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Abstract 
It is desirable to reduce defects in semiconduc-
tor crystals as much as possible, as it may cause 
deterioration of various device characteristics. 
Diamond is expected as a next-generation ultra-
low-loss power semiconductor, but it does not 
sufficiently meet the figure of merits (FOMs) 
which predicted from the physical constants. 
Recently, we demonstrated the large reduction 
of threading dislocation in diamond via CVD 
growth involving metal incorporations. The 
propagation of dislocations from substrate to 
epitaxial layer could be annihilated by the metal 
impurities. In this study, we grew metal-incor-
porated buffer layer to suppress the dislocation 
from heavily B-doped diamond substrates. Ver-
tical Schottky barrier diodes (VSBDs) after in-
sertion of buffer layer were prepared. The 
VSBDs showed highly uniform device perfor-
mance with low leakage currents, indicating the 
proposed technique is effective way to suppress 
killer defects in SBDs. 
 

1. Introduction 
With the superlative physical properties of a high 

breakdown field exceeding 10 MV cm–1, high carrier 

mobility, and high thermal conductivity, single-crystal 

diamond has attracted much attention as a material for 

next-generation low-loss power devices. High switch-

ing capabilities have been demonstrated for both unipo-

lar and bipolar devices, Schottky rectifiers, p-i-n diodes, 

and field-effect transistors (FETs). To enhance the de-

vice performance further, vertical-channel utilizing low 

resistivity diamond substrates is required. Vertical ar-

chitectures can withstand very high currents with large 

electrodes on the front and back sides of substrates. In 

addition, the potential distributions within vertical 

structures are more favorable than those in lateral archi-

tectures to support high voltages.  

Threading dislocations are major defects in CVD-

grown diamond, and they are generally taken over from 

a substrate to an epitaxial layer or even proliferated 

from its interface. The heavily B-doped, high-pressure 

high-temperature synthetic (type-IIb) diamond sub-

strates contains high dislocation density.1 The vertical-

channel SBDs fabricated on type-IIb substrates typi-

cally induces large leakage currents which though to be 

originated from killer defects.2,3 Suppression of these 

defects is a crucial issue to increase the device uni-

formity as well as achieving higher current capability. 

Recently, a technique to annihilate threading disloca-

tions using metal impurity incorporations has been pro-

posed, 4 –Metal-assisted termination (MAT). This tech-

nique is based on the CVD growth involving metal in-

corporation. The propagation of dislocations from sub-

strate to epitaxial layer could be annihilated by the 

metal impurities. In this study, MAT buffer layer was 

homoepitaxially grown on heavily B-doped (type-IIb) 

diamond substrates. Vertical Schottky barrier diodes 

(VSBDs) were fabricated after MAT buffer layer inser-

tion, and their impact of dislocation reduction was dis-

cussed. 
 

2. Experimental 
The schematic device structure is shown in Fig.1. 

We used heavily B-doped (type-IIb) substrates. The B 
concentration was approximately 1020 cm−3. In order to 
mitigate the impact of dislocation, MAT buffer layer 
was prepared via CVD involving tungsten impurities. 
The typical concentration of tungsten was ~1018 cm-3. 
The details of preparation procedure of MAT buffer 
layer was elucidated in Ref. 4. The p- drift layer (25 µm 
thick) lightly B-doped film was grown on the MAT 
buffer layer. Ti/Mo/Au contacts were deposited on the 
back of the p+ substrate as Ohmic electrodes. The 
Mo/Au Schottky electrodes with diameter of 100 µm 
were deposited on the p– drift layer. Current–voltage (I–
V) characteristics were assessed at room temperature 
using a semiconductor parameter analyzer (Agilent 
Technologies, Inc., B1505A). Cathodoluminescence 
(CL) was performed to evaluate the quality of p– layer. 
The measurements was performed at 80K. 
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Figure 1. Vertical diamond Schottky barrier diodes 

(VSBDs) after insertion of the MAT buffer layer to sup-

press the dislocations from IIb substrate. The diameter 

of SBD electrodes was 100 m. 

 

3. Results and discussion 

Figure 2 shows VSBDs characteristics after insertion of 

the MAT buffer. The VSBDs characteristics showed ho-

mogeneous properties with suppressed leakage currents. 

Ohmic-like leakage currents were not observed among 

all examined 135 diodes. The forward characteristics 

were analyzed using a thormionic emission model. The 

ideality factors and Schottky barrier heights were 

ranged between 1.1–1.3 and 1.5–1.7 eV.  

 

Figure 2. I-V characteristics of vertical p–type SBDs 

and shows the cumulative frequency of the Schottky 

barrier heights. 

 
Figure 3 shows CL spectrum of VSBDs. The electron-

beam was irradiated from p– drift layer surface. The 

spectrum exhibited strong peak due to free-exciton (FE) 

at 235 nm and their replica at 470 nm. Band-A lumines-

cence (420 nm) due to dislocation in diamond was not 

observed at all in whole sample surface. A large reduc-

tion of dislocation from IIb substrate has demonstrated.  

The improved crystalline quality predominantly con-

tribute to suppress the killer defects in VSBDs.  

Figure 3. Cathodoluminescence spectrum of VSBD 

taken at 80K. The quality of p– drift layer was investi-

gated. 

 

4. Conclusion 
Owing to the large reduction of dislocation from IIb 

substrate, vertical SBDs showed improved uniformity 

with suppressed leakage current. Cathodoluminescence 

spectra of drift layer showed strong peak from free-ex-

citon only, indicating the improved crystallinity. The 

Band-A luminescence due to dislocation was not ob-

served. This dislocation reduction technique using 

metal-assisted termination (MAT) will accelerate for the 

realization of high-power diamond power devices. 

 

Acknowledgements 

   This study was supported in part by JSPS KA-

KENHI (Grant No.19K15295). The film preparation in-

volving HFCVD was performed using an apparatus pro-

vided by the Kansai Bureau of Economy, Trade, and In-

dustry. The film characterization and device processing 

were partly supported by Osaka University and Kyoto 

University,respectively, through a “Nanotechnology 

Platform Project” from the Ministry of Education, Cul-

ture, Sports, Science, and Technology (MEXT), Japan. 

We thank all staff members in our laboratory for their 

technical support in the fabrication and characterization 

of the diamond films. 

 

5. References 

1. K. Srimongkon et al., Diam. Relat. Mater. 63, 

21 (2016). 

2. S. Ohmagari et al., J. Appl. Phys. 110, 056105 

(2010). 

3. T. Shimaoka et al., Phys. Stat. Solid. A 214, 

1700180 (2017). 

4. S. Ohmagari et al., Appl. Phys. Lett. 113, 

032108 (2018). 

 

- 744 -


