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Fig.5 TEM and EDS mapping images for cross section of lamination Si.
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A& « F4F 2nd Master degree student, IBB, Tokyo Medical and Dental University

WHET —~ CMOS Transistor Circuit Fabrication Workshop

WHE 5 Hiroshima University

AL Prof. Shin Yokoyama

WHE 1] 20-25 August 2018

WHEN % The CMOS transistor nano-chip circuit was fabricated at Research Institute
for Nanodevice & Biosystems, Hiroshima University on 20-25 August 2018.
There were six days for CMOS fabrication experiment including 1 day of
circuit designing, 3 days of CMOS nano-chip fabrication processes and 2
days of the device characteristic testing. We learned the principle of CMOS
circuit designing, fabrication and device characterization by both of lecture
and practical. Moreover, there was the interesting experiment about
lithography process done in the third day that led to principle
understanding. Finally, we regarded that CMOS Nanodevice is the one of
robust ways applying for biomedical instrument.

WHE DR FS | In this CMOS workshop, CMOS nano-chip was designed the circuit and

fabricated in super cleaning room. Before CMOS nano-chip fabrication
process, circuit model and schematics diagram were designed using the
LayoutEditor program. After that, the characteristic of device was measured
using semiconductor analyzer machine. The characteristic of p-type, n-type
MOSFETs and CMOS inverter were inspected. Finally, we could obtain the
result data of IV characteristics graph in order to compare with theory term.
The results showed that the characteristic graph result of Nano-chip was
similar to the theory term. Following that, the CMOS Nano-chip fabrication
was successful. Moreover, we could calculate the saturation region in each
different step of gate potential that is necessary to consider when operate
the circuit. All of the processes were successful with the professor and staffs
supporting. Finally, this work was supported by the Research Institute for
Nanodevice & Bio system, Hiroshima University. I would like to thank Prof.
Yokoyama, Tabei and all of institute’s staffs who related to this workshop.
Furthermore, I would like to thank my laboratory, Bioelectronics, Institute
of biomaterials and bioelectronics, Tokyo medical and Dental University and

Center for Nanotechnology Platform, NIMS which were my supporter.
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WHET —~ How to make CMOS transistor circuits

WHE 5 Research Institute of Nanodevice and Bio Systems, Hiroshima University

AN Tetsuo Tabei and Shin Yokoyama

AHEHI August 20th, 2018 to August 25th, 2018 [Six (6) days]

WHENZE The CMOS training at RNBS, Hiroshima University was a great learning
experience. We were able to learn several semiconductor CMOS fabrication
techniques in a state-of-the-art clean room facility. The processes that I was
able to learn included the design and fabrication of CMOS circuits with
computer aided design and ion implantation, oxidation, diffusion,
lithography, chemical vapour deposition, metallization, dry etching and
others.

WHE DR HS | Computer aided design techniques helped me design different Silicon

devices. Through careful execution of the different fabrication techniques,
we were able to achieve Si NMOS and PMOS transistors, CMOS inverters,
ring oscillators and co-doped PN tunnel diodes. All the designed devices and
circuits showed a good agreement with the design, through optical
microscopy measurements. Electrical characterization of these devices and
circuits were conducted to confirm successful fabrication. The IV
characteristics of the NMOS and PMOS transistors, CMOS inverters and
ring oscillators showed a good agreement with classical IV characteristics.
This substantiated and confirmed a successful fabrication. IV
characterization of PN diodes was seen to be interesting, showing the
formation of a so-called ‘backward diode’. This enabled the estimation of the

achieved doping concentration (close to the metal-insulator transition in Si).
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WHENZE CMOS fabrication training was very beneficial and useful. It helped me gain
insights on my capabilities. All the facilities were perfect. This program
provided us platform to learn, fabricate and experience many advanced
technologies. The overall experience was wonderful and worth sharing.

WHE DR ES | T designed three 3-stage ring oscillators with different channel length for

the comparison purpose. Also, I designed an inverter, nmos and pmos
transistors with the help of software named ‘layout editor’.

After fabricating them in the super clean room of Hiroshima University we
measured the electrical properties of the devices.

All the devices showed proper characteristics.
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