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Abstract

Objectives. Over the past few decades, multiple knowledge management models have been developed by many
research groups studying the innovation process in companies. However, these knowledge and information
management models are rather general, and do not consider the dynamics and variability of technology development.
This implies involving specific organizations in different types of knowledge generation activities. The paper aims to
reveal the importance of a knowledge management system in micro- and nanoelectronics technologies as well as
identify and systematize the sources of knowledge in the scientific and technical field.

Methods. In this paper, the method for analyzing the relationship between key business indicators of the companies
is applied. The results are then represented in a causal loop diagram. The stakeholder analysis method is also used
here.

Results. Three relevant trends in developing the knowledge management system for knowledge-intensive
enterprises involved in micro- and nanoelectronics technologies are identified with respect to the social, commercial,
and scientific and technical aspects in research organizations. The key sources of knowledge on micro- and
nanoelectronics technologies include universities, institutions of the Russian Academy of Sciences, industry-specific
institutions, customers, manufacturers, and consumers. Also, the authors consider digital twins to be a promising
source of knowledge on micro- and nanoelectronics technologies.

Conclusions. The analysis of the technology life cycle curve using the example of micro- and nanoelectronics allows
correlating single stages of this life cycle with specific activities during which new knowledge is generated. These
activities include fundamental and applied research, requirements management, implementation in manufacturing,
and operation analysis. For microelectronics, they correspond to the areas of emergence, peak of inflated
expectations, trough of disillusionment, slope of enlightenment, and plateau of productivity on the technology life
cycle curve.
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Pesiome

Llenu. B TeyeHme nocneaHux OecaTunetuin paspabotaHo MHOXECTBO Modenen ynpasneHns 3HaHuamMmn. OaHako uc-
Nonb30BaHMe JaHHbIX MoAEeNen onsa co3gaHns MHGOPMaLIMOHHOM CUCTEMBI B UHTEPECAX NCCNeA0BaTENbLCKUX Npeanpu-
ATUIN MUKPO3NEKTPOHMKN HE NPEACTABNSETCSH BOSMOXHbIM, MOCKOJIbKY OHW HE YYUTBIBAIOT AMHAMUKY U XapakTep pa3Bu-
TUS TEXHOJOMMIA, a Takke creunduky OeaTenbHOCTY OpraHM3auunii B pasHbIxX BUaax paboT rno reHepauumn 3HaHuii. Lienb
paboTbl — BbIIBUTbL HamnpaB/ieHVs aKTyalbHOCTU pa3paboTkyi CUCTEMbI YNPABIEHNSI 3HAHUSMWN O TEXHOJIOMMSAX MUKPO- U
HAHO3NEKTPOHWKU, ONPeaennTb U CUCTEMATU3NPOBATL MCTOYHMKM 3HAHWUIM B IAHHOM HAYy4YHO-TEXHMYECKO 06nacTu.
MeToabl. Icnonb3oBaHbl METO, aHaIM3a B3aMMOCBA3W OM3HEeC-nokasaTesen KoMnaHui ¢ nocneayoulen Bnusya-
nn3aumen B BUAe UMKANYECKOW amarpamMmbl NPUYnH, METOL aHann3a 3anHTEPEeCOBaHHbIX CTOPOH.

PesynbTatbl. CHOpPMYNMpoBaHbl TPY HanpaeieHns akTyanbHOCTU pa3paboTky CUCTEMbI YNPaBAeHUs 3HaHNSMU B
HayKOeMKOI 061aCTV TEXHOIOM NI MUKPO- Y HAHO3NIEKTPOHUKMN — C TOUYKW 3PEHUS CoLManbHbIX, KOMMEPYECKMX 1 Ha-
YYHO-TEXHNYECKNX 9P DEKTOB B COOTBETCTBYIOLMX OpraHm3aumax. K kio4eBbiM MCTOYHUKAM 3HAHUIN O TEXHOIOMNSAX
MUKPO- 1 HAHO3NTEKTPOHNKN OTHECEHbI YHUBEPCUTETbI, MHCTUTYTbl PAH, OTpacnesble MHCTUTYTbI, 3aKa34nku, npo-
n3BoacTBa u noTpedutenm. O6ocHoBaHa BaXXHOCTb PACCMOTPEHUS UMD POBLIX ABONHUKOB 9NEKTPOHHbIX KOMMOHEHT
Kak NepcrneKkTMBHOIo MCTOYHMKA 3HAHWIA B A@HHOW 06nacTu.

BbiBOAbl. AHANIN3 KPUBOWN XM3HEHHOTO LMKJ1a TEXHOJIOrMM Ha npumMepe 06/1aCTU MUKPO- M HAHO3NIEKTPOHUKK Mo-
3BOJISET COOTHECTM OTAEJIbHbIE 3Tarbl AAHHOMO XM3HEHHOrO LKA C KOHKPEeTHbIMY BugamMn paboT, B XO4e BbIMosi-
HEeHWUS KOTOPbIX MPOUCXOANT BbipaboTka HOBbIX 3HAHWI. B kauecTBe BUOOB paboT BblaeneHbl hyHOaMeHTabHbIE U
npuknagHble ccnenoBaHus, ndydeHne TpedboBaHuin, peanmaaLunms Ha NPON3BOACTBE N aHaNu3 akcnnyaTaunn. Ons
oTpacan MUKPOINEKTPOHUKN HA KPUBOW XXMIHEHHOMO LMK TEXHOSIOMNI OHM COOTBETCTBYIOT yHacTkam MosiBNeHus,
nuKa oXuaaHuin, n3basneHns oT UAIO3WNIA, NPEeoA0SIEHNS HeAOCTAaTKOB W N1aTO NPOAYKTUBHOCTU.

KnioueBble cnoBa: 3HaHus, ynpaBiieHne 3HaHUAMW, HAHOVHAYCTPUS, LMbPOBOM OBOAHMK

e Moctynuna: 17.11.2021 » flopa6oTaHa: 09.12.2021 ¢ MpuHaTa k ony6nukoeaHuio: 03.03.2022

Ana uutuposaHus: LLlapanos A.A., FopHes E.C. OnpegeneHne NCTO4YHMKOB 3HAHWNIN O TEXHOMOMNAX MUKPO- N HAHOSEK-
TpoHuku. Russ. Technol. J. 2022;10(2):87-95. https://doi.org/10.32362/2500-316X-2022-10-2-87-95

Mpo3payHocTb GUHAHCOBOW AEATENIbHOCTU: ABTOPbI HE UMEIOT (PUHAHCOBOM 3aMHTEPECOBAHHOCTM B NPeACTaB/IEH-

HbIX MaTepuanax nin Metogax.

ABTOpPbI 3251BASAOT 06 OTCYTCTBMM KOHMIMKTA MHTEPECOB.

INTRODUCTION

Enhancing and applying total professional
knowledge is an integral part of fundamental and
applied research carried out by modern research
organizations. According to [1], this knowledge may
be considered as a part of an organization’s intellectual
capital and, consequently, as a management object.

In [2, 3], some of the best-known models of knowledge
management are given, such as the Choo decision-
making model based on comprehension of information,
the Hedlund model based on the knowledge transfer
and transformation, the von Krogh and Roos model
of individual and collective knowledge, and others.
In general, they are all based on categorizing into the
following two types of knowledge depending on the
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formalization state (the capability to be stored and
transferred):

1) Formalized (explicit) knowledge, presented in a
particular form: e.g., in the form of records using
natural language and binary code, in the form of
instructions in a programming language, etc. Explicit
knowledge is systematized; it can be packaged in
the form of a service (for example, online courses
or professional development programs) or product
(manuals, videos, notes, etc.) and transferred during
the teaching process;

2) Unformalized (tacit) knowledge, usually stored
in the minds of particular individuals including
dynamically changing adaptive understanding,
collective knowledge, and expertise in terms of
“know-how.” Such knowledge may be transferred
through training and mentoring. This type of
knowledge was proposed by Michael Polanyi in
1958 [4].

According to the Socialization, Externalization,
Combination, and Internalization (SECI) model
proposed by Ikujiro Nonaka in 1990!, knowledge
“moves” in a spiral cycle wherein tacit knowledge
is “extracted” to become explicit knowledge while
explicit knowledge is “re-internalized” into tacit
knowledge. Thus, information passes through four
stages: socialization, externalization, combination,
and internalization; and it is in multiple transitions
between formalized and unformalized states that new
knowledge is generated.

These definitions are completely suitable for use
in terms of knowledge management in micro- and
nanoelectronics technologies. However, due to their
generality, none of the described models could be
directly applied to describe the process of enhancing
intellectual capital in organizations of specific
knowledge-intensive industries involved in multiple
collaborations and project studies as well as performing
a diversity of internal R&D activities. It would be
advisable to start developing the model description of
the knowledge management process by identifying their
sources.

COMPONENTS OF THE KNOWLEDGE
MANAGEMENT PROCESS IN TECHNOLOGICAL
ORGANIZATIONS

Comparing the above models, principal components
of the knowledge management process of organizations
that are collection (acquisition), transfer (providing
access and transmission), application, protection, and
storage may be identified [5].

I Management for Knowledge Creation, Tokyo: Nihon
Keizai Shimbun-sha, 1990, (in Japanese).

It should be noted, that these actions play a
determining role in the operational efficiency of
knowledge-intensive sectors, such as microelectronics,
which combines nanoscale physics, solid-state
electronics, quantum theory, chemistry, and other
fields of science [6]. However, the study of Russian
enterprises engaged in the development of micro- and
nanoelectronics technologies has not revealed the
existence of knowledge management systems having
a complete set of key components. At the same time,
several processes (e.g., accumulation of information
in the form of project documentation) are being
successfully implemented by certain departments for
decades.

The systemic approach to knowledge management
in micro- and nanoelectronics technologies would allow
the following:

1) monitoring the research and technology development
in microelectronics for correct positioning in
the industry as well as for making decisions on
participation in joint projects [7];

2) controlling the progress at the applied research stage
so that not to miss changing trends;

3) accessing the maturity of new solutions with respect
to opportunities for improvement of reliability and
obtaining new functional properties.

THE RELEVANCE OF DEVELOPING
A KNOWLEDGE MANAGEMENT SYSTEM
IN MICROELECTRONICS

Creating, populating, and managing the knowledge
base for micro- and nanoelectronics technologies may be
relevant for R&D companies involved in this field from
three perspectives: social, commercial, and scientific and
technical. Thus, by sharing information, the scientific
results generated by research departments may be more
likely to find application in work of design departments.
At the same time, the problems formulated by technical
specialists that require scientific studies would become
known to the research teams of companies due to
the common information system. Thus, connecting
the researchers and developers of microelectronic
technologies communicatively would allow accelerating
solution of common tasks of the entire enterprise; in
particular, increasing the knowledge base. Moreover,
the accumulated knowledge would allow analyzing
commercially available products and technologies as
well as scientific achievements in more detail, thus
providing a more accurate picture of microelectronic
technologies available in the Russian and world markets.
Formally, these fields may be covered by the terms
“innovation and technology exploration” or “scouting.”
Adjusting the objectives in product development and
goals of theoretical and experimental research, one
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Fig. 1. Positive feedback loops with respect to business processes in the social, commercial,
and scientific and technical aspects formed when implementing the corporate knowledge management system
for microelectronics technologies

may eventually achieve the new results in high external
demand. Solving development and manufacturing
problems by performing additional research would
result in better product reliability through improved
microelectronics technology.

The relevant trends are shown in Fig. 1
schematically as three circuits of positive feedback,
i.e., an increase in one indicator improves the next one,
moving clockwise.

SYSTEMATIZING SOURCES
OF KNOWLEDGE

Using the S-curve concept of the technology life
cycle introduced by Gartner in 1995 (the Gartner
Hype Cycle), it may be assumed that micro- and
nanoelectronics as a set of manufacturing technologies
have reached the plateau of productivity phase [8].
This means that the knowledge accumulated in
these fields is sufficient for starting commercial
microelectronic manufacturing. In addition, advances
in related fields (materials science, optics, and
nanophysics) may allow for new improvements in
basic microelectronics technology, each undergoing
the entire life cycle from emergence to widespread
adoption.

The chronological comparison proposed by the
authors between the phases of the Gartner Hype Cycle
and the sources of knowledge identified by classifying
market counterparties in micro- and nanoelectronics
technologies by activity area is shown in Fig. 2.

Knowledge accumulation occurs at all phases of the
technology life cycle. In addition, after the successful

completion of each stage, new organizations are involved
in the activities in this field, thus becoming new sources
of knowledge. For convenience, the following two types
of activities resulting in generation of new knowledge
may be specified:
1) research activities consisting of fundamental and
applied ones;
2) engineering activities consisting of requirements
management, manufacturing, and operation.

SOURCES OF KNOWLEDGE
IN THE RESEARCH PHASE

The first phase implies fundamental research
including the study of physical processes and
identification of opportunities and acceptable limitations.
In this phase, academic institutions and universities are
the key players carrying out the main work of knowledge
accumulation.

The principle of Coulomb blockade based on two
tunnel junctions may exemplify a physical principle
remaining in the fundamental research phase for
decades. So far, this principle has not yet resulted in
the appearance of the single-electron transistor and
other alternative transistor structures as microelectronic
devices.

The next phase includes applied research
consisting of attempts to implement the physical
principles studied thoroughly in previous phase
in devices. As of 2021, this phase is presented by
memristors and ferroelectric memory circuits [9, 10]
as well as active and passive elements of photonic
integrated circuits, fabricated using microelectronic
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Fig. 2. The technology life cycle curve, phases of knowledge accumulation
and sources of knowledge on microelectronics technologies

technologies [11]. Once the research becomes mature,
it moves on to the stage of R&D activities resulting in
creating prototypes.

In particular, the transition towards new materials
[12] requires a large-scale set of tests to make sure that
the introduced modifications did not lead to performance
degradation of the final devices, primarily in terms
of reliability [13, 14]. This is crucial for military
application [15] and critical for unmanned space
systems manufactured using micro- and nanoelectronics
technologies [16].

SOURCES OF KNOWLEDGE
IN THE CHIP DESIGN ENGINEERING PHASES

The miniaturization of already designed chips by
implementing them in the form of microsystem units
was among the main trends stimulating development
of Russian microelectronics in the 1970s. The use
of integrated circuits (ICs) for custom systems
with predetermined functional and reliability
requirements is the next step in that process. So far,
microelectronics has remained the element base of
informatics.

Contemporary methods for requirement-driven
design of devices include the widespread use of

automation. The wuse of fundamental parametric
synthesis at the initial stage of development, allowing
for selecting more effective design decisions using the
principle of measuring environmental parameters [17],
may add to the existing design algorithms. Awareness of
such principles is the result of fundamental and applied
research.

Another area of knowledge in microelectronics
technologies is related to the changing requirements to
the development of computing devices. The progress in
some areas, such as neural network algorithms [18] and
artificial intelligence, may give rise to special-purpose
processors with the architecture optimized to solve
a certain class of computational tasks with minimal
instruction set due to the reduced information storage
capabilities.

Akey source of knowledge on technologies is related
to their implementation in specific manufacturing.
With the industry being developed, the problems of
clean technology environment are being addressed—
first, at the level of particles per area, then microparticles
per volume, and now the task of airborne molecular
contamination removal 1is of great importance.
Significant progress has been made in solving the issue
of early failures by introducing process tests and design
enhancements [19].
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Another source of knowledge relates to issues
arising in the phase of the manufactured chips operating.
Some aspects refer to possibilities of expanding the
application boundaries and increasing functionality by
software modification. In addition, chip failure cases
are analyzed, in particular, breakdowns expressed as an
irreversible change in the system induced by localized
heating effects.

DIGITAL TWINS
AS PROSPECTIVE SOURCES
OF KNOWLEDGE

A relatively recent trend in science and
technology is application of the model-based
systems engineering (MBSE). This implies the
integration of executable models as a single source
of new information. The creation of the so-called
digital twin may be the final objective for this type
of systems engineering.

Digital twins may allow modeling semiconductor
devices and finite electronic systems at both hardware
and software levels [20]. Of particular importance
may be considering environmental conditions having
varying impacts on equipment and software, such
as the effects of external electromagnetic fields
and acoustic waves, penetration of high-energy
particles, etc. [21]. Modeling of physical processes in
integrated circuits and microsystems allows assessing
the impact of various internal and external factors on
temperature and electrical parameters determining
the reliability and noise immunity of the component
base.

Compared to system-level models, the digital twin of
a semiconductor component reflects the system behavior
not only at a particular stage but throughout the entire
life cycle. This includes the following stages:

1) concept description, statement of work;

2) architecture design;

3) IC logic development;

4) IC topology development;

5) verification;

6) photomask approval;

7) photomask manufacturing;

8) validation;

9) route map development;

10) fabrication;

11) packaging;

12) benchmarking;

13) testing;

14) certification;

15) series manufacturing;

16) operation.

Implementation of the digital twin involves
concurrent data collection and analysis for all
stages and participants in the process of a particular
semiconductor device manufacturing, ranging from
the design centers through the manufacturing site
to the user. In fact, a management system for data
appearing in developing and process designing as well
as for the processes of appearance and transformation
of this data is required. The integrated system would
allow managing the design project, accounting for the
limited time, cost, resources, and quality metrics of the
final products [22], as well as thoroughly monitoring,
if required, particular operating components up to the
formation of structures within IC using micro- and
nanoelectronics technologies.

It may be concluded that digital twins of electronic
systems as a single channel of new information
would be an additional source of knowledge on the
micro- and nanoelectronics technologies. However,
there is no existing information on complete digital
twins at present, so this source is missed in our chart
of knowledge sources in micro- and nanoelectronics
technologies.

CONCLUSIONS

It should be emphasized in conclusion that existing
knowledge management models may be successfully
used only within separate knowledge-intensive
enterprises. The systematization carried out in the
paper may be useful due to the noticeable difference
in types of activities in microelectronics performed by
different organizations (yet, closely cooperating for
solving common scientific and technical problems).
The proposed definition of players involved in
microelectronics is the information tool prototype
allowing project teams to identify the range of promising
partners in accordance with the stages of technology
development along the life cycle curve. Some details
may be added to this chart, e.g., the specific research
fields or organization names.

Processing the information streams from the
revealed sources of knowledge on micro- and
nanoelectronics technologies will allow constructing
an effective knowledge base structure for the enterprise
as well as the related means of access, use, and
management of the stored information. In addition,
this will allow for an approach to processing of open-
source information for automatic update of knowledge
base to be defined.
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