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1. Introduction

In SiC power devices, existence of crystal defects causes
increase in the leakage current and decrease in the break-
down voltage'™. Throughout earlier investigations, crystal
defects that have significant effects on devices have been
identified*®. But some triangular defects affect device per-
formance while the other does not, these reason are not
known. Further investigations must be carried out to clas-
sify them. The mechanism of the increasing current by a
triangular defect is considered to be due to concentration of
electric field caused by surface morphology and lowering
the barrier height by stacking faults (SFs) of triangular de-
fects®. In this study, the relationship between surface mor-
phology or stacking faults and the position of the leakage
current inside the triangular defect was analyzed.

2. Experiments

In this report, the evaluation element as SiC-JBS (junction
barrier Schottky diode) was fabricated on a 4H-SiC N-type
wafer. Before fabrication, we conducted the wafer inspec-
tion and obtained the optical microscope images of the tri-
angular defects to evaluate the surface morphology of them
and also the location of them to choice the devices includ-
ing triangular defects to study them. After fabrication, we
evaluated the I-V characteristics of these devices. Then, in
order to give the evidence to prove that the leakage source
is the triangle defect, we located the point of the leakage
current inside the triangular defects using a lock-in infrared
camera. We also investigated the SFs inside the triangular
defects by photoluminescence (PL) mapping and spec-
tropy” to evaluate the crystal structure at the point of the
leakage current inside the triangular defects.

3. Results & Discussion

The I-V characteristics of devices with and without trian-
gular defects were measured. Figure 1 shows the reverse
[-V characteristics and Fig. 2 shows the forward I-V char-
acteristics. The defects are categorized into three types A,
B, and C based on the IV characteristics. For type A, in-
crease in the leakage current was observed under both for-
ward and reverse biases. For type B, decrease in the break-
down voltage was observed but forward characteristics to
not influenced, and for type C, influence of defects is not
observed.
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The optical microscope images of the triangular defects in
these devices are shown in Fig. 3. Types A and C are acute
triangles and type B is an obtuse-angle triangle. the triangle
defect of type A has convex apex, types B and C have con-
cave apex and the concave of type B looks deeper than type
C from the contrast intensity, which indicated that the apex
of type B was expected as the concentration point of elec-
tric field.

Figure 4 shows the IR images of type A, Fig. 4(a) is an
image under reverse bias Vg = 50 V and Fig. 4(b) is under
forward bias Vy= 0.65 V. The hot spot is the part in which
temperature rises by heat generation of the leakage current
and it is located at the base of the triangular defect. In type
B and C, hot spot was not observed.

Figure 5 shows the photoluminescence image of stacking
faults at 420nm, 460nm, 480nm, and 750nm. In type A, the
stacking fault is observed as a dark area at every wave-
length. This indicated which the PL peak of SFs exists at
the other wavelength. In type B, the device is destroyed
during the measurement, and the breaking point is at the
apex of a triangular defect. The PL emission contrast inside
the triangular defect is not observed and it is thought that
any stacking fault is not included inside. In type C, the SF
is observed as a bright area at 460nm.

Figure 6 shows the photoluminescence spectrum of SFs of
type A and C. In type A, The PL spectrum peak is not ob-
served at every wavelength and the crystal structure is not
4H but the polytype of the SF is unknown now. In type C,
the PL spectrum peak of type C is observed at 460nm and
this peak corresponds to the near band edge emission of
8H. Thus, the SF of type C is an 8H structure”'?.

As for type A, It is found that increase in the leakage cur-
rent was observed under both forward and reverse biases
and the leakage source is located at the base of the triangu-
lar defect, where the triangular defects has the stacking
fault. These results suggest that the some kind of the SF
inside the triangular defect causes increase in the leakage
current and the mechanism of the increasing current is con-
sidered to be lowering the barrier height at the junction of
the SF than that of 4H.

As for type B, it is found that decrease in the breakdown
voltage was observed and the remarkable concave apex
of the triangular defect corresponds to the breaking point.



Thus, the triangular defect including the remarkable con-

cave apex lowers breakdown voltages. This is considered to

be caused by the electric field concentrates on the concave
1)

apex .

4. Conclusions

The relationship between surface morphology or stack-
ing faults and the position of the leakage current inside the
triangular defect were analyzed. The defects are catego-
rized into three types based on the IV characteristics. It was
found that the some kind of the SF inside the triangular
defect causes increase in the leakage current while the other
SF such as 8H does not lead deterioration of the device
performance in this case. It was also found that including a
remarkable concave apex lowers breakdown voltages.
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Fig. 1. Reverse current-voltage characteristics.
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Fig. 2. Forward current-voltage characteristics.
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Fig. 3. Optical microscope images of (a) type A defect, (b)
type B defect, and (c) type C defects.
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Fig. 4. IR image of type A device (a) at reverse bias Vi =
50 V and (b) at forward bias Vy= 0.65 V.
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Fig. 5. PL images of each type defects at (a) 420nm, (b)
460nm, (c) 480nm, and (d) 750nm.

10000

8000

6000

4000

PL intensity

2000

0

300 350 400 450 500 550 600 650

wave length (nm)

Fig. 6. PL spectrum at RT. The inset indicates the PL spec-
trum at 370nm - 410nm.



