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ometimes, knowing when a
Snew buzzword has transi-

tioned from hype to some-
thing real can be easy to identify.
However, comprehending the oppor-
tunities beyond the hype can be
more challenging, especially if sev-
eral buzzwords are involved. NVID-
IA's GTC Conference keynote given
by CEO Jensen Huang (viewed over
27 million times) [1], frequently
mentioned “digital transformation”
and its requisite enabler “Digital
Twin,” in conjunction with artificial
intelligence (AI). Hot topic confer-
ence talks, coupled with related
investments and acquisitions, indi-
cate that perhaps “Digital Twin”
could be something real. In this edi-
tion of the Industry Pulse column,
we will introduce you to the con-
cept of the Digital Twin, how it dif-
fers from both Al and a traditional
model, and examine the opportuni-
ties in power semiconductors and
power electronic systems.

A unified definition for Digital
Twin does not currently exist. Here
are some definitions:

m At its simplest level, a Digital Twin
is a virtual, dynamically synchro-
nized representation of an asset in
the physical world [2].

m A Digital Twin is a virtual represen-
tation of real-world entities and
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processes, synchronized at a speci-

fied frequency and fidelity [3].

The National Academies of Sci-
ences, Engineering, and Medicine
(NASEM) utilizes a more verbose
definition, but it stresses bidirec-
tional interaction between the vir-
tual and the physical, and an
emphasis on predictive capability to
“issue predictions beyond the avail-
able data to drive decisions that real-
ize value [4].” A recent article
proposing a Digital Twin framework
for smart manufacturing reviewed
several different definitions for Digi-
tal Twins, including the trait of being
able “to understand, predict, and
optimize performance of the physical
twin” [5]. The intended purpose or
use being an important part of the
definition of the Digital Twin was
emphasized by several speakers and
attendees at a recent NIST CHIPS

Virtual (digital) representation
of a physical entity

Periodic synchronization to
match the physical entity

FIG 1 Four attributes of a Digital Twin.
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workshop on Digital Twins, and was
cited as also being discussed at a
preceding SEMI Digital Twins work-
shop [6]. In addition, the purpose
must be known to determine the
required accuracy and fidelity of the
model (digital representation), syn-
chronization methodology, and asso-
ciated decision-making algorithms
because as the great statistician Dr.
George Box noted “All models are
wrong, some are useful.”
Consequently, we are proposing a
working definition for a Digital Twin
which includes its intended use. A
Digital Twin must possess four criti-
cal attributes shown in Figure 1.
Having a digital representation, at
the simplest construct, is a traditional
model, regardless of how the model is
generated or its intended use. Al is
also succinctly different than a Digi-
tal Twin. Simplistically, think of Al as

Clearyidentified physical
entity (the physical twin)

Intended purpose (use)



the math (for generating the digital
representation or part of the synchro-
nization or part of the decision-mak-
ing algorithm). Consequently, AI and
model are relevant terms with respect
to defining a Digital Twin, but are not
the same thing as a Digital Twin.

A digital transformation has
already begun for the design, verifica-
tion, validation, manufacturing and
operation of all electronic systems
and their components, including
power electronics and semiconduc-
tors. However, the term “Digital Twin”
may not be used due to the relative
infancy in the broad use of the term.
The first use of the phrase “Digital
Twin(s)” in the IEEE Power Electron-
ics Magazine was an article from 2017
noting that IEEE Energy Conversion
Congress and Exposition conference
(ECCE) 2017 had a special session on
“Internet of Things and Digital Twin
for aviation” [7]. A more extensive use
of the term was in an article from 2019
reviewing the first “Design Automa-
tion for Power Electronics (DAPE)”
which was co-located with the 2018
ECCE conference in Portland. The
authors noted the DAPE workshop
identified “Digital Twins” as one of
three emerging trends for design auto-
mation, and discussed the evolving
work around the term [8]. Since then,
five more magazine articles have
incorporated “Digital Twins,” includ-
ing an article which includes discus-
sion of using Digital Twins for health
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monitoring [9]. That article included a
useful graphic, shown in Figure 2.
This current edition contains the arti-
cle “Building the Electric Power Grid
One Unit at a Time” which refers to
“circuit twins for parameter estima-
tion” implying the use of digital twins
of circuit for use in parameter estima-
tion for diagnosis in the Intelligent
Power Stage. These articles demon-
strate the broad applicability of Digital
Twins across the power electronics
ecosystem. Furthermore, the recent
NIST workshop and SEMI whitepaper
were examining Digital Twins with
respect to semiconductor design,
manufacturing, and release to market.

The Journal on Emerging and
Selected Topics in Power Electronics
has had only six articles, with the
first appearing in 2022. Transactions
on Power Electronics has had only 12
since 2020. These statistics, consider-
ing the number of articles published
per publication, show that the use of
the term Digital Twin is relatively
new to the Power Electronics com-
munity, especially in the academic
community. Professor Johann W.
Kolar, ETH Zurich, Switzerland, has
been calling Digital Twin one of the X
technologies that will lead to “Future
Power Electronics 4.0” revolution
which he introduced at IEEE FEP-
PCON X in 2019 and continues to
refine the concept [10], although he
does not deploy the term “digital
transformation.”
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Similarly, industrial members
already may be utilizing different digi-
tal tools to increase their productivity
and quality as part of a digital trans-
formation of their design and build
process, and yet not use the term Dig-
ital Twin. This situation is demon-
strated with the 2023 IEEE APEC
keynote by Grant Pitel, Magna-Power
Electronics titled “Designing for Man-
ufacturability with Software-Based
Constraints: Shortening the Iterative
Design Cycle” [11]. Even though Pitel
never used the terms “Digital Twin”
or “digital transformation,” the con-
cepts of digital representation of a
physical system with an intended pur-
pose (design and build) combined
with synchronization between digital-
physical to make accurate decisions
are throughout the keynote.

The concept of digital transfor-
mation and Digital Twins can also
be seen in some of the recent power
electronics focused European
Union projects, such as Power-
izeD—an innovative EU funded
project with the tag line Digitaliza-
tion of Power Electronic Applica-
tion within Key Technology Value
Chains [12], and HORIZON-CL5-
2024-D3-01-14: Condition & Health
Monitoring in Power Electronics
(PE), which had seven proposals
submitted in January 2024 [13].

If this sounds interesting to you,
there’s opportunities to learn—
and influence—within the Power
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FIG 2 Digital Twin-based health-indicator estimation for a Buck converter [9].
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Electronics Society (PELS) too. One
of the PELS’ 12 technical committees
(TC 10: Design Methodologies) is
focused on the digital technologies to
foster the design of power converters
and their components [14]. TC 10 also
organizes the annual IEEE Design
Methodologies Conference (DMC
https://attend.ieee.org/dmc-2024/),
and hosted the recent very successful
MagNet Challenge [15]. Come join TC
10 and become involved in supporting
the digital transformation of the
power electronics ecosystem.

We end this article with the his-
tory of a similar digital transforma-
tion to provide context to the role of
the Digital Twin and the possible
impact of the impending digital
transformation of the power elec-
tronics industry. At the dawn of the
integrated circuit (IC) industry, ICs
were laid out by hand. Software tool
replacements came about in the
1970s as this process moved to com-
puters—the GDSII layout file format
arose during this time and is still
used today. In the 1980s, the elec-
tronic design automation (EDA)
industry was born as electronics and
semiconductor companies that
developed proprietary software for
designing and verifying their designs
started to spin out these companies.
This was arguably the first “digital
transformation” related to semicon-
ductors and enabled much of the
modeling capability the electronics
industry has today. The resulting
tools enabled designers not just to
layout their transistors, but also
understand the impact of layout on
their designs by integrating SPICE
simulation into the tool.

We will address digital transfor-
mation again in a future article as we
analyze the various investments and
acquisitions happening in the rele-
vant hardware and software tool
space, including traditional EDA
companies. As we approach the next
edition of the IEEE Power Electron-
ics Magazine, celebrating the 10th
Anniversary of the magazine and
almost two years of this column
(Industry Pulse), we hope you, the
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reader, have come to appreciate the
insight this column provides to allow
you to identify opportunities in the
power electronics industry and
understand the impact that power
electronics is having on the world.

**Please share your comments by
email or start a discussion on Linke-
dIn with the tag #PELS_MPEL
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