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1. INTRODUCTION

With the increasing demand for high power electronic devices and the growing complexity of the
power grid system and electric power applications such as automotive applications, high-voltage and high-
current, SiC has been widely studied as a future power semiconductor that will replace Si IGBTs due to its
wide power band gap and high thermal efficiency [1], [2]. Power semiconductors operating as switching
devices need low gate charge in order to optimize energy efficiency, as most of the power dissipation takes
place in switching processes [3]. In particular, it is desirable to have low gate drain charges because current
and voltage are simultaneously applied on the device during the gate drain charge [4]. The term ‘buried
oxide’ refers to a structure in which a portion of the ground plate area is filled with oxide by etching, which
has the effect of lowering the capacitance between the gate and drain electrodes [5].

There are many studies on the performance investigation of SiC MOSFETs have been
conducted [6]. Some of these studies concern the construction of SiC MOSFETs and some about their power
losses, such as the parameters that can influence, in a certain way, the optimum function of a silicon carbide
MOSFET as a driver [7]. Power losses, including parameters that can affect, in some way, the optimal
function of the silicon carbide MOSFET as well as the driver, where, for example, Onasanya et al. [8] studied
how the gate driver might be improved to obtain high energy density by using SiC MOSFETs. The power
losses are a significant topic in large band gap semiconductor MOSFETS since minimizing the losses also
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means more efficiency and thus the ability to reduce the heat sink size for example and hence the size of the
product, but estimating the losses in SiC MOSFETS is very challenging, as the power losses are all linked to
the parameters that in some way affect on each other. So, the optimization of a single parameter affecting the
switching power losses in a SiC MOSFET can degrade the properties of another parameter [9].

Several newer SiC MOSFETs adopt an alternate gate oxide, i.e., buried oxide or a composite
structure of a thin gate oxide with the buried oxide, to minimize the gate oxide field (and hence gate oxide
reliability issues), while maintaining higher MOS channel carrier density and enabling very low gate charge
characteristics [10]. In normal SiC MOSFETSs with thick oxide under polycrystalline Si gate electrodes, high
channel mobility occurs when the gate oxide capacitance per unit area increases and the gate charge amount
is minimized. On the other hand, in a buried oxide SiC MOSFET, the junction capacitance reduces, the safe
operating area improves, and the switching losses drop, since the gate oxide capacitance is halved and the
current rating can double [11]-[14].

The MOSFET and the normally-off characteristics of the SiC power MOSFET can be improved by
buried oxide layer (BO) or a breakdown pad (BP) structure [15]. The advantages of the BO structure are a
simpler and lower-cost process, proven manufacturing capability, and low leakage [16]. The SiC buried
oxide layer (SiC-BO) structure was first demonstrated on a 500 IEEE Electron Device Letters 0741-3106
c2018 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission [17]-[20].
High-voltage SiC power MOSFET with buried oxide for suppressed fringing fields has been investigated by
Fu et al. [21]. The authors demonstrated that the BO-SiC MOSFET has enhanced gate-source voltage (Ves),
gate charge (QG), and switching speed by reducing the parasitic Miller effect and increasing the
threshold voltage. However, for HV power MOSFETS, the fact that the current operating area (COA)
of the SiC BO-MOSFET is smaller than that of the SiC MOSFET due to its higher total
capacitance [22]-[25].

In this paper, we presented a 1.2 kV SiC MOSFET device with a buried oxide to enhance switching
properties and electric field. The proposed design has been conducted by TCAD simulator. The proposed
module was illustrated in Figure 1.

2. METHODOLOGY

In this paper, a 1.2 kV SiC MOSFET with a buried oxide has been designed by using a TCAD
simulation program. The buried oxide has a width (Wgo = 2.5 um) and thickness (Tgo = 0.3 pm). The gate
charging properties, Qgp, Ron, and HF-FOM of the proposed device will be measured, analyzed, and
compared with the traditional device. Figure 1 illustrates the proposed device and its characteristics of the
proposed device are illustrated in Table 1.
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Figure 1. 1.2 kV SiC MOSFET: (a) traditional and (b) with buried oxide

Table 1. Characteristics of the 1.2 kV SiC MOSFET used in the simulation [25]
Parameters Value
Buried oxide layer width 0.1, 0.15, 0.2, 0.25 (um)
Buried oxide thickness Tgo 0.1, 0.2, 0.3(um)

Channel dimension 0.45 (um)
Shift thickness 12 (um)
JFET width 16 (um)

2.1. Power losses calculations in MOSFET gate
The loss of gate charge is the loss of power due to the charge of the MOSFET's gate and is
dependent on the charge of the gate in the MOSFET [25]. It can be calculated using a simple formula, as (1).

PG=QG'Vgs'f:9w 1)
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Where Qq is the net charge through the gate when a MOSFET is on, Vs is the voltage through the gate and
the source, and fsy is its switching frequency.

2.2. Power loss calculations in the MOSFET switching process

Whenever the MOSFET is switched on, a certain amount of energy goes into the process, the same
goes when the device is switched off, these losses are called switching losses, when a device is switched on
the 14 current begins to go up but its voltage Vgs does not drop until the current gets to its final value, once
this is done, Vs starts to drop until it gets to its terminal value which is very close to zero, and at that point,
the MOSFET is at full operating mode. The dissipated power can be calculated as (2) [25].

1
Pyisson = 2 lyon.*2Vys " ton )

Where lq.0n represents the current that flows through the MOSFET's drain when it is switched on. Vs is the
voltage supplied to the drain, and Ton is time taken for this current to go up plus time for it to go down.

3. RESULTS AND DISCUSSION
3.1. Qop, Ron, and HF-FOM measurements and analysis

Figure 2 shows the Qgp as a function of Wgo for a 1.2 kV SiC MOSFET device with a buried oxide
for three different Wgo. From Figure 2, it can be seen that the Qgp of the device with a traditional device has
a higher value than that of the device with buried oxide. The value of Qgp depends on the thickness of buried
oxide layer. Moreover, the capacitance between the gate and drain electrodes decreases as the area occupied
by the buried oxide increases. As the volume occupied by the buried oxide increases, the Qgp decreases, while
Ron,sp increases due to current flow. Figure 3 shows the Ronsp as a function of Wgo for the proposed device.
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Figure 2. Qgp Vvalues for the proposed device as a function of Wgo
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Figure 3. Comparison of the Ron,sp Values between the traditional and devices with buried oxide
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From Figure 3, it can be seen that the device with buried oxide has larger Ron,sp than those the
traditional device. As Wgo and Tgo increase, the value of Rongp increases. In order to compare the evaluate
the performance of the two devices, we will compare the performance of the two devices by using HF-FOM,
which is a parameter often used to evaluate the power efficiency of a particular device and is equal to the
product of Qgp and operating resistance. Figure 4 illustrates a comparison of HF-FOM in terms of Wgo
between the traditional device and the device with buried structure. From Figure 4, it can be seen that the
device with buried oxide has a lower HF-FOM value compared to device with traditional structure, which
indicates that the proposed device is has better performance due to lower Qgp.

Table 2 illustrates a comparison of the 1.2 kV SiC MOSFETS characteristics between the traditional
device and the proposed device in case of (Wgo = 0.2 pm, Tgo= 0.1 um). The values of Ronsp, Qep, and EoX,
for the device with buried oxide (Wgo = 0.25 and Tgo = 0.3 pm) are 4.8 Q-cm?, 1.70 N/cm3, and
1.60 mV/cm?, respectively. The buried oxide device displayed 47% decrease in Qop, @ 32% decrease in Eox,
max, and only a 6.0% improvement in Rqnsp, COmMpared to the device with traditional structure. In addition,
the total sum of the electric field of the device with buried oxide is less than the one with traditional
structure. It is equal to 40.54 uJ and is 21% lower than the traditionally structured device. These values
indicate that such buried oxide can significantly improve the switched characteristics of the 1.2 kV SiC
MOSFET.

From Table 2, it can be seen that there is a decrease in QGD and HF-FOM by 32% and 27%,
respectively, in the device with buried oxide compared to the traditional device, while Ronsp increases by only
7%. So, from the obtained results, it can be concluded that the SiC MOSFET performance can be improved
by using the buried oxide layer, which results in some reduction in power switching losses. The graphical
representation of the switching parameters is shown in Figure 5.

Table 2. Comparison between the 1.2 kV SiC MOSFET characteristics with buried oxide and
traditional device in case of (Wgo = 0.25 pm), (Tgo= 0.3 pm)

Structure Qop (NC)  Renysp (mQ-cm?)  Etot. (W) HF-FOM (pC-Q)
Traditional 1.79 4.87 49.56 0.25
With buried oxide 1.25 5.18 40.54 0.17
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Figure 4. Comparison of the Ronsp Values between the traditional and the proposed devices with
buried oxide
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Figure 5. Comparison representation of the switching parameters
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4. CONCLUSION

In this paper, a 1.2 kV SiC MOSFET with a buried oxide has been designed which aims at improve
the traditional SiC MOSFET performance. The proposed design has been conducted by using the TCAD
simulation program. The Ronsp and Qgp, for buried oxide devices have been measured and analyzed based on
the width and thickness of the buried oxide and have been compared with the same parameters in traditional
to achieve the optimum conditions with a buried oxide. The obtained results indicates that the buried oxide
structure with wide (Wgo = 0.25 um) and thickness (Tgo = 0.3 um). The obtained results indicate that the on-
operating specific resistance (Ronsp) increased slightly to 7%, but Qep and HF-FOM have been decreased to
about 32.7% and 28% respectively. The comparison results show that the device with buried oxide is more
efficient. So, the buried oxide structure can minimize the switching power losses, which results in some
improvement in the performance of 1.2 kV SiC MOSFET efficiency.
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