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Nanomanufacturing (NM), developed over the past three
decades, bridges nanoscience discoveries to nanotechnol-
ogy products by scaled-up, reliable, and cost-effective manu-
facturing materials, structures, devices, and systems at the
nanoscale (1-100 nm). At this scale, physical and chemical
properties of the materials and tools have been dominated
by classical Newtonian mechanics, although quantum con-
finement effects become increasingly observable. A num-
ber of top-down and bottom-up approaches were developed,
including nanomechanical machining, nanolithography,
energy beam machining, deposition and etching, nanoprint-
ing, nano assembly, nano replication, etc. [1]. These tech-
niques enabled a range of applications from medical imag-
ing and renewable energy to sensor devices and quantum
computing.

For continuing progress in this field, the continuous rapid
shrinking of feature size to atomic scale, or the require-
ment of the improvement of sub-nm geometric accuracy,
has encouraged researchers to seek alternative methods for
scalable and high-throughput manufacturing technology, i.e.,
atomic and close-to-atomic scale manufacturing (ACSM),
a key enabling technology of Manufacturing III [2]. When
manufacturing precision moves from nanometre to atomic
scales, quantum behaviour starts to dominate over Newto-
nian (classical) mechanics. Although order-of-magnitude
improvements in the performance of materials and devices
are promised, the nature of interactions is fundamentally
changed, and significant consequences take place in surface
properties [3]. Moreover, in ACSM, atomic precision is not
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the sole quality indicator—feature size and its performance
at the atomic scale are equally important. Those opportuni-
ties and challenges drive our field to investigate the fun-
damentals, technologies, evaluations of ACSM in the next
decades.

This special issue of “Nanomanufacturing and atomic &
close-to-atomic scale manufacturing (ACSM)” collects three
review papers and seven research articles in NM and ACSM.
State-of-the-art atomic layer deposition methods, indirect
metrology methods in NM, and preparation of atomically
precise metal clusters are critically reviewed. Two arti-
cles about ACSM theoretical investigations are studied by
flexible-enhanced molecular dynamics and first-principles
methods. Included here are some of the latest developments
in NM approaches including rotational-magnetorheological
finishing, femtosecond pulsed laser irradiation, electrochem-
ical etching, nanopatterning using molecular self-assembly
and nanoindentation test using laser-induced shock waves.

We would like to acknowledge the contribution of all
authors, reviewing experts, and the editorial team, for their
time and effort in contributing, reviewing, and editing
papers. The guidance and support from < Nanomanufactur-
ing and Metrology > and Springer editorial office are greatly
appreciated. You have made this special issue possible and
ensured the process ran smoothly.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

@ Springer


http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1007/s41871-022-00153-7&domain=pdf

190

Nanomanufacturing and Metrology (2022) 5:189-190

References

1. Fang FZ, Zhang XD, Gao W, Guo YB, Byrne G, Hansen HN
(2017) Nanomanufacturing: perspective and applications. CIRP
Ann 66(2):683-705

2. Fang FZ (2022) The three paradigms of manufacturing advance-
ment. J Manuf Syst 63:504-505

3. Forrest DR, Freitas Jr RA, Jacobstein N (2007) Applications
for positionally-controlled atomically precise manufacturing
capability

Dr.NanYu is a Lecturer in Digi-
tal Manufacturing at the Univer-
sity of Edinburgh and Deputy
Director of MSc Digital Design
and Manufacture. Nan has estab-
lished early academic career as
evidenced by over 40 publica-
tions in journals, conference
papers and patents, 4 paper
awards, 10 invited talks and £
400 K as PI. His research interest
covers ultraprecision machining,
plasma processing, large-scale
metrology, and ACSM. Dr. Yu
received prestigious Marie Curie
International Fellowship (2018—
2020) and Irish Research Council Fellowship (2020-2021). He sits in
the international scientific committee of European Society for Precision
Engineering and Nanotechnology (EUSPEN), EPSRC early career
forum in manufacturing research, and organising committees of inter-
national conferences (NanoMan and Lamdamap). He is a research
affiliate of International Academy of Production Engineering (CIRP),
and visiting academics in Dublin, Osaka and CERN.

“"\’.
= SO

-‘;
-

Prof. Stuart Reid is the subtheme
lead for microwave (ECR) ion
beam etching and deposition/
coating, is a Royal Society
Industry Fellow and Head of
Biomedical Engineering at the
University of Strathclyde. He is
leading a multidisciplinary team
working across astrophysics,
nanotechnology and stem cell
research. Stuart spent the last
20 years developing technology
for gravitational wave detector

& optics, and is co-inventor of

- "nanokicking", to control the
behaviour of adult stem cells.

Reid’s lab pioneered the first high-energy ECR ion beam deposition
process, holding the world-record in low IR absorption amorphous
silicon. SR secured £7.7 M as PI, taken biomedical research from

@ Springer

discovery to clinical trial, awarded patents, alongside a strong publica-
tion record (h-index 110). Stuart has been awarded numerous national
prizes, including the RSE Presidents Medal (2016) and RS Wolfson
Research Award (2017). Stuart is the twice elected co-chair of Optics
for both the LIGO Scientific Collaboration (US) and Einstein Telescope
(EU), coordinating research across 30 + institutions including Stanford,
Caltech and MIT.

Prof. Rebecca Cheung is Chair
of Nanoelectronics at the Univer-
sity of Edinburgh and Head of
the Institute for Integrated Micro
Nano Systems (IMNS), where
the Scottish Microelectronics
Centre (SMC) is based. She has
an international reputation for
her contribution in the develop-
ment and application of micro-
and nano- fabrication and was
Program Chair for the Interna-
tional Conference on Electron,
Ion, Photon Beam Technology
and Nanofabrication (EIPBN)
2013—the world’s premier con-
ference in nanopatterning. She has received funding of over £10 M to
support her research over the last 18 years and has published over 150
scientific articles and one book. She had been elected a Fellow of the
Royal Society of Edinburgh in 2012, is a senior member of the IEEE,
a Fellow of the IET and is an Honorary Professor with the School of
Engineering and Physical Sciences at Heriot-Watt University.

Prof. Vasileios Koutsos is Chair
of Soft Materials and Surfaces at
the University of Edinburgh, and
Deputy Head of the Institute for
Materials and Processes.
Vasileios has extensive experi-
ence in surface metrology and
characterisation of materials and
coatings using atomic force
microscopy (AFM) and optical
profilometry. He has authored
over 100 international journal and
conference proceedings publica-
tions and 6 book chapters (3 mon-
ographs). He has over 3500 cita-
tions and an h-index of 35
(Google Scholar). He has given over 50 invited and keynote talks at
international conferences, meetings and seminar series. Prof. Koutsos
has led, co-led and been involved in a number of funded projects from
EPSRC, MRC, EU, and industry. He is Chief Editor of the International
Journal of “Proc. IMechE, Part N: Journal of Nanomaterials, Nanoen-
gineering and Nanosystems (JNNN)” and Associate Editor of the Open
Access International Journal “Coatings”.



	Foreword to the Special Issue on Nanomanufacturing and Atomic & Close-to-Atomic Scale Manufacturing (ACSM)
	References




