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Abstract

Diamond is a promising material for future high
power devices due to high breakdown field, low dielectric
constant and high carrier mobility, respectively. One of
the important challenging for industrial implementation
of diamond electronics is realization of large-scale wafers
for device integration. Recently, a novel concept for fab-
ricating microelectronics via Minimal Fab System has
proposed. This system employs 0.5-inch wafers without
cleanroom facilities. In this study, diamond Schottky bar-
rier diodes (SBDs) were fabricated by Minimal Fab Sys-
tem using half-inch single-crystal diamond wafers. The
SBDs showed the clear rectifying action with low leakage
currents and high uniformity.

1. Introduction

Power electronics based on low-loss semiconductor de-
vices is the key technology expected to play a leading role in
the world from the view point of efficient use of energy. Di-
amond is considered to be the best candidate material for
power semiconductor devices due to its excellent material
properties such as high breakdown field (>10 MV/cm), high
mobility (4500 and 3800 cm? /Vs for electrons and holes, re-
spectively), low dielectric constant (5.7) and the highest ther-
mal conductivity in the materials. However, one of the big
challenging for industrial implementation of diamond elec-
tronics is realization of large-scale wafers. At present, re-
search on enlarging of diamond wafers has been progressed
worldwide. The large diameter diamond substrates up to 2 in
and 3.5 in have demonstrated for mosaic [1] and heteroepi-
taxy [2] technique. The advanced photolithography processes
for device manufacturing requires at least 4-6 in wafers or
above.

Recently, a novel concept for fabricating microelectronics
via Minimal Fab System has proposed [3]. This system em-
ploys 0.5-inch wafers without the requirement of cleanroom
facilities. The high-performance complementary metal-ox-
ide-semiconductor (CMOS) transistors has been demon-
strated.

The purpose of this study is to investigate the device uni-
formity using 0.5-inch diamond wafers. The p+/p— stack

structure was fabricated via standard chemical vapor deposi-
tion (CVD) growth process, and pseudo-vertical Schottky
barrier diodes (pVSBDs) were fabricated by Minimal Fab
System. The device characteristics and in-plane uniformity of
wafers were statistically evaluated.

2. Experimental

CVD-grown, nitrogen-doped, semi-insulative diamond
mosaic wafers (001) with 0.5-inch diameter were derived
from EDP corporation. The substrate surface was mechani-
cally polished for epi-ready smoothness. Then, heavily bo-
ron-doped (p+) film was homoepitaxially grown as a contact
layer. The lightly boron-doped (p-) film was grown on the top
surface. The typical B concentration of p+ and p— layers were
10%%/cm? and 10'%/cm?, respectively. The details of film prep-
aration were explained in Ref. [4].

The pVSBDs were fabricated via Minimal Fab System.
Firstly, p- drift layer was partially removed by dry etching to
expose the p+ contact layer. Then, SiO, (500 nm) passivation
layer was deposited as a field-plate to mitigate the electrical
concentration. Finally, Al (500 nm) electrode patterns were
fabricated via photolithography process. The Al electrodes
deposited on p- and p+ surface act as Schottky and Ohmic
contacts, respectively. The schematic device structure was
displayed in Fig. 1. The current-voltage (I-V) characteristics
were evaluated by Semiconductor parameter analyzer
(Keysight Technologies B1505A).
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Figure 1. Cross-sectional schematic device structure of
pseudo-vertical Schottky barrier diodes fabricated on dia-
mond mosaic wafers.
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3. Results and discussion

Figure 2 shows the photograph of pVSBDs fabricated on
0.5-inch diamond mosaic wafer. We have fabricated differ-
ent shape of Schottky barrier electrodes with diameter rang-
ing from 25 and 700 um. The in-plane uniformity of dia-
mond substrates were evaluated.
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Figure 2. Photograph of pVSBDs fabricated on diamond 0.5-
inch mosaic wafers via Minimal Fab System.
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Figure 3. Typical I-V characteristics of diamond pVSBDs
with different electrode size.

Figure 3 shows the I-V characteristics of pVSBDs. The
clear rectifying actions were obtained. The examined
pVSBDs showed low leakage current which is below the de-
tection limit of analyzer, even larger electrodes. The satura-
tion forward current was enhanced with increasing electrode
size of SBD. The forward current density J is explained well
using a thermionic emission (TE) model,
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Here, Js, Rs, n, A*, and ¢ Vy, are the saturation current den-
sity, series resistance, ideality factor, Richardson constant (=
90 A/cm? K? for diamond) and Schottky barrier height, re-
spectively. The measured -V characteristics are in good
agreement with the TE model.

4. Conclusions

To evaluate the in-plane uniformity of 0.5-inch diamond
mosaic wafers, pVSBDs were fabricated by Minimal Fab
System. The pVSBDs showed the clear rectifying action, low
leakage current, regardless of the larger electrode pad.
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