
Table 1. The number of 4H-SiC JBS diode in the classification of 
the reverse characteristics. 

 

 
Classification of the 

reverse properties 

Number of 

sample 

Number of analysis 

sample 

A mode Low blocking voltage 39 10 

B mode High leakage current 16 6 

C mode Low leakage current 73 8 

Total - 128 24 
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1. Introduction 

Silicon carbide (SiC) is suitable material for the use of 
the next generation power devices, because it has the 
excellent thermal, mechanical and electrical properties 
compared to silicon (Si) due to the high thermal 
conductivity, high band gap and high electron mobility, etc.. 
Recently, large area 4H-SiC wafers with high quality are 
released from several companies [1, 2], and SiC devices 
have been developed by many groups [3-6]. However, the 
reverse characteristics of many SiC diodes prepared on a 
SiC wafer are usually dispersed, ranging from low blocking 
voltage to high leakage current. It is needed to solve the 
problem immediately. 

It is already reported that some surface defects 
(micropipe, particle, and triangle defect etc.) have 
influences on the reverse characteristics of SiC diodes 
[7-10]. However, the results still have unclear. Because SiC 
wafers still content some surface and crystalline defects, 
and it is difficult to decide the effects by the surface and 
crystalline defects on the reverse characteristics. In order to 
clarify the relation between the dispersed reverse 
characteristics of SiC diodes and the surface defects, we 
investigated the surface defects on SiC diodes by the 
optical microscope and scanning electron microscope 
(SEM). Furthermore, the effects of crystalline defects were 
also investigated. 

 
2. Experiment 

 A commercial 4o off n-type 4H-SiC wafer with 13 µm 
thick epitaxial layer doped with 5.0x1015 cm-3 of nitrogen 
was used to fabricate Junction Barrier Schottky (JBS) diode. 
The width of striped p layer in the active area is 1 µm, and 
the space between the striped p layer is 2 µm. Mo was used 
as a Schottky electrode, and the electrode diameter was 3.9 
mmφ. The reverse characteristics of 4H-SiC diodes (128 
samples) were dispersed, and divided in 3 modes as shown 
in Fig. 1. A mode is the low blocking voltage samples. B 
mode is high leakage current samples, and C mode is low 
leakage current samples. Sample numbers of A to C modes 
counted from Fig. 1 are 39, 16 and 73, respectively, as 
shown in Table 1. 10, 6 and 8 analyzed samples were 
randomly selected from A to C modes, respectively. In 

order to exist the surface defects on the SiC surfaces, the 
electrodes were removed by the chemical wet etching after 
the measurements of reverse characteristics. Then, the SiC 
surfaces were observed by optical microscope and SEM. 
After the observation of SiC surfaces, we focused on the 
crystalline defects [e.g. threading screw dislocation (TSD) 
and threading edge dislocation (TED)], transformed to the 
etch pits produced by molten KOH etching. The molten 
KOH etching temperature and the time were 500 oC and 10 
min., respectively.  
 
3. Results and Discussion 

<3.1>  In A mode of low blocking voltage samples, the 
micropipes and the particle were observed on the SiC 
surfaces as shown in Fig.2. The sizes of micropipe and the 
particle were about 1 and 22 µm, respectively. Si and C as 
the elements were detected from the particle, analyzed by 
Energy Dispersive X-ray spectroscopy (EDX). It is 
expected that the particles would come from the wall 
during the epitaxial growth. It is well known that the 

 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 1. Reverse characteristics of 4H-SiC diode. 
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Fig. 2. SEM images of surface defects in A mode. 
(i) Micropipe, (ii) Particle. 

 
 

 
 

Fig. 4. Optical image of etch pits for TSD and TED. 
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Fig. 5. Relationship between leakage current and etch pit density in C 
mode. 

 
 

Fig. 3. Optical image of carrot-like defect observed in B mode. 

micropipe is caused to low blocking voltage on the reverse 
characteristics [7-10], which is the same result. 

<3.2> In B mode of high leakage samples, the 
straight-shaped defect was observed by the optical 
microscope as shown in Fig. 3. This defect seems to be 
carrot-like defect. The defect exists toward to <11-20> 
direction and the length is about 160 µm. In all 6 samples 
of B mode, the carrot-like defects were observed and the 
other surface defects such as the micropipe and the particles 
were not observed. Thus, the carrot-like defect is caused to 
the increase of leakage current. 

<3.3> In C mode of low leakage current samples, there is 
no surface defects on the SiC surfaces observed by the 
optical microscope in all 8 samples. We focused on the 
crystalline defects (TSDs and TEDs) instead of the surface 
defects. Fig. 4 shows the optical image of etch pits for 
TSDs and TEDs, produced by molten KOH etching. The 
numbers of etch pits in the active area were counted, and 
plotted the relation between etch pit density (EPD) and 
leakage currents obtained at 1200 V as shown in Fig. 5. The 
leakage current increased at an almost constant rate 
increasing with EPD, which values are from 103 to 105 cm-2. 
From this tendency, a etch pit of threading dislocation is 
caused to the increase of leakage current about 10-9 A. 
 
4.  Conclusions 

In order to clarify the relation between the dispersed 
reverse characteristics of SiC diodes and the defects, we 
investigated the surfaces and crystalline defects of SiC 
diodes. The good relations between the reverse 
characteristics of 4H-SiC and the surface defects were 
obtained. Furthermore, the good relationship between the 
leakage current and EPD were also obtained, affecting that 
a etch pit of threading dislocation was caused to the 
increase of leakage current about 10-9 A in case of this JBS 
structure. Micropipe and particle were caused to the low 

blocking voltage, and carrot-like defect was caused to high 
leakage current. The dispersion could be seen in C mode, 
but there are no surface defects. The leakage current 
depended on the EPD of threading dislocations. 
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