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Abstract

‘We fabricated Si-terminated (C-Si) diamond metal-ox-
ide-semiconductor field-effect transistors (MOSFETs)
for the first time. At room temperature, the maximum
drain current density of the C-Si diamond MOSFET nor-
malized by gate width is -114 mA/mm at Vs of -30V and
VGs of -40V, and the peak transconductance is 2.3 S/mm
at the Vos of -30V. The field effect mobility (#er) is 106
cm?V-!s’, In addition, the Si-terminated MOSFET shows
the normally off operation with threshold voltage Vin= -
5.0 V. Then, we confirmed the temperature stability in a
wide temperature range (up to 673 K). This value is con-
sidered to have a potential comparable to that of C-H di-
amond MOSFET:.

1. Introduction

Diamond is the next generation wide bandgap semicon-
ductor material, which can realize high performance
power devices. The electrical properties of diamond are
affected by the surface modification. The H-terminated
(C-H) diamond has low activation energy, high carrier
mobility [1] and high hole density. We have developed
the C-H diamond MOSFETs by using the two-dimen-
sional hole gas (2DHG), and reported high drain current
output [2], wide high temperature operation [3], and high
breakdown voltage [4] by using the atomic layer deposi-
tion (ALD) method -AL,O3 as the gate insulator. In this
time, we propose a silicon-terminated (C-Si) structure us-
ing SiO7 to achieve further diamond device development.
We consider SiO» is advantageous for power devices in
terms of chemical stability and wide bandgap. The SiO;
can be used as the gate insulator in the diamond power
device application and we can fabricate MOSFETs by us-
ing the C-Si diamond as the p-channel. it is considered C-
Si bonding on the diamond-SiOs interface can reduce the
interface state and improve the hole mobility. In this work,
we fabricated C-Si diamond MOSFETSs with the B-doped
diamond selective growth using the SiO» as the mask for
source and drain formation and the gate insulator for the
first time. As a result, C-Si diamond MOSFETSs achieved
normally-off operations [5]. Furthermore, we have inves-
tigated channel mobility and wide temperature stability.

2. Device Fabrication

The cross-sectional image of the C-Si diamond MOSFET
is shown in Fig.1 (a). And, Fig.1 (b) shows an optical micro-
graph of the C-Si diamond MOSFET. The device fabrica-
tion method is as follows. The undoped diamond layer of
thickness 2 um was grown on the Ib (100) diamond sub-
strate via microwave plasma chemical vapor deposition
(MPCVD). The power of the microwave plasma was 750
W, and the chamber pressure and temperature during
growth were 35 Torr and 600 °C, respectively. After sur-
face cleaning by acid treatment, the diamond surface was
oxidized by UV-ozone. The 260 nm SiO; layer was
formed on Ib (100) substrate by utilizing TEOS-CVD.
The source and drain patterns were etched using the in-
ductive coupled plasma reactive ion etching (ICP-RIE).
After that, the 130 nm B-dope diamond layer was selec-
tively grown on the etched patterns using SiO2 mask by
MPCVD. The growth temperature and microwave output
power of MPCVD were 727 °C and 360 W, respectively.
In this process, the C-Si bonding has been formed during
130 nm selective growth of B-doped (~10*' cm™) dia-
mond film. Metal electrodes (Ti/Pt/Au) were formed on
the surface of the selected B-doped diamond. Ohmic con-
tacts were formed by annealing. The SiO2 film except the
channel was removed by ICP-RIE. The 100 nm Al,O3 was
deposited as a gate insulating on the diamond substrate
using the ALD method at 450 °C. Finally, a 100 nm gate
with 2 um overlapping to the source-drain electrode was
evaporated. The gate width, gate length, source-drain
length and length of SiO, were 25, 20, 16, and 6 pm, re-
spectively.

3. Results and Discussion

An enlarged view of the SiO»/diamond interface is
shown in Fig.2 (a). C-Si bonding are formed at the inter-
face between SiO; and diamond. During selective epitax-
ial growth of diamond through SiO2 masks, Si-terminated
were formed on diamond surface by replacing oxygen ter-
minations under the masks. The high temperature of se-
lective growth and its reductive atmosphere allowed Si at-
oms in SiO; to interact with diamond surface. Thus, C-Si
diamond composed of monolayer or thin multilayers of
carbon and silicon bonds on diamond. Fig.2 (b) showed
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XPS analyses of the diamond/SiO; interface. The compo-
nents related to C-Si are clearly recognized in the Cls x-
ray photoelectron spectroscopy XPS spectrum. As a result,
C-Si bond at the banding energy of 284.22 eV and
282.84eV was confirmed.

Fig.3 showed Ips-Vps characteristics from room temper-
ature (RT) to 673 K. These devices have 25 ym gate width
(Ws) and 6 pm source-drain length (Lsp). At RT, the max-
imum drain current density of the C-Si diamond
MOSFET normalized by gate width was -114 mA/mm at
Vps of -30V and Vs of -40V. And, the peak transconduct-
ance was 2.5 mS/mm. Regarding the temperature charac-
teristics from 373K to 673K, the maximum drain current
densities were -110, -153,-80 and -112 mA/mm at Vps of
-30V and Vs of -40V, and the peak transconductance was
2.2,29,2.6 and 2.9 mS/mm at the Vps of -30V, respec-
tively. These results show that stable drain current char-
acteristics and transconductance are obtained even at high
temperature. In addition, the field effect mobility (uer)
from RT to 673 K were 106, 114, 135,118 and 133 cm?V-
151, respectively. These values are considered to have a
potential comparable to that of C-H diamond MOSFET.

Fig.4 showed Ips-Vgs characteristics from room temper-

ature (RT) to 673 K with Vi from -30V up to 25V and Vps
of -10V. The threshold voltages of the Si-terminated
MOSFET were -5.0, -2.4, -5.0, -7.1 and 4.8 V, respec-
tively. These characteristics showed normally-off opera-
tion in a wide temperature range.
The normally-off operation using this C-Si diamond with
SiOais expected to develop as a new normally-off method
for diamond devices. Moreover, the temperature stability
of the C-Si diamond MOSFET was confirmed. These re-
sults suggest that the C-Si diamond MOSFET method can
be applied to vertical-type diamond devices. It also makes
a significant contribution to diamond p-FETs in high volt-
age CMOS circuits combined with GaN or SiC n-FETs.

4. Conclusion

We fabricated Si-terminated diamond metal-oxide-semi-
conductor field-effect transistors (MOSFETs). The maxi-
mum drain current density of the C-Si diamond MOSFET,
the peak transconductance and the field effect mobility (uer)
are considered to have a potential comparable to that of C-H
diamond MOSFETs. In addition, the Si-terminated
MOSFET shows the normally off operation with threshold
voltage V= -5.0 V. The normally-off operation using this
Furthermore, we evaluate the temperature characteristics
from 300 to 673K, and confirm the temperature stability. It
will contribute significantly to the diamond p-FET for high
voltage CMOS circuits combined with GaN or SiC n-FETs.
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Fig.1 (a) Cross-sectional image of the Si-terminated diamond
MOSFET. (b) An optical micrograph of the Si-terminated dia-
mond MOSFET.
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Fig.2 (a) An enlarged view of the SiO,/diamond interface. C-Si
bonding are formed at the interface between SiO, and diamond.
(b) XPS analyses of the diamond/SiO2 interface [5].
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Fig.3 Ips-Vps characteristics. From RT to 673 K, the maximum
drain current densities of the C-Si diamond MOSFET normal-
ized by gate width were -114, -110, -153, -80, and -112 mA/mm
at V'ps of -30V and Vs of -40V, respectively. (W =25 pm, Lsp
=6 um)
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Fig. 4 Ips-Vgs characteristics from RT to 673 K with Vg from -
30V up to 25V and Vps of -10V. The threshold voltages of the
Si-terminated MOSFET were -5.0, -2.4, -5.0, -7.1 and 4.8
V, respectively. (Wo=25pm, Lsp= 6 pm)
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