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Abstract—In this paper, we present a systematic
investigation of metal-organic chemical vapor deposition-
grown in situ SiN as the gate dielectric and surface
passivation for AlGaN/GaN metal insulator semiconductor
high electron mobility transistors (MISHEMTSs). The dielec-
tric constant and breakdown field of the in situ SiN were
extracted from devices with varied gate dielectric thick-
nesses. Using frequency-dependent capacitance-voltage
and parallel conductance methods, we obtained a low
trap density of ~3 x 10'2 cm—2eV-1 at the SiN/AlIGaN
interface. The MISHEMTs with a source—drain distance of
3 um show a maximum drain current of 1560 mA/mm
and a high on/off current ratio of 10°. The device thresh-
old voltage (Vy,) stability was assessed by means of
both negative and positive gate stress measurements, as
well as temperature-dependent /p—V g measurements. We
observed a minimal Vy, shift of ~0.4 V under both 3000
s gate stress of Vgg = 4 V and up to 200 °C thermal
stimulation. Furthermore, combining the in situ SiN with
plasma-enhanced chemical vapor deposition SiN, we devel-
oped a bilayer passivation scheme for effective suppres-
sion of current collapse. Employing the high-quality in situ
SiN, we have demonstrated large-area GaN MISHEMTs on
Si with a gate width of 20 mm, showing a low off-state
leakage of 2 yA/mm at 600 V and a low dynamic/static
ON-resistance ratio. The device results show great advan-
tages of employing in situ SiN in D-mode GaN MISHEMTSs for
high-efficiency power switching applications.

Index Terms— GaN, gate dielectric, in situ SiN, passiva-
tion, thermal stability, threshold voltage.

I. INTRODUCTION

GaN-BASED metal
electron mobility

demonstrated excellent

insulator  semiconductor high
transistors (MISHEMTs) have
performance for high-efficiency
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power switching applications[1]-[3]. Despite the fact that
the use of a gate dielectric in MISHEMTSs can significantly
suppress gate leakage current and enlarge gate swing, the
device performance strongly relies on the bulk properties
of the gate dielectric and the dielectric/III-nitride interface
quality. So far, atomic layer deposition (ALD) and low
pressure chemical vapor deposition (LPCVD) have been the
two common means to form high-quality gate dielectrics,
such as Al,O3 and SiN, for GaN transistors [4]-[8]. However,
high-density interface trap states in the order of ~10'3-
10" cm=2eV~! are usually present at the dielectric/barrier
interface [8]-[10]. Compared with these ex situ deposited
dielectrics, an in situ SiN gate dielectric can be epitaxially
grown immediately after the GaN HEMT barrier growth in a
metal-organic chemical vapor deposition (MOCVD) system
[11]-[13]. Without the expose of the as-grown GaN HEMT
barrier to the ambient air, the process-induced contamination
or damage can be prevented. Moreover, the low growth rate
and high growth temperature of in situ SiN are favorable
for good dielectric quality. Benefiting from these advantages,
excellent device results have been demonstrated utilizing
in situ SiN as gate dielectrics in recent literature [14]-[16].

Nevertheless, as reported by our group previously, the
in situ SiN/III-nitride interface quality is sensitive to growth
conditions, e.g., temperature, pressure, and partial pres-
sure of precursors [13]. Most of the previous works have
mainly focused on the overall device performance using
structures incorporating in situ SiN gate dielectric. Prob-
ing the functionality and effectiveness of the in situ SiN
dielectric layer is of great importance, but has been less
studied.

In this paper, we present a systematic investigation of in sifu
SiN as both the gate dielectric and surface passivation for
AlGaN/GaN MISHEMTs. The dielectric properties in terms
of dielectric constant and breakdown field are described first,
followed by the characterization of in situ SiN/AlGaN inter-
face quality. Furthermore, the performance of in sifu SiN as a
gate dielectric and a passivation layer was evaluated separately.
Concerning the gate dielectric, the gate controllability over the
channel and the threshold voltage stability were analyzed in
detail by means of basic dc characterization, electrical stress,
and temperature-dependent characterization. Regarding effec-
tive surface passivation, we found that a bilayer passivation
scheme combining in situ SiN and plasma-enhanced chemical
vapor deposition (PECVD) SiN was desirable. Finally, high-
performance GaN power devices on Si with a 20-mm gate
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Fig. 1. AFM image of as-grown GaN HEMT sample (a) with and
(b) without an in situ SiN cap.

width were demonstrated, proving the benefits of using in situ
SiN as gate and passivation dielectrics for large-area GaN
MISHEMTS.

[I. HETEROSTRUCTURE DESIGN AND
DEVICE FABRICATION

In situ SiN/AlGaN/GaN heterostructures were grown on 2-
in sapphire substrates by MOCVD. The epilayers, from bottom
to top, consist of a 3-um GaN buffer, a 100-nm unintentionally
doped GaN channel layer, a 1-nm AIN spacer, a 20-nm
Alg3Gag 7N barrier, and a thin in situ SiN cap. The in sifu SiN
was grown at a reactor temperature of 1125 °C, using silane
and ammonia as precursors. To evaluate the material properties
of the in situ SiN rigorously, four samples were grown with a
SiN cap of different thicknesses, varying from 7 to 28 nm with
a 7-nm step. For the electrical characterization of the in situ
SiN/AlGaN/GaN heterostructures, MISHEMTSs and circular-
shaped MIS capacitors (MISCAPs) were fabricated. The
device fabrication started with source/drain metallization using
a Ti/Al/Ni/Au-based metal stack, with the SiN etched away
in the contact region. Device isolation was performed using
Ar implantation. Following that, a Ni/Au-based metal stack
was deposited to form the gate. Finally, a 100-nm PECVD
SiN layer was deposited for device passivation. The average
ohmic contact resistance was determined to be 0.5 Q-mm, and
the sheet resistance of 2-DEG was ~400 Q/sq as measured
by the transfer length method (TLM) after the PECVD SiN
passivation. For comparison, a GaN HEMT sample without
an in situ SiN cap was grown and fabricated as a reference.
Fig. 1 compares the atomic force microscopy (AFM) images of
as-grown GaN HEMT samples with and without a 14-nm
in situ SiN cap. Though the surface morphologies of the
two samples are quite different (terraces can only be clearly
observed in the HEMT sample), the root-mean-square (rms)
roughness values across a 5-um X 5-um scanned area are
quite close, 0.64 and 0.51 nm for samples with and without
an in situ SiN cap, respectively. The small rms value of
the sample with an in situ SiN cap suggests smooth surface
morphology and uniform coverage of SiN on the AlGaN
barrier. Therefore, the in situ SiN deposition will not degrade
the surface morphology of GaN HEMT.

I1l. DEVICE RESULTS AND DISCUSSION

After the device fabrication, the current-voltage
characterization was performed using an Agilent 4156C
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Fig. 2. (a) Forward and reverse gate leakage of GaN MISHEMTs and
(b) double sweep C-V characteristics of circular MISCAPs with various
in situ SiN thicknesses. Inset in (a): forward gate breakdown voltage
dependence on the SiN thickness. Inset in (b): in situ SiN thickness
versus the corresponding EOT.

semiconductor parameter analyzer, and the capacitance—
voltage (C-V) characterization was carried out using an
Agilent E4980A precision LCR meter.

A. Dielectric Properties of in situ SiN

Fig. 2(a) shows the gate leakage under both reverse and
forward gate biases for MISHEMTs with different thicknesses
of SiN gate dielectric. The source and drain electrodes were
both grounded during the measurement. The difference in
the reverse gate leakage current for the four samples is
minimal. Devices with a thicker gate dielectric show a slightly
lower leakage current, while the forward gate leakage cur-
rent increases exponentially with the gate voltage. The gate
forward breakdown voltage is nearly linearly dependent on
the in situ SiN thickness, as shown in the inset of Fig. 2(a).
The dielectric electric field strength extracted from linear
fitting is ~9.9 MV/cm. Fig. 2(b) shows double sweep C-V
curves at 100 kHz measured on circular MISCAPs with a
diameter of 200 ym. All C-V curves exhibit two rising steps.
The gate voltage at the first rising step corresponds to the
pinchoff/threshold voltage for the 2-DEG channel, and the
second rising step corresponds to the spill-over of electrons
from the 2-DEG channel to the barrier surface, also known as
barrier accumulation. Therefore, the maximum capacitance of
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the second step is the capacitance of the in sifu SiN itself.
The threshold voltage shifts in the negative direction with
the increase of the in situ SiN thickness, due to weakened
gate control over the 2-DEG channel farther away from the
gate electrode. Converting the in situ SiN capacitance into
corresponding equivalent oxide (SiO,) thickness (EOT), the
relative dielectric constant of the in situ SiN is extracted to
be ~7.0, 1.8 times that of SiO;, as shown in the inset of
Fig. 2(b). On the other hand, the double sweep C—V curves
for all MISCAPs show a relatively large hysteresis (1-1.5 V)
at the barrier accumulation region, and also a small hysteresis
(0.1-0.4 V) at the pinchoff region. The hysteresis at pinchoff
is affected by the one at barrier accumulation. We have not
observed a clear dependence of hysteresis on the in situ SiN
thickness in this paper. The hysteresis in the C-V curves
may be related to deep traps with long time constants (several
seconds or above) at/near the in situ SiN/AlGaN interface.

B. Interface Trap Characterization

The electrical characteristics of a representative device with
a 14-nm in situ SiN gate dielectric are presented in the
remainder of this paper, unless otherwise stated. The interface
quality of the in situ SiN/AlGaN/GaN heterostructure was
evaluated by the frequency-dependent C—V measurement on
the circular MISCAPs.

Fig. 3(a) shows the C—V curves under various frequencies
from 1 to 100 kHz. Negligible frequency dispersion and sharp
transition slopes can be observed, suggesting a low interface
trap density in the gate-stack. To quantitatively analyze the
interface trap density and distribution, the typical frequency-
dependent parallel conductance technique was applied with
the measurement frequency ranging from 1 kHz to 1 MHz
at room temperature [17], [18]. Fig. 3(b) and (c) shows the
parallel conductance (G p/w) versus radial frequency (w) for

the GaN conduction band to be 2.2 x 10'8 ¢cm™3, the average
thermal velocity of electrons to be 2 x 107 c¢m/s, and the trap
states capture cross section to be 1 x 1071 ¢cm? [17], [19],
the Dj as a function of energy level (Ec—Et) is plotted
in Fig. 3(d). Dj; at the AlGaN/GaN heterointerface ranges
from 3.7 x 10" to 1.5 x 10'2 cm~2eV~!, with energy levels
spanning from 0.25 to 0.32 eV below the conduction band,
and Dj; at the in situ SiN/AlGaN interface is in the range of
(2-3) x 10'2 cm™2eV~! with an energy level spanning from
0.25 to 0.27 eV below the conduction band. Dj; is almost
one order of magnitude lower than that of the MISHEMTsSs
using an LPCVD SiN and ALD Al,Os3 gate dielectric [8], [10].
MISHEMTSs using ALD Al,O3 gate dielectric with compara-
ble performance needs complicated surface treatments [20].
The results here suggest that superior interface quality in the
gate-stack of GaN MISHEMTSs can be obtained using an in situ
SiN gate dielectric.

C. Enhanced Carrier Transport

DC characterization of GaN MISHEMTs and HEMTs was
carried out on the devices with a gate width W of 10 um,
a gate length Lg of 1 um, and both a gate—source distance
Lgs and gate—drain distance Lgp of 1 um. Fig. 4(a) shows
a semilog plot of typical double sweep transfer characteristics
of GaN MISHEMTs with an in situ SiN gate dielectric at a
Vps of 10 V. The device shows a high ON/OFF current ratio
of ~10° and a steep subthreshold slope of 72 mV/decade,
as well as a small hysteresis of 0.2 V. Moreover, the drain-
current-to-gate-current ratio in the MISHEMT remains more
than 107 at a Vgs of 10 V, indicating the excellent leakage
blocking capability of the in situ SiN. Fig. 4(b) compares
the transfer characteristics of GaN MISHEMTs and HEMTs.
There is only a slight decrease of the peak transconductance
in the MISHEMTsS (250 mS/mm for HEMTs and 220 mS/mm
for MISHEMTS), but a large increase in the linearity range
and the gate swing, indicating more efficient gate control
over the channel. Fig. 5(a) compares the output characteristics
of GaN MISHEMTs and HEMTs. The MISHEMT showed
well-behaved Ip—Vps characteristics with a maximum drain
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Fig. 5. (a) Output characteristics comparison of GaN MISHEMTs and

HEMTSs. (b) Extracted drift mobility of GaN MISHEMTs and HEMTs as a
function of carrier concentration.

current (Ips,max) as high as 1560 mA/mm at a Vgs of 8 V.
An ON-resistance (Ron) extracted in the linear region
is 2.3 Q-mm, for a source—drain distance of 3 um. The
high Ipsmax and low Ron are among the best results
ever reported for AlGaN/GaN MISHEMTs with similar
dimensions. Whereas for the HEMT, Ipsmax and Ron i
~900 mA/mm and 3.9 Q-mm, respectively, at Vgs of 2 V,
where the gate leakage has already been excessively high. The
enhanced carrier transport in MISHEMTS is mainly attributed
to the increase of carrier concentration (N;) under greatly
enlarged gate overdrive voltage as well as the high carrier
mobility with low Coulomb scattering impact from the traps
at the in situ SiN/AlGaN interface.

The drift mobility (u4) of carriers within the 2-DEG
channel in MISHEMTs and HEMTs was quantitatively char-
acterized using a split C—V method [21], [22], on a FATFET
with a gate dimension of Wg/Lg = 200/100 ym. The drift
mobility can be extracted according to the equation

_ L Gen
w=(5e) (%) 0

where G is the channel conductance at a low drain bias
of 0.1 V. The Ny was extracted from the integration of
respective C—V curves of the FATFET using the equation

1 (Ve
Ny=— | C(Ve)dVe )

q A Vin
where A is the gate metal area of FATFET. Fig. 5(b) shows
the extracted drift mobility for MISHEMTs and HEMTs as
a function of effective N, in the channel. For MISHEMTs,
the uy4 increases with smaller Ny and reaches a peak value of
1780 cm?/V-s at Ny of 3.5 x 10'2 cm™2. While decreasing
with higher Ny, g is still over 1500 cm?/V-s at a high Ny of
8 x 10'2 cm™2. While for the HEMT, due to the relatively
high gate leakage under forward gate bias, the mobility can
only be extracted with a maximum carrier concentration
of ~8 x10' cm™2. The extracted carrier mobility of
MISHEMTs is larger than that of HEMTs when N; is

below 6 x 1012 cm~2.

D. Threshold Voltage Stability

It has been reported that state-of-the-art MISHEMTs still
suffer from threshold voltage drift effects induced by forward
and reverse gate biases, or temperature increase [23]-[26],
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Fig.6. (a) Ip—Vgg curves measured during the 3000 s. (a) Reverse gate
bias stress (Vgg = — 20 V). (b) Forward gate bias stress of Vgg =4 V.
(c) Forward gate bias stress of \(gg = 8 V. (d) Threshold voltage shift
(AVih = Vin stress — Vin,0) during the stress in (a)—(c).

influencing the stability and reliability of these devices in
operation. To assess Vi, stability in the MISHEMTs with
an in situ SiN gate dielectric, both the gate stress and
the thermal stimulation are applied to the devices and the
change in threshold voltage was monitored. The measure-
ments were carried out on the devices with dimensions of
Lg/Wg =2/10 um, and Lgs/Lgp = 2/12 ym.

For the gate stress measurement, the stress is applied only
to the gate terminal at room temperature, with both drain
and source grounded. In this way, Vi, shift will mainly be
attributed to the trapping process occurring in the dielectric
and the dielectric/barrier interface. A stress of Vgs = —20, 4,
and 8 V was used to evaluate the negative and positive bias-
induced threshold voltage instability, respectively. The total
stress time was fixed at 3000 s. Vi, shift was monitored
by a fast Ip—Vgs measurement (—10 V < Vgs < 2 V
and Vps = 10 V) after certain stress time intervals Ty
(1, 3, 10, 30, 100, 300, 1000, and 3000 s). Vi, is determined
at an Ip of 1 uA/mm. The Ip—Vgs characteristics are well
behaved under reverse gate stress [—20 V, Fig. 6(a)] and small
forward gate stress [+4 V, Fig. 6(b)]. However, much larger
shift of Ip—Vgs curves has been observed under relatively
large forward gate stress [+8 V, Fig. 6(c)]. A negative Vi, shift
increases with the stress time under reverse gate bias, and
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the same trend exists for the forward gate bias. Vi, shift
is —0.3 V and +0.4 V under —20 V and +4 V stress
for 3000 s, respectively, as shown in Fig. 6(d). However,
Vin shift is as large as 1.4 V for under +8 V stress for
3000 s, and takes nearly half an hour to recover. The result
indicates that the bulk trapping of an in situ SiN is still
very severe under large forward gate bias. Similar to the
bulk trapping of plasma-enhanced ALD SiN gate dielectric in
E-mode MISHEMT where large forward gate bias is neces-
sary [24], [25], the in situ SiN still needs to be improved to
alleviate the bulk trapping before they can work under high
forward gate bias in the long term or be implemented in
E-mode MISHEMTs as a gate dielectric. Nevertheless, the
in situ SiN is suitable for D-mode MISHEMTSs with benign
forward gate bias operation [23].

The temperature dependent Vi, shift is evaluated by sub-
mitting the MISHEMTs to thermal stimulation from room
temperature (25 °C) to 200 °C with a 25 °C step. Fig. 7(a)
shows the transfer characteristics at various temperatures. The
OFF-state Ip at 200 °C is still as low as 1074 mA/mm,
resulting in a high ON/OFF current ratio of ~107. A small
positive Vi, shift is observed with the increase of measuring
temperature. As shown in Fig. 7(b), the Vi shift is only 0.2 V
at 100 °C and 0.35 V at 200 °C. These values are ~1 V
less than that with the Al,O3 gate dielectric reported in [27].
It was previously suggested that the thick barrier is detrimental
to the Vi thermal stability, and reducing the barrier thickness
thus suppressing the trap states availability can be helpful to
alleviate the thermally induced Vi, shift [28]. Results here
show that a high-quality dielectric/III-nitride interface and a
high-quality dielectric bulk and barrier crystal with low trap
density are more effective in maintaining excellent Vi, thermal
stability.

The minimal Vi shift characterized by both the gate bias
stress with a mild forward voltage and thermal stimulation
up to 200 °C is a strong evidence of the superior gate-
stack performance when using in situ SiN gate dielectrics
in D-mode GaN MISHEMTs. The in situ deposition method
and high-temperature deposition condition of gate dielectrics
can improve the device intrinsic immunity to adverse process
effects, thus enhancing the operation stability and long-term

PECVD SiN passivation.

reliability of the device without the need of changing the
device design.

E. Passivation Effect

In addition to the gate-stack quality, the dynamic perfor-
mance of GaN MISHEMTs is also vital to stable device
operation. Although, excellent dynamic performance has been
reported in devices using in situ SiN gate dielectrics, the
passivation effect of single in siru SiN in GaN MISHEMTs is
seldom discussed in detail. To evaluate the passivation effect
of the in situ SiN gate dielectric only in GaN MISHEMTs,
we compared the dc and gate pulsed output characteristics for
the MISHEMTs both before and after the extra PECVD SiN
passivation during the device fabrication. The devices are with
dimensions of Lg/Wg = 2/20 yum and Lgs/Lgp = 3/15 um.
For the gate pulse measurement, the quiescent gate bias is
Vgso = —10 V, the pulse width is 500 us, and the pulse
period is 1 s. As shown in Fig. 8, the MISHEMTSs with single
in situ SiN passivation in the access region show a large dc
and gate pulsed /-V dispersion, suggesting a serious virtual
gate effect in the devices and the ineffectiveness of in situ SiN
in the suppression of current collapse. This is consistent with
the results reported by Huang et al. [29]. Possible reasons can
be that the in situ SiN is not thick enough and the chemical
composition of the in sifu SiN in this paper is not in favor for
eliminating shallow traps at the AlGaN surface [29]. In con-
trast, by combining additional PECVD SiN passivation, the
current collapse in the MISHEMTs is dramatically mitigated,
exhibiting negligible dc/pulsed /-V dispersion. Moreover, the
devices still maintained a high ON/OFF current ratio of 10°
after the PECVD SiN passivation, suggesting that the in situ
SiN can serve as a robust interlayer to mitigate the PECVD
SiN introduced surface leakage, which is commonly observed
in the GaN HEMTs [30].

F. GaN Power MISHEMTs

After validating the in sifu SiN as an excellent gate dielec-
tric, we developed large-area in situ SiN/AIGaN/GaN power
transistors with a maximum gate width of 20 mm. The
heterostructures were grown on a 150-mm n-type Si (111)
substrate. Large diameter Si wafers are beneficial to manufac-
ture commercial GaN-based power devices, taking advantage
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Fig. 10. (a) Output characteristics and (b) off-state leakage current of
in situ SiN/AIGaN/GaN power MISHEMTs with a gate width of 20 mm.
The substrate is floating during the off-state measurement.

of the mature Si platform and higher thermal conductivity.
To maximize the device breakdown by reducing the peak elec-
tric field near the gate edge at the drain-side, a gate-connected
field plate was employed in passivation-first process, similar
to [31]. The cross-sectional large-area device structure reported
here is schematically shown in Fig. 9(a). The device has a gate
foot length of 2 um, with a gate overhang of 2 um on both
the source and drain sides. Lgs and Lgp are 4 and 14 um,
respectively. A multifinger structure was adopted to reduce the
gate resistance, with a gate finger width of 500 gm. The first
PECVD SiN passivation layer under the gate head is 50 nm,
and the second PECVD SiN passivation layer above the gate
is 300 nm. The final power metal pad is 600 nm. Fig. 9(b)
shows an overview of the device with a 20-mm gate width
and the footprint of the device is 2.8 mm x 0.9 mm.

Fig. 10(a) shows the output characteristics of the GaN power
MISHEMTs with a 20-mm gate width. The maximum /Ipg
under continuous dc power supply is 3.8 A at Vgs of 1V,
with a low ON-resistance of 1.4 Q. The relatively low current
density of ~190 mA/mm is probably due to the long and thin
power metal bar of S/D contact, resulting in a large contact
resistance and also due to the self-heating for devices under
continuous power supply, which degrades the ON-resistance.
Taking the full active area of the device into account along
with the exclusion of the bonding pad area, the specific ON-
resistance Ron,sp Was calculated to be 5.6 mQ-cm?. Fig. 10(b)
shows the OFF-state Ip under high-voltage drain bias, with a
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Fig. 11. (a) Schematic of resistive load hard switching test,

Vpp = 100 V. (b) Switching waveforms of input gate signal and output
drain voltage. The switching frequency is 100 kHz and the duty cycle
is 50%. (c) Percentage increase of the dynamic Ron over the static Ron
versus Vpp.

semilog plot in the inset. The substrate is floating during the
OFF-state measurement. With a high-quality GaN buffer and
the high leakage blocking capability of the in situ SiN, the
OFF-state Ip is below 100 nA/mm at a Vpg of 400 V, and is
as low as 2 g A/mm at 600 V. The OFF-state /p mainly flows
into the gate terminal. The OFF-state leakage may be further
suppressed by increasing the gate dielectric thickness.

The dynamic performance of GaN power MISHEMTSs was
assessed by a resistive load hard switching test, as shown in
Fig. 11(a). The device under test (DUT) has the dimensions of
Lg/Wg = 2/200 um and Lgs/Lgp = 4/24 pm. The supply
voltage Vpp is 100 V (variable) and the load resistance is
selected to be 5.6 kQ to keep the device working in the linear
region at ON-state. The DUT was switched at 100 kHz with
a 50% duty cycle. The switching waveform of the input gate
signal and the output drain voltage is shown in Fig. 11(b).
The ON-state Vps shows a flat envelope, suggesting a stable
dynamic Ron, which was extracted and found to be only
1.5 times of the static Ron. The percentage increase of the
dynamic Rpy over the static Roy as a function of the Vpp (i.e.,
the OFF-state drain voltage) up to 200 V is shown in Fig. 11(c).
The dynamic Roy degraded slightly with the increase of
OFF-state drain voltage. Nevertheless, the dynamic Roy is
double of the static value at 200 V under the hard switching
test. The current collapse has been effectively suppressed by
the in situ SiN and PECVD SiN bilayer passivation scheme.

IV. CONCLUSION

In this paper, the use of in situ MOCVD-grown SiN
as the gate dielectric and passivation layer in AlGaN/GaN
MISHEMTSs has been systematically described and investi-
gated. Besides offering a high-quality dielectric interface with
the low trap density, the in situ SiN is found to be highly
resistant to the electrical and thermal stress when serving as
the gate dielectric in the MISHEMTs. Nevertheless, the in situ
SiN in this paper has not been perfected and the Vi, shift is
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small only for benign forward gate bias (e.g., +4 V); therefore,
the in situ SiN is currently an excellent gate dielectric only
for D-mode MISHEMTSs, which do not require excessively
high forward gate overdrive. In the case of application in
E-mode MISFETs, further reduction of bulk traps in the in situ
SiN is needed. For surface passivation on GaN transistors,
the in situ SiN alone is less effective than the PECVD SiN.
Nevertheless, the in sifu SiN can work in conjunction with the
PECVD SiN to form a bilayer passivation scheme, not only
effectively suppressing the current collapse but also greatly
mitigating the surface leakage, thereby ensuring low-leakage
high-breakdown performance in GaN MISHEMTs. The high-
performance GalN power transistors have demonstrated their
great potential using an in situ SiN gate dielectric for efficient
power switching applications as well.
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