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There ae amerging applicaions for GaN and
SiC eledronics in control and switching of eledric power
in the utiliti es industry, advanced radar sub-systems, and
in the drive-trains of hybrid eledric vehicles. A key
component of the inverter modules for such applicaionsis
the power redifier. Several groups have reported excdlent
high bre&kdown voltage performance from both lateral
and mesa geometry GaN, AlGaN and SIC Schottky as
well as p-i-n redifiers. For the SIC Schottky diodes,
reverse breakdown wvoltage ad forward current of
<1000V and 2A, respedively are ommercially available.
However, there ae till numerous limitations to these
GaN redifiers, including higher reverse lekage arrent
than expeded from thermionic emisson, high forward
turn-on voltages, negative temperature mefficients for
reverse breakdown voltage, non-uniformities, and the low
thermal conductivity of sapphire. The availability of
eledricdly conductive bulk GaN substrates would all ow
fabrication of verticd geometry redifiers with thick drift
regions cgpable of much higher current conduction and
superior thermal management, as compared to lateral
redifiers fabricaed on insulating substrates. In this work
we report, for the first time, the fabricaion of edge-
terminated, verticdly-depleting GaN redifiers fabricated
on novel HVPE-grown bulk GaN templates.

The bulk GaN was grown by hydride vapor
phase gitaxy on sapphire substrates and lifted-off by laser
heaingto produce freestanding ~300 pum thick templates.
Chemicd mechanicd pdlishing and dry etching were used
to smocth as-grown sample, producing a final substrate
thickness of ~200 pm. The defect density was ~10° cm’?,
which is 3-5 orders of magnitude lower than typicd
heteroepitaxia films on sapphire substrates.

Large-area (~7 mm) and small-area (~50-100
um) diodes were fabricated in both lateral and vertical
geometries with p* guard ring edge termination (Fig. 2).
The |-V characteristics of a 54 um vertical diode are given
in Fig. 3, illustrating reverse bre&kdown Vg >150V and
extremely high forward current density J >2 kA-cm?
The spedfic on-state resistances (Roy) for the threetypes
of rectifiers measured were 3 mQ-cm? for the small-area
vertical diodes, 1.7 mQ-cm?® for the small-area latera
diodes, and 3.4 Q-cm® for the large-area devices,
producing a figure of merit, Vg° / Roy Of ~8.5 MW-cm™
for small-area devices. This on-state resistance is the
lowest reported for any GaN redifier. The forward turn-

on voltage (Vg) was ~1.8 V, roughy half the value for
previousy reported GaN Schottky redifiers on
heteroepitaxial layers. For the small-area devices, V¢
increased with temperature dove 100°C. Reverse airrent
was thermally adivated with an adivation energy of 0.11
+ 0.04 eV, perhaps representing the most prominent
surfacestate giving rise to the aurrent.

Switching performance was analyzed using the
reverse  rewvery  current  transient  waveform,
demonstrating reec switching and minimal stored charge.
From these data, we estimate avaue of ~15 nsec for the
high injedion level hole lifetime in our redifiers. Thisis
within the range of 1-20 nsec for previously reported
minority carrier lifetimesin n-GaN.

When placel into context with reported values,
these novel bulk GaN redifiers dow significant
improvement in forward current density and on-state
resistance mmpared to previoudy reported devices. In
this talk, we will also present the anned effed on the
forward current density.



