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1. Introduction 

A 4H-SiC Schottky barrier diode is a useful device for 

power electronic systems, because of their fast recovery 

from turn-on to turn-off, high blocking voltage and low 

on-resistance [1]. Current capacities of commercial diodes 

are still less than 50 A, and such capacities are not enough 

for very high power electronic systems. Therefore, increase 

of the current capacity is required for widespread utilization 

of 4H-SiC Schottky barrier diodes. Because crystalline de-

fects and surface roughness associated with the defects on a 

surface degrade characteristics of the Schottky barrier [2-5], 

it is necessary to reduce crystalline defects on the surface. 

However, it is difficult to completely eliminate the crystal-

line defects by just improving the crystal growth technique. 

Therefore, a technique to suppress the negative influence of 

the crystalline defects is required. 

It is known that the anodic oxidation can form insulat-

ing oxide films on Si and SiC [6,7], and, in many cases, 

there is a barrier at the interface between the semiconductor 

and the solution for the anodic oxidation. For n-type semi-

conductors, the anodic current corresponds to the leakage 

current of the barrier at the interface with the solution, and 

thus the current will be enhanced by presence of crystalline 

defects [7]. Therefore, by application of anodic oxidation, 

oxide films will be selectively formed on the regions with 

crystalline defects causing leakage current, and the oxide 

films with high electrical resistivity will cover crystalline 

defects. We consider that when Schottky contacts are 

formed on the anodic oxidized n-type 4H-SiC surface, the 

oxide films suppress the leakage current due to crystalline 

defects under the Schottky contacts [8]. We refer to this 

leakage current suppression technique as passivation of 

defects by anodic oxidation (PDA). So far, we have report-

ed leakage current suppression by PDA for Schottky con-

tacts on n-type 4H-SiC [8]. However, increase of series 

resistance in a forward conduction is also expected after 

PDA. Therefore, in this paper, we report on both the leak-

age current and the series resistance before and after PDA 

for n-type 4H-SiC Schottky contacts.  

 

2. Experiments 

Samples employed in this study were cut from an epi-

taxial 4H-SiC wafer, and the epitaxial layer was grown on 

(0001) Si face 4H-SiC substrates with 8° off toward 

<1120>. The donor concentration of the epitaxial layer 

was 210
16

 cm
-3

, and this concentration is an order of mag-

nitude larger than that in the previous experiment [8]. 

Ohmic contacts were fabricated to the substrate-side by Al 

evaporation. Ni contacts with a diameter of 1 mm were 

evaporated on the surface as Schottky contacts. The number 

of Ni contacts was 49 on each sample, and we measured 

current-voltage (I-V) characteristics of these contacts. After 

that, Ni Schottky contacts were removed by using HF, and 

then the anodic oxidation, i.e. PDA, was carried out on the 

samples. In PDA, the SiC surface was immersed in 100 

mM Zn(NO3)2 aqueous solutions and oxidized by an anodic 

voltage of 5 V vs. SCE, which is the same condition as that 

in the previous experiment [8]. After PDA, Ni Schottky 

contacts were evaporated again at the same positions as 

those before PDA and I-V characteristics for the contacts 

were measured.  

 

3. Results and discussion 

Figure 1 shows the histogram of leakage current densi-

ties for Ni contacts on a sample before and after 5 min PDA 

at reverse bias of 20 V. There were many contacts with 

leakage current density larger than 10
4

 A/cm
2
 before PDA. 

After application of 5 min PDA, leakage current densities 

for any contacts on this sample were lower than 10
4

 A/cm
2
. 

The averages of leakage current densities for all the con-

tacts before and after 5 min PDA are 2.4410
-3

 A/cm
2
 and 

4.4810
-3

 A/cm
2
, respectively. Therefore, 5 min PDA re-

duced the leakage current density of Ni Schotky contacts. 

We also estimated series resistance of the contacts from 
forward current by the following equation [9], 

 
q

nkT
JRA
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Vd
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)(ln
,  (1) 

where J is the forward current density, R the series re-

sistance, Aeff the effective area of the diode, n the ideality 

factor of the Schottky contact, and k the Boltzmann con-

stant. The histogram of the estimated series resistances is 

shown in Fig. 2. Series resistances for any contacts before 

PDA were lower than 40  while, after 5 min PDA, most 

of contacts show the resistance larger than 40. The aver-

age series resistances are 22.8 and 71.7 before and 

after 5 min PDA, respectively. Therefore, 5 min PDA can 

decrease the leakage current but increases the series re-

sistance. 

Then we applied 30 s PDA for another sample to pre-

vent increase of series resistance. For the contacts on the 

sample before and after 30 s PDA, we show the histograms 
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of leakage currents and series resistance in Figs. 3 and 4, 

respectively. As shown in Fig. 3, number of contacts with 

leakage current density lower than 10
-7

 A/cm
2
 significantly 

increases, and the average leakage current densities be-

fore and after 30 s PDA are 2.2310
-3

 A/cm
2
 and 3.0610

-4
 

A/cm
2
, respectively. Thus the leakage current can be sup-

pressed by PDA with period of only 30 s. On the other hand, 

the average series resistances are 15.4 and 14.2 before 

and after 30 s PDA, respectively, and as shown in Fig. 4, 

change in the histogram of series resistances by 30 s PDA is 

almost negligible. These results suggest that 30 s PDA sup-

presses the leakage current with minor series resistance 

increase. 

 

4. Conclusions 

   In this study, we applied PDA with two different time 

periods to Ni Schottky contacts on epitaxial 4H-SiC. We 

found that PDA can suppress the leakage current without 

significant series resistance increase if the PDA time period 

is adjusted. 

 

Acknowledgements 
   This work was partly supported by Adaptable and Seamless 

Technology Transfer Program, Japan Science and Technology 

Agency. We also would like to thank Dr. K. Mochizuki of Hitachi 

Ltd. for sample preparation.  

 

References 

[1] A. Itoh, T. Kimoto, and M. Matsunami, IEEE Electron Device 

Lett. 16 (1995) 280. 

[2] D. Defives, O. Noblanc, C. Dua, C. Brylinski, M. Barthula, V. 

Aubry-Fortuna, and F. Meyer, IEEE Trans. Electron Devices 

46 (1999) 449. 

[3] M. Kato, K. Ogawa and M. Ichimura, Jpn. J. Appl. Phys. 46 

(2007) L997. 

[4] M. Kato, H. Ono, M. Ichimura, G. Feng, and T. Kimoto, Jpn. J. 

Appl. Phys. 50 (2011) 036603. 

[5] Takashi Katsuno, Yukihiko Watanabe, Hirokazu Fujiwara, 

Masaki Konishi, Hideki Naruoka, Jun Morimoto, Tomoo Mo-

rino, and Takeshi Endo, Appl. Phys. Lett. 98 (2011) 222111. 

[6] C. Temircl, B. Bati, M. Sa lam and A. Turut, Appl. Surf. Sci. 

172 (2001) 1. 

[7] M. Kato, M. Ichimura and E. Arai, Jpn. J. Appl. Phys. 40 

(2001) L1145. 

[8] M. Kimura, M. Kato and M. Ichimura, Mate. Sci. Forum 

679-680 (2011) 461. 

[9] S. K. Cheung and N. W. Cheung, Appl. Phys. Lett. 49 (1986) 

85. 

0

5

10

15

20

25

30

N
u
m

b
er

 o
f 

co
n

ta
ct

s

Current density (A/cm2)

Before PDA

After 5 min PDA

10-7 10-6 10-5 10-4 10-3 10-2

Fig. 1 Histogram of leakage current densities at 20 V for Ni 

contacts on 4H-SiC before and after 5 min PDA. 
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Fig. 3 Histogram of leakage current densities at 20 V for Ni 

contacts on 4H-SiC before and after 30 s PDA. 
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Fig. 2 Histogram of series resistances for Ni contacts on 

4H-SiC before and after 5 min PDA. 

Fig. 4 Histogram of series resistances for Ni contacts on 

4H-SiC before and after 30 s PDA. 
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