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AlL,Ga _,N (x=0-0.25) Schottky rectifiers were fabricated in a lateral geometry employing
p " -implanted guard rings and rectifying contact overlap onto ar, Ba3sivation layer. The reverse
breakdown voltage\(g) increased with the spacing between Schottky and ohmic metal contacts,
reaching 9700 V for AJ,Ga, 7N and 6350 V for GaN, respectively, for 100m gap spacing.
Assuming lateral depletion, these values correspond to breakdown field strength®.67

X 10°Vem™ L, which is roughly a factor of 20 lower than the theoretical maximum in bulk GaN.
The figure of merit ¥g)%/Ron, WhereRgy is the on-state resistance, was in the range 94—268
MW cm™2 for all the devices. ©2001 American Institute of Physic§DOI: 10.1063/1.1346622

There has been rapid improvement over the past fevgrown onc-plane ALO; substrates at 1040—-1100 °C by met-
years in the performance of GaN-based power electronic dealorganic chemical vapor depositidh?® To createn™ re-
vices for applications in commercial broad band communi-gions for ohmic contacts, Siions were implanted at 5
cation as well as military radar and communications in thex 10**cm™2, 50 keV, and activated by annealing at 1150 °C
5-35 GHz range. Most of the attention has focussed on hefor 10 s under B. It is important to control both the heating
erostructure field-effect transistors fabricated on AlGaN/GaNand cooling rates to avoid cracking of the AlGaN layer. Mg
structure$ ! with either Schottky metal or gate oxide con- implantation at 5< 10" cm™2, 50 keV was used to create 30
trol of current flow. There have also been advances in develum diameterp-guard rings at the edge of the Schottky bar-
oping GaN and AlGaN power rectifiéfs 8 which are key rier metal. The rectifying contact diameter was 12# in
components of inverter modules for power flow control cir- most cases, while the distance of this contact from the edge
cuits. Vertical geometry GaN Schottky rectifiers fabricatedof the ohmic contact was varied from 30-1@0n. The
on conducting materials typically show reverse breakdowrSchottky metal was extended over a Sl@yer deposited by
voltages V) <750 V3~ whereas lateral devices on insu- plasma-enhanced chemical vapor deposition in order to mini-
lating GaN and AlGaN hav¥ values up to 4.3 k\V4~17 mize field crowding. Ohmic contacts were created by lift off

Since the predicted breakdown field strength in GaN is°f e-beam evaporated Ti/Al/P/Au annealed at 750 °C for 30
of order 2—3<10° Vecm ™ (Refs. 1 and Bthere appears to S under N. The Schottky contacts were fqrmed by lift off of
be much room for improvement in rectifier performance ande-Peam evaporated PUTi/Au. A schematic of the completed
a need to understand the origin of reverse leakage currentECtifiers is shown in Fig. 1. Current-voltage-{) charac-
breakdown mechanisms, and the effect of contact spacing dfistics were recorded on a HP4145 parameter analyzer,
Vg. In this letter we report on the variation afg with with gll testmg. performed at room temperature under a
Schottky-to-ohmic contact gap spacing in @k, _,N diodes Fluorl_ner{E ambient.

(x=0-0.25) employingp-guard rings and extension of the Figure 2 shows the measured; values for GaN and
Schottky contact edge over an oxide layer for edge termina0.28G% 79\ rectifiers as a function of the gap spacing be-
tion. Vg values up to 9700 kV were achieved for tween the rectlfylng and ohrmc cpntacts. For gaps between
AlgGa N rectifiers, with breakdown still occurring at the 40 @nd 100um, Vg is essentially I'”eafl'y dependent on the
edges of the Schottky contact. The reverse leakage currefiPacing. with slopes of 6.3510°V.em ™ for Alg 4G 7N

just before breakdown is dominated by bulk contributions,"’md 4.0<10°Vem™* for GaN. We assume the deviation
scaling with the area of the rectifying contact. from these values at shorter spacing is due to the fact that the

The rectifiers were fabricated on  resistive p-guard ring almost covers this region. In vertical geometry
(~10’ Q cm) layers of 2.5-3um thick GaN or AlGaN diodesVy is related to the maximum electric field strength at
' breakdownE,, , through the relatiof

3Electronic mail: spear@mse.ufl.edu Vg=EuyWg/2,
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FIG. 1. Schematic of lateral geometry AlGaN rectifiers employing edge Voltage (V)

termination.

FIG. 3.1-V characteristics of GaN and §d:G&, +JN rectifiers with 100um

. . . i t hottky and ohmi tacts.
whereWy is the depletion width at breakdown. In our later- gap spacing between Schottky and ohmic contacts

ally depleting devices the surface quality will dominate the

onset of breakdown, which is reflected in the lower breakdeading to figure of merits\(g)?/Roy of 268 MW cmi 2 and
down field observed. However, given the current state 004 MW cm 2, respectively. At low reverse voltagés 2000
defect densities in epitaxial GaN, the lateral geometry seemg), the magnitude of the reverse current was proportional to
the most promising, for the time being, for achieving verycontact diameter. As the diodes approached breakdown the
high Vg values. Quasisubstrates of GaN, produced by thickeverse current was proportional to contact area, suggesting
epigrowth on mismatched substrates and subsequent removallk leakage becomes dominant.

of this template, are soon to be commercially available. In  The variation ofVgz with Al percentage in the AlGaN
some cases the background doping in these is as low as 1&er of the rectifiers is shown in Fig. 4, along with the
X 10"cm™2 (Ref. 2 which makes feasible the use of these calculated bandgapi. Vg does increase with increasing
thick (200 um) freestanding GaN films for vertically deplet- bandgapEg, but is not proportional toEg)*® as expected

ing rectifiers. from a simple theory. The presence of bulk and surface de-

Figure 3 shows somk-V characteristics from the 100 fects will have a strong influence o, and these are not
pm gap spacing GaN and M<Ga, ;9\ rectifiers. The best well controlled at this stage of AlGaN rectifier technology.
forward turn-on voltages/r (defined as the forward voltage To place our results in context, Fig. 5 shows a compila-
at a current density of 100 Acm) was~15 V for GaN and  tion of Rgy versusVy data for state-of-the-art SiC and GaN
~33 V for Alp,{Gay;N. These are much higher than the Schottky diode rectifiers, together with theoretical curves for
values obtained on more conducting GaN films, whéges Si, 6H, and 4H—SiC and hexagonal G&N2Our results for
typically 5—8 V. Note, however, that the rafit; /V¢ is still  high breakdown GaN devices show the on resistances are
very high for the resistive diodes, with values ranging fromstill well above the theoretical values and more work is
294 to 423. The specific on-state resistance for a rectifier iseeded to understand current conduction mechanisms, the
given by role of residual native oxides on contact properties, and im-
pact ionization coefficients in GaN.

In conclusion, lateral geometry AbaN Schottky recti-
wheree is the GaN permittivity,. the carrier mobility,ps fiers employing edge termination show reverse breakdown
andWs are substrate resistivity and thickness, &is the ~ voltages up t0 9.7 kV. These breakdown voltages scale with
contact resistance. The best on-state resistances we achiewttact spacing and the rectifiers appear promising for high
were 0.15Q cn? for GaN and 1Qcn? for Aly,Ga, N,  Power electronics applications.
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