MOSFET. However, for the trench gate, due to the large gate area, its gate source capacitance Cg and
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gate drain capacitance Cgq are large, which makes the grid charge higher, damages the driving and
switching characteristics, and ultimately leads to large switching loss of the device as a whole.

5. Conclusion

In this paper, two types of 1.2kV SiC MOSFETs are simulated respectively. Based on the simulation of
silicon based MOSFETs, the models that can more accurately describe SiC devices are applied, and the
static characteristics of two commercial MOSFETs are compared to verify the accuracy of the models.
In terms of static characteristics, the two devices have the same N- drift region with the same thickness
and doping concentration. The breakdown characteristics of the trench gate device are slightly smaller
than that of the planar one, while the conduction characteristics are 50% higher than that of the planar
gate structure. In addition, based on TCAD software, double pulse test is used to compare dynamic
switching characteristics of planar gate and trench gate structures. The parameters of the test circuit are
carefully studied to determine that the two devices have the same current density during the switching
process. At the same operating temperature, the trench gate has higher switching loss, which is because
the charging process of the device is slow due to the large capacitance. The above research results
explore the simulation research of SiC MOSFET, which can be used as the theoretical basis for
subsequent research.
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