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Design of GaN/AlGaN/GaN
Super-Heterojunction Schottky Diode

Sang-Woo Han , Jianan Song , and Rongming Chu

Abstract— We present a systematic study on the design
of a novel GaN/AlGaN/GaN super-heterojunction Schottky
diode. Through physics-based TCAD simulation, we dis-
cuss three important design aspects: 1) how to design
a GaN/AlGaN/GaN structure to form a high-density 2-D
electron gas and to scale it to multiple vertically stacked
channels with less risk in reaching the critical thickness
limited by the strain in epitaxy; 2) how to reach charge
balance and how sensitive is the breakdown voltage with
respect to the doping imbalance; and 3) how to ensure that
the processes of depleting and accumulating electrons and
holes in the structure are fast enough for practical power
switching applications.

Index Terms— Gallium nitride, GaN/AlGaN/GaN, multi-
channel, Schottky barrier diode, superjunction, TCAD.

I. INTRODUCTION

OVER the past 10 years, advancements in GaN materials
and devices have made GaN-based power devices

a serious contender for power switching applications [1].
Meanwhile, the performance of Si-based power devices,
especially the advanced superjunction MOSFETs, has also
progressed significantly [2]. Combining the benefits of the
wide bandgap GaN material and the advantages of the super-
junction device design would lead to ultimate power switches
with minimal power loss. Reported simulation performances
show the great potential of GaN vertical superjunction for
future power switching applications [3], [4]. A major chal-
lenge toward realizing the GaN vertical superjunction is to
implement the p- and n-type pillars. For Si superjunction
devices, this was done either by multiple epitaxial regrowth
and implantation steps [5], or by a deep etch followed by
sidewall epitaxial regrowth [6]. Regrowth of GaN epitaxy often
resulted in unwanted impurities and defects at the regrowth
interface [7], [8], causing difficulties in charge balance.
Furthermore, when the defective regrowth interface is located
in the high E-field region, a premature breakdown could occur.
Ishida et al. reported the concept of natural superjunction
based on polarization-induced 2-D electron gas (2DEG) and
2-D hole gas (2DHG) pairs in a single- and multichannel
GaN/AlGaN/GaN heterostructures [9]. The lateral superjunc-
tion structure did not require any epitaxial regrowth. Questions
that still need to be answered in this area include: 1) how to
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Fig. 1. Conceptual schematic of the proposed GaN/AlGaN/GaN
multichannel SHJ Schottky diode.

TABLE I
MODELS AND PARAMETERS USED FOR TCAD SIMULATION

scale from 1 to 3 channels to a larger number of channels with
high-density 2DEG in each channel and 2) how to ensure that
the process of depleting and accumulating 2DEG/2DHG is fast
enough for practical switching applications.

In this article, we discuss several key aspects in design-
ing a GaN superjunction, through TCAD simulation of a
GaN multichannel super-heterojunction (SHJ) Schottky diode,
as shown in Fig. 1. The proposed new diode structure features:
1) vertical stacking of multiple 2DEG channels to minimize
ON-resistance; 2) balanced p- and n-type doping to achieve
the maximum voltage blocking capability; and 3) p-type ohmic
contact to ensure proper switching behaviors. We used Silvaco
ATLAS for this study. Model parameters used in this study are
listed in Table I.

II. DESIGN OF GaN/AlGaN/GaN EPITAXIAL

STRUCTURE FOR STACKING MULTIPLE

2DEG CHANNELS

In a conventional single-channel AlGaN/GaN structure,
polarization field tilts the energy band, resulting in the transfer
of electrons from surface donors to the AlGaN/GaN hetero-
junction, forming a high-density 2DEG channel without the
need for intentional impurity doping [10]. In order to build SHJ
with multiple 2DEG channels as shown in Fig. 2(a), stacking
of multiple GaN/AlGaN/GaN structures are needed. Since
surface donors cannot contribute sufficient and equal amount
of electrons to each 2DEG channel in a GaN/AlGaN/GaN
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Fig. 2. (a) Cross-sectional schematics of GaN/AlGaN/GaN multichannel
Schottky diode. (b) Single-channel Schottky diode used for simulation.
(c) Dependence of RON · A and VB on n-type delta-doping density for
GaN/AlGaN/GaN single-channel Schottky diodes with different tAlGaN.

structure where the 2DEG channel is far away from the
surface, n-type delta-doping is often incorporated into the
upper GaN/AlGaN interface to provide electrons needed by
the 2DEG channel [11].

We performed a TCAD simulation of single-channel
GaN/AlGaN/GaN Schottky diode structures shown
in Fig. 2(b). The anode-to-cathode spacing (Lac) was kept
at 20 μm. An AlGaN layer was sandwiched between two GaN
layers, each having a thickness of 500 nm. The AlGaN layer
had an Al composition of 25%. The AlGaN layer thickness
(tAlGaN) was varied from 5 to 25 nm. The n-type delta-doping
density (Nd,2-D) was varied from 0 to 1 × 1013 cm−2.
Specific ON-resistance (RON · A) and breakdown voltage (VB)
were extracted from simulated forward and reverse I–V
characteristics. Fig. 2(c) shows RON · A and VB of the
Schottky diode as a function of Nd,2-D and different tAlGaN.

Structures with tAlGaN of 5 and 10 nm behaved similarly.
Their RON · A were as high as 2 ×104 m� · cm2 without suffi-
cient amount of n-type delta-doping. This is because the polar-
ization dipole across the AlGaN layer is not strong enough to
transfer electrons from the surface states or the valance band of
the upper GaN layer to form the 2DEG channel. Adding n-type
delta-doping at the upper GaN/AlGaN interface effectively
contributed electrons to the 2DEG channel, thereby lowering
the RON · A down to 2.3 m� · cm2 at delta-doping density of
1 ×1013 cm−2. However, increasing delta-doping density also
dramatically reduced the VB from 5.3 kV to about 533 V.
This was because under reverse bias, the added high density
of donors became high density of positive fixed charges
in the depletion region, resulting in high E-field. When
the AlGaN thickness was increased to 25 nm, polarization
dipole across the AlGaN became strong enough to transfer
electrons from the valence band of the upper GaN layer
to the conduction band of the lower GaN layer, forming
2DHG at the upper GaN/AlGaN interface and 2DEG at
the lower AlGaN/GaN interface. Consequently, low RON · A
of 10 m� · cm2 can be achieved without the need for n-type
doping. Adding n-type delta-doping to this structure further
reduced the RON · A, but at the cost of decreasing VB.
Note that low RON · A and high VB could be simultane-
ously achieved in this structure, when there was no n-type
doping. This is because the 2DHG naturally balances the

2DEG, forming the so-called natural superjunction [9].
Practical implementation of the natural superjunction is limited
by a few factors: 1) near valance trap states located at the
upper GaN/AlGaN interface can affect the charge balance
and the transient response [12]; 2) stacking multiple layers
of thick AlGaN layer with large Al composition, which is
needed to generate the 2DHG-2DEG pair, exceeds the critical
thickness and causes film cracking [13], [14]; and 3) without
p-type impurity doping, it is hard to form a p-type contacts
to the 2DHG channel, which is needed to supply holes during
switching as will be discussed in Section IV. In order to con-
struct GaN/AlGaN/GaN SHJ with multiple 2DEG channels,
we prefer a thin AlGaN layer with modest Al composition
to avoid degradation of epitaxial material quality. With a thin
AlGaN layer and modest Al composition, n-type doping is
needed to form high-density 2DEG channels and achieve low
RON · A. However, n-type doping disturbs the charge balance
and requires additional measures to recover the VB.

III. CHARGE BALANCE FOR SHJ WITH IMPROVED

BREAKDOWN VOLTAGE

The degraded VB can be recovered by adding p-type doping
to balance the amount of positive and negative ionized impuri-
ties. In our proposed SHJ structure, we chose to use relatively
thick upper (tGaN.upper) and lower GaN layers (tGaN.lower),
so that only medium-low p-doping concentration is needed to
balance the n-type delta-doping. The use of the medium-low
p-type doping is favorable for reducing impurity scattering and
maintaining high 2DEG mobility. In this section, we discuss
simulated forward, reverse, and transient characteristics of
charge-balanced SHJ Schottky diodes. A 5-nm-thick AlGaN
barrier layer with 25% Al composition was used in this study.
Mg was used as the p-type dopant, with the activation energy
of 170 meV.

A. Effects of p-Type Doping on RON · A and VB
Fig. 3(a) shows the simulated RON · A as a function of 3-D

p-type doping concentration (Na,3-D) with a different n-type
delta-doping density (Nd,2-D). Considering the difficulty in
p-type modulation doping due to the Mg memory effect,
we assumed uniform p-type doping for the upper GaN layer,
the AlGaN layer, and the lower GaN layer. The Na,3-D was
varied from 0 to 1.2 × 1017 cm−3. Different Nd,2-D values
of 2.5 × 1012 cm−2, 5 × 1012 cm−2, 7.5 × 1012 cm−2,
and 1 × 1013 cm−2 were chosen for the simulation. For a
given Nd,2-D, RON · A increased with increasing Na,3-D, mainly
due to depletion of electrons by the p-type doping. At charge
balance condition, i.e., when Na,2-D (the integration of Na,3-D
over the entire GaN/AlGaN/GaN thickness) equals Nd,2-D,
the RON · A were 35.2 m� · cm2 (Nd,2-D = 2.5 × 1012 cm−2

and Na,3-D = 2.5 × 1016 cm−3), 10.9 m� · cm2 (Nd,2-D =
5 × 1012cm−2 and Na,3-D = 5 × 1016 cm−3), 6.6 m� · cm2

(Nd,2-D = 7.5 × 1012 cm−2 and Na,3-D = 7.5 × 1016 cm−3),
and 5.7 m� · cm2 (Nd,2-D = 1 × 1013 cm−2 and Na,3-D =
1 ×1017 cm−3), respectively. For a charge-balanced structure,
as the doping level increases, the number of mobile carriers
increases, resulting in lower RON · A.

Fig. 3(b) shows the simulated VB as a function Na,3-D.
Consistent with the superjunction theory, VB reaches its maxi-
mum value at the charge balance condition. The maximum VB
value was 5.3 kV in this case, with anode-to-cathode spacing
of 20 μm. Deviating from the charge balance point resulted
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Fig. 3. Dependence of (a) RON · A and (b) VB of charge-balanced
GaN/AlGaN/GaN single-channel Schottky diodes on the p-type doping
concentration [Na,3-D]. (c) Sensitivity of the normalized VB to doping
imbalance [Nd,2-D − Na,2-D].

in a rapid reduction of VB. Fig. 3(c) shows the normalized
breakdown voltage as a function of doping imbalance. About
80% of the maximum VB can be maintained with up to
5 × 1011 cm−2 (in 2-D density), or 5 × 1015cm−3 (in 3-D
density), of doping imbalance.

B. Scaling of RON · A and VB With Anode-to-Cathode
Spacing

Fig. 4(a) shows the simulated reverse I–V characteristics
of SHJ diodes with the Lac varied from 1 to 100 μm.
The simulated SHJ diodes had perfect charge balance, with
Nd,2-D = 1×1013 cm−2 and Na,3-D = 1×1017 cm−3. Fig. 4(b)
summarizes the dependence of RON · A and VB on the Lac. The
RON ·A versus Lac curve follows a parabolic relationship, as an
increase in Lac results in a proportional increase of both the
RON and the A. The VB versus Lac curve follows a linear
relationship and reaches 22.5 kV for Lac = 100 μm. The
ability of scaling the VB to more than 20 kV suggests this
device structure a promising candidate for making medium
voltage power switches.

C. Performance Benchmarking of Multichannel SHJ
Diodes

By stacking multiple GaN/AlGaN/GaN structures vertically,
RON · A can be reduced while keeping the same VB. Fig. 5
shows the tradeoff relationship between RON · A and VB
for SHJ Schottky diodes with different Lac and number of
channels. Theoretical 1-D unipolar limits for Si, SiC, and
GaN materials and the GaN SHJ limit for single channel are

Fig. 4. (a) Reverse I–V characteristics of charge-balanced
GaN/AlGaN/GaN single-channel Schottky diodes with different Lac.
(b) RON · A and VB characteristics as a function of Lac.

Fig. 5. Tradeoff relationship between RON ·A and VB of charge-balanced
single- and multichannel SHJ Schottky diodes designed for 0.35–22.5 kV
applications. Theoretical limits for Si, 4H-SiC, and GaN materials and the
GaN SHJ limit for single channel are included.

shown on the same plot as references. With single-channel
SHJ, the simulated performance of the diode is reaching the
1-D unipolar limit of GaN. By stacking multiple SHJ channels,
the simulated device performance can far exceed that limit.
For example, with ten channels, a 10-kV device can have
a RON · A as low as 2.5 m�·cm2, which is a factor of 20×
better than the theoretical limit of conventional SiC MOSFETs
and a factor of 50× better than the SiC MOSFET experimental
performance results [15].

We also derived the analytical tradeoff relationship between
RON · A and VB for the GaN SHJ structure. The derivation
starts with a charge-balanced single-channel SHJ structure
(p-GaN/delta-doped n-GaN/p-AlGaN/p-GaN). At OFF-state,
the SHJ structure is fully depleted across the vertical pn
heterojunction. In the charge-balanced structure (i.e., Nd,2-D =
2Na,3-D ·tGaN), the maximum E-field in the y-direction in GaN
is given by

|Ey|max.GaN = q·1
2 ·Nd,2-D

εGaN
= q·Na,3-D · tGaN

εGaN
(1.1)

Authorized licensed use limited to: Penn State University. Downloaded on April 01,2020 at 19:04:18 UTC from IEEE Xplore.  Restrictions apply. 



72 IEEE TRANSACTIONS ON ELECTRON DEVICES, VOL. 67, NO. 1, JANUARY 2020

and in the y-direction AlGaN is given by

|Ey|max.AlGaN = q·Na,3-D · tGaN

εGaN
− (σAlGaN − σGaN)

εAlGaN
(1.2)

where q , εGaN, εAlGaN, σGaN, and σAlGaN are unit
charge, permittivity, and polarization charge of GaN and
AlGaN, respectively. In (1.2), the polarization E-field term
“(σAlGaN−σGaN)/εAlGaN” is determined by the Al composition.
It has an opposite direction from the E-field induced by the pn
heterojunction space charges. Although the maximum E-field
“|E |max = (E2

x .max + E2
y.max)

1/2” in AlGaN could be higher
than |E |max in GaN, AlGaN has a much higher critical field
Ec.AlGaN than Ec.GaN. Our calculation suggests that breakdown
will always occur in the GaN. When |E |max in GaN reaches
the EC.GaN, the y component of the maximum E-field can be
expressed as a faction of the EC.GaN, given by

|Ey|max = q · 1
2 ·Nd,2-D

εGaN
= q·Na,3-D · tGaN

εGaN
= α · EC.GaN (2)

where α is a factor with its value between 0 and 1. With
the superjunction design, the lateral E-field (Ex) at OFF-state
is approximately a constant value between the cathode and
the anode as confirmed later by simulation results shown
in Fig. 10. When the device reaches its breakdown voltage,
the Ex can be written as

VB = |Ex |max·L AC = β · EC · L AC (3.1)

where β is the factor with its value between 0 and 1. Factors
α and β are related to each other through

α2 + β2 = 1. (3.2)

When the device is in thermal equilibrium, from the charge
neutrality equation, we can derive that the density of the
2DEG is given by the difference of positive charge density
(i.e., delta-doping density) and the negative charge density
(i.e., acceptor density in the depletion region integrated over
the depletion width)

ns = Nd,2-D − 2 · Na,3-D·wD (4)

where wD is the depletion width of vertical p-n heterojunction
in thermal equilibrium. Since n-type doping volume density is
much higher than the p-type doping density, the p-n junction
can be treated as one-sided. The wD can be written as

wD =
√

2 · Vbi · εGaN

q · Na,3-D
. (5)

The RON · A of the single-channel SHJ structure can be
expressed as

RON·A = Rs · Lac

Wch
(Lac · Wch) = 1

q · ns · μs
L2

ac

= 1

q(Nd,2-D − 2 · Na,3-D · wD)μs
L2

ac (6)

where Rs , μs , and Wch are sheet resistance of 2DEG, sheet
mobility of 2DEG, and 2DEG channel width (i.e., dimension
in z-direction). Substituting (2), (3.1), (3.2), and (5) into (6)
and considering the stacking of multiple 2DEG channels, the
RON·A for the multichannel GaN SHJ structure can be derived
by

RON · A

= 1

2α(1 − a2)

1

nch

V 2
B(

1 −
√

2Vbi
α·Ec.GaN·tGaN

)
μs·εGaN · E3

C.GaN

(7)

Fig. 6. (a) Schematic of the anode voltage waveform setup for the
simulation. (b) Simulated turn-off (between first ON-state and first OFF-
state). (c) Turn-on (between first OFF-state and second ON-state) transient
switching waveforms of charge-balanced single-channel SHJ Schottky
diode.

Fig. 7. Schematic of band energy diagram at anode/p-GaN junction
and simulated hole concentration contours in (a) first ON-state: Va = 2 V,
(b) first OFF-state: Va = −2 kV, and (c) second ON-state: Va = 2 V during
the transient switching.

where nch is the number of 2DEG channels. From (7), we can
conclude that a large p-GaN thickness tGaN is preferred to
minimize the ON-resistance, without sacrificing anything else.
The ideal specific ON-resistance of SHJ structure as a function
of VB are derived, whereas RON·A has a minimum value by
optimizing the value of the α factor

RON · A = 3
√

3

4

1

nch

V 2
B

μs · εGaN·E3
C.GaN

, when a =
√

1

3
. (8)

With the α factor at its optimum value, we can find
from (2) that the optimum n-typing doping density Nd .2-D =
1.9 × 1013 cm−2. High Nd .2-D would require a thick AlGaN
with high Al composition to transfer the electrons from the
doped region to the 2DEG channel, at the risk of exceeding
the critical thickness of the AlGaN. In this work, we used a
conservative Nd .2-D value of 1 × 1013 cm−2.
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Fig. 8. (a) Schematics of single-channel SHJ Schottky diode with p-ohmic anode electrodes. (b) Simulated turn-off (between first ON-state and first
OFF-state). (c) Turn-on (between first OFF-state and second ON-state) transient switching waveforms for SHJ Schottky diodes having p-ohmic anode
electrode with different p-type ohmic contact resistivity values.

D. Transient Switching Characteristics of SHJ-Diode
We performed a transient switching simulation to evaluate

the dynamic performance of the proposed SHJ diode. The
SHJ diode used for transient simulation was a single-channel
GaN/AlGaN/GaN SHJ, where Lac, tAlGaN, Nd,2-D, and Na,3-D
were 20 μm, 5 nm, 1 × 1013 cm−2, and 1 × 1017 cm−3,
respectively. This structure yielded a simulated avalanche
breakdown voltage of 5.3 kV. Fig. 6(a) shows a schematic
of the anode voltage waveform used for the simulation. The
switching frequency, duty ratio, and switching transient time
were 1 MHz, 50%, and 20 ns (∼100 V/ns), respectively.
The forward and reverse biases for the transient switching
were 2 V and –2 kV. Fig. 6(b) and (c) shows the simu-
lated turn-off (between first ON-state and first OFF-state) and
turn-on (between first OFF-state and second ON-state) transient
switching waveforms of the SHJ diode. The forward current of
the SHJ diode was 43 mA/mm in the first ON-state, consistent
with the static forward current. During the on-to-off transition,
a negative current spike appeared corresponding to the reverse
recovery process. During the off-to-on transition, the diode
could not be turned on, with a forward current value as low
as 5 μA/mm.

The inability of switching the diode from OFF-state to
ON-state is due to the difficulty in supplying holes to the SHJ.
To explain the mechanism, we illustrated band diagrams at
the anode/p-GaN junction and simulated hole concentration
contours of the SHJ diode in Fig. 7. During the first ON-state
[Fig. 7(a),Va = 2 V], there were large amounts of electrons
and holes in the structure. The electrons provided a forward
conduction path. Once the SHJ diode was reverse biased
[Fig. 7(b), Va = −2 kV], all holes in the p-type region were
depleted out through the anode by the E-field, leaving behind
negatively charged acceptors. Similarly, all electrons in the
system were depleted out through the cathode, leaving behind
positively charged donors. The charge balance between ionized
acceptors and donors is the key to superjunction operation.
When the diode was switched from the first OFF-state to
the second ON-state [Fig. 7(c), Va = 2 V], the supply of
holes from the anode back into the p-type region was blocked
by the Schottky barrier between the anode and the semi-
conductor. The p-type region remained negatively charged,
preventing the supply of electrons from the cathode back into
the semiconductor. From this analysis, the SHJ concept is not
able to switch without a proper p-type contact made to the
structure to supply holes.

IV. SHJ DIODE WITH p-TYPE OHMIC

ANODE ELECTRODES

The serious switching problem can be solved by adding
a p-type ohmic anode electrode. Through the p-type
ohmic anode electrode, holes can be injected back into

Fig. 9. Comparison of (a) forward and (b) reverse I–V characteristics
of three different diode structures: solid line [SHJ-diode without p-anode
electrodes (Lac = 20µm)], dashed line [SHJ-diode without p-anode elec-
trodes (Lac = 18 µm)], and dotted line [SHJ diode with p-anode
electrodes (Lac = 20 µm, Lp = 2 µm)].

the semiconductor during the off-to-on switching transient.
Injected holes neutralize the acceptors, thereby allowing elec-
trons to be supplied to the semiconductor through the cathode,
forming forward current conduction channel. It is important
that p-type ohmic contacts are formed to all p-GaN lay-
ers, as shown in Fig. 1. Only adding p-type ohmic contact
to the top p-GaN layer will fail to supply holes to the
lower p-GaN layers separated by the 2DEG, even under
a large forward bias. This is because the short minority
carrier lifetime makes it extremely hard for the injected
holes to diffuse across the n-type region. Using a simpli-
fied structure shown in Fig. 8(a), we evaluated the impact
of a p-type ohmic anode on device characteristics through
2-D simulation. Lac and length of the p-anode region were
20 and 2 μm, respectively. The anode and the p-anode are
electrically connected. Other structural parameters are the
same as those used in the previous transient simulation.
Simulated switching waveforms shown in Fig. 8(b) and (c)
suggest that problem in off-to-on switching was fixed by
adding the p-type ohmic contacts. Contact resistivity of
the p-type ohmic contacts affects the turn-on time. For a
p-type ohmic contact resistivity of 1 × 10−7 ∼ 1 � ·
cm2, turn-on time of the anode current rising from 10%
to 90% was 0.1–210 ns, sufficient for most of the power
electronics applications. In practice, p-type ohmic resistivity
ranging from 1 × 10−6� · cm2 to 1 × 10−4� · cm2 can be
routinely achieved on as-grown p-GaN surface [16]. However,
forming p-type ohmic contacts on the etched surface has
been very challenging, due to the formation of donor-like
nitrogen vacancies caused by plasma damage [17], [18].
Regrowth of p+-GaN on the etched p-GaN sidewall is needed
to form p-type ohmic contacts [19] to all p-GaN layers
in the multichannel SHJ structure. As the p-anode elec-
trode was added, the “effective Lac” (Lac − L p) of the
SHJ diode decreased by L p . The forward current improved
with the addition of the p-type ohmic anode as shown
in Fig. 9(a). The improvement of forward current was due to
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Fig. 10. (a) Simulated 2-D lateral E-field contour of SHJ-diode with
p-ohmic anode electrode [at Va = −4 kV]. (b) Cutline 1-D lateral e-filed
distribution with a different reverse bias.

the combined effects of a shorter effective Lac and conductivity
modulation provided by the forward-biased p-n junction.
With the addition of the p-type ohmic anode electrodes,
the VB decreased slightly, consistent with the reduction of the
effective Lac, as shown in Fig. 9(b). Meanwhile, the leak-
age current was substantially reduced as compared with the
structure without the p-type ohmic contacts. The low and flat
reverse leakage characteristics can be explained by the E-field
distribution. Fig. 10(a) shows the lateral E-field contour of
SHJ diode with p-anode structure at Va = −4 kV. The p-anode
electrodes clamped the lateral E-field at the Schottky junction
at a very low value 0.05 MV/cm, as compared with the high
value of 2.5 MV/cm in the device without the p-anodes.
Drastic reduction of E-field at the Schottky junction resulted
in a large reduction of thermionic field emission current, which
is the dominating reverse leakage current mechanism [20].
Fig. 10(b) shows a 1-D lateral cutline of simulated E-field
distribution with different reverse biases. The E-field was
about constant along the effective Lac direction and decreased
rapidly under the p-anodes. The average E-field of the device
increases linearly with the increase in the reverse voltage.

V. CONCLUSION

We investigated several key design aspects of GaN multi-
channel SHJ. With n-type doping, high-density 2DEG can be
formed in each channel of the GaN/AlGaN/GaN multichannel
structure without the need for using the AlGaN layer with a
high Al composition or large thickness, making it easier to
scale to a larger number of channels before reaching the crit-
ical thickness. p-type doping is needed to balance the n-type
doping and achieve the maximum VB. p-type ohmic contacts
to each p-type GaN layer is needed to ensure proper switching
behaviors. The resulting GaN/AlGaN/GaN multichannel SHJ
has the potential to well exceed the 1-D unipolar performance
limit of SiC and GaN. While the work described in this article
was based on a diode structure, the conclusions are applicable
to transistor structures as well.
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