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Silicon carbide (SiC) is being spotlighted as a next-generation power semiconductor material owing to the characteristic
limitations of the existing silicon materials. SiC has a wider band gap, higher breakdown voltage, higher thermal conductivity,
and higher saturation electron mobility than those of Si . When using this material to implement Schottky barrier diode (SBD)
devices, SBD-state operation loss and switching loss can be greatly reduced as compared to that of traditional Si. However,
actual SiC SBDs exhibit a lower dielectric breakdown voltage than the theoretical breakdown voltage that causes the electric
field concentration, a phenomenon that occurs on the edge of the contact surface as in conventional power semiconductor
devices. Therefore in order to obtain a high breakdown voltage, it is necessary to distribute the electric field concentration
using the edge termination structure. In this paper, we designed an edge termination structure using a field plate structure
through oxide etch angle control, and optimized the structure to obtain a high breakdown voltage. We designed the edge
termination structure for a 650 V breakdown voltage using Sentaurus Workbench provided by IDEC. We conducted field plate
experiments. under the following conditions: 15°, 30°, 45°, 60°, and 75°. The experimental results indicated that the oxide etch
angle was 45° when the breakdown voltage characteristics of the SiC SBD were optimized and a breakdown voltage of 681 V

was obtained.
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1. INTRODUCTION

Silicon carbide (SiC) material is spotlighted as a next-generation
power semiconductor material owing to the characteristic
limitations of existing silicon materials. SiC has a wider band
gap, higher breakdown voltage, higher thermal conductivity,
and higher saturation electron mobility than Si. When using this
material to implement Schottky barrier diode (SBD) devices, SBD-
state operation loss and switching loss can be greatly reduced as
compared to that of traditional Si [1-3].

However, actual SiC SBDs exhibit a lower dielectric breakdown
voltage than the theoretical breakdown voltage that causes the
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electric field concentration, a phenomenon that occurs on the edge
of the contact surface as in conventional power semiconductor
devices. Therefore, in order to obtain a high breakdown voltage, it is
necessary to distribute the electric field concentration using the edge
termination structure [4,5].

Edge termination structures include the junction termination
extension (JTE), field ring, and field plate. The field plate is suitable
for use in the structures of SiC materials. Creating a device structure
by doping the SiC material produced is not possible with basic
implantation equipment.

Therefore, a field plate may be suitable for creating a structure
without doping. The field plate structure of the edge termination for
E-field distribution is designed for breakdown voltage optimization
by controlling the oxide etching angle.

The concentration of the N-epi region, in accordance with the
breakdown voltage of 650 V, was determined to be 5 x 1,015 Q /
cm’ through active simulation prior to experimentation. The oxide
thickness was fixed after the experiment, and the most commonly
used thickness was 1 pm.

http://www.transeem.org
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Fig. 1. Cross-section of SiC SBD with field plate structure.
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Fig. 2. Breakdown voltage characteristics of SiC SBD according to the
concentration of epi layer in absence of the edge structure.

2. METHOD OF EXPERIMENT

The main parameters that must be considered when designing
a field plate are field plate length, oxide etching angle, and oxide
thickness.

The oxide characteristics adversely affect the shape or the bottom
of the metal, because the biggest structure that prevents the electric
field concentration in one place using the dispersion effect is the
electric field of the metal plate. In this paper, by using Sentaurus
Workbench offered by IDEC, we specified the parameters of the
simulation in terms of oxide etching angle and field plate length to
create an optimized design.

Before proceeding with the first experiment, we set the design
conditions [5] in Table 1 for use in the 650 V class SBD with fixed
parameters. In most field plate structures, the point at which the
oxide and metal meet the SiC part of the contact end of the electric
field at the same time is where the electric field is concentrated. The
angled portion of the oxide should be able to be smoothed in order
to distribute the electric field. The oxide etching angles are shown in
Fig. 3. The experimental conditions were as follows: 15°, 30°, 45°, 60°,
and 75°. We created a field plate design by examining the breakdown
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Table 1. Device and process parameters for simulation according to field
plate length.

Classification Value
Epi concentration 5x10"° Q/cm®
Cell pitch 110 um
Oxide thickness 1um
Epi thickness 8um
Oxide etch angle 45°
Active region Edge termination region
Source ——
— 0 Split Oxide etch angle
cho
metal [
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Drain

Fig. 3. Cross-section SiC SBD for simulation according to oxide etching
angle.
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Fig. 4. Cross-section of SiC SBD for simulation according to field plate
length.

voltage and changing the electric field distribution accordingly.

In order to distribute the electric field concentration, the effect
in the metal end of the electric field was concentrated in the field
plate structure for the second experiment. A static parameter, a
key parameter in the optimized design of field plate length, was
applied. This led to the field plate lengths in the design parameters
as seen in Fig. 4. The experiment was conducted from 5 um to 50 pm
in intervals of 5 pm. The breakdown voltages were examined, the
electric field distribution was changed accordingly, and a field plate
design was created.

3. RESULTS AND DISCUSSION

The experimental results shown in Figs. 5 and 6 indicate that a
lower oxide etching angle creates a better electric field distribution
effect. As shown in Fig. 7, it was confirmed that the breakdown
voltage was higher with a smaller etching angle. This happens
because the electric field value is concentrated so much at the point
where the electric field is lowered, because the metal oxide etching
angle of the increasingly flat revocation period is bent. However,
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Fig. 5. Electric field distribution according to oxide etching angle.
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Fig. 6. Electric field distribution according to oxide etching angle.
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Fig. 7. Breakdown voltage characteristics according to oxide etch angle.
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Fig. 8. Electric field distribution according to field plate length.
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Fig. 9. Electric field distribution according to field plate length.

when implementing the process accordingly, the oxide etching angle
in the SiC semiconductor is difficult to reproduce. An oxide etching
angle of 40° or less produced approximately the same results as the
45° oxide etching angle.

However, the critical electric field of SiC is 3.5 x 10° V / cm, as
seen in Fig. 6. It can be also seen in Fig. 6, that the oxide etching
angle is 45°, because it exceeds the critical electric field required for
achieving optimal SiC SBD breakdown voltage optimization through
of the field plate length.

The second test results are shown in Figs. 8 and 9. In each of the
graphs, it can be seen that the electric field distribution is dispersed
in accordance with the electric field plate length changes. When
the length is increased to maximize the depletion region, the field
plate seems much more able to withstand the voltage, increasing the
breakdown voltage due to the naturally.

The electric field distribution was confirmed in accordance with
the field plate length. As shown in Fig. 10, the field plate length was
seen to increase with each oxide etching angle, and the breakdown
voltage became evident at 10 pum.

The field plate length decreases when the electric field is less than
10 pm, because the main default areas of the field slowly enter the
junction below the value of the breakdown voltage in the electric field
expansion. Therefore, the field plate length has to be more than 10 pm.

In the simulation results, the oxide etching angle of 45° obtained a
breakdown voltage of 681 V and a field plate length of 40 um.



202

Fe75
700 - *—60
; —e— 45|
" 6004 *—30
o)) —e— 1]
®
£ 5004
S
£ 400
2
(=]
S 3004
x
©
© 200
7]
100 4
0 T T T T T
0 10 20 30 40 50 60

Field plate length(um)

Fig. 10. Breakdown voltage characteristics according to length of field
plate in fixed oxide etch angle 45°.

As shown in Fig. 9, the field plate length increased as the the
electric field distribution of the breakdown voltage increased. This
shows that there is not a large change in the electric field distribution
with a change in voltage of less than 10 V. This implies that any
processing path with mask patterning in accordance with the
conditions described in Table 1 will produce the desired results.

4. CONCLUSIONS

In order to distribute the electric field concentration that
occurs at the edge of the contact surface as in conventional power
semiconductor devices, the SiC SBD is used for joining the closed
structure. There are a variety of edge termination structures, such
as JTE, a field-limited ring, and a field plate. In this paper, using
Sentaurus Workbench offered by IDEC, we created a field plate
structure optimized design.

The key parameters for the optimized design are the oxide etching
angle and the field plate length. The critical electric field of SiC was
setto 3.5 x 10° V/cm or less o to ensure the optimal design.

When the oxide etching angle is more or less distributed in

Trans. Electr. Electron. Mater. 18(4) 199 (2017):Y. S. Hong et al. N\

the electric field, the breakdown voltage is more easily secured.
However, in order to reproduce the oxide etching angle through a
current semiconductor manufacturing process, it was set to 45°. It
was then conducted by applying the additional field plate length
parameter, and the field plate was conducted by adjusting the length
optimization (10 pm or less in the field plate length should be set to
expand to 10 um or more, depending on the difficulty). Moreover,
it was shown to be easier when the electric field distribution of the
field plate length was longer, and a voltage change of less than 10 V
from the point of view of the breakdown voltage was not found to be
significant. Additional experiments with the oxide etching angle of
45° achieved a breakdown voltage of 681 V at the field plate length of
45 um, completing the optimized design.
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