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ABSTRACT In this work, device parameters for GaN vertical trench MOSFETs have been investigated
systematically to further improve the device characteristics. The n− GaN drift layer, the p+ GaN layer and the
trench gate are designed and optimized systematically using Silvaco ATLAS 2-D simulation, in order to get
the best trade-off betweenVBR and specific on-resistanceRon. Three-terminal breakdown curves, the electron
concentration, current density and electric field strength distributions have been presented to analyze the
breakdown characteristics. The correlations between different parameters and different initial conditions are
considered, and the eight parameters are optimized comprehensively. After the final optimization, record
high FOM of 4.8 GW/cm2, VBR of 2783 V, average electric field Edrift of 1.98 MV/cm and a low Ron
of 1.6 m�·cm2 are obtained for drift layer thickness of 14 µm. The product of the thickness Lp and doping
density Np of p+ GaN layer can determine the breakdown mechanism, and punch through mechanism would
occur when Lp ·Np is lower than a certain value. The results indicate there exists large optimization room for
fabricated GaN vertical trench MOSFETs, and the device characteristics can be further improved through
the methodology in this paper for high power and high voltage applications.

INDEX TERMS GaN vertical trench MOSFETs, breakdown voltage, specific on-resistance, power figure-
of-merit (FOM).

I. INTRODUCTION
GaN-based devices are considered to be candidates for power
electronic applications due to wide bandgap, high break-
down field strength, high electron mobility and high 2DEG
density. Compared with GaN lateral high-electron-mobility
transistor (HEMT) device, GaN vertical MOSFETs possess
higher current density, lower specific on-resistance Ron and
lower current collapse. GaN-based current aperture vertical
electron transistors (CAVETs) and vertical trench MOSFETs
are typical GaN vertical structures. Although the CAVET
structure shows excellent current performance due to the high
conductivity of a two-dimensional electron gas (2DEG), the
vertical trench MOSFETs are easier to achieve intrinsically
normally-off operation [1]-[2] and do not need the regrowth
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of AlGaN/GaN layers. The vertical trench MOSFET with
a threshold voltage of 3.7 V and a specific on-resistance
of 9.3 m�·cm2 has been reported in 2008 [3]. Then, trench
MOSFETs with a 13 µm drift layer and hexagonal trench
gate layout were fabricated, obtaining a threshold volt-
age of 3.5 V, breakdown voltage of 1250 V, specific on-
resistance of 1.8 m�·cm2, and power figure of merit (FOM)
of 0.868 GW/cm2 as shown in TABLE 1 [4]. In situ oxide,
GaN interlayer-based vertical trench MOSFET (OG-FET)
has been proposed to enhance the channel electron mobility
and reduce on resistance [5]-[12]. For OG-FET, the break-
down voltage was increased to 1435 V by utilizing novel
double field-plated structure. The specific on-resistance is
2.2 m�·cm2, leading to a high FOM of 0.891 GW/cm2,
which is the highest FOM value of GaN vertical trench
MOSFETs [13]. Considering the thickness of the drift layer
is 15 µm, the average breakdown electric field is less than
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TABLE 1. Comparison of GaN lateral HEMTs and vertical MOSFETs.

1 MV/cm. Recently, GaN vertical trench MOSFETs with a
4 µm drift layer based on the silicon substrate were fabri-
cated, obtaining a breakdown voltage of 520 V, specific on-
resistance of 5 m�·cm2 and FOM of 0.0541 GW/cm2 [14],
[15]. Although plenty of studies have been carried out onGaN
vertical trench MOSFETs, the breakdown voltage and FOM
for GaN vertical trench MOSFETs are lower than those for
GaN lateral HEMTs. A high breakdown voltage of 3000 V
and FOM of 2.1 GW/cm2 were achieved in InAlN/GaN
MOSHEMTs [16], and these values are higher than those for
all GaN vertical trench MOSFETs. A record high breakdown
voltage of 10.4 kV for GaN-based HEMTs has been achieved
by increasing gate-drain spacing [17]. In addition, the low-
est specific on-resistance of 0.39 m�·cm2 and the highest
Power figure of merit FOM of 2.3 GW/cm2 were achieved
in AlGaN/GaN/GaN: C HEMTs [18].

In order to improve the breakdown voltage and FOM for
GaN vertical trench MOSFETs, it is necessary to further
optimize structures and parameters of trench MOSFETs.
Especially the n− GaN drift layer, the p+ GaN layer and
the trench gate are the main regions that decide the spe-
cific on-resistance and breakdown voltage. However, the key
parameters of GaN vertical trench MOSFETs have not been
fully investigated until now, which is very important for
achieving high breakdown voltage, low specific on-resistance
and high FOM.

In this work, the key parameters of trench MOSFETs,
including the thickness of drift layer Ldrift, the doping density
of drift layerNdrift, the length of drift layerwdrift, the thickness
of p+ GaN LP, the doping density of p+ GaN NP, the channel
electron mobility µP, the thickness of gate dielectric tdie and
the length of gate Lg, have been designed and optimized
systematically using 2-D simulation. The whole simulation
procedure includes three parts, in which the trade-off of VBR
and Ron have been investigated. Firstly, by optimizing the n−

GaN drift layer with different initial conditions, the optimal
results that Ldrift = 14 µm, Ndrift = 7 × 1015 cm−3, and
wdrift = 5 µm are obtained. Then based on the optimal
parameters of drift layer, the product of the thickness and

doping density of p+ GaN layer (Lp · Np) can determine the
breakdownmechanism. Device breakdown induced by punch
through would occur when Lp · Np is lower than a certain
value. With a reasonable channel mobility µP = 50 cm2/V·s,
the optimal results are LP = 310 nm,NP = 2 × 1018 cm−3.
Finally, a high FOM of 4.8 GW/cm2 and gate-drain average
breakdown electric field of 1.98MV/cm are obtained through
optimizing the trench gate.

FIGURE 1. Cross-sectional structure of GaN vertical trench MOSFETs.

II. DEVICE STRUCTURE AND CALIBRATION OF
SIMULATION MODELS
The cross-sectional structure of the GaN trench MOSFETs
discussed in this paper is shown in Fig. 1, which include
eight parameters for the n− GaN drift layer, the p+ GaN
channel layer and the trench gate. Based on n+ GaN substrate,
the trench MOSFET epitaxial structure includes n− GaN
drift layer, p+ GaN channel layer and n+ GaN layer. Gate
trench is obtained by etching the n+ GaN and p+ GaN region
under the gate. Si3N4 is utilized to form gate dielectric, and
gate electrode metal is nickel metal with a work function
of 5.15 eV. In addition, both the drain electrode and the source
electrode are ohmic contacts, and contact resistance model is
considered.

The doping density of the n+ GaN layer is set as
2× 1018 cm−3 to form ohmic contact with the source elec-
trode, and the n+ GaN layer serves as a conductive layer.
The acceptors of the p+ layer in this paper are completely
ionized. The thickness of the n+ GaN layer is 200 nm.
The highly doped n+ GaN substrate’s thickness is 1 µm.
Trench MOSFET device has a length of wdrift in the x direc-
tion, and the distance between the two source electrodes is
(wdrift-0.4) µm. The active region is composed of x direction
between the two source electrodes and a direction perpendic-
ular to the x-y plane, and the area of the active region is (wdrift-
0.4) × 10−8 cm2. The channel mobility of trench MOSFETs
was limited by material damage caused in the process of
etching for the gate trench and the high impurity scattering
due to the heavily doped p− GaN. The reported electron chan-
nel mobilities in conventional trench MOSFETs are between
4-89 cm2/V·s, and the channel mobility in OG-FET devices
can be improved to 185 cm2/V·s by regrowth of the channel
[19]. Based on these experimental results, the channel elec-
tron mobility is discussed in the second part.
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TABLE 2. Parameters for the low field mobility model.

TABLE 3. Parameters for the trap model.

All the work in this paper is based on the two-dimensional
simulator of Silvaco-Atlas, using the reported experimen-
tal result [20] of GaN trench MOSFETs to calibrate the
model codes. Main parameters are consistent with the
reported experimental result. The results after calibration
are shown in Fig. 2, and the specific on-resistance esti-
mated from the linear region at VDS = 0.5 V and VGS =
50 V is 12.78 m�·cm2. The models considered in this
simulation include field dependent mobility (FLDMOB),
the SRH recombination model, the Auger recombination
model, the trap model [21], the low field mobility model, the
impact ionization model, and the source contact resistance
of 1.4�·mm.After calibrationwith the reported experimental
result of GaN trench MOSFETs, the parameters of impor-
tant models are determined and presented in TABLE 2 and
TABLE 3. The energy level of EC-1.75 eV and EC-0.5 eV are
for the deep donor, and EC-2.85 eV is for the deep acceptor.

III. SIMULATION RESULTS AND DISCUSSION
In order to obtain the reasonable parameters of GaN trench
MOSFETs, the simulation process consists of three parts.
Firstly, optimize the thickness, the doping density and the
length of the n− GaN drift layer with different initial val-
ues. Then, based on the optimal parameters of drift layer,
the thickness, the doping density, and the channel electron
mobility of p+ GaN are discussedwith different initial values.
Finally, effects of the gate dielectric thickness and the gate
length for the trench gate on the device performance are
studied.

FIGURE 2. Schematic cross section of calibrated trench MOSFETs (a)
without and (b) with field-plate edge termination. (c) Transfer and output
curves of calibrated trench MOSFETs with field-plate edge termination.
(d) Breakdown curves at VGS = 0 V of calibrated trench MOSFETs.

FIGURE 3. (a) VBR and Ron as a function of the MU2N.FMCT parameter.
(b) Transfer and (c) output curves of the MOSFET with Ldrift = 14 µm.
(d) Breakdown curves of MOSFETs at VGS = 0 V with different thicknesses
of the n− GaN drift layer.

A. DISCUSSION AND OPTIMIZATION FOR THE n− GaN
DRIFT LAYER
Fig. 3(a) shows the VBR and Ron as a function of
MU2N.FMCT parameter, and Ron decrease significantly with
the increase of the drift layer’s electron mobility. The electron
mobility parameter of MU2N.FMCT is set to 720 cm2/V·s
according to the latest literature [14]. Transfer and out-
put characteristics of the GaN vertical trench MOSFETs
are shown in Fig. 3(b) and 3(c). The threshold voltage in
this paper is defined as the gate voltage with IDS reaching
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5 A/cm2. As shown in Fig. 3(b), the threshold voltage is
4.1 V for Ldrift = 14 µm, and the threshold voltages of the
MOSFETs discussed in this part are all 4.1 V due to the same
p+ GaN parameters. The maximum output current and the
specific on-resistance Ron is 5.0 kA/cm2 and 4.44 m�·cm2

respectively as shown in Fig. 3(c).
The breakdown characteristics of the trench MOSFETs

with different thicknesses of the n− GaN drift layer are
shown in Fig. 3(d). The breakdown voltage was defined as
the voltage at which IDS = 10−2 A/cm2. When the thickness
Ldrift is set as 3 µm, VBR is 857 V. With the increase of Ldrift,
VBR increases significantly and almost saturates at 14 µm.
When the thickness increases to 30 µm, a high breakdown
voltage of 2380 V is obtained.

As shown in Fig. 4(a) and 4(c), VBR increases and saturates
at a certain value as Ldrift increases with different initial
conditions. In contrast, VBR decreases with the increases
of Ndrift as shown in Fig. 4(e). However, the increase of
Ldrift or decrease of Ndrift without limitation is meaningless,
which would lead to a large increase in Ron. Fig. 4(g) shows
that as the length increases from 5 µm to 24 µm, the break-
down voltage changes from 2825 V to 2820 V. The length
of the drift layer has no effect on the breakdown voltage of
the device, but the reduction in length results in the reduction
of the active area and Ron. Power figure of merit FOM =
V 2
BR/Ron and average electric field between gate and drain

electrodes Edrift can be used as a criterion to optimize Ldrift.
As shown in Fig. 4(b), 4(d), 4(f) and 4(h), Edrift decreases as
Ldrift and Ndrift increase, while the increase of wdrift has no
effect on Edrift. In the process of optimizing Ldrift and Ndrift
with different conditions, the FOM value has a peak value at
Ldrift = 14 µm and Ndrift = 7 × 1015 cm−3, respectively.
When the drift layer length increases from 5 µm to 24 µm,
the FOM value decreases from 3.96 GW/cm2 to 1.1 GW/cm2.
During the comprehensive analysis on the n− GaN drift layer,
the idea of gradually optimizing Ldrift, Ndrift and wdrift has
been adopted to obtain the optimal structural parameters of
the n− GaN drift layer. The optimal parameters of the n−

GaN drift layer are that Ldrift = 14 µm, Ndrift = 7 ×
1015 cm−3, wdrift = 5 µm. The corresponding results are
VBR = 2824 V, Ron = 2.01 m�·cm2, FOM= 3.96 GW/cm2,
Edrift = 2.01 MV/cm.

In order to study the breakdown mechanism for differ-
ent Ldrift, the electron concentration distribution is shown
in Fig. 5(a). With VDS = VBR, the electron depletion region
is extended to the n+ GaN substrate for the MOSFET with
Ldrift = 3 µm. The limitation of the depletion region results
from the low thickness of n− GaN drift layer and the high
doping density of n+ GaN substrate. In comparison, the depth
of depletion region can be improved to 14 µm and 15 µm for
the MOSFETs with Ldrift = 14 µm and 20 µm at the break-
down voltages. It can be found that the depletion thickness
of 14 µm in the drift layer accounts for the largest proportion
of the entire drift region. Fig. 5(b) shows the current density
distributions of the vertical trench MOSFETs at VDS = VBR,
and the impact ionization produces electron-hole pairs. The

FIGURE 4. VBR and Ron as a function of the n− GaN drift layer thickness
with different (a) Ndrift and (c) wdrift. Power FOM and Edrift as a function
of the n− GaN thickness with different (b) Ndrift and (d) wdrift. (e) VBR,
Ron and (f) FOM, Edrift as a function of the n− GaN drift layer doping
density with different wdrift. (g) VBR, Ron and (h) FOM, Edrift as a function
of the n− GaN drift layer length wdrift.

electron current mainly flows vertically to the drain electrode,
while the hole current flows to the source electrode along the
p+ GaN layer.
As shown in Fig. 5(c) and 5(d), there are two electric field

peaks in the device, which exists at the PN junction and the
trench gate corner, respectively. Compared with the electric
field peak of the PN junction, the electric field peak of the
trench corner reaches the 3.3 MV/cm earlier. For Ldrift =
3 µm, the electric field strength drops sharply after the deple-
tion region reaches the n+ substrate. For Ldrift = 20 µm,
when the depletion region extends to 14 µm in the drift layer,
the electric field strength drops to zero sharply. Therefore,
14µmdrift layer is enough to obtain high breakdown voltage.
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FIGURE 5. (a) Logarithmic electron concentration and (b) current density
distributions of trench MOSFETs with different drift layer thicknesses at
VGS = 0 V and VDS = VBR. (c) E-field strength distributions of trench
MOSFETs with drift layer thickness of 14 µm at VGS = 0 V and VDS = VBR.
(d) E-field strength distributions of trench MOSFETs along A-B as a
function of different drift layer thicknesses at the breakdown voltages.

B. DISCUSSION AND OPTIMIZATION FOR THE p+ GaN
LAYER
Based on the optimal parameters of the n− GaN drift layer,
the parameters optimization for the p+ GaN layer has been
carried out in this section. Firstly, the thickness of the p+

GaN layer LP is optimized with different initial conditions of
NP and µP. Then, with the optimal thickness of the p+ GaN
layer, the p+ GaN layer doping density NP with different µP
is discussed. Finally, the effect of channel electron mobility
on the device characteristics is investigated.

As shown in Fig. 6 (a) and 6(c), VBR increases and satu-
rates at a certain value as LP increases with different initial

FIGURE 6. VBR and Ron as a function of the p+ GaN thickness with
different (a) NP and (c) µP. Power FOM and Edrift as a function of the p+
GaN thickness with different (b) NP and (d) µP. (e) VBR, Ron and (f) FOM,
Edrift as a function of the p+ GaN doping density with different µP.
(g) VBR, Ron and (h) FOM, Edrift as a function of the channel electron
mobility µP. (All µP is set by the value of MUN2.FMCT, in fact the
maximum mobility of the extracted p+ GaN layer is limited to
117.9 cm2/V·s).

conditions, while Ron increases as LP increases. Fig. 6(b) and
6(d) show the optimal LP is 310 nm, which is corresponding
to the highest FOM. Since the thickness of the drift layer is
maintained at 14 µm, the change in Edrift is consistent with
the trend of VBR. During the change of µP, the breakdown
voltage remains constant at 2795 V. Fig. 6(f) shows that the
maximum FOM can be achieved at NP = 2×1018 cm−3, and
the corresponding Edrift is 1.99 MV/cm.

The effect of µP on Ron needs to be discussed according
to the actual situations. For 1.2 kV applications, the chan-
nel mobility increasing from 4-89 cm2/V·s to 185 cm2/V·s
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FIGURE 7. Breakdown curves of MOSFETs at VGS = 0 V with different
thicknesses and doping densities of p+ GaN layer.

can reduce Ron effectively [19]. In this work, the simulated
devices are targeted at the 2 kV-3 kV applications and the
drift layer is quite thick, so the total resistance is mainly
contributed by resistance of the drift layer. Therefore, µP has
little effect on the total resistance in this case. In addition,
if µP is particularly low, the channel resistance will accounts
for a large proportion of the total resistance even in high-
voltage applications.

Although a high channel electron mobility of 750 cm2/V·s
is set, the maximum channel electron mobility in simulation
results is limited to 117.9 cm2/V·s due to the limitation of
the high doping density of the p+ GaN. For the mobility
of 5 cm2/V·s, 100 cm2/V·s and 750 cm2/V·s in Fig. 6(g)
and 6(h), the actual ranges of mobility in the channel are
4.6-5 cm2/V·s, 31.3-59 cm2/V·s, and 41-117.9 cm2/V·s, and
the corresponding Ron are 2.06 m�·cm2, 1.76 m�·cm2,
and 1.74 m�·cm2, respectively. The optimized FOM value
reaches 4.43 GW/cm2, and optimal parameters of the p+ GaN
layer are LP = 310 nm, NP = 2 × 1018 cm−3, and µP = 50
cm2/V·s. The corresponding results areVBR = 2795V,Ron =
1.76 m�·cm2, FOM = 4.44 GW/cm2, and Edrift = 1.99
MV/cm.
Two breakdown mechanisms exist in vertical trench MOS-

FETs, namely avalanche breakdown and punch-through
breakdown. The product of the thickness and doping density
of p+ GaN layer (Lp ·Np) can determine the breakdownmech-
anism, and punch through mechanism would occur when
Lp · Np is lower than a certain value (Lp = 310 nm and
Np = 1017cm−3, Lp = 50 nm and Np = 1018cm−3,
Lp = 310 nm and Np = 3 × 1017cm−3) as shown in Fig. 7.
When Lp ·Np is high enough, the breakdown mechanism can
be changed to avalanche breakdown. The breakdown curves
of punch through increase gradually with the increase of drain
voltage after the inflexion points. In contrast, the breakdown
curves of avalanche breakdown increase immediately after
the inflexion points. In order to investigate the effect of Np
and Lp on the breakdownmechanism, analysis and discussion
are carried out as follows.

Fig. 8 shows the electron concentrationthe current density
and the electric field strength distributions of the GaN ver-
tical trench MOSFETs with different p+ GaN thicknesses at
VDS = VBR. For LP = 50 nm, the breakdown mechanism is

FIGURE 8. (a) Logarithmic electron concentration, (b) current density, and
(c) E-field strength distributions of trench MOSFETs with different
thicknesses of p+ GaN at VGS = 0 V and VDS = VBR. The p+ GaN layer
doping density is 1018 cm−3.

punch through, and current flows from the source electrode
directly to the drain electrode. For LP = 310 nm or 400 nm,
the breakdownmechanism is avalanche breakdown, and large
number of electron-hole pairs are produced at the gate corner,
leading to the electron current from gate corner to the drain
electrode and hole current from gate corner to the source
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FIGURE 9. (a) Logarithmic electron concentration, (b) current density, and
(c) E-field strength distributions of trench MOSFETs with different doping
densities of p+ GaN at VGS = 0 V and VDS = VBR. The p+ GaN layer
thickness is 310 nm.

electrode. As shown in Fig. 8(c), the electric field strength
of the punch-through breakdown does not reach the critical
electric field strength value of GaN. In contrast, electric field
peak is located at the gate corner for avalanche breakdown,
and the electric field peak can reach the critical electric field
of 3.3 MV/cm.

The effect of p+ GaN doping density on the breakdown
mechanism is shown in Fig. 9. For a low Np, such as 1 ×
1017cm−3, punch through occurs and current flows from the
source electrode directly to drain electrode. For a high Np
such as 2 × 1018cm−3 and 5 × 1018cm−3, the breakdown
mechanism changes to avalanche breakdown, and large num-
ber of electron-hole pairs are produced at the gate corner,
leading to a large electron current and hole current. The effect

FIGURE 10. (a) VBR, Ron and (b) Power FOM, Vth as a function of the gate
dielectric thickness with different Lg. (c) VBR, Ron and (d) Power FOM as a
function of Lg.

of p+ GaN doping density on the breakdown mechanism
is similar to that of p+ GaN thickness. High VBR and high
electric field can be achieved in the case of high Np by
avalanche breakdown. According to Fig. 8 and Fig. 9, prod-
uct of Lp and Np can determine the breakdown mechanism.
By increasing Lp orNp, the punch-through mechanism can be
avoided so that highVBR and FOMcan be obtained. However,
threshold voltage or other device characteristic parameters
may be influenced and should be considered in the design
process of Lp and Np.

C. DISCUSSION AND OPTIMIZATION FOR THE TRENCH
GATE
Compared with the optimization of the n− GaN drift layer
and the p+ GaN layer, the optimization near the trench gate
also has a great impact on the device performance. The opti-
mization of the gate dielectric thickness tdie and gate length
Lg has been considered in this part.

As shown in Fig. 10(a), under different initial conditions
of the gate length, the increase of the gate dielectric thickness
has no effect on the breakdown voltage. However, it will
increase the specific on-resistance of the device, leading to
the reduction of FOM as shown in Fig. 10(b). The threshold
voltage increases from 2.40 V to 17.58 V with the gate
dielectric increases from 5 nm to 60 nm. For tdie = 10
nm, Ron reduces from 1.95 m�·cm2to 1.60 m�·cm2and VBR
changes from 2777 V to 2783 V for gate length increasing
from 0.2 µm to 4 µm. The FOM value has a maximum
value of 4.8 GW/cm2 when the gate length is 4 µm, and
the threshold voltage is 3.68 V. The corresponding results are
VBR = 2782 V, Ron = 1.60 m�·cm2, FOM = 4.8 GW/cm2,
and Edrift = 1.98 MV/cm.

In order to investigate the reason for the reduction of
Ron with increasing of tdie and Lg, the local electron
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FIGURE 11. (a) Local electron concentration distribution of trench
MOSFETs with different tdie at VDS = 20 V. (b) Local logarithmic electron
concentration distribution of trench MOSFETs with different Lg at
VDS = 20 V.

concentration distributions of different tdie and Lg are shown
in Fig. 11. When the gate dielectric thickness changes from
5 nm to 10 nm and then to 60 nm, the correspondingRon
increases from 1.65 m�·cm2 to 1.68 m�·cm2, and then to
2.13 m�·cm2. For on-state condition, the increase of the gate
dielectric thickness would reduce the gate capacitance and
the electron concentration of the channel layer, leading to a
larger Ron. With the gate length increasing from 0.2 µm to 2
µm, and then to 4 µm, the current channel width is expanded
effectively. As a result, Ron decreases from 1.88 m�·cm2 to
1.68 m�·cm2, and then to 1.60 m�·cm2. There is little room
to further reduce Ron because the length of the drift layer has
been optimized to 5 µm, and the gate length can not exceed
this value.

According to the optimization of n− GaN drift layer, p+

GaN channel layer and the trench gate, the power FOM
can achieve a record high value of 4.8 GW/cm2, which is
much higher than 0.891 GW/cm2 for fabricated GaN vertical
trench MOSFETs and 2.3 GW/cm2 for GaN lateral HEMTs.
Consequently, there exists large room for optimization of
fabricated GaN vertical trench MOSFETs.

IV. CONCLUSION
In this work, the n− GaN drift layer, the p+ GaN layer, and
the trench gate are designed and optimized systematically

using 2-D simulation, in order to investigate VBR and
power FOM enhancement potential for GaN vertical trench
MOSFETs. The whole simulation procedure includes three
parts, in which the trade-off of VBR and Ron has been inves-
tigated. During the optimization process, the correlations
between different parameters and different initial conditions
are considered.When the product of the thickness and doping
density of the p+ GaN layer is high enough, the breakdown
mechanism can be changed from punch through to avalanche
breakdown. Finally, Ron and FOM can be further improved
through the optimization of the gate dielectric thickness and
the gate length. A record high FOM of 4.8 GW/cm2, and VBR
of 2783 V are obtained for Ldrift = 14 µm, Ndrift = 7× 1015

cm−3, wdrift = 5 µm, LP = 310 nm, NP = 2 × 1018 cm−3,
µP = 50 cm2/V·s, tdie = 10 nm and Lgate = 4 µm. VBR
and FOM of fabricated GaN vertical trenchMOSFETs can be
further improved by the optimization methodology for high
power and high voltage applications.
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