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a b s t r a c t

In this paper, an original termination, the etched guard ring assisted junction termination extension (JTE),
is demonstrated on 4H–SiC light triggered thyristors. The termination structure, designed with finite
element simulations, is detailed and particular attention is paid to the sensitivity to etching depth uncer-
tainties. The fabrication processes and the electrical characterization of the devices are described. A
blocking voltage of 6.3 kV is attained, validating the principle of the termination. Switching and quasi
static on-state measurements are also performed to investigate the functionality of the thyristors.

� 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Power electronics and pulse power systems in particular re-
quire ever lighter, more compact and more efficient semiconductor
switches. To further improve the performances of the power de-
vices, the use of wide bandgap semiconductors is a very promising
solution. Among these, 4H–Silicon Carbide (SiC) has very interest-
ing properties such as its large bandgap (3.26 eV) and its very high
critical field (2–3 MV/cm). Moreover 4H–SiC fabrication technol-
ogy is one of the most mature among all wide bandgap materials.

Pulse power systems as they are developed by ISL [1] and others
[2,3] require devices sustaining high current pulses and voltages in
the range of 5–10 kV. Thanks to the conductivity modulation in its
drift layer, the thyristor is the best suited device to assess these
requirements. To reach such high blocking voltage, the optimiza-
tion of the device edge termination is essential. The latter 4H–SiC
thyristor demonstrators found in the literature use systematically,
as edge termination, a mesa combined with single or multiple
implanted junction termination extension (JTE) [4–6]. However,
ion implantation causes serious damage to the crystal structure
that is only partially recovered with the activation annealing.
Moreover, the implantation process is difficult to control precisely,
resulting in uncertainties in the final active dopant concentration.
Implantation free SiC bipolar devices with good results have
already been fabricated with single or multiple etched JTE [7,8].

Compared to a classic electrical triggering with a gate contact,
the optical triggering provides a galvanic isolation of the driver.
Light triggering also simplifies systems when several devices are
needed in parallel or in series, eliminating symmetry and induc-
tance issues in the gate current path. Moreover one possible draw-
back when abandoning ion implantation in BJTs or thyristors could
be a more resistive gate contact, the problem of which is no issue in
light triggered thyristors (LTTs).

In the first part of this paper, the design of an implantation-free
guard ring assisted etched JTE using finite elements simulations is
detailed. Then the fabrication of optically triggered SiC thyristors
with such termination is described. The blocking and conducting
forward characteristics of these devices are finally presented.

2. Design of the termination

2.1. Simulation description

Sentaurus TCAD software was used for the design of the termi-
nation. Ionization coefficient parameters are necessary to deter-
mine the blocking voltage of the different structures with the
simulation tool. In this work, those published by Konstantinov
et al. [9] were taken. The hole ionization integral equal to one is
the criterion chosen to define the blocking voltage of the simulated
devices.

The starting material for the simulation and the fabrication of
the devices is a N-type substrate with four epilayers (Substrate
N+/P/P�/N/P+) (Fig. 1). The forward blocking voltage is held by
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the junction J2. To simplify the computations, only the gate, drift
and buffer layers (surrounded in Fig. 1) are considered in the
simulation. The entitlement of the one-dimensional junction J2
as determined by our simulation is 8140 V.

2.2. Simple etched JTE

The simple etched JTE is formed by two etching steps that de-
fine its inner and outer edges. A schematic view of this termination
is shown in Fig. 2. The length and thickness of the JTE are the
parameters to be adjusted in order to obtain a device with a high
blocking voltage. The MESA etching at the outer edge of the JTE
was set to a level 1 lm deeper than the junction between the gate
and drift layer. A SiO2 passivation with a thickness of 1 lm was
considered in the simulations. The dose of the JTE, is defined by
the gate layer doping concentration and the JTE thickness. The gate
being moderately doped (1017 cm�3), the JTE dose can be quite pre-
cisely adjusted with the etching depth. The dose is the remaining
thickness multiplied by the doping of the gate epi-layer.

Fig. 3 shows the simulated blocking voltage of the simple
etched JTE versus its thickness, for various JTE length. On the right
axis is the termination efficiency, which is the ratio in percent

between the blocking voltage of the terminated structure and the
one of the unidimensional structure (8140 V for our epilayers).
The maximum termination efficiency of the simple etched JTE is
88%. This maximum is reached for a thickness of 0.9 lm and a
JTE longer than 125 lm. The blocking voltage drops abruptly from
7100 V to 3800 V if the thickness of the JTE goes from 0.9 to
0.95 lm. Indeed, for this latter value, the JTE dose is too high to
be fully depleted when the junction is reverse biased. Conse-
quently, no spreading of equipotential lines occurs horizontally
across the JTE, resulting in an inefficient termination. This also ex-
plains why the length of the JTE has no influence on the blocking
voltage for a JTE thicker than 0.9 lm.

The simple etched JTE has no outstanding performances and is
very sensitive to the uncertainties on the etching depth. In fact, a
precision of ±0.05 lm on the etching process is needed to guaran-
tee 80% termination efficiency. As the RIE (Reactive Ion Etching)
process is hard to control so accurately, an other edge termination
structure has been considered, the guard ring assisted etched JTE.

2.3. Guard ring assisted etched JTE

The guard ring assisted JTE was first demonstrated on diodes by
Perez et al. [10]. This edge termination was realized by ion implan-
tation and the spacing between rings was constant. The principle of
this termination is to include guard rings in the JTE. The guard
rings, that have higher dose than the JTE, induce electric field peaks
which help in the distribution of the voltage across the edge termi-
nation. A termination based on this structure, with variable spac-
ings and formed with etching process steps, is studied hereafter.

Fig. 4 shows a schematic view of the termination structure. The
starting point for the optimization was a 0.5 lm thick and 200 lm
long JTE which has a termination efficiency of 50%. Guard rings
were then added successively in the JTE to enhance the blocking
voltage. Their width and thickness were set constant to 10 and
2 lm, respectively. Considering the fabrication process, these rings
will be patterned using a thick photoresist mask. Consequently, the
sidewall of the etched rings will be inclined. An angle between the
horizontal surface and the sidewall of 30� was taken for the simu-
lations. Compared to a vertical sidewall, an inclined one reduces
significantly the electric field at the edge of the rings in the semi-
conductor and the passivation layer.

The optimization approach of the structure is the following. The
termination with a single ring is first simulated, varying the space
d1 between the active area and the ring. Once the optimum dis-
tance d1 has been found, another ring is included in the JTE. As
shown in Fig. 4, the optimized spacing d1 is the distance between
the first outermost ring and the second one. The spacing d2 be-
tween the active area and the second ring is then adjusted to get
the highest possible blocking voltage. The method is the same for
the next rings. This optimization ends when the spacing dn is too
short for the resolution of the lithographic process. The resolution
of our lithographic process being 2 lm, the optimization of this
termination lead to a JTE assisted by 6 rings with spacings from
d1 to d6 being 8, 6, 5, 4, 3, and 2 lm long.

Fig. 1. Starting material for the fabrication of the thyristors.

Fig. 2. Schematic of the simple etched JTE termination.
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Fig. 3. Blocking voltage versus the JTE thickness for various JTE length. Fig. 4. Schematic of the etched guard ring assisted JTE.
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