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Al xGa12xN (x50 – 0.25) Schottky rectifiers were fabricated in a lateral geometry employing
p1-implanted guard rings and rectifying contact overlap onto an SiO2 passivation layer. The reverse
breakdown voltage (VB) increased with the spacing between Schottky and ohmic metal contacts,
reaching 9700 V for Al0.25Ga0.75N and 6350 V for GaN, respectively, for 100mm gap spacing.
Assuming lateral depletion, these values correspond to breakdown field strengths of<9.67
3105 V cm21, which is roughly a factor of 20 lower than the theoretical maximum in bulk GaN.
The figure of merit (VB)2/RON, whereRON is the on-state resistance, was in the range 94–268
MW cm22 for all the devices. ©2001 American Institute of Physics.@DOI: 10.1063/1.1346622#

There has been rapid improvement over the past few
years in the performance of GaN-based power electronic de-
vices for applications in commercial broad band communi-
cation as well as military radar and communications in the
5–35 GHz range. Most of the attention has focussed on het-
erostructure field-effect transistors fabricated on AlGaN/GaN
structures1–11 with either Schottky metal or gate oxide con-
trol of current flow. There have also been advances in devel-
oping GaN and AlGaN power rectifiers12–18 which are key
components of inverter modules for power flow control cir-
cuits. Vertical geometry GaN Schottky rectifiers fabricated
on conducting materials typically show reverse breakdown
voltages (VB)<750 V13–18 whereas lateral devices on insu-
lating GaN and AlGaN haveVB values up to 4.3 kV.14–17

Since the predicted breakdown field strength in GaN is
of order 2 – 33107 V cm21 ~Refs. 1 and 6! there appears to
be much room for improvement in rectifier performance and
a need to understand the origin of reverse leakage currents,
breakdown mechanisms, and the effect of contact spacing on
VB . In this letter we report on the variation ofVB with
Schottky-to-ohmic contact gap spacing in AlxGa12xN diodes
(x50 – 0.25) employingp-guard rings and extension of the
Schottky contact edge over an oxide layer for edge termina-
tion. VB values up to 9700 kV were achieved for
Al0.25Ga0.75N rectifiers, with breakdown still occurring at the
edges of the Schottky contact. The reverse leakage current
just before breakdown is dominated by bulk contributions,
scaling with the area of the rectifying contact.

The rectifiers were fabricated on resistive
(;107 V cm) layers of 2.5–3mm thick GaN or AlGaN

grown onc-plane Al2O3 substrates at 1040–1100 °C by met-
alorganic chemical vapor deposition.19,20 To createn1 re-
gions for ohmic contacts, Si1 ions were implanted at 5
31014cm22, 50 keV, and activated by annealing at 1150 °C
for 10 s under N2. It is important to control both the heating
and cooling rates to avoid cracking of the AlGaN layer. Mg1

implantation at 531014cm22, 50 keV was used to create 30
mm diameterp-guard rings at the edge of the Schottky bar-
rier metal. The rectifying contact diameter was 124mm in
most cases, while the distance of this contact from the edge
of the ohmic contact was varied from 30–100mm. The
Schottky metal was extended over a SiO2 layer deposited by
plasma-enhanced chemical vapor deposition in order to mini-
mize field crowding. Ohmic contacts were created by lift off
of e-beam evaporated Ti/Al/Pt/Au annealed at 750 °C for 30
s under N2. The Schottky contacts were formed by lift off of
e-beam evaporated Pt/Ti/Au. A schematic of the completed
rectifiers is shown in Fig. 1. Current–voltage (I –V) charac-
teristics were recorded on a HP4145 parameter analyzer,
with all testing performed at room temperature under a
Fluorinert® ambient.

Figure 2 shows the measuredVB values for GaN and
Al0.25Ga0.75N rectifiers as a function of the gap spacing be-
tween the rectifying and ohmic contacts. For gaps between
40 and 100mm, VB is essentially linearly dependent on the
spacing, with slopes of 6.353105 V cm21 for Al0.25Ga0.75N
and 4.03105 V cm21 for GaN. We assume the deviation
from these values at shorter spacing is due to the fact that the
p-guard ring almost covers this region. In vertical geometry
diodesVB is related to the maximum electric field strength at
breakdownEM , through the relation12
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whereWB is the depletion width at breakdown. In our later-
ally depleting devices the surface quality will dominate the
onset of breakdown, which is reflected in the lower break-
down field observed. However, given the current state of
defect densities in epitaxial GaN, the lateral geometry seems
the most promising, for the time being, for achieving very
high VB values. Quasisubstrates of GaN, produced by thick
epigrowth on mismatched substrates and subsequent removal
of this template, are soon to be commercially available. In
some cases the background doping in these is as low as 7.9
31015cm23 ~Ref. 21! which makes feasible the use of these
thick ~200mm! freestanding GaN films for vertically deplet-
ing rectifiers.

Figure 3 shows someI –V characteristics from the 100
mm gap spacing GaN and Al0.25Ga0.75N rectifiers. The best
forward turn-on voltages,VF ~defined as the forward voltage
at a current density of 100 A cm22! was;15 V for GaN and
;33 V for Al0.25Ga0.75N. These are much higher than the
values obtained on more conducting GaN films, whereVF is
typically 5–8 V. Note, however, that the ratioVB /VF is still
very high for the resistive diodes, with values ranging from
294 to 423. The specific on-state resistance for a rectifier is
given by

RON5~4VB
2/«•m•EM

3 !1rSWS1RC,

where« is the GaN permittivity,m the carrier mobility,rS

andWS are substrate resistivity and thickness, andRC is the
contact resistance. The best on-state resistances we achieved
were 0.15V cm2 for GaN and 1V cm2 for Al0.25Ga0.75N,

leading to figure of merits (VB)2/RON of 268 MW cm22 and
94 MW cm22, respectively. At low reverse voltages~< 2000
V!, the magnitude of the reverse current was proportional to
contact diameter. As the diodes approached breakdown the
reverse current was proportional to contact area, suggesting
bulk leakage becomes dominant.

The variation ofVB with Al percentage in the AlGaN
layer of the rectifiers is shown in Fig. 4, along with the
calculated bandgaps.22 VB does increase with increasing
bandgapEg, but is not proportional to (Eg)1.5 as expected
from a simple theory. The presence of bulk and surface de-
fects will have a strong influence onVB , and these are not
well controlled at this stage of AlGaN rectifier technology.

To place our results in context, Fig. 5 shows a compila-
tion of RON versusVB data for state-of-the-art SiC and GaN
Schottky diode rectifiers, together with theoretical curves for
Si, 6H, and 4H–SiC and hexagonal GaN.12,23Our results for
high breakdown GaN devices show the on resistances are
still well above the theoretical values and more work is
needed to understand current conduction mechanisms, the
role of residual native oxides on contact properties, and im-
pact ionization coefficients in GaN.

In conclusion, lateral geometry AlxGaN Schottky recti-
fiers employing edge termination show reverse breakdown
voltages up to 9.7 kV. These breakdown voltages scale with
contact spacing and the rectifiers appear promising for high
power electronics applications.

FIG. 1. Schematic of lateral geometry AlGaN rectifiers employing edge
termination.

FIG. 2. Effect of Schottky-ohmic contact gap spacing onVB for GaN and
Al0.25Ga0.75N rectifiers.

FIG. 3. I –V characteristics of GaN and Al0.25Ga0.75N rectifiers with 100mm
gap spacing between Schottky and ohmic contacts.

FIG. 4. VB as a function of Al percentage in AlGaN rectifiers.
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FIG. 5. On-state resistance vsVB for wide band gap Schottky rectifiers. The
theoretical performance limits of Si, SiC, and GaN devices are shown by the
solid lines.
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