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Abstract: A novel cell topology for a vertical 1200 V SiC planar double-implanted MOSFET
(DMOSFET) is proposed in this work. Based on the conventional linear cell topology and the cali-
brated two-dimensional (2D) technology computer-aided design (TCAD) model parameters, a
novel cell topology with the insertion of P+ body implanted regions over a fractional part of the
channel and junction field effect transistor (JFET) regions was designed and optimized to achieve a
low high-frequency figure of merit (HF-FOM, Ron x Cga). Utilizing three-dimensional (3D) TCAD
simulations, the new proposed cell topology with optimized selected structure parameters exhibits
an HF-FOM of 328.748 mQ-pF, which is 10.02% lower than the conventional linear topology. It also
shows an improvement in the switching performance, with an 11.73% reduction in switching loss.
Moreover, the impact of source ohmic contact resistivity on the performance of the proposed cell
topology was highlighted, indicating the dependency of the source ohmic contact resistivity on the
switching performance. This research provides a new perspective for enhancing the switching per-
formance of SiC MOSFETs in high-frequency applications, considering practical factors such as con-
tact resistivity.

Keywords: SiC MOSFET; TCAD; HF-FOM,; switching performance

1. Introduction

Silicon carbide (SiC) is a type of wide-bandgap semiconductor that has a high break-
down electric field, high electron drift velocity, and high thermal conductivity [1-3]. Thus,
it makes SiC a promising semiconductor material for use as a power device with great
potential in high-power, high-temperature, and high-frequency applications [4,5]. The use
of a SiC power device as a rectifier/switch in the power module of an EV charger has been
widely accepted and realized for fast and super-fast DC/DC charging piles [6-8].

Currently, in terms of the SiC power switch MOSFET devices on the market, they
take the form of vertical planar gate and trench gate MOSFETs with a voltage rating rang-
ing from 30 V to 3300 V. Between the two forms of MOSFET structure, the vertical planar
gate double-implanted MOSFET (DMOSEFET) structure is the first commercialized one
and still the dominant SiC MOSFET structure on the market. Figure 1 shows the principal
structure of a conventional vertical planar double-implanted MOSFET (DMOSEFET) struc-
ture. As can be seen in Figure 1, the presence of the junction field effect transistor (JFET)
region and the planar gate poses the limitation of scaling down the device pitch of a planar
gate MOSFET [9]. The device pitch directly affects the total width of the device given per
area. Thus, it translates to current density and on-resistance (Ro) at a specific breakdown

Electronics 2024, 13, 4933. https://doi.org/10.3390/electronics13244933

www.mdpi.com/journal/electronics



Electronics 2024, 13, 4933

2 of 13

voltage (BV) and in a specific active area. This is particularly relevant to the key require-
ments for high-power level AC/DC converter applications, especially for DC/DC EV fast
charging stations, which demand high power density, efficiency, and reliability. This
raises a technical challenge in developing a SiC MOSFET power switch that has low static
and dynamic losses to meet the requirements of high-frequency switching operations,
thereby achieving greater power and efficiency in smaller and more reliable solutions.

As a vertical structure in which the conducting electron current flows vertically from
top to bottom, the width layout topology is another dimensional aspect in optimizing de-
vice performance parameters. The arrangement of the width layout in stripe, square, hex-
agonal, octagonal, and graphene configuration cells determines the Ro,, BV, and reverse
transfer capacitance/gate-drain capacitance (Crss/Cgd) of a particular vertical device [10-12].

The two-dimensional (2D) technology computer-aided design (TCAD) simulation is
widely used in device design prediction, process flow, optimization, and characterization
[13,14]. For the width layout cell topology to have variation along the z-direction plane
requires three-dimensional (3D) simulation in predicting the impact of geometry effects
on the current flow [15].

W2 |
Source Metal |

N-Drift Region

Figure 1. Schematic cross section of vertical planar DMOSFET structure.

Various cell topologies, including linear, square, hexagonal, and octagonal structures,
have been evaluated and optimized for vertical planar MOSFETs in previous studies
[10,11,16-18].

Hower et al. [16], through cell geometry analysis, compare the optimized source-gate
geometry dimensions of hexagonal, rectangle, and triangle cells. They conclude that no
particular MOSFET geometry has a major advantage with regards to minimizing Ron. Since
the study is based on the optimization of source-gate geometries without considering ap-
plied design rules, it also concludes that other factors, such as source contact resistance,
the reduction of parasitic bipolar effects, and the effects of 3D current flow, need to be
considered, as they will influence the choice of cell geometry.

Zhu et al. [10], through analytical calculation, derive the breakdown resistance path
of vertical planar MOSFET (epitaxial layer, JFET, accumulation layer, channel) with re-
spect to cell geometry. They report a similar conclusion to [16], that essentially the same
minimum Ro: can be achieved using any of six different cellular cell geometries (square
well in a square cell, circle in a square cell, hexagon in a square cell, square in a hexagonal
cell, circle in a hexagonal cell, and hexagon in a hexagonal cell). In particular, the on-re-
sistance of all cellular designs is identical if the P-well width and the ratio of well area to
cell area are the same.

Liu et al. [17] compare the impact of various cell geometries (linear, orthogonal short,
atomic lattice layout (ALL), and cylindrical circular) of 1200 V SiC power MOSFETs on
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switching loss by numerical simulation. Using mixed device/circuit modeling, the various
cell geometries are optimized for zero-energy turn-off and minimum on-state loss. They
conclude that all studied cell designs are capable of near-zero-energy turn-off with appro-
priate gate drive circuitry. Zero turn-on loss, however, is not achievable. Turn-off losses
are smaller over a larger range of gate drive resistances for designs optimized to minimize
the Ron x Qga figure of merit rather than Ronsp. For the Ron x Qga optimized case, the ALL and
orthogonal short cells achieve the largest zero-energy turn-off window.

Agarwal et al. [11] compare the measured electrical characteristics of 600 V vertical
planar inversion 4H-SiC MOSFETs fabricated with different cell topologies (linear, square,
hexagonal, and octagonal). For this comparison study, all the cell topologies are fabricated
with the same JFET width, channel length, and active size in the same process flow. Ex-
perimental electrical measurement indicates that the square and hexagonal cells have the
lowest Ron due to the highest channel and JFET density but have a BV below the 600 V
rating due to the presence of sharp corners. The octagonal cell has excellent BV with su-
perior Crss and Qg but higher Ror due to its smaller JFET density.

Han et al. [18] compare four fabricated cell topologies (linear, square, hexagonal, and
octagonal) of 1200 V accumulation and the inversion channel 4H-SiC with the same design
rules and process flow. It is observed that the square and hexagonal cell topologies with
the same structural dimensions show similar electrical performance. It is also observed
that the JFET spacing design impacts the breakdown of the square and hexagonal cells.
For the same JFET spacing of 1.1 um between the square and hexagonal cells, the square
cell shows a drop of 2.5% compared to the hexagonal cell. And for the same JFET spacing
of 0.7 um between the linear and hexagonal cells, the hexagonal cell shows a drop of 1.8%
compared to the linear cell. This is due to localized high electric field concentration at the
corners of the square and hexagonal cells [19].

In view of all the past publications on the impacts of design and cell topology,
whether through optimization, comparison of design rules, or fabrication flows, there is
no significant absolute advantage of one topology over another in terms of Ron and Crss/Cga.
Furthermore, there has been no true evaluation of optimization from a genuine 3D simu-
lation perspective.

Based on the calibrated 2D TCAD model parameters on the fabricated 1200 V-80 mQ
planar DMOSFET with linear topology design, this work proposes a new cell topology of
the planar gate DMOSFET. Using true 3D TCAD simulation, a new topology has been
designed with additional P+ implanted regions over a fractional part of the channel and
JFET regions. This design was optimized to achieve the lowest high-frequency figure of
merit (HFOM, Ror x Cga) [20]. Consequently, the switching performance as compared to
the conventional linear topology structure also showed a much reduced switching loss.
The improved switching performance mostly benefits applications in which switching
losses are dominant over conductance losses and in which switching and conductance
losses are equally distributed. In addition, the impact of source ohmic contact resistivity
dependency on the switching performance of the new proposed cell topology was also
highlighted.

2. Scope of the Topology Design

There are three main parasitic capacitances between the three electrodes of SiC
MOSFET, gate-source capacitance (Cgs), gate-drain capacitance (Cg), and drain-source ca-
pacitance (Cus). Referring to Figure 1, it can be seen that the parasitic capacitance Cgs is
composed of Cn+, Cp, and Csum connected in parallel [21]. Cn+ is the capacitance where the
gate electrode overlaps with the source region. Cr is the capacitance where the gate elec-
trode overlaps with the P-base region. Csm is the capacitance where the gate electrode
overlaps with source metal. The calculation of specific gate capacitance for the power
DMOSFET structure is as follows:
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where gy is the dielectric constant of the oxide layer, t,y is the thickness of the gate
oxide layer, t;goyx is the thickness of the inter-electrode oxide layer, and Xp, is the width
of the overlap between the gate and P-base region.
The gate-drain capacitance Cg is determined by the series connection of the capaci-
tance of the SiO: layer and the capacitance of the depletion layer below. The calculation of
specific gate-drain capacitance for the power DMOSFET structure is as follows:

c (W — ZXPL)( CoxCsm )
gasp Ween Cox + Csm

)

where Cyy is the characteristic capacitance of the gate oxide layer (eox/tox), and Csy, is
the characteristic capacitance of the depletion layer, calculated as follows:
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where W), s is the width of the depletion layer under the gate oxide in the semiconduc-
tor, which is related to the drain-source voltage V. From the above equations, it can also
be seen that the larger the Vi, the wider the Wp, y05, and the smaller the Cga. In this work,
the Vs for extracted Cer and Cgs is 800 V.

The Cus is the depletion layer capacitance formed by the P-base region and N-drift
region under drain voltage bias. The calculation formula is as follows:

Es

Wy, ®)

,25 Vp + Vi)
Wy, = % (6)

Wpw + 2Xp,
Cassp = (W) Csy

where (s, is the specific junction capacitance, Wp; is the depletion layer thickness, Np
is the doping concentration of the donor in the N-region, Vj,; is the built-in potential of
the junction, and Wpy, is the width of the polysilicon window.

The electrical characteristics of the device are typically characterized by the input
capacitance (Cis), the output capacitance (Coss), and the reverse transfer capacitance (Crs).
The relationship between these three types of capacitance and the parasitic capacitance
mentioned above can be expressed as

CS,] =

@)

Ciss = Cgs + ng (8)
Crss = gd ©)
Coss = ng + Cys (10)

Among these three types of capacitance, the reverse transfer capacitance (Crs) is the
most closely related to the switching performance of the power MOSFET, so the focus of
this work is on Crs (i.e., Cgs). However, in reality, both Ciss and Ciss can have an impact on
the switching performance of the power MOSFET. This work also considered the influence
of Cgs on Ciss during the design process.
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Figure 2a shows a schematic diagram of the planar SiC DMOSFET structure with
dimensional design parameters. Figure 2b,c show the conventional linear/stripe topology
and the improved shrunk cellular linear/strip topology, respectively. In the conventional
linear/stripe topology, the source contact is continuous, and longer grooves make it diffi-
cult to ensure uniformity over a long device width. This will affect the reliability of devices
using conventional linear/stripe topology. Therefore, this work uses a cellular linear/strip
topology and improves it to achieve better switching characteristics.

Additional P+ body implanted regions were added to replace the channel and JFET
at the original position. This method can convert the original Cg at that position into Cgs,
resulting in an increase in Ciss and a decrease in Crs. In order to reduce the additional Cis,
the polysilicon gate at this position is shrunk to decrease Cg. Due to the introduction of
additional P+ body implanted regions, the current path in this region is blocked, and con-
sequently, the Rox of the device increases. Therefore, as parameter A in Figure 2c increases,
Cgi decreases while Ror increases. In order to achieve better device performance (lower HE-
FOM), a compromise needs to be made between Cgi and Ron.

N-Drift Epilayer
Current Spreading Layer

P-well

-
. N+ Source

Gate Oxide

. Polysilicon

Intermetal Dielectric

ll"': N+/P+ Metal Contact Silicide Area
!

Apm
L 2.75 um

3.75 nm

(b) (c)

Figure 2. (a) Schematic diagram of planar SiC DMOSFET structure; (b) conventional linear/stripe
topology; (c) improved shrunk cellular linear/stripe topology.

The implementation of the new methodology from the conventional linear topology
is practical without requiring an additional process step. A total of 3 process mask layers
out of a mask set of the DMOSFET process flow [22] need to be re-designed/retrofit, i.e.,
P+ body implant, polysilicon gate formation, and intermetal dielectric (IMD) mask layers,
as shown in Figure 3.
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Figure 3. (a) Inserting of P+ into the JFET region; (b) shrink or notch polysilicon gate on the inserted
P+ in the JFET region, (c) cellular opening of source contact windows on intermetal dielectric (IMD).

3. Preliminary Two-Dimensional Simulation-Based Work

A fabricated 80 m(2-1200 V Planar MOSFET of the same design rule was measured
and characterized. Electrical input, output, and reversed BV characteristics were matched
with TCAD simulation, including the density/near-interface trap density. The representa-
tive of the 2D model was used in proposed 3D simulation works to give more realistic
simulation results data.

Two-dimensional TCAD simulation was carried out by using the commercial simu-
lator Sentaurus by Synopsys. The device used as a reference was set up in 2D TCAD fol-
lowing the measurement of the DUT (device under test). Material-specific models for the
incomplete ionization and the channel mobility, accounting for the degradation of mobil-
ity caused by the interface electric field, phonon scattering, and surface roughness, were
adopted with default parameters. The interface trap was extracted by calibrating the sim-
ulated characteristics to the measurements. Based on the measurement, acceptor-like traps
and donor-like traps with exponential and uniform distribution were added at the
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Si0:/SiC interface as shown in Figure 4a. Furthermore, the concentration of the fixed
charge was set as 1.4 x 102 cm™2 at the interface. Trap density, especially traps near the
conduction band of the device, determines a large part of the specific on-resistance [23].
The density of interface traps closer to the conduction energy level can be attributed to
monitoring the subthreshold slope in the ls—Vs curve [24]. The model was calibrated based
on transfer characteristic measurements with low (0.1 V) and high (10 V) Vi, which further
improved the accuracy of calibration. It is worth noting that such distribution was suffi-
cient to reproduce the behavior of transfer characteristics (Figure 4b,c), output character-
istics under different gate biases (Figure 4d), and the leakage current level of the break-
down curve (Figure 4e).
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Figure 4. (a) Interface trap density as a function of energy from the top of the valence band to the
bottom of the conduction band; calibration results: (b) transfer characteristics Vas = 0.1 V; (c) transfer
characteristics Vs = 10 V; (d) output characteristics under various gate biases; and (e) reverse bias
characteristic.



Electronics 2024, 13, 4933

8 of 13

4. Results and Discussion

A 3D structural diagram was constructed based on the 2D structure, with adjust-
ments made only to the topology structure. Figure 5a shows a schematic diagram of the
3D structure, and Figure 5b shows the topology of the structure.

| . Dope(cm)
T . 9.966x101°

A 2.654%1017
1. 7.044x 1014
1.736x1012
~5.036x10%
~1.897x101

—7.147%x1018

(a) (b)

Figure 5. (a) Schematic diagram; and (b) topology of 3D structure.

Using a fixed source opening size, adjusting the value of parameter A, as shown in
Figure 5b, reveals the impacts of changes in parameter A on device performance. With the
increase in parameter A, the replaced JFET and channel regions become larger, and the
Cga decreases. The original existing current path is blocked, and the Ro: increases. At the
same time, the shrunk polysilicon gate is also wider; hence, the overlap area is smaller,
and the Cg decreases. The simulation results as parameter A changed from 0.5 um to 2.5
um are shown in Table 1, indicating that the changes in Cg, Cgs, and Ror are in line with
expectations.

Table 1. Simulation results of the proposed structure with different parameter A values.

Cgs (pF) Cga (pF) Ron (mQ) HF-FOM (mQ-pF)

A=0.5pum 1454.042 4.239 83.050 352.049
A=1pm 1414.433 3.862 88.214 340.681
A=15pum 1376.029 3.497 94.009 328.748
A=2um 1337.308 3.138 101.547 318.654
A=25pum 1299.058 2.775 111.678 309.905
Conventional Structure 1443.362 4.889 74.728 365.344

From the perspective of switching performance, a lower HF-FOM is desired. On the
other hand, considering static performance, the impact on Ro: should not be too large. The
optimal value of parameter A through a compromise between the Ro» and HF-FOM is
shown in Figure 6. As parameter A increases from 0.5 pum to 2.5 pum, Ro» gradually in-
creases while the HF-FOM gradually decreases, intersecting at A = 1.5 um, indicating a
balanced compromise in device performance. The structure with A = 1.5 pm is chosen for
comparison with the conventional linear structure.
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Figure 6. Ro» and HF-FOM curves of the proposed structure as a function of parameter A.

The double pulse test (DPT) of the proposed structure and the conventional structure
was run through mixed-mode TCAD simulations, and the results are shown in Figure 7.
Figure 7 shows that the proposed structure has better switching characteristics. In order
to better demonstrate the changes in switching characteristics, the rise time (t:), fall time
(#), turn-on delay time (fiom), and turn-off delay time (tuop) of the two structures were
extracted, and the results are shown in Table 2.

80 ——=-- = Proposed Structure ] T Pr0p9§ed Structure
70—~~~ Traditional Structure 30 | Tradmona_l_S_tl;El_(_:_t_ul'f:__ e —eed 800
600
201 -
= = 7 z
W3 = o\ 400 ¥
10 Do
Iy \ 1200
/!
0+ . ;7 ’
N 40
1.80 1.85 1.90 1.05 1.10 115 120
Time (ps) Time (pus)
(@) (b)
Figure 7. (a) Turn-on curve; and (b) turn-off curve extracted from DPT simulations.
Table 2. Switching performance parameters for proposed and conventional structures.
tr (ns) tr (ns) taon (ns) taws (ns)
Proposed Structure 18.82 17.39 29.96 2991
Conventional Structure 21.03 21.89 29.09 40.73

It can be observed that the proposed structure has lower ¢r and tr. The reason is that
the lower Cg and Cg provide a faster charging speed and shorter Miller platform. The
trends of fiwn and tiop are the opposite. This is mainly due to the rising platform voltage
caused by changes in the channel and polysilicon gate. The proposed structure’s reduced
effective channel region as compared to the conventional structure results in a lower trans-
conductance, leading to an increase in platform voltage. During the turn-on process, the
power supply charges the gate, and as the gate voltage gradually increases, the drain volt-
age begins to decrease near the Miller platform voltage. Therefore, the increase in Miller
platform voltage contributes to an increase in turn-on delay. The turn-off process is oppo-
site to the turn-on process, and the increase in Miller platform voltage causes a decrease
in turn-off delay. Figure 8a shows the gate voltage curves of the conventional structure
and the proposed structure during the turn-on process. As shown in Figure 7a, the pro-
posed structure’s Vs rises faster due to its smaller Cgs, while the Miller platform is shorter
due to its smaller Co. Because of the rise in the Miller platform voltage, the time to reach
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the Miller platform is longer. The decrease in capacitance will also accelerate the charging
and discharging speed and reduce the delay time, but it does not have such a significant

impact.
Proposed Structure 14001 10
Conventional Structure [k,
12001
101 2,100
S 2 1025. 65
. 3 800+ 946. 28
SN >
2’ 600+
=
m
400+
04 2004 384.22
298. 23
1.8 1.9 0 T T
Time (us) Proposed Structure Conventional Structure
(a) (b)

Figure 8. (a) Gate voltage curve during turn-on process; (b) comparison of energy loss between the
proposed structure and the conventional structure.

Comparing the derived switching energy loss, the proposed structure has a lower
energy loss, as shown in Figure 7b. The proposed structure has an Eo: of 946.28 ] and an
Eofof 298.23 pJ. The conventional structure has an Eo of 1025.65 pJ and an Eof of 384.22 .
The proposed structure reduces Eon by 7.74%, Eo by 22.38%, and total reduction of switch-
ing energy loss by 11.73%.

The shrunk width of the polysilicon gate above the P+ region is another structure
parameter that can be optimized. As shown in Figure 9a, as parameter B increases, Cg
remains almost unchanged while Cgs gradually increases. The results of Cgs and Cgs as pa-
rameter B changed from 0.25 pm to 1 pm are shown in Table 3.

1400 4 [k,
e,
1200
= 1000
Dope(cm3) %
g oos6x10” S 800 934.89 946.28 989.81
2.654x107 23
2 6004
7044x104 S
1736x100 H 400 4
I ~5.036x101
“erant 2000 g3 06 29823 310.16
~7.147x1018
0 T T T
B=0.25 um B=0.5 um B=1 um
(a) (b)

Figure 9. (a) Top schematic diagram of proposed structures for different parameter B values; (b)
comparison of energy loss of proposed structures under different parameter B values.

Table 3. Cgs and Cyd results for different parameter B values.

Ce (pF)  Ced(pF)  Ron(mQ) HF-FOM (mQ-pF)

B=0.25um 1346.753 3.496 93.355 326.369
B=0.5um 1376.029 3.497 94.009 328.748
B=1um 1581.561 3.539 93.137 329.613

Cgs increases with the increase in parameter B values, which can have a negative im-
pact on device switching. Ce and Ror show slight changes, while the HF-FOM shows a
slight increase, leading to a deterioration in device performance. From the perspective of
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the HF-FOM, the larger the shrunk width (i.e., the smaller the value of parameter B), the
better the device performance. Considering the variation in Cgs, the extracted switching
parameters under different parameter B values are shown in Table 4. The results indicate
that as Cgs increases, the switching performance gradually deteriorates. Figure 9b shows
the energy loss with different parameter B values, and the simulation results show that
the energy loss increases with the increase in parameter B. This is mainly due to the in-
crease in Cgs, which slows down the charging speed of the device and increases the energy
loss. The proposed structure has a longer turn-on delay and a higher turn-on loss due to
the increase in Miller platform voltage. However, the decrease in capacitance will acceler-
ate the switching process and reduce switching losses. The capacitance increases with the
increase in parameter B, so the impact of the increased Miller platform voltage becomes
more pronounced, and the turn-on loss will gradually increase. Therefore, the appropriate
shrunk width should be selected based on the actual process level and capability.

Table 4. Switching parameters of proposed structures for different parameter B values.

tr (ns) tr (ns) taon (ns) taofp (ns)
Proposed Structure 18.82 17.39 29.96 2991
Conventional Structure 21.03 21.89 29.09 40.73

Another important aspect is the source ohmic contact resistivity of SiC MOSFET. The
difference between the two compared structures of Ro» mainly originates from the differ-
ent source areas, so the magnitude of the source ohmic contact resistivity will affect the
gap in Ro between the two structures. The value of resistivity has little effect on the value
of capacitance, so lower resistivity will result in a lower HF-FOM. The HE-FOM of devices
with different resistivities were simulated, and the results are shown in Figure 10. It can
be observed that the higher the resistivity, the larger the HF-FOM, and the smaller the gap
in HF-FOM between the proposed structure and the conventional structure. Therefore, for
the proposed structure, the low ohmic contact resistivity is recommended to be lower than
6 x 1075 Q)-cm?. In previous simulations the source ohmic contact resistivity was set follow-
ing the fabricated 80 mQ-1200 V Planar MOSFET. From the test monitoring transmission
line method (TLM) structure, the extracted source ohmic contact resistivity is 9.66 x 10-
Q-cm?.

—s=— Conventional Structure
—e— Proposed Structure

500 1

IS

S

S
1

v

(=3

(=]
1

HF-FOM (mQ-pF)
(3]
(=]
S

1004

0L . . .
4x107° 5x107° 1x107* 2x107

Resistivity (Q-cm?)

Figure 10. The influence of resistivity on the HF-FOM of the conventional structure and proposed
structure.

5. Conclusions

This work proposes an improved shrunk cellular linear/strip topology structure of
SiC MOSFET that improves switching performance and reduces energy loss, by introduc-
ing additional P+ body implant and shrunk polysilicon gate above the additional P+ body
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implanted regions to reduce Cg and Cgs, respectively. Based on the calibrated TCAD pa-
rameter models, the critical parameters that represent the additional P+ body implant
width (A) and shrunk width of the polysilicon gate length (B) were optimized in 3D TCAD
simulations. The lowest HFOM was achieved in a device with parameters A and B set to
1.5 um and 0.5 pm, respectively. Compared with the conventional linear/stripe topology
structures, the proposed structure reduces Eo: by 7.74%, Eofby 22.38%, and total switching
energy loss by 11.73%. In addition, the influence of the shrunk width and source ohmic
contact resistivity was also analyzed and discussed. The gap in the HF-FOM between the
conventional structure and the proposed structure increases with the decrease in resistiv-
ity. When the resistivity is lower than 6 x 10-5 (0-cm?, the proposed structure has a lower
HF-FOM and better switching characteristics. The proposed structure reduces the total
switching energy loss by 11.73% when B = 0.5 um. Increasing the shrunk width (i.e., re-
ducing the value of parameter B) can result in a lower energy loss. Therefore, it is neces-
sary to pursue smaller resistivity and larger shrunk width to achieve lower energy loss.
The improved switching performance most benefits applications in which switching
losses are dominant over conductance losses and in which switching and conductance
losses are equally distributed. Applications such as AC-DC and DC-DC converters that
require higher switching frequency (higher than 30 kHz) benefit most in terms of effi-
ciency and overall system cost. The device and application implementation and confirma-
tion of these initial findings will be part of the direction of future works.
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