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Abstract. This paper reports the fabrication and electrical characterization of PiN diodes on an on-
axis grown epitaxial layer. TCAD simulations have been performed in order to design their
architecture. Some of these diodes have a breakdown voltage around 600 V. A comparison is made
with similar diodes fabricated on off-cut grown layers. Computer simulations are used to explain
lower breakdown voltages than those expected.

Introduction

Wide bandgap semiconductors, such as SiC or GaN, are known to be highly suitable for the
fabrication of power electronics devices. Their wide band gap allows high temperature operation
while high breakdown electric field enables the managing of very high voltage [1]. 1200 V SiC
unipolar devices, such as JBS diodes or VJFETSs have already proven to be useful for the fabrication
of high power converters. Voltages higher than 3 kV will probably require the use of bipolar
devices in order to preserve reasonably low series resistance. However, fabricating efficient SiC
bipolar power devices is not an easy task. Most of the as-grown SiC wafers contain high amounts of
basal plane dislocations which are likely to turn into stacking faults when a positive bias is applied.
These stacking faults considerably reduce the electric carrier lifetime [2]. This, in turn, causes the
so-called forward voltage drift, an increase of the applied bias needed to obtain the same current.
Such a phenomenon may be critical as it deteriorates the direct resistance to breakdown voltage
trade-off, increasing the conduction power losses, which may lead to device overheating.

On-axis homoepitaxial growth on SiC substrates has been shown to significantly reduce the
density of basal plane dislocations and consequently the density of stacking faults [3]. It could be
the key to the production of reliable SiC bipolar devices. In this study, epitaxy has been performed
using on-axis wafers. PiN diodes have been designed using TCAD simulations, fabricated, and
electrically characterized. Comparison is made with similar diodes fabricated on off-cut wafers.
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Figure 1. Schematic cross-view of the gypstrates. However, the on-axis epilayer shows
fabricated PiN diodes comparatively an inhomogeneous and rough

surface owing to different epitaxial growth
mechanisms (Fig. 2) [4].

The wafers were then cut in one inch side square samples. PiN diodes were fabricated on
samples of each type. In order to maintain a low stacking fault density, an ion-implantation-free
process was used. A mesa termination was used both to define the diode anode periphery and to
ensure an acceptable blocking capability. The influence of the mesa depth on the breakdown
voltage has been studied by finite element method (Fig. 3), The ionization rates coefficients
extracted by Konstantinov et al [5] were used in Sentaurus TCAD software. The ideal breakdown
voltage, i.e. for a perfect planar junction, for such an N° layer is approximately 2200 V, as
calculated by 1D simulation. It was decided to use an 8 um deep mesa, which should result in a
1650 V breakdown voltage, considering a surface charge density of 0 cm™.
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Figure 2. Optical image of the wafer Figure 3. Simulated breakdown voltage of
surface for nominally on-axis PiN diodes as a function of the mesa etch
substrate. depth and the surface charge density

The 8 um deep mesa has been etched with SF¢/O, chemistry in a Reactive lon Etching
equipment at 250 W, 60 mTorr and using Ni masks [6]. A Ni-based cathode ohmic contact of
~200 nm was formed on the whole n-type back side of the substrate. The ohmic contact on the p-



type anode was realized by selective evaporation of Ni, Ti and Al layers with a ~300 nm total
thickness [7]. A post-metallization Rapid Thermal Annealing (RTA) was performed at 900 °C for
the cathode contact and at 800 °C for the anode contact. Right after an Ar etching, in order to avoid
the formation of insulating interlayers, a 1.5um thick Al layer was finally patterned on the anode
contacts.

A comparison of the electrical behavior of PiN diodes fabricated on off-cut and on-axis grown
epilayers has been drawn to study the influence of the growth processes. Direct electrical
characterizations were performed using an agilent B1505 power curve tracer. The diodes reverse
characteristics were measured by means of a 20 kV high-voltage probe in a vacuum chamber at
ISL. Characterizations were done below 10™ mbar ensuring a sufficient insulation.

Results and discussion

Figure 4 shows typical direct IV characteristics of diodes with the same surface area which were
fabricated on the two different samples. The on-axis wafers give rise to slightly more resistive
diodes than the off-axis wafers. This is due to the low doping concentration of the on-axis growth
substrates which was typically in the mid 10" cm™. This value is one order of magnitude less than
the doping concentration of the off-axis substrate.
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Figure 4. Comparison of the direct IV Figure 5. Typical reverse IV characteristics

characteristic of 12x10™ cm? PIN diodes of the PIN diodes fabricated on the on-axis
fabricated using the on-axis and off-axis and off-axis wafers

wafers

The reverse characterization revealed substantial disparity. Many diodes fabricated on the on-
axis wafers present high leakage currents. It is assumed that this is due to the high surface
roughness, which affects both the mesa thickness control and the N/P junction evenness.
Nevertheless, some diodes sustain 600 V, which is comparable with the off-axis diodes (Fig. 5) and,
to our knowledge, a record for such a wafer orientation. Unfortunately this result, though promising,
is lower than what was anticipated by simulation. This could be explained by surface charges
created during the mesa etching or the lack of a proper passivation layer. As shown on Fig. 3, the
presence of a positive surface charge reduces the breakdown voltage. Fig. 6 shows the repartition of
the equipotentials in a PIN mesa structure as calculated by simulations. As can be seen on Fig. 6b,
when a positive surface charge is present, equipotential lines are more concentrated close to the
mesa edge. This induces a higher electric field, which leads to a smaller breakdown voltage (see
Fig. 3).
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Figure 6. Simulated equipotentials in a mesa PiN diode N layer at 500 V
reverse bias depending on the surface charge density. a) for a 0 cm™ charge
density b) for a 5x10*2 cm™ charge density

Conclusion

A N/P*/P™ epilayer structure has been grown using an on-axis wafer. Mesa terminated PiN diodes
were fabricated. Reverse current lower than 10 pA at 600 V was measured which is a very good
result for such a substrate orientation. The same kind of devices was fabricated using epilayers
grown on off-cut substrates for comparison, giving rise to breakdown voltage in the same range.
Higher breakdown voltage could certainly be obtained thanks to a better control of the SiC RIE
etching process and the use of a passivation layer.
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