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The Purifying Chimes of Matsunoo Taisha in Kyoto

|nformd|’ion — 8 Matsunoo Taisha, one of Kyoto’s oldest shrines and a
guardian of sake brewing, displays farin (wind chimes)

Samco EXPands Lineup of Process from June to September. Shinto rituals in Japan have
and Deposition SyStemS for |nP used bells since ancient times, and suzu, meaning “bell,”

is associated with suzushii, meaning “cool” or “refreshing.”

Device Fabrication Around 800 firin fill the shrine with purifying chimes said

to bring blessings and ward off misfortune.

Upcoming Events

.

Photo © A.NAKATA




CUHTICO=1[]]1C e VV

Shigehito Miki, Ph.D.

Director of Superconductive ICT Device Laboratory

Deputy Director, Advanced ICT Device R&D Promotion Center
National Institute of Information and Communications Technology
Kobe Frontier Research Center, Advanced ICT Research Institute

For this interview, we visited the Kobe Frontier Research Center

of the Advanced ICT Research Institute at the National Institute of
Information and Communications Technology (NICT) to speak with
Dr. Shigehito Miki about his research on superconducting nanostrip

single-photon detectors (SNSPDs).

Education

Apr. 2000 - Mar. 2003 Doctoral Program, Graduate School of Science and Technology,

Kobe University
Career History

Apr. 2003 - Sep. 2005 Researcher, Core Research for Evolutional Science and Technology
(CREST), Japan Science and Technology Agency (JST)

Oct. 2005 - Sep. 2007 Researcher, National Institute of Information and Communications

Technology (NICT)
Oct. 2007 — Mar. 2015 Senior Researcher, NICT
Apr. 2015 — Mar. 2023 Senior Researcher, NICT

April 2023 — Present: Director, Superconductive ICT Device Laboratory, NICT
April 2026 — Present: Deputy Director, Advanced ICT Device R&D Promotion Center, NICT

My research focuses on superconducting nanostrip
single-photon detectors (SNSPDs), which can detect
individual photons—the smallest units of light—with

extremely high sensitivity.

P Please tell us about your current
research.

At the Superconductive ICT Device
Laboratory, we are working to develop
electronic and optical devices that use
superconducting films and junctions
to contribute to future information
and communications applications.
Within this field, my research focuses
on superconducting nanostrip single-
photon detectors (SNSPDs)*, which can
detect individual photons—the smallest
units of light—with extremely high
sensitivity.

Specifically, we process extremely
thin superconducting niobium titanium
nitride (NbTiN) fiims, only a few
nanometers thick, to form structures
known as nanostrips with strip widths
of 100 nanometers (nm) or less. When
a single photon enters the detector,
the superconducting state is locally
disrupted, temporarily  generating
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electrical resistance. By reading this
change as an electrical signal, the
detector can identify individual photons.

SNSPDs are now being actively
studied around the world. In quantum
information communication and
quantum computing, they have become
an indispensable key technology.
They are also expected to support
a wide range of next-generation
applications, including LiDAR, deep-
space optical communications, and
observation of extremely weak light
emitted by cells. Although various
photon detection technologies exist,
SNSPDs are regarded as the world’s
highest-performing detectors for
single-photon detection in the 1550
nm telecommunication wavelength
band, particularly in terms of detection
efficiency, low dark count rate, and
timing resolution.

Since joining NICT, | have focused

on building SNSPD technology from the
ground up, at a time when the concept
had just been proposed and only a
handful of studies had been published. |
started to develop the practical systems
that can actually be used by researchers
and engineers in advanced application
fields, including quantum information
communication.

To operate an SNSPD, it must be
cooled to cryogenic temperatures,
specifically around -270°C. This
requirement can become a barrier
for users. To address this issue, we
developed an SNSPD system using a
mechanical cryocooler which does not
require any liquid cryogen, creating a
versatile system that users can operate
without needing to be conscious of
cryogenic cooling.

Today, these systems are used not
only in quantum communication and
quantum computing research, but also
across a variety of other fields, where
they serve as important tools supporting
daily research and development. In
advanced fields that deal with photons,
it is no exaggeration to say that the
performance of the photon detector
can determine the success or failure
of the research. By using the detection
systems we have developed, researchers
can pursue new areas of technology
development that were previously
impossible. | feel that our work is helping
to push forward the frontiers of research
worldwide.



» What led you to this field of
research, and how did your career
develop?

Looking back, this began quite a long
time ago. As a student | belonged to the
Department of Computer Science and
Systems Engineering in the Faculty of
Engineering at Kobe University, where
| mainly studied information processing
and programming. The turning point
came when | was assigned to a
laboratory in my fourth year of university.

At that time, my academic supervisor
was studying microwave wireless power
transmission and was conducting joint
research with researchers at NICT.
Through that connection, | first visited
what was then NICT’s superconductivity
research lab in 1998, while | was
still a student. That visit became the
starting point for my involvement in
superconducting device research.

It was very different from the field |
had studied up to that point, but | was
strongly attracted to the opportunity
to conduct world-class research at
a national research institute. | was
then given the opportunity to conduct
research at NICT as a trainee. During my
doctoral program, | followed asomewhat
unusual path: through Kobe University’s
cooperative graduate school system, |
carried out my research at NICT and
obtained my doctoral degree.

After receiving my Ph.D., | worked
for about two and a half years as a
researcher in the Core Research for
Evolutional Science and Technology
(CREST) program of the Japan
Science and Technology Agency (JST),
conducting device research at what was
then Osaka Prefecture University, now
Osaka Metropolitan University. There
as well, | worked with superconducting
materials, although the devices had
functions somewhat different from
those | study today.

Around 2001, the basic principle of
the single photon detector now known
as the SNSPD was proposed for the first
time by an overseas research institute.
At the time, the technology was still in its
earliest stages worldwide. As | read the
first papers that began to appear, | felt a

strong impulse: “This looks fascinating. |
want to try turning this new device into a
reality myself.”

When | considered where in Japan
would be best suited for research on
this single photon detector, the answer |
arrived at was the very superconductive
electronics laboratory where | had
previously worked. The reason was
that the laboratory already had the thin-
film deposition technology needed for
SNSPDs, namely the ability to form high-
quality superconducting NbTIN films
only a few nanometers thick. In addition,
the cleanroom was already equipped
with facilities capable of nanometer-
scale microfabrication, including Samco
equipment.

When | told the laboratory director
at the time that | wanted to launch new
research on SNSPDs, it turned out
that he also happened to be interested
in SNSPDs and had been thinking of
starting research in this area. When |
joined NICT as a staff member in October
2005, SNSPD research had not yet been
established there. As the first person in
charge, | built the research effort literally
from scratch, from optimizing NDbTIN
thin films to establishing the fabrication
process and assembling the complete
system that operates at cryogenic
temperatures.

» What are your thoughts on the
future of this research field?

SNSPDs, which are single
photon detection devices based on
superconducting nanostrips, have come
very close to an ideal state in terms of
performance. Detection efficiency has
exceeded 95%, approaching nearly
100%. Noise that causes false signals,
known as dark counts, has also been
reduced to extremely low levels. Some
mature technologies have already been
transferred for practical use. At the same
time, as the technology advances, new
demands are emerging.

In current SNSPD systems, the
number of detectors that can be
installed and cooled inside a mechanical
cryocooler is typically only a few, or at
most around ten. However, with the

development of quantum technologies,
| believe future systems will require
hundreds, thousands, or even more
detectors. A new challenge is how to
integrate as many detectors as possible
at high density within the limited cooling
capacity of a cryocooler.

We are also studying applications
such as two-dimensional imaging
sensors with ultra-high sensitivity at
the single-photon level—in other words,
single-photon imaging cameras—by
arranging large numbers of detectors in
a two-dimensional lattice.

As a recent important result toward
realizing highly mass-producible photon
detectors, our laboratory demonstrated
for the first time in the world that high-
performance single-photon detection
is possible even when the strip width
is greatly increased. Conventionally,
fabricating high-performance SNSPDs
required extremely narrow nanostrip
processing with line widths of 100
nm or less. The advanced and time-
consuming nanofabrication process
using electron-beam lithography was
a major challenge for mass production
and large-area fabrication.

Inthis work, we developed technology
to achieve high-performance photon
detection without narrowing the strips
down to the nanometer scale. We
succeeded in detecting single photons
with nearly equivalent performance
even when the strip width was expanded
to approximately 20 pm, more than

Photo. RIE-10N RIE system, in use since 1991
and still actively operating today.
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Samco’s RIE-10N and two RIE-10NR RIE systems
demonstrate excellent stability and reproducibility in the
processing of these delicate superconducting thin films.

200 times wider than conventional
structures.

By increasing the strip width to the
micrometer scale, it becomes possible
to use conventional photolithography
instead of electron-beam lithography.
This is expected to enable lower-cost,
highly mass-producible manufacturing
of high-performance photon detectors.
We believe this represents a major step
toward realizing the large-scale photon
detection systems that will likely be
required for quantum computing and
quantum communication.

P You've used several of Samco’s
systems in your lab. Could you
share your experience?

Our devices are fabricated by
precisely etching NbTIN thin films
only a few nanometers thick, using
nanostrip patterns with widths of 100
nm or less formed by electron-beam
lithography as masks. Because it is
difficult to secure sufficient thickness
with electron-beam resist, etching
requires a high selectivity and precise
shape control.

Samco’s RIE-1ON and two RIE-
10NR RIE systems demonstrate
excellent stability and reproducibility
in the processing of these delicate
superconducting thin films. We also
fabricate structures on the nanostrips
to collect light. For one of these
structures, we deposit SiO» films using
the PD-220NL plasma CVD system.

In addition, we use the RIE-400iP
ICP etching system for fine processing
of silicon to form optical waveguides
combined with SNSPDs, and the
RIE-800iPB high-speed silicon deep
etching system to form MEMS
structures. The RIE-10N has continued
operating for more than 30 years,
which makes us deeply impressed by
the robustness of the system and gives
us great confidence in its reliability.
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» What do you keep in mind in your
research?

Each researcher has their own style
and philosophy, and there is no single
correct answer. In my own research,
what | try to keep in mind is the attitude
of deliberately questioning my own
hypotheses and even the successes in
front of me.

When advancing research, | value
stepping back and asking, “Is this really
true?” By verifying results from many
different angles and experimentally
eliminating possible objections and
sources of error one by one, | believe
the results that remain can ultimately be
proven more convincingly.

» How do you spend your days off?

| am not especially fond of crowds or
busy urban areas, so in my private time
| value spending time in quiet suburbs
or natural surroundings with plenty of
greenery. On weekends, | often relax at
home by watching movies.

My greatest hobby is skiing, which |
have enjoyed since my student days. In
winter, | travel with my family to places
such as Nagano Prefecture. | am the
type of person who tends to think about
research even on days off, so | try to
consciously switch my mindset through
skiing, movies, and similar activities.

» Do you have any final thoughts?

As shown by the example of equipment
that has continued operating for more
than 30 years, | have great trust in Samco
as an outstanding semiconductor
manufacturing equipment manufacturer
whose highly robust systems support
Japanese manufacturing.

We are currently working to establish
the Kobe Device Collaborative Creation
Building, where we are introducing
many microfabrication and film
deposition systems, including Samco
ICP etching and ALD systems. At this
facility, we hope to create a place
where  state-of-the-art  equipment
can be widely opened to universities
and companies, supporting human
resource development and process
verification for product development.

In addition to developing advanced
equipment, | hope Samco will continue
to be a partner that supports the
future of device development in Japan
through technical support and solution
proposals.

Thank you for taking the time to
speak with us despite your busy
schedule.

Interview conducted:
May 27, 2026

*Superconducting nanostrip single-photon
detectors (SNSPDs) are devices that detect
individual photons by monitoring tiny electrical
signals generated when light strikes an
extremely narrow superconducting nanostrip
cooled to cryogenic temperatures. In an
SNSPD, a current is applied to the nanostrip at
a level close to the maximum it can carry while
maintaining its superconducting state. When
a photon is absorbed, its energy temporarily
disrupts superconductivity in a small region
of the nanostrip, creating a localized resistive
area known as a hotspot. The formation of this
hotspot generates a brief voltage pulse that
appears in the readout circuit. By detecting
this pulse, the arrival of a single photon can
be identified. After detection, the hotspot
rapidly cools, and the nanostrip returns to its
superconducting state, allowing the detector
to be used repeatedly.

SNSPDs offer exceptionally high detection
efficiency, extremely low dark count rates,
and excellent timing resolution. As a result,
they are widely used in fields such as quantum
communication, quantum optics, and photon-
counting applications.

As shown by the example of equipment that has
continued operating for more than 30 years, | have
great trust in Samco as an outstanding semiconductor
manufacturing equipment manufacturer whose highly
robust systems support Japanese manufacturing.



A la carte

The Iwakura district in Sakyo-ku, Kyoto, is an affluent residential
area that hosts the Kyoto International Conference Center. For
nearly half a century, Coffee Restaurant Dorf has been the go-
to spot for locals and visitors who fancy a nice meal or a cup of
coffee. Still beloved today, Dorf continues attract attention as a
neighborhood favorite.

The Hamburg and Fried Shrimp lunch (1,500 yen) is the most
popular lunch menu. The rich, juicy meat pairs perfectly with
the special demi-glace sauce.

When you open the wooden front
doors, you enter a space reminiscent
of a German villa, with inviting places
throughout to relax over a cup of
coffee or tea. Take a seat on the south
terrace near the zelkova tree, the
shop’s symbol, and savor the elegant
High Tea set. In winter, settle into the
warm ambience of the wooden floors
and antique furniture with a special
house-blended coffee, while listening
to the crackle of the fireplace.

Drawn to this charming, rustic
space, locals and visitors alike love
to spend relaxed, leisurely moments
at Dorf. Since lunchtime queues are
quite common, it may be easier to find
a table in the evening.

The café is owned by Dorf Homes,
a local real estate and architecture
business, and the shared name “Dorf”
means “village” in German. Kenichi
Kubota, the firm’s CEO, the founder’s
son, and a certified Class 1 Architect,
recalls, “My father used to take me to
construction sites when | was small.”

* Prices in this article include tax

fashion at a traditional
department store. Then,
‘ sensing the potential of

the real estate industry, he
started his own company.
When he purchased land in
the Iwakura district (where
Dorf now stands), he foresaw
a bright future for the district
and decided to keep the
property rather than sell it.
Having worked in clothing
and housing, he turned to the
remaining essential of daily
life: food, and opened the café
and restaurant.

Kenichi reminisced
about his father’s love
for architecture and
interior design. “He
traveled overseas to
collaborate with his
business partner, who
was also a painter, and
to purchase furnishings
and decorative items.
This restaurant was
the result of his total
creative direction.” In
1979, Dorf opened its
doors.

Kenichi later visited Germany during
business trips, and says the homes he
saw in Germany reminded him of his
father’s café, and he attributes this to
a powerful authenticity only real estate
experts can create.

One of Dorf’s specialties is its cold
brew coffee, available hot or iced (650
yen). Slowly extracted over time, it
has a clean, refreshing taste without
excessive bitterness. The Dorf Special

d

High Tea (1,150 yen) is a luxury
set that comes with freshly baked
scones and fruit sandwiches. For
1,500 yen, you can add a drink
such as house-blend coffee.

whipped cream nearly overflowing
the cup is 850 yen. Popular desserts
include High Tea, comprising scones
and fruit sandwiches (1,150 vyen,
available from 11 a.m.), the Fruit Parfait
(1,300 yen), and the Chocolate Parfait
(1,100 yen). In summer, limited-time
frappés are also available.

Dorf also offers hearty meals,
including popular lunch items like
the Hamburg and Fried Shrimp lunch
(1,500) and the Beef Stew lunch (1,600).
Both come with rice, salad, and a drink
(house-blend coffee, tea, etc.). Lunch
is available 11 a.m. to 2 p.m., except on
Sundays and holidays.
Café items are served
throughout the day,
and dinner reservations
can be made by phone.

With the hope that
the Iwakura area will
become an “even more
charming village”, Dorf
actively participates in
community activities,
such as local “Marche”

events, where coffee
and scones  warm
visitors’ hearts and
palates. The café

has also introduced a new logo,

now featured

on its coffee

cups. Preserving

its cherished

traditions  while

embracing a more

refined, modern

atmosphere, Dorf

offers an even

richer experience

The founder first worked in women’s  Coffee, generously topped with than before.
g N
Coffee Restaurant Dorf EILE -3 ®
F ! AQajke. . <
4 lwakura Higashigota-cho, Sakyo-ku, b ake-dori o 2
Kyoto City EM‘- s

TEL: 075-722-2367 Coffee Restaurant Dorf

Website: https://dorf-web.net/coffeerestaurantdorf/

* Hours: 8:30 a.m. to 8:00 p.m. (last order: 7:00 p.m.)

* Closed: Wednesdays, year-end/new year holidays,
and summer holidays

® Parking: Spacious parking lot

e Approx. 4-minute walk from Kokusai Kaikan Station,
Kyoto Municipal Subway

The Prince Kyoto
Takaragaike X
Kyoto International
Conference Center
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Introduction to the New Plasma CVD System

“PD-2201HLC”

M Introduction

Since its founding as an equipment
manufacturer specializing in the
development of plasma CVD systems
and processes, Samco has provided
products that combine originality
with practical usability. In addition
to conventional deposition
technologies using SiH4, Samco
has actively developed plasma CVD

film

technology utilizing liquid precursors
(LSCVD®), which offers enhanced
safety.

In recent years, as semiconductor
and electronic devices have become
advanced, thin-film
deposition processes have required
higher film quality, superior within-
wafer thickness uniformity, and stable
process reproducibility. Furthermore,
improvements in production efficiency

increasingly

and equipment utilization have
become increasingly important in
manufacturing  environments.  As

a result, plasma CVD systems are

Figure 1. Overall view of
the PD-2201HLC system
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Previous
Model

New Model

expected not only to deliver excellent
deposition performance but also to
improve overall productivity through
reduced takt time and enhanced
maintainability.

To address these requirements,
Samco has developed the new
plasma CVD system “PD-2201HLC,”
which achieves both high deposition
rates and excellent film uniformity
while significantly reducing takt
time. This report introduces the
system configuration of the PD-
2201HLC, improvements implemented
to enhance productivity,
deposition performance.

and its

H System Configuration and
Improvements

Figure 1 shows the overall
appearance of the PD-2201HLC. The
system consists of a cassette chamber
capable of accommodating both
tray cassettes and wafer cassettes,
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a load-lock chamber, and a reaction
chamber. In addition, the system can
be equipped with an optional remote
plasma cleaning function and offers
expandability for additional reaction
chambers.

To improve productivity,
enhancements were made to the
heater structure, electrode design, and
cleaning functionality.

In the previous model,
ramp-up and cool-down times had
a significant impact on cycle time. To
address this issue, the PD-2201HLC
employs a newly developed heater with
excellent heat resistance and corrosion
resistance. This enables shorter heating
and cooling times, thereby reducing
waiting time between processes.

Next, the electrode structure was
optimized to improve within-wafer
thickness uniformity during high-
rate deposition. Figure 2 compares
the deposition rate, within-wafer
uniformity, and stress control of the

heater
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Figure 2. Comparison of deposition performance between the previous model and the PD-2201HLC
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previous model and the PD-2201HLC
as a function of RF power density.

In the previous model, although
within-wafer uniformity was excellent,
increasing the deposition rate was
challenging. Increasing process
parameters such as RF power and
pressure deposition
rate, but also changed the plasma
characteristics, tended to
degrade within-wafer uniformity and
stress control (Figure 2(a), (b)).

To overcome this limitation, the
electrode structure of the PD-2201HLC
was optimized to achieve a more
uniform plasma distribution. As a
result, the PD-2201HLC enables high
deposition rates while maintaining
within-wafer uniformity and stress
control at levels comparable to those
of the previous model (Figure 2(c), (d)).

Finally, the addition of an optional
remote plasma cleaning function
significantly reduces reaction
chamber cleaning time. This reduces
non-deposition process time and
contributes to improved
equipment utilization.

Figure 3 compares the takt time
of the previous model and the PD-
2201HLC. Through the combination
of shorter heating and cooling times
enabled by the new heater, support for
high-rate deposition through optimized
electrode design, and reduced
cleaning time through remote plasma
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Figure 4. Repeatability performance of the PD-2201HLC

cleaning, the time required per cycle
was reduced by approximately 70%
compared with the previous model.

M Deposition Performance and
Repeatability

Figure 4 shows the repeatability
results for SiN film deposition using
the PD-2201HLC. Following a single
pre-coating process of 1 pm, ten
batches of 500 nm SiN deposition
were performed, followed by chamber
cleaning. This sequence was defined
as one cycle. A total of 20 consecutive
cycles were conducted, and the
deposition rate and within-wafer
thickness uniformity of @8-inch SiN
films were evaluated. Over the 20
deposition cycles, virtually no variation
was observed in the deposition rate or
within-wafer uniformity, confirming that
stable deposition performance can be
maintained.

Takt Time
v 70 % Reduction

I

Takt Time '

Figure 3. Comparison of takt time between the previous model and the PD-2201HLC
(with remote plasma cleaning option)

H Conclusion

This report introduced the new
plasma CVD system, “PD-2201HLC,”
developed with the aim of improving
productivity. This system achieves
reduced heating and cooling times
through the adoption of a new heater,
improved
of film thickness during high-speed
deposition through optimized
electrode spacing, and reduced
cleaning time via a remote plasma
cleaning function.

Through these improvements, the
PD-2201HLC reduces the takt time
per cycle by approximately 70%
compared with the previous model,
while maintaining high deposition
rates and
uniformity. Furthermore, repeatability
evaluations confirmed that both the
deposition
uniformity remain stable throughout
continuous operation.

Guided by its corporate philosophy
of  “Contributing to  industrial
science worldwide through thin-film
technology,” Samco will continue to
develop equipment and processes
that contribute to advances in both
scientific research and industrial
technology.

within-wafer  uniformity

excellent  within-wafer

rate and within-wafer
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Samco Expands Lineup of Process and
Deposition Systems for InP Device Fabrication

Samco has expanded its lineup of process,
deposition, and surface treatment systems for indium
phosphide (InP)-based laser diodes, waveguides, and
photodiodes. The lineup includes ICP etching systems,
CCP-RIE systems, PECVD systems, ALD systems,
and UV ozone cleaners, supporting 23" to 86" wafers.
These systems enable high-precision ridge formation,
grating fabrication, and low-damage film deposition.

As demand for optical transceivers continues to
grow and optoelectronic integration advances, the
need for highly reliable and reproducible process
technologies is increasing. Samco will continue to
support advanced device manufacturing by providing
systems and process support for a wide range of
applications, from research and development to mass
production.

Process Equipment Lineup for 3", 94", and @6” wafers

ICP Etching
RIE-600iPNC

CCP-RIE
RIE-2001LC

PECVD
PD-2201HLC

ALD

AD-8002LPC UV-300HC

SEMICON

TAIWAN SEMICON Taiwan 2026

Date: September 2-4, 2026

Location: Taipei Nangang
Exhibition Center, Taiwan

Booth: 0367 (4th Floor)

SEMICON West 2026

Date: October 13-15, 2026

Location: Moscone Center,
San Francisco, CA, USA

Booth: 1839 (South Hall)

SEMICON India 2026

Date: September 17-19, 2026

Location: Yashobhoomi, New
Delhi, India

Booth: 1576 (Hall 1)

Visit Samce's Booth at

SEMICON’
"EUROPA

2026

SEMICON Europa 2026

Date: November 10-13, 2026

Location: Messe Mlinchen,
Munich, Germany

Booth: 1116 (Hall B1)
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