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Ulrich T. Schwarz (Technische Universitat
Chemnitz, Germany)
Group-III-nitride optical devices

Debdeep Jena (Cornell University, USA)
Nitride Electron Devices
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From September 12 to October 11, 2018, |
visited Prof. Orlando Auciello’s laboratory at
University of Texas-Dallas, United States. Prof.
Auciello’s Group focused on growth of high-
quality ultrananocrystalline diamond (UNCD)
thin films and on the applications of the UNCD-
based multifunctional devices. Recently, his
team developed AlO4/TiOx nanolaminate films
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with dielectric constant (k) more than 1000.
Since the high-k film is very important to
response a high hole density in semiconductor
for metal-oxide-semiconductor (MOS)
capacitors, we proposed to deposit AlOx/TiOx
nanolaminate films on hydrogenated diamond
(H-diamond) channel layers for the MOS
capacitors and MOS field-effect transistors
(MOSFETs).

After joining Prof. Auciello’s laboratory, |
received safety training for cleaning room and
got the licenses for several equipment, such as
atomic layer deposition (ALD), sputtering
deposition, and EB evaporator. The AlO,/TiOx
nanolaminate films were deposited on Pt/Ti/Si
substrates using the ALD for metal-oxide-metal
(MOM)  capacitors.  Several deposition
conditions such as deposition temperatures,
film thicknesses, and deposition precursors
were changed and investigated. Electrical
properties of different MOM capacitors were
measured and compared with each other. It is
found that there are low leakage current
densities, high capacitance maximum, and high-
k value. Finally, | deposited the AIOy/TiOx
nanolaminates to cover entire surface of the H-
diamond sample.

After returning Japan, | continued doing
fabrication processes for the H-diamond
MOSFETs using laser lithography and CCP
etching systems. Although the H-diamond
MOSFETs with the AIO4/TiOx nanolaminates
operate well, the leakage current densities of
them are very high. This is possibly attributed to
the poor interface between AlO./TiOx
nanolaminate and H-diamond channel layer,
which could be resolved using a buffer layer
between channel and nanolaminate. In the
following studies, we will continue doing
collaborations with Prof. Auciello’s Group. We
would try to resolve the current issues to
develop high-performance H-diamond
MOSFETs with high-k AlO,/TiOx nanolaminates.

| would like to express my deepest thanks
to Prof. Hiroshi Fujioka at University of Tokyo, Dr.
Yasuo Koide at National Institute for Materials
Science, Prof. Orlando Auciello at University of
Texas-Dallas, and somebody else to help me in

this Program. Thanks a lot for budget support of
the Young Researchers Dispatched Overseas
Program on Materials Science and Advanced
Electronics Created by Singularity.
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