Virtual Project on the History of ALD in perspective: past, present, and final steps
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Atomic layer deposition (ALD), a materials growth technique based on repeated separate
self-terminating reactions, has become an enabler for semiconductor technology and is currently
being investigated for a growing range of other applications.

ALD has two historical roots. The international community is in general aware of the
invention of ALD under the name atomic layer epitaxy (ALE) in Finland in 1974 [1,2]. The
community is significantly less aware of developments under the name molecular layering in
USSR/Russia since the 1960s [3,4]. For example, the world’s most cited review on ALD only cites
the early Finnish developments [5]. Another review article (written by several leading authors in the
field) to describe the history of ALD (and its relation to AVS) [6] recently had to be corrected with
respect to its description of the USSR-Russian developments [7,8].

Why the molecular layering works have remained poorly known and cited, is not known. An
explanation has repeatedly been offered in the literature that the works were published in Russian
[9,10]. This statement is not quite correct. While there have been many publications in Russian
only, there have also been plenty of publications in English, typically published in journals
published in Russian, which automatically receive an English translation. Two such references are
given here as examples [11,12]. Also, the first international symposium on ALE (i.e., ALD) in
Espoo, Finland in 1990 received participants from the USSR/Russian ALD community [13,14].

The seeds for the Virtual Project on the History of ALD (VPHA, http://vph-ald.com) were
sown already almost twenty years ago, when the article in Solid State Technology called “Early
work on atomic layer deposition cited” by Malygin et al. was published in 2002 [15]. This article
(response to an earlier article in the same journal) triggered the interest of R.L.P. while a postdoc at
IMEC, Belgium. R.L.P. contacted the lead author (Malygin) with a request to get copies of some of
the early works. Copies were soon provided, and the work to find facts about early ALD
developments under the name molecular layering (and sometimes, other names) started. The results
of the research were published in a review article (Table 1 of it) in 2005 [16]. To our knowledge,
this review was the first review in English (after the contribution of Aarik in 1990 [17]), to clearly
acknowledge the independent invention of ALD in the USSR/Russia. The author hoped that this
article would change the way the scientific community sees the history of ALD, and would trigger
others to find out about the history, too. While some advances were booked, leading mainstream
works continued to acknowledge only the atomic layer epitaxy origin of ALD.

VPHA was launched in July 2013 with the following statement [18] “VPHA is an open
collaborative effort, whose goal is to clarify open questions related to the early history of the ALD
thin film deposition technique. VPHA is based on voluntary efforts, and anyone interested in the
history of ALD is welcome to join. All VPHA activities are made in an atmosphere of openness,
respect and trust.”

The core activity of VPHA is to collect together, and collectively read, and write short
comments (in English) on early ALD works, which are then openly shared. Such work forms the
factual basis to form a common understanding on the early works of ALD; common understanding
of the facts related to early ALD developments has been clearly missing. Outcomes presenting the
progress of VPHA have been presented at various conferences [19], and VPHA has directly or
indirectly resulted in four scientific journal articles [1,3,20,21]. The authors understand that the



VPHA has also contributed to awarding the Millennium Technology Prize 2018 to the Finnish
inventor of ALD, Tuomo Suntola [22].

Although VPHA has already booked significant progress, the work is not completed yet.
Setting as the target that each early ALD publication should receive comments from at least three
persons to be shared in the collective “ALD-history-evolving-file” document, the reading work is
about half completed. Of the ~170 articles still missing one to two comments, ~140 are available
only in Russian. So far, 79 contributors from over 20 countries have participated in the reading
activity. To complete the reading effort, it is essential to have a significant number of researchers
from the Russian ALD community, too, to actively participate in the reading effort.

With this abstract at the ALD Russia 2021 conference — chaired by the first author of the
“Early work on atomic layer deposition cited” letter [15] — the final stage of VPHA is launched.
The purpose is to finalize the reading and commenting work, and optionally to write a review article
on the history of ALD on the basis of the information collected and findings made. We invite all
researchers worldwide, interested in ALD and ALD’s early roots, to volunteer to work
together in VPHA, to build together fact-based understanding of the early ALD works.
Especially we invite Russian-speaking ALD researchers to volunteer: thorough understanding of
both the technique and the technical language used to describe ALD both in Russian and English
will give the best result when writing brief comments on Russian-only articles in English. To join,
please contact us via info@vph-ald.com.

[1] R.L. Puurunen, Chem. Vapor Deposition, 2014, 20, 332-344. DOI:10.1002/cvde.201402012

[2] T. Suntola, J. Antson, FIN 52359 (29.11.1974); U.S. patent 4 058 430 (25 November 1975).

[3] A.A. Malygin, V.E. Drozd, A.A. Malkov, V.M. Smirnov, Chem. Vapor Deposition, 2015, 21,
216-240. DOI:10.1002/cvde.201502013

[4] V.B. Aleskovskii, S.1. Koltsov, Abstract of Scientific and Technical Conference of the

Leningrad Technological Institute by Lensovet (Goskhimizdat, Leningrad, 1965), pp. 67—67.

[5] S.M. George, Chem. Rev. 2010, 110, 111-131. DOI:10.1021/cr900056b

[6] G.N. Parsons et al., J. Vac. Sci. Technol. A, 2013, 31, art. 050818. DOI:10.1116/1.4816548

[7] G.N. Parsons et al., J. Vac. Sci. Technol. A, 2020, 38, art. 037001. DOI:10.1116/6.0000143

[8] ALD History Blog, Riikka Puurunen 9.6.2020, http://aldhistory.blogspot.com/2020/06/analysis-

of-erratum-jvsta-history-of-ALD-and-relationship-AVS.html, accessed 14.6.2021

[9] G.N. Parsons, S.M. George, M. Knez, MRS Bulleting, 2011, 36, 865-871.
DOI:10.1557/mrs.2011.238

[10] B.J. O’Neill et al., ACS Catal., 2015, 5, 1804-1825. DOI:10.1021/cs501862h

[11] S.I. Koltsov, Zh. Prikl. Khim., 1969, 42, 1023-1028 [J. Appl. Chem. USSR, 1969, 42, 975-
979]

[12] V.B. Aleskovskii, Zh. Prikl. Khim., 1974, 47, 2145 [J. Appl. Chem. USSR, 1974, 47, 2207].

[13] V.B. Aleskovskii, V.E. Drozd, Acta Polytechnica Scandinavica — Chemical Technology series,

1990, issue 195, pages 155-161.

[14] ALD History Blog, Riikka Puurunen 12.2.2017, http://aldhistory.blogspot.com/2017/02/ald-

history-and-prof-em-markus-pessa.html, accessed 14.6.2021

[15] A. A. Malygin, V. M. Smirnov, Solid State Technol., 2002, 45, 14-14.

[16] R.L. Puurunen, J. Appl. Phys., 2005, 97, art. 121301. DOI:10.1063/1.1940727

[17] J. Aarik, Atomic layer epitaxy, Proceedings on Electroluminescence XVII1I. Tartu Ulikooli
Toimetised 908, Tartu, Estonia 1990, pp. 5-33. http://dspace.ut.ee/handle/10062/32165

[18] http://vph-ald.com, accessed 14.6.2021

[19] See https://vph-ald.com/Publication%20Plan.html, accessed 18.6.2021.

[20] Ahvenniemi et al., J. Vac. Sci. Technol. A, 2017, 35, 010801. DOI:10.1116/1.4971389

[21] R.L. Puurunen, ECS Trans. 2018, 86 (3) 3-17. DOI:10.1149/08606.0003ecst

[22] D. Cord, May 2018, https://finland.fi/business-innovation/finnish-physicist-tuomo-suntola-

wins-millennium-technology-prize/, accessed 14.6.2021



https://doi.org/10.1002/cvde.201402012
https://doi.org/10.1002/cvde.201502013
https://doi.org/10.1021/cr900056b
https://doi.org/10.1116/1.4816548
https://doi.org/10.1116/6.0000143
http://aldhistory.blogspot.com/2020/06/analysis-of-erratum-jvsta-history-of-ALD-and-relationship-AVS.html
http://aldhistory.blogspot.com/2020/06/analysis-of-erratum-jvsta-history-of-ALD-and-relationship-AVS.html
https://doi.org/10.1557/mrs.2011.238
https://doi.org/10.1021/cs501862h
http://aldhistory.blogspot.com/2017/02/ald-history-and-prof-em-markus-pessa.html
http://aldhistory.blogspot.com/2017/02/ald-history-and-prof-em-markus-pessa.html
https://doi.org/10.1063/1.1940727
http://dspace.ut.ee/handle/10062/32165
http://vph-ald.com/
https://vph-ald.com/Publication%20Plan.html
https://doi.org/10.1116/1.4971389
https://doi.org/10.1149/08606.0003ecst
https://finland.fi/business-innovation/finnish-physicist-tuomo-suntola-wins-millennium-technology-prize/
https://finland.fi/business-innovation/finnish-physicist-tuomo-suntola-wins-millennium-technology-prize/

