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1. Introduction

GaN Schottky rectifiers play an important role in inverter mod-
ules owning to their high switching speed and low switching loss
[1]. It has been shown that GaN-based Schottky diodes presented
much better performance than their Si-based counterparts. Com-
pared with the Si Schottky diodes, the GaN diodes demonstrated a
high breakdown field (up to 3 MV/cm) and a low on-state resis-
tance, which can be mainly attributed to the superior material
properties of GaN [2]. Currently, most of the GaN-based devices
are grown on sapphire or SiC substrates. For GaN Schottky diodes
on sapphire, the low thermal conductivity could be a serious
problem for high power applications, while those grown on SiC
are mainly limited by the relatively high cost for commercial ap-
plications.

GaN epitaxy on silicon substrate seems to be an excellent al-
ternative approach for the above problems, which has a good
thermal conductivity and relatively low cost. In addition, the sili-
con substrate has the potential for large-scale growth of GaN epi-
layer. GaN-based devices on Silicon substrates have been reported

with relatively low breakdown voltages (~ 100 V to 300 V) [3]-[4].
For these devices, the GaN layer thickness is only around 1 ~2 um.

On the other hand, it has also been reported that GaN devices on
silicon demonstrated a high breakdown voltage of 650V, in which
the GaN layer is up to 5 um [4]-[5]. For high power applications,
it is in general required to have a thick GaN layer (typically >
3um) to sustain the high voltage operation. However, this may not
be a good solution for improving the breakdown voltage espe-
cially for GaN grown on Si. Since there is a large lattice mismatch
between Si and GaN, growing a thick GaN layer on Si could en-
counter serious crystal dislocation issues and thus reliability prob-
lems.

In this study, a new layer structure is proposed to significantly
improve the breakdown voltage of the GaN Schottky diode on
silicon substrate with only a 1.5 um thick epi-layer, which can
substantially reduce the electric field in the buffer layer. The layer
structure employs a floating p-type GaN layer below the n-type
GaN layer to form a buried pn-junction. The simulated results
show that the buried pn-junction structure can improve the break-
down voltage from 130 V of the conventional device up to 4800 V
by the proposed device structure.

2. Device Structures and Simulation Results

The layer structures of the typical GaN Schottky diode and the
proposed new design are shown in Fig. 1(a) and 1(b), respectively.
The conventional device consists of a 0.5 um thick n-type GaN
layer on top of a 1 um undoped GaN buffer layer. On the other
hand, the proposed layer structure consists of a 0.5 um thick un-
doped GaN layer as the buffer, followed by a 0.5 um p-type GaN
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layer (the buried p-layer), and a 0.5 um thick n-type GaN is on top
of the p-layer. Finally, both devices are passivated by a 1 pum sili-
con dioxide layer. The device layer structures are defined on sili-
con substrates in the simulation, and the Schottky metal work
function is assumed to be 5.15 eV (Nickle) in the simulation. The
proposed structure utilizes the concept of charge compensation by
introducing a buried p-layer below the n-type GaN layer. The
doping concentration and thickness of n-type and p-type are iden-
tical so that the number of average charges in the pn-junction
becomes nearly zero under a reverse bias condition. As a result,
the electric field is greatly reduced and a significantly improved
breakdown voltage can be expected.

Fig. 2(a) and 2(b) show the electric field distribution of the
conventional and proposed device structures along the GaN sur-
face (x-x’ line) and buffer (z-z’ line) as illustrated in Fig 1, where
the drift region extension Lgr is 20 um under a reverse bias of
600 V. It can be seen that a peak electric field existing at the edge
of the anode (at 10 um of X-axis) in the conventional structure.
The simulation results clearly indicate that the proposed structure
employing the buried pn-junction can significantly reduce the
peak electric field at the Schottky contact edge owing to the
charge balance effect. Moreover, it is known that the breakdown
event may also occur in the GaN or AIN buffer layer. The buried
pn-junction can redistribute the electric field in the buffer layer
leading to a smooth electric field profile without any obvious
peaks as shown in Fig 2 (b). Fig. 3 shows the electric field distri-
bution along the pn-junction boundary (y-y’ line) with various
drift length from 10 to 50 um under reverse bias 600V condition
for the barried p-layer structure. It can be seen that the peak elec-
tric field is effectively reduced as Lgyis; keeps increasing along the
pn-junction. In contrast, the peak electric field of the conventional
structure is almost constant even with a large L.

For the proposed structure, the simulated breakdown voltage
Vek defined by a peak electric field approaching the critical
breakdown field (3MV/cm) is shown in Fig. 4 with different Lyyiz
from 10 pm to 40 um. The breakdown voltage increases linearly
by increasing the drift length. An excellent breakdown voltage up
to 4800 V can be obtained with an Lp of 40 um. An even higher
Vg is possible if a larger Lpyir is employed. On the other hand, the
breakdown voltage of the conventional device is limited at around
130 V even when the drift length is increased to 40 um, as also
shown in the figure.

One critical issue of using the charge balance method is that the
doping concentrations of both the n-type and p-type GaN layers
should be controlled precisely. Fig 5 shows the Vg variation as a
function of the charge imbalance percentage (defined as
(P-N)/Nx100%). The breakdown voltage degrades more obvi-
ously as the charge imbalance percentage and doping concentra-



tion increase. The charge imbalance issue may not be completely
avoided in practical material growth, while a relatively low dop-
ing concentration and a large Ly can be used to alleviate the
effect of charge imbalance.

3. Conclusion

In this study, we proposed a new structure for GaN Schottky
diodes on Si substrate. By employing the buried pn junction with
the charge compensation concept, the electric filed was redistrib-
uted and the peaks around the metal contacts were reduced sig-
nificantly. The simulated result demonstrated that the breakdown
voltage can be improved from 130 V of the conventional device
up to the 4800 V.
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Fig. 1. Cross section view of (a) conventional GaN Schottky diode device
structure (b) proposed structure with a buried pn-junction.
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Fig. 2. Electric field distribution along (a) the surface (x-x’ line) and (b)
the buffer (z-z’ line) of the devices with and without the p-buried layer.
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Fig. 3. Electric field distribution with p-buried layer along the y-y’ line
with various Lpyir under a reverse bias of 600 V.
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Fig. 4. Reverse breakdown voltage of a Schottky diode with (N = P =
5x10%/cm?) and without p (N = 5x10/cm?) buried layer as a function of
Lorift.
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Fig. 5. The breakdown voltages versus different charge imbalance
percentages with different doping concentrations.
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