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Abstract— Wide-bandgap semiconductors, such as silicon
carbide (SiC), gallium nitride (GaN), and diamond (C), have proven
to outperform traditional silicon (Si) based power electronic devices.
However, the peripheral protection of these wide-bandgap devices
requires careful design to handle high voltage effectively. This article
highlights the potential of using the Optical Beam Induced Current
(OBIC) technique to analyze the effectiveness of different protection
methods and provide valuable feedback to device designers regarding
peripheral termination efficiency. Designers need simulations
representative of the measurement, In this article a finite element
simulation is used to determine the induced current as a function of
the position of the optical beam.

Firstly a theoretical approach will be presented to introduce the
OBIC method. Subsequently, the electro-optical characterization
technique is applied to a PiN diode protected by narrow field rings.

The article also showcases new results obtained from
components  with  new-generation  peripheral  protection,
demonstrating the continuous progress in this field.

Overall, this article highlights the significance of the OBIC
technique in evaluating the effectiveness of peripheral protection
methods for wide-bandgap semiconductors, particularly SiC devices.
By providing valuable insights into the electric field's spatial
distribution, this technique aids in optimizing device design and
improving overall performance. Finite element simulations in
relation to the characteristics of the UV beam and its scanning across
the surface of the component help to assess the geometric parameter
impact on the electrical results.

Keywords—power device, periphery protection, Silicon Carbide;
bipolar diode, field ring, OBIC, simulation.

1. Introduction

Silicon carbide (SiC), gallium nitride (GaN), and
diamond (C) are examples of wide bandgap
semiconductor materials with exceptional properties
for a variety of applications, particularly for high-
voltage devices [1][2][3]. Ultrahigh voltage devices
(>10 kV) will become more and more important in
the near future for modern power grids and High-
Voltage Direct Current (HVDC) transmission

systems [4][5][6]. Effective peripheral protections are
essential to maximizing the advantages of wide-
bandgap semiconductor materials and preventing
these high-voltage devices from premature
breakdown [7][8][9]. To evaluate the effectiveness of
peripheral protection, this paper will show how the
OBIC technique can be applied by examining the
electric field distribution inside the device structure,
specifically at the junction periphery. The OBIC
approach requires safety measures like a vacuum
chamber and the transmission of the optical beam
through an optical window [10]. Section 1 briefly
describes the principle of OBIC and also the structure
of bipolar diodes. The second section employs our
improved OBIC setup to characterize lower voltage
bipolar diodes with very narrow field ring spacing as
a periphery protection. The last part of this paper
shows the simulation results obtained from the finite
element simulator Sentaurus Synopsys [11]. After a
precise description of the experimental bench and the
diode structure, the simulator can reproduce the
electrical and physical behavior of the UV beam
scanning. This makes possible to optimize the
geometric parameters of the diode protection to
increase its voltage withstand capability right from
the design stage. Simulation of the current optically
induced by a laser has already been studied on
HgCdTe photodiodes [12], but this paper focuses on
silicon carbide power diodes.



2. OBIC principle

Silicon diodes protected by field rings have been
studied using this method [13] [14]. In order to create
electron-hole pairs (EHPs) inside the semiconductor,
a focused laser beam is utilized as shown in Figure 1.
The surface of the device under test (DUT) is scanned
with the laser spot at a chosen pitch (usually 200 nm),
while the current is measured thanks to a SMU
(Source Measurement Unit). The induced current is
then mapped in 2-directions (X and Y) or just for one
line in a given direction. The intensity of the photo-
generated current is linked to the intensity of the
electric field and therefore to the reverse voltage
applied to the DUT. The specific OBIC bench has
already been described in [15][16][17][18].

electron

Fig. 1: Plane-parallel infinite PN junction reverse biased by an SMU
(Source Measurement Unit). The n-epilayer's thickness is represented
by W, and the borders of the space charge region (SCR) are shown in
red.

A 349 nm UV pulsed laser is utilized in the micro-
OBIC experimental setup to generate electron-hole
pairs (EHPs). In order to get a focused laser spot with
a diameter of around 1-4 um, as depicted in Figure 2,
a set of appropriately adjusted optics (beam expander,
microscope objective, etc.) is fitted on the beam path.
The sample is set up on a motorized stage, and
LabView is used to manipulate the focal point's
position (i.e., automatically on X, Y, Z, and theta
manually).

SMU 237

Video camera

Fig. 2: Schematic representation of the micro-OBIC testbench.

The diode under test placed (under air) can be reverse
biased by applying a voltage of up to 500 V using the
Keithley 237 SMU.

3. Description of the diode

Figure 3-a illustrates the DUT's cross section as well
as its periphery. Thickness of the epilayer is 14.8 um,
doped with n-type (6x10'> ¢m™). The field rings,
which were carefully designed by Caly Technologies,
are created simultaneously with the main junction
using ion implantation.

As illustrated in Figure 3-b, the metallized anode
contact has a square shape, measuring 200 um by 300
pum on the side and 200 pm on the corner curvature
radius.

By scanning the outer edge of the biased diode, this
non-destructive method allows to measure OBIC
currents and evaluate the effectiveness of peripheral
protection. As the electric field within the structure
intensity rises, so does the OBIC current. Neither on
the metallization nor far from the diode's edge is there
any OBIC current.

By giving an insight into the electric field along the
peripheral region, OBIC current profiles are valuable
data to track down process variation and/or to
maximise the breakdown voltage. As seen in Figure
3-a, the diode is shielded by 22 field rings, which are
spaced apart increasingly (0.07 pm from one ring to
the next). The first ring and the main junction are
separated by 1.2 um. Every ring has the same width,
measuring 1.5 pm.

Comparing the distances extracted from OBIC signal
and CAD design gives a relatively small
difference/gap lower than 3% illustrating the good
accuracy of the setup and methodology, given the
spot size of 200 nm and the mechanical displacement
resolution.
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Fig. 3. a) Schematic showing the half-vertical PiN diodes shielded by
22 field rings. b) picture of the diode with the gold ball bonding of
50 pm in diameter.

As illustrated in Figure 4, reverse blocking leakage
current on-wafer measurements of the device
revealed a stable blocking voltage up to 1.7 kV inside
a vacuum probing chamber.
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Fig. 4. Characteristic of the reverse leakage current in the vacuum
chamber. The measurements have been performed on 4 different
samples of the same diode up to 1700 V.

4. OBIC measurements

Several OBIC currents can be compared to one
another by rescanning the same location at different
reverse voltages (up to 500 V) applied to the same
diode, as illustrated in Figure 5. Because of the
increased electric field caused by an increase in
reverse voltage, the OBIC current also increases at the
same location. Additionally, the expansion of the
space charge region with increasing reverse voltage
and the function of outer field rings, which attest to
the carefully designed peripheral protection design,
are visible.

The number of OBIC peaks increases in accordance
with the reverse voltage. From 20 um to 97 um, every
maximum is associated with the existence of a ring,
as mentioned in [19]; more specifically, it is situated
at the periphery of every ring intersection. u-OBIC
makes the presence of the rings more evident as the
reverse voltage rises. In fact, the higher the electric
field, the greater the generation of carriers and the
greater the number of rings visible by OBIC. Very
close rings (between 1.2 pm for the first ring and
2.67 um for the last ring) are present in these
measurements up to 500 V. For a 500 V reverse
voltage, one can count all 22 field rings in addition to
an additional peak for the main junction's border.
The maximum amplitude doesn't significantly
increase as voltage changes. The spacing between the
peaks is entirely consistent with the ring arrangement
as depicted in Table 1 and Figure 5. According to its
left lateral edge, which faces the main junction when
viewed from the cross-section shown in Figure 3-a,
Table 1 indicates the position of each ring. For every
left lateral edge, the amplitude of the OBIC signal is
provided. When comparing Table 1 data with the
OBIC profile extracted from the experimental bench
displayed in Figure 5, every profile dip precisely
aligns with each ring left lateral edge. Diode was the
source of all the data in the current table, which was
extracted under a bias of 500 V.



Table 1. Ring mask layout distance from the main junction and the corresponding OBIC signal values.

Ring number 1 2 3 4 5 6 7 8 9 10 11
CAD 12| 397| 6.81| 9.72| 12.7| 15.75|18.87| 22,06| 25,32 | 28,65| 32,05
Measure 1,19 3,99| 6,99| 9,79| 12,79 16| 18,8 | 22,21| 25,38 28,79 32,2
Gap % 0,8% [ -0,5% | -2,6% | -0,7% | -0,7% | -1,6% | 0,4% | -0,7% | -0,2% ] -0,5% | -0,5%

Comparing the distances extracted from OBIC signal
and CAD design gives a relatively small
difference/gap lower than 3% illustrating the good
accuracy of the setup and methodology, given the
spot size of 200nm and the mechanical displacement
resolution.

25x10"0 4

V,=500v
V=450V
V=400V
2.0x1010 4 JAY

<s<
R
288
288
22

V,=200v
V=150V
V=100V
V50V
VoV
Mask layout

1.5x1070

U JCOu Ll

1.0x107°

OBIC Current (A)

5.0x10"" 4

.
1 ’-‘.
N2 i
R N Ey)
e e
100 110

00

20 30 40 50 60 70 80 90
x-location (um)
Fig. 5. OBIC currents for various reverse voltages (ranging from 0 V to
500 V by 50 V step) at the diode periphery. The grey color corresponds
to the mask layout with the ring spacing.

4. Simulation results

Two-dimensional simulations are performed using
Sentaurus Device [11] on the structure shown in
Figure 3.a thanks to a properly developed SiC model.
True doping levels and dimensions are considered in
the device structure description as shown in Figure 6
featuring 22 guard rings. The distance between the
rings and the width of the rings are both in agreement
with the geometry of the produced components. The
time-domain simulation starts by an initialization step
followed by a transient voltage ramp which gradually
reverse-biased the device. The ramp stops at a final
voltage respectively set at 100, 200, 300 and 400 V.
For each of these, a carefully built UV beam (Fig. 7)
is scanned from the anode electrode to the right outer
edge of the structure. During this scanning step,
optics models are enabled, and the quantum
efficiency is set at 1. Resolution mode is switched to

quasi-stationary when optical simulations are
computed. The parameters of the UV optical beam
(length, width, penetration depth, optical power
density) are defined in accordance with the
experimental results and also from [20] (Fig. 7). The
Gaussian shape is then correctly reproduced thanks to
the fine local mesh. The spot displacement is moved
in 200 nm, just like the experimental displacement.
Figures 8 shows one of the two extreme positions of
the laser spot (from the anode outwards).
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Fig. 6. Cross-sectional view of the half-structure of the diode with its
22 guard rings.
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Fig. 7. Optical power density lateral profile extracted from simulation

at device surface. The x-axis is given in micrometer. The present profile

is centered at 4 um
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Fig. 8. Representation of the optical power density in the diode x=104)
of the Gaussian beam. The shot has been taken at the end of a lateral
scanning. The junction lines are shown in brown for both the main
junction and the 22 rings.

Figure 9 plots the potential distribution in the
structure along the x-axis. As one moves away from
the anode, the electric potential describes a staircase
pattern where a leap in its value is followed by a
plateau. The former is the usual behavior in a n region
while the latter is attributed to a guard ring that sets a
fixed potential along its width. As the reverse voltage
is increased, more and more rings are revealed as the
OBIC signal mirrors the electric field thanks to the
generation rate of EHPs. At a voltage of 400 V, 9
rings are revealed.
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Fig. 9. Equipotential distribution along the structure. The voltage step
is 100 V.

For each of the reverse voltages applied to the diode,
the simulator computes the current optically induced
by scanning the surface from the center outwards. The

OBIC currents as a function of position for the
different voltages are plotted in Figures 10a and b.

Figures 10-a and 10-b show the simulated OBIC
current for one scan of the spot for different reverse
voltages applied to the diode. The amplitude of the
signal increases with the voltage and so does the
lateral extension. This is consistent with experimental
measurements. The rings are revealed as the reverse
voltage increases. There are 9 variations for 8 rings
for the reverse voltage of 400 V, as there is also the
edge of the P* junction to consider. The signal decay
corresponds to the diffusion length outside the space
charge zone.
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Fig. 10. Distribution of OBIC current versus reduced x-position for
different voltage (from 100V up to 400V). (a): full scale, (b): zoom-in
close to the anode electrode. The abscissa scale corresponds to one
hundredth of the actual distance (using a reduced variable).



The general observation is that the simulated current
looks like the measured current.

ElectricField (V*cm”-1)
1.801e+06

1.500e+06
1.200e+06

9.003e+05
6.002e+05
3.001e+05
0.000e+00

0 5 10 15 20 25 30 35 40 45 50

Fig. 11. Electric field distribution in the diode at 400 V reverse bias.

Figure 11 shows the distribution of the electric field
along the guard rings for a reverse voltage of 400 V.
The maximum value of the electric field is
1.8 MV/cm, which is still far from its critical value.
This is due to the reverse voltage which is well below
to the maximum value supported by the diode
(1700 V). The maximum electric field is to the right
of each ring like the experimental OBIC signal which
also peaks to the right of each ring. It is easy to see
that the electric field is almost zero in the rings, as
they are equipotential.

However, differences can still be spotted between
experiments and simulations. While experimental
data suggest the presence of the 22 rings at 400 V,
simulations show otherwise since only 8 rings
properly appear on simulations results. Further
improvements may be done like more accurate carrier
lifetimes, better reproduction of UV beam penetration
depth as well as adjusting the depth of 1D data
extraction.

5. Conclusion

The OBIC measurements on field rings protected
bipolar diodes at various voltages are presented in this
paper. Even with the small spacing between each
ring, JTE rings are clearly visible in these

experiments, indicating that this OBIC test-bench has
a good spatial resolution. The study would then be
interestingly concluded by measurements at higher
reverse bias under vacuum, thereby being closed to
the device breakdown voltage of 1 700 V.

The simulation results are fully comparable with the
experimental results, enabling us to trace the electric
field inside the structure and help the designer to
properly optimize his periphery protection.

The approach used in this paper, based on p-OBIC
measurements supplemented by finite element
simulations, could also be used for other wide
bandwidth semiconductor materials such as GaN,
Ga03, diamond, etc.
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