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Introduction

The IRDS focuses on producing a roadmap of the fundamental build-
ing blocks of the electronics industry spanning from devices to
systems and from systems to devices. These are the foundations
of the Al-centric social-infrastructure of the loT that will be con-
nected via high speed network communication as illustrated in
Fig. 1. The IRDS offers a 15-year outlook that allows enough time for
researchers to study solutions to solve difficult problems looming
10 years ahead and beyond, while offering a series of short-term
technological and system options that can come to full fruition
within the next 5 to 10 years. Finally, the IRDS closely monitors ad-
vancements of the electronics industry in the next coming 5 years
to verify that previously reported projections had indeed been
consistent with actual technology and system actual implemen-
tations adopted in high-volume manufacturing by the electronics
and semiconductor industries.

The 2020 IRDS predicts that many fundamental changes will oc-
cur in the next 15 years. For instance, as device scaling reaches
fundamental limits around the year 2030, Moore’s Law will con-
tinue to hold by stacking multiple layers of transistors in the verti-
cal dimension and by means of new innovative architectures. Will
eventually quantum technology and algorithms allow increasing
functionality per unit area to continue by allowing multiple bits to
physically coexist?

1. Roadmap Methodology Background

The IRDS is the third generation of the roadmap methodology
firstly empirically outlined by Gordon Moore as far back as 1965 (1).

(continued on page 3)
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THE INTERNATIONAL ROoOADMAP FOR DEVICES
AND SysTEMSs (IRDS)

(continued from page 1)

At that time he predicted that the
number of transistors that could be
integrated in a single die (i.e., in an
integrated circuit, (IC)) will double
every year for the subsequent 10
years. His prediction turned out to
be correct and in 1975 he revised his
prediction to a doubling of transis-
tors every 2 years for the foresee-
able future (2). He also identified
three fundamental contributors to
achieving these results: IC architec-
ture, miniaturization of components
and the ability to produce increas-
ingly larger dice at low cost due to
high manufacturing yields. Around
that time Robert Dennard published

Deep learning
Data mining

a set of rules on how to easily predict
performance of scaled down transis-
tors (3). The semiconductor industry
diligently followed these guidelines
for the subsequent 15 years.

Dennard methodology held true
until about 2005. Conversely, Moore’s
Law still holds true to this day and it
is anticipated that will continue to be
valid for at least the next 10 years.

In 1991 universities, industry
and government organizations in
the US got together and decided to
formalize in a comprehensive docu-
ment the details of future trends
governing the future of the semi-
conductor and electronics indus-

tries with a 15-year outlook. The
question of this exercise was: “How
long will Moore’s Law continue to
be applicable?” For this purpose 11
Technology Working Groups (TWGs)
were formed. The National Technol-
ogy Roadmap for Semiconductors
(NTRS) was published in 1992, 1994
and 1997, respectively.

By 1996 it became clear that major
roadblocks were going to be encoun-
tered by the beginning of the next
decade; for instance, the thickness of
the gate dielectric would have been
nullified by 2005 at the latest. Solving
these problems required a full re-en-
gineering of the transistor structure
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Fig. 1. IRDS provides the building blocks of the future loT society
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The Ideal MOS Transistor
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Fig. 2. 1998ITRS proposed transistor structure

in a way that had been done be-
fore. This was no longer a US-only
problem; it affected the entire semi-
conductor industry and electronics
industries around the world.

To efficiently tackle this problem,
the International Technology Roadmap
for Semiconductors (ITRS) was
formed in 1998 with participation of
organizations from Europe, Japan,
Korea, Taiwan and the US. An ag-
gressive and revolutionary program
to completely overall how transistors
are structured and manufactured
was outlined (Fig. 2).

Extensive cooperation of universi-
ties, suppliers, multiple governments’
funded programs and consortia
around the world led to the system-
atic introduction in rapid succession
of strained silicon, high-k/metal-gate,
FinFET in manufacturing. This effort
was completed by 2011 and saved
the semiconductor and the electron-
ics industry.

2. The Continuously Evolving
Supply Chain

The introduction of the personal
computer (PC) in the 80s revolution-
ized the semiconductor industry.
Until then semiconductor manufac-
tures had sold their products to cor-

porations that integrated different
semiconductor products into unique
systems (e.g., mainframe comput-
ers), that were sold or leased to
other corporations. However, the
diffusion of the PC quickly reached
the consumer market and the ad-
vent of the Internet further popular-
ized the adoption of notebooks as
communication devices. However,
consumers continually have differ-
ent requirements—most of all they
want new and exciting products on
an almost monthly schedule never
experienced before by the semicon-
ductor industry. The combination of
Intel, as the integrated device manu-
facturer (IDM) and Microsoft, as the
almost exclusive software provider
arose to the task and was able to
respond to this escalating demand.
Additionally, Intel dominated the
PC market leaving the role of the
system integrators to mere receiv-
ers of software and technology with
limited choices on how to integrate
the PC or notebook (e.g., screen size,
amount of memory, etc.).

The introduction of the iPhone
in 2007 and the introduction of the
iPad in 2010 revolutionized the sup-
ply chain model even further. Apple
demonstrated that system integra-
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tors could design their own prod-
ucts, design their own chips and
have them successfully manufac-
tured by a foundry.

In the PC-era Intel and Microsoft
controlled the pace of the electron-
ics market, in the smart phone-era
the system integrators (in asso-
ciation with foundries) had finally
regained the driver seat position
controlling the growth of the elec-
tronics industry.

3. From ITRS to IRDS

In the 2013 ITRS it was anticipated
that some fundamental dimensional
and architectural limits were going
to be reached in the not too distant
future, first by memory products and
then by logic products as well. In es-
sence, increasing transistor density
by making them smaller was going
to become too expensive for memory
manufactures due to escalating li-
thography costs. On the other hand,
logic circuits were becoming too
crowded to simultaneously accom-
modate for higher functional density
and reduced power dissipation.

The 2013 ITRS recommendation
consisted in aggressively utilizing
the vertical dimension to increase
the number of transistors packed
per unit area (Fig. 3). Flash memo-
ry manufacturers were fast to re-
spond to this recommendation and
by 2015 new Flash products stack-
ing tens of layers of memory cells
were announced; forecasts of adding
hundreds of layers as time went by
were projected also. This vertical ap-
proach to increasing transistor den-
sity has become today’s reality as
Flash memory products with more
than 100 layers have been reported
for imminent introduction.

Furthermore, by 2012 it had be-
come clear that requirements for-
mulated by system integrators were
solidly controlling designs of new
semiconductor circuits. New capa-
bilities were constantly required to
be added to new custom ICs driven
by consumers’ needs. As a response,
the ITRS number of TWGs and



roadmap chapters had grown to 17.
To evolve in synchronicity with the
new ecosystem the roadmap evolved
and transitioned in 2014 into an in-
terim structure under the name of
“ITRS 2.0.” With this transforma-
tion the TWGs were integrated into
clusters accordingly to the level of
interdependence of their activities.
In addition, new clusters covering
subjects not considered before were
formed under the new terminology
of International Focus Teams (IFTs).

In the new methodology, system
requirements percolated down into
IC requirements and IC innovations
quickly escalated up to create new
options for system integrators. This
transformation was completed by
late 2015 and published under the
name of “2015 ITRS 2.0.”

With this transformation com-
pleted the new broader mission of
the roadmap going forward was
sealed under a new name: Internation-
al Roadmap of Devices and Systems
(IRDS). The International Roadmap
Committee (IRC) is composed of rep-
resentatives from the European Aca-
demic and Scientific Association for
NanoElectronics (SINANO), the Sys-
tem and Device Roadmap of Japan
(SDRJ), the IEEE Electron Devices So-
ciety (EDS), and from the IEEE Com-
puter Society (CS).

During this transformational pe-
riod, the structure of the electron-
ics industry and the semiconductor
industry had completely changed.
Faced with increasing costs of re-
search, design and manufacturing
multiple companies decided to give
up on manufacturing leading-edge
digital semiconductors to concen-
trate all their resources on IC designs
and, in limited cases, to still produce
specialty semiconductors. Nowa-
days the system integrators—foundry
model increasingly has replaced the
IDM-system integrators model of the
past decades. Under these condi-
tions it became evident that the IRDS
had evolved far beyond the initial
world of semiconductors and need-
ed to move to a much broader orga-

The Ideal MOS Transistor (2025~2040)
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Fig. 3. 2013ITRS proposed vertical transistor evolution

nization. In May 2016, IEEE adopted
the IRDS under the umbrella of the
Rebooting Computing Initiative (RCI)
as the two organizations were seren-
dipity complementing each other.

The System device roadmap com-
mittees of Japan (SDRJ) supported
by the Japan Society of Applied
Physics (JSAP), and the European
SINANO institute have been actively
participating in the IRDS from 2017
and 2018 respectively.

The international organizations
from Japan and EU have been con-
tributing to the IEEE IRDS™ by jointly
addressing technical topics and di-
rections making it a true interna-
tional effort. Monthly international
webinars are regularly held to ex-
change regional information and
recommendations on technical and
management subjects.

4. IRDS Structure: The IFTs
1. Applications Benchmarking (AB)
The mission of the Applications
Benchmarking (AB) IFT in the
IRDS is to update and identify
key application drivers, and to
track and roadmap the perfor-
mance of these applications
for the next 15 years. The out-
put of the AB market drivers in

conjunction with the drivers of
the Systems and Architectures
(SA) IFT, generates a cross-
matrix map showing which
application(s) are important or
critical (gating) for each market.

. Systems and Architecture (SA)

The mission of the System Ar-
chitecture (SA) chapter in the
IRDS is to establish a top-down,
system-driven 15-year road-
mapping framework for key
market drivers of the semicon-
ductor industry. The SA chapter
is proposing roadmaps of rel-
evant system metrics for mobile
applications, datacenter, loT, and
cyber-physical systems (CPS).

. Outside system Connectivity

(OSC)

The mission of the OSC IFT in
the IRDS consists in identifying
and assessing capabilities need-
ed to connect most elements
of the Internet of Everything
(loE) and highlight technology
needs and gaps. This includes
supporting interconnection of
a broad range of sensors, de-
vices, and products to support
information communication,
processing and analysis for
many applications including

July 2020 O IEEE Electron Devices Society Newsletter 5



automobiles, aerospace, and a
wide range of loT applications
for personal use, home, trans-
portation, factory, and ware-
house. Communication of data
over fiber optic circuits to data
centers and fiber optic commu-
nication within data centersisin
scope for this chapter.

. More Moore (MM)

The More Moore (MM) IFT of
the IRDS provides physical,
electrical and reliability require-
ments for logic and memory tech-
nologies to sustain More Moore
(Power, performance, area, cost
(PPAC) scaling for big data, mo-
bility, and cloud (loT and server)
applications and forecasted log-
ic and memory technologies
(15 years) in main-stream/high-
volume manufacturing (HVM).
The 2013 ITRS already anticipat-
ed that fundamental limits of 2D
scaling were going to be reached
for all product lines between
2015 and 2021.

Already 72-96 layers of
Flash memory cells have been
demonstrated in manufactur-
ing. It is anticipated that logic
technologies will transition to
3D approaches in the next few
years. These technological so-
lutions will assure continuation
of Moore’s Law for additional
10-15 years.

. Beyond CMOS (BC)

The goal of the Beyond CMOS
(BC) IFT of the IRDS is to sur-
vey, assess, and catalog viable
new information processing
devices and system architec-
tures due to their relevance on
technological choices. It is also
important to identify the scien-
tific/technological challenges
gating their acceptance by the
semiconductor industry as
having acceptable risk for fur-
ther development. Another goal
is to pursue long-term alterna-
tive solutions to technologies
addressed in More-than-Moore
(MtM) entries.

6. Cryogenics Electronics and

Quantum Information Process-
ing (CE&QIP)

The goal of this chapter for the
IRDS is to survey, catalog, and
assess the status of technolo-
gies in the areas of cryogenic
electronics and quantum infor-
mation processing. Application
drivers are identified for suf-
ficiently developed technolo-
gies and application needs are
mapped as a function of time
against projected capabilities
to identify challenges requiring
research and development ef-
fort. Cryogenicelectronics (also
referred to as low-temperature
electronics or cold electron-
ics) is defined by operation at
cryogenic temperatures (below
-150 C or 123.15 K) and includes
devices and circuits made from
a variety of materials including
insulators, conductors, semi-
conductors, superconductors,
or topological materials. Ex-
isting and emerging applica-
tions are driving development
of novel cryogenic electronic
technologies.

Quantum information pro-
cessing is different in that it
uses qubits, two-state quan-
tum-mechanical systems that
can be in coherent superposi-
tions of both states at the same
time, which can have compu-
tational advantages. Measure-
ment of a qubit causes it to
collapse to either one state or
the other.

. Packaging Integration (PI)

The Packaging Integration (PI)
focus of the IRDS is divided
between the near-term assem-
bly and packaging roadmap
requirements and the intro-
duction of many new require-
ments and potential solutions
to meet market needs in the
longer term. Packaging inte-
gration is the final manufac-
turing process transforming
semiconductor devices into

6 IEEE Electron Devices Society Newsletter O July 2020

functional products for the end
user. Packaging provides elec-
trical connections for signal
transmission, power input, and
voltage control. It also provides
solutions for thermal dissipa-
tion and the physical protec-
tion required for reliability.
Heterogeneous integration of
multiple technologies has be-
come a dominant factor in the
past 10 years enabling a variety
of new products, especially in
the mobile category.

. Factory Integration (FI)

The Factory Integration (FI)
focus area is dedicated to en-
suring that the semiconductor-
manufacturing infrastructure
contains the necessary com-
ponents to produce items at
affordable cost and high vol-
ume. Realizing the potential of
Moore’s Law requires taking
full advantage of device fea-
ture size reductions, new ma-
terials, yield improvement to
near 100%, wafer size increas-
es, and other manufacturing
productivity improvements.
This in turn requires a factory
system that can fully integrate
additional factory components
and utilize these components
collectively to deliver items
that meet specifications de-
termined by other IRDS focus
areas as well as cost, volume,
and yield targets.

. Lithography (L)

The Lithography (L) focus area
of patterning technology has
been high-performance logic
chips, DRAM memory, and
Flash memory. High perfor-
mance logic chips are now the
drivers for better resolution
features, Extreme Ultraviolet
Lithography (EUVL) is now be-
ing implemented into manu-
facturing for leading edge
logic due to the benefits it of-
fers in reducing development
cycle and manufacturing cycle
times, decreasing the numbers



10.

1.

of patterning levels and reduc-
ing overall complexity. DRAM
memory is trailing high perfor-
mance logic in critical dimen-
sions and in using EUVL. Flash
memory has switched from
scaling horizontally to stack-
ing vertically and its patterning
challenges relate to cost and to
finding processes that reduce
process steps.

Yield Enhancement (YE)

The Yield Enhancement (YE)
focus area is dedicated to activi-
ties ensuring that semiconduc-
tor manufacturing is optimized
for production of the maximum
number of functional units.
Identifying, reducing, and avoid-
ing relevant defects and con-
tamination that can adversely
affect and reduce overall prod-
uct output are necessary to ac-
complish this goal. Yield in most
industries has been defined as
the number of functional and
sealable products made divided
by the number of products that
can be potentially made. In the
semiconductor industry, yield is
represented by the functional-
ity and reliability of integrated
circuits produced on the wafer
surfaces. During the manufac-
turing of ICsyield lossis caused,
for example, by defects, faults,
process variations, and design.
The Yield chapter of the IRDS
presents the current advanced
and next generation future re-
quirements for high-yielding
manufacturing of More Moore
as well as More than Moore
products.

Metrology (M)

The Metrology Chapter (M) of
the IRDS identifies emerging
measurement challenges from
devices, systems, and integra-
tion in the semiconductor in-
dustry and describes research
and development pathways for
overcoming them. Metrology
Chapter focused on reviewing
and updating references. This

includes, but is not limited to,
measurement needs for ex-
tending CMOS, beyond CMOS
technologies, novel commu-
nication devices, sensors and
transducers, materials charac-
terization and structure/func-
tion relationships. This also
includes metrology required
in research and development,
and techniques providing pro-
cess control in manufacturing,
yield, and failure analysis.

12. Environment, Safety, Health,
and Sustainability (ESH/S)
The Environmental, Safety,
Health, and Sustainability
(ESH/S) chapter of the IRDS
serves to provide a long-range
framework and process for
all key stakeholders in the
semiconductor and microelec-
tronics industry, to develop
proactive technical solutions
to address critical ESH/S chal-
lenges up front, without gating
industry R&D, mitigating cost,
ensuring business continuity,
and identifying key new mar-
kets and opportunities.

13. More Than Moore (MtM)
The More than Moore chapter of
the 2020 IRDS is devoted to the
incorporation into smart elec-
tronic systems of non-digital
functionalities that do not neces-
sarily scale according to Moore's
Law. These new functionalities
provide additional value in the
field of sensors, actuators, or
power management. This func-
tional diversification allows a
number of systems to more
efficient interacting with each
other and also offer new ways to
communicate with the outside
world while minimizing energy
consumption by powering the
nano-systems with “free” en-
ergy harvesting.

5. Planning for the next 15 years
with the IRDS

Several events are predicted by the
2020 IRDS that could lead to a yet

new ecosystem of the electronics
industry in the third decade of this
century. However, the transition will
not happen very smoothly or even
at all unless action is taken imme-
diately. The warning given by the
2020 IRDS is meant to stimulate ini-
tiation of programs in a timely man-
ner. A few of these transition points
stand out:

Most of All, Scaling Will Reach
Its Limits in the Second Half of
This Decade

Feature scaling has substantially
contributed to increasing the number
of transistors per die in accordance
with Moore’s Law (1,2) since the be-
ginning of the IC industry. Imaging
of features of smaller dimensions to
increase transistor density and per-
formance has been accomplished
for the past 50 years utilizing light of
progressively smaller wavelength
and lenses of higher numerical ap-
ertures. During this time, the ex-
posure wavelength of lithographic
equipment evolved from 436 nm
to 193 nm, yielding a reduction of
device features from the 10-micron
range in the 1970s to tens of nano-
meters nowadays.

EUV imaging technology (13.5 nm)
has beenintroduced into manufactur-
ing in the past couple of years, after
more than 20 years in development.
The NA of the present equipment is
0.33 and the ultimate exposure tool
with NA better than 0.5 will be intro-
duced by 2023. The downside is that
according to all experts no new cost-
effective imaging technology will be
available in the future. It is expected
that features around 7-8 nm will be
in manufacturing somewhat before
2030 but no additional feature re-
ductions are anticipated beyond that
(Fig. 4).

Fear not, the game is not over! All
Flash memory manufacturers are ag-
gressively using the vertical dimen-
sion of ICs to increase the number of
transistors per unit area. Logic device
manufacture will follow later in the
decade. Innovative architecture will
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continue to increase functionality.
As Al technologies and architectures
continue to advance in combination
with leading-edge ultra-low-power
semiconductor technologies, it will
be possible to realize Al-equipped-cy-
ber-physical systems to be deployed

in the loT-edge systems; eventually
some of these applications will be
“attached” on/in our bodies for medi-
cation and healthcare. Furthermore,
a variety of quantum computing and
information technologies are fighting
to replace scaling—promising innova-

tive avenues to increase functional-
ity. The adoption of multiple bits per
component will open up the 4th di-
mension to increasing functionality
without requirements for reducing
feature size.

Read all the details of the IRDS
in the currently on line issues
2016, 2017 and 2018 and the latest
2020 IRDS at the following address
https://irds.ieee.org/editions and
in the multiple articles coming up
on this publication in the following
months.
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HigHLIGHTS OF THE 4TH IEEE ELeEcTRON DEVICES
TeEcHNOLOGY AND MAanNurFacTuringG EDTM VIRTUAL

The 4th |IEEE Electron Devices Tech-
nology and Manufacturing (EDTM)
virtual conference was held from
April 6 to April 21, 2020. The EDTM
2020 virtual conference was the
1st of its kind EDS-sponsored con-
ference and has been a learning
experience for the conference or-
ganizers, and participating authors,
plenary speakers, sponsors & exhib-
itors, and attendees.

The EDTM 2020 was planned as
a full three-day event at the Hotel
Equatorial, Penang, Malaysia from
March 16 to 18, 2020. However, as the
health and wellbeing of all concerned

ConrFerencE, 2020

became a huge threat due to the
COVID-19 pandemic, the organizing
committee by calling an emergency
meeting decided to hold the confer-
ence as a virtual event with the help
of the IEEE Meetings, Conferences &
Events (MCE) Digital Events Team.
In this virtual event, all PowerPoint
presentations with narrations/voice
were prepared as MP4 videos and
uploaded on the EDTM 2020 Digital
Platform (ON24) created and main-
tained by the IEEE MCE Digital Events
Team. The EDTM 2020 virtual confer-
ence went live on April 6 at 9:00 AM
(Malaysia Time, MYT) and closed on
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April 21, 3:00 PM (MYT). Thus, the at-
tendees of 27 participating countries
from different time zones had 24/7
access to the EDTM 2020 Digital Plat-
form for over two weeks and listen to
the presentations at any time from
any part of the world on mobile or
any other computing device.

The EDTM 2020 virtual event fea-
tured a technical program of 182 pa-
pers by the very best expert and
young scientists and engineers in the
field of electron devices technology
and manufacturing from 27 different
countries worldwide; six Plenary Talks
by internationally recognized technical



leaders from the industry and aca-

demia spread over three scheduled

days of the conference; and four local

(Penang) high school student Posters;

as well as presentations from 13 spon-

sors and one exhibitor. The EDTM

2020 prepared to offer four Tutorials

and three Short Courses by the highly

accomplished Instructors on Sunday,

March 15, 2020; however, these pre-

conference academic programs as

well as the conference social events
were cancelled for the convenience of
this 1st EDS virtual conference.

Three Plenary Talks in Day 1 of the
program were:

e “The Forever Exponential?
Moore's Law: Past, Present
and Future,” by Kaizad Mistry,
Corporate Vice President, Intel
Corporation.

e “Semiconductor Nanowires for
Optoelectronics Applications,”
by Chennupati Jagadish, Pro-
fessor, the Australian National
University, Canberra, Australia.

e “Rapid Yield Improvement Using
Intelligent Data Mining,” by Vivek
Jain, Senior Vice President, Max-
im Integrated.

Next, two Plenary Talks in Day 2 of
the program were:

e C(Critical Feature Size of Device
Manufacturing for Dominating
MOSFET Evolutions, by Digh Hisa-
moto, Research & Development,
Hitachi, Ltd.

e “Research Toward Monolith-
ic Three-Dimensional ICs,” by

Lance Li, Director, Corporate Re-
search, Taiwan Semiconductor
Manufacturing Company (TSMC).
And, the Day 3 Plenary Talk was:

e “Nanocarbon Interconnects—
from 1D to 3D,” by Cary Y. Yang,
Professor, Santa Clara University.
The conference technical program

was organized into a total of 32 ses-

sions with multiple parallel and fo-
cused sessions featuring papers on
the emerging areas of the electron
devices technology and manufactur-

ing for systems integration from 10

technical subcommittees:

e Materials;

e Process and Tools for
Manufacturing;

e Devices and Smart Systems for
Internet of Things (loT);

e Smart Power and Renewable
Energy Devices;

e Modeling and Simulation;

e Reliability;

e Packaging and Heterogeneous In-
tegration;

e Manufacturing Yield;

e Emerging Photonics, Bio-photon-
ics, Optoelectronics Technologies,
and Novel Photovoltaic Devices;

e Artificial Intelligence (Al) and Ma-
chine Learning;

Each session included contributed
and invited papers on cutting-edge
device and manufacturing technology
(https://ewh.ieee.org/conf/edtm/2020/
virtual/sessions.html). In this brief
review, no attempt is made to sum-
marize these papers. The following

basic trends are observed from the
presented papers at the EDTM 2020
virtual conference.

A large number of presentations
were on materials for manufactur-
ing showing a huge R&D effort in
this area. The papers include nano-
technology materials for manufac-
turing; materials for novel devices;
2D-materials and devices; materials
processing; and 2.5D/3D integration.

The papers on device technology
included presentations from all major
areas including planar and non-planar
MOSFETs devices and CMOS technol-
ogy; sensors and inductors; emerging
memory devices; RF devices; emerg-
ing photovoltaic devices and detec-
tors; power devices including GaN and
llI-V, and SiC devices, emerging mem-
ory devices; and flexible electronics
devices and wearables. The numeri-
cal simulation and device modeling
included a large number of theoretical
research papers on emerging devices
in the search for post-CMQOS alterna-
tive devices.

There has been a number of ex-
cellent papers on manufacturing
and device characterization as well
as packaging and heterogeneous
integration. Also, excellent research
papers on artificial intelligence and
machine learning were presented in
EDTM 2020 virtual conference.

Samar Saha
Prospicient Devices, USA
EDTM 2020 Co-General Chair

images for meetings.

IEEE-Branded Virtual Backgrounds for
Video Conferencing Tools

IEEE has created IEEE-branded virtual backgrounds
for video conferencing tools like Zoom and Microsoft
Team. Visit the page to download the images and
view instructions on how to upload the background
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UprprcominNg TECHNICAL

66th

International
Electron
Devices
Meeting

MEETINGS

IEEE INTERNATIONAL ELECTRON DEVICES MEETING
To Be HeELD VIRTUALLY

Special focus sessions will be held on the following topics:
e Technologies Enabling 5G and Beyond

e Future Interconnect Technology

e Advanced IC Design and Integration in Wide-Bandgap Technologies
e DeviceTechnologies for Cryogenic Electronics

e Energy Harvesting and Wireless Power Transmission

e Next Generation Design-Technology Co-Optimization (DTCO)

PISCATAWAY, NJ—Under the theme
“Innovative Devices for a Better
Future,” the 66th annual IEEE Inter-
national Electron Devices Meeting
(IEDM) will take place December 12-16,
2020 as a virtual conference, given
the ongoing uncertainties posed by
the prevailing COVID-19 pandemic.
A mix of live and recorded sessions
will be used to showcase and discuss
the world’s best original work in all
areas of microelectronics research
and development.

IEDM 2020 has issued a Call for Papers
seeking the world’s best original work
in all areas of microelectronics research
and development.

The paper submission deadline is
Friday, August 28, 2020. Authors

are asked to submit four-page camera-
ready papers. Accepted papers will be
published as-is in the proceedings. A
few late-news papers also will be ac-
cepted, covering only the most recent
and noteworthy developments. The
late-news submission deadline is Fri-
day, October 2, 2020.

The IEDM is the premier forum for
technological breakthroughs in semi-
conductor and electron device technol-
ogy, manufacturing, design, physics
and modeling. Each year, the world’s
leading technologists gather to par
ticipate in a technical program of more
than 220 presentations, plus panels,
focus sessions, tutorials, Short Cours-
es, supplier exhibits, IEEE/EDS award
presentations and other events high-
lighting the industry’s best work.
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“Last year's IEDM conference was a
great success, with about 1,900 at-
tendees, the most in more than a
decade, and the highest participa-
tion ever in our tutorials and short
courses. No matter where you turned
something exciting was happening,
whether it was a greatly anticipated
late-news paper on 5nm technology;
thought-provoking plenary talks; the
popular quantum computing infra-
structure focus session and Satur-
day tutorials; or the many papers on
novel 3D and memory technologies,
just to name a few,” said DinaTriyoso,
IEDM 2020 Publicity Chair and Tech-
nologist at TEL Technology Center,
America, LLC. “This year, the IEDM
Executive Committee has decided that
in the interest of prioritizing the health
and safety of the scientific community,



Linda Somerville, VP, Micro Technology, speaking at the IEDM career luncheon.

a virtual approach is the best option,”
she said.

“Transistors and other electron de-
vices are the building blocks of elec-
tronic systems which are used in a
greater number of applications, to
solve a wider variety of problems,
than ever before,” said Meng-Fan
(Marvin) Chang, IEEE Fellow and Dis-
tinguished Professor of Electrical
Engineering at National Tsing Hua
University. “Helping to make this pos-
sible are the state-of-the-art results
that will be presented at IEDM, and
the opportunity to interact with col-
leagues from academia and industry
around the world””

IEDM 2020 encourages submissions
in all areas, with special emphasis on:
e Neuromorphic computing/Al

e Quantum computing devices

e Devices for RE 5G,THz and
mmWave

e Advanced memory technologies

e Technologies for advanced
logic nodes

¢ Non-charge-based devices
and systems

e Advanced power devices, modules
and systems

e Sensors, MEMS and bioelectronics

e Package-device level interactions

e Electron device simulation and
modeling

e Robustness/security of electronic
circuits and systems

e Optoelectronics, displays and
imaging systems

The IEDM technical subcommittees
are as follows:
e Advanced LogicTechnology (ALT)

¢ Emerging Device and Compute
Technology (EDT)

e MemoryTechnology (MT)

e  Microwave, Millimeter Wave and
AnalogTechnology (MAT)

¢ Modeling and Simulation (MS)

e Optoelectronics, Displays and
Imagers (ODI)

e Power Devices and Systems (PDS)
e Reliability of Systems and
Devices (RSD)

e Sensors, MEMS and Bioelectronics
(SMB)

Further information

For more information, visit the IEDM
2020 home page at www.ieee-iedm
.org.

Follow IEDM via social media

* Twitter: www.ieee-iedm.org/twitter

e LinkedIn: www.ieee-iedm.org/
linkedin

e Facebook: www.ieee-iedm.org/
facebook

Gary Dagastine
Dagastine & Co. PR
gdagastine @nycap.rr.com

Chris Burke
BtB Marketing Communications
chris.burke @btbmarketing.com
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2020 IEEE INTERNATIONAL INTEGRATED RELIABILITY

WorksHor (IIRW)

The 2020 IEEE International Integrated
Reliability Workshop (IIRW), sponsored
by the IEEE Electron Devices Society
and the IEEE Reliability Society, will be
held at the Stanford Sierra Conference
Center on the shores of Fallen Leaf
Lake near South Lake Tahoe, Califor-
nia, October 4-8, 2020. This workshop
provides a unique forum for open,
lively discussions of all areas of semi-
conductor device and materials reli-
ability in an intimate setting.

The workshop will include such
semiconductor reliability topics as:
emerging memory technologies, Fin-
FET on bulk and SOI, high-k and
nitrided SiO, gate dielectrics, the reli-
ability assessment of novel devices,
power devices and wideband gap ma-
terial reliability, organic electronics,
transistor reliability including hot car-
riers and NBTI/PBTI, MOL and BEOL
interconnects and low-k dielectrics.
The conference will also cover prod-
uct reliability, the impact of transis-
tor degradation on circuit reliability,
reliability modeling and simulation,
optoelectronics, single event upsets,
array testing and others. Special focus
this year will be on thermal stress and
self-heating effects, power and wide-
bandgap device reliability, and defect-
driven high volume manufacturing
reliability impacts.

Located 6400 feet above sea level in
the California Sierra Nevada, the Stan-
ford Sierra Conference Center provides
an ideal atmosphere for a relaxing and

informative technical workshop. All as-
pects of the workshop, including the
remote location and absence of typi-
cal distractions encourages extensive
interaction among the workshop at-
tendees. IIRW participants are drawn
into technical discussions from the
start; and the format of the technical
program, engages attendees with high
quality content and time for enjoyment
of the natural surroundings.

The conference traditionally begins
Sunday evening after the majority of
attendees arrive. The Sunday night
talk, designed for the weary traveler,
is a presentation on an interesting
topic either peripherally related to reli-
ability, or simply an interesting hobby
or business from one of the attendees.

Over the previous 2 years, the
IIRW “Reliability Experts Forum” has
become an integral part of the con-
ference. This forum brings reliabil-
ity experts to one platform leading
to very invigorating discussions. This
year, the forum will be focus on the
current Back End of Line and Middle
of Line (BEOL & MOL) reliability phys-
ics and reliability related challenges.
The event is expected to have partici-
pation from experts as panelists and
researchers as participants. It aims to
have discussion on Electromigration,
stress-migration, and the oxide integ-
rity of MOL and BEOL dielectrics, such
as Kristoff Croes (imec), Lado Filipo-
vic (TU Vienna), and JR Lloyd (SUNY
Polytechnic).
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IIRW also provides several mod-
erated discussion groups held in the
evenings, followed up with multiple
Special Interest Groups. These groups
are composed of small groups of at-
tendees who want to continue their
discussions on a particular topic of in-
terest, which often continue even after
the workshop.

One unique aspect of the workshop
is the opportunity for any attendee to
present a walk-in poster of their latest
work. Finally, attendees have Wednes-
day afternoon off to enjoy a variety of
outdoor activities such as hiking, vol-
leyball, sailing or kayaking, biking,
walking, or simply continuing that in-
triguing conversation from the night
before. This free afternoon is a great
way to not only network, but also to
build long-lasting friendships.

Additional information about the
workshop is available on the IIRW
website at www.iirw.org, or by con-
tacting Stanislav Tyaginov, 2020 [IRW
General Chair, (gc.iirw@gmail.com).
Information on the Stanford Camp is
available at stanfordsierra.org.

On behalf of the 2020 [IRW Man-
agement Committee, | look forward
to meeting you at the Stanford Si-
erra Camp on Fallen Leaf Lake in Oc-
tober 2020.

Matt Ring

2020 IIRW TPC Chair
tpc.iirw@gmail.com
ON Semiconductor
S. Portland, ME



Mib-YeEar Boarbp oF GoveErnors MEeTINnG—2020

First time in the
history of EDS,
a Board of Gov-
ernors meeting

» / ;f
‘_‘7“ g had to be orga-
‘. /.|| nized virtually due
Nt ) to the COVID19
MK Radhakrishnan ~ pandemic world-
EDS Secretary wide. Earlier plan

to have the BoG
meeting in Sydney, Australia during
the first weekend of June 2020 had to
be cancelled. Instead, a very success-
ful virtual BoG meeting was orga-
nized on June 7, 2020, using Cisco
WebEx with the support of EDS office
staff. As a virtual meeting, the sched-
ule was limited to three hours from
9:00-12:00 US Eastern Time, but in-
corporating all the presentations as
usual. The meeting was attended by
almost all elected members of the
BoG and EDS Forum members join-
ing online from countries far and
wide at different time zones.

EDS President, Meyya Meyyap-
pan welcomed the online attendees
and informed that the meeting would
have presentations by all the VPs and
others scheduled in the agenda, but
limited to 10 minutes each. The Q&A
was managed by RaviTodi, President-
Elect, with questions and comments
sent to him directly by email. All the
motions were presented with the vot-
ing to take place via email after the
meeting. All the presentations were
made available through the EDS
BoG Agenda link in advance, which
allowed everyone to go through the
presentations prior to the meeting.
Highlights of the presentations and
deliberations include the following.

Bin Zhao, EDSTreasurer, presented
the financial status, reporting a sur-
plus of $1214K in 2019, 50% of which
can be utilized for new initiatives. The

budget for 2020 has been revised due
to the pandemic situation. Both reve-
nue and expenses have been revised
with a substantial reduction in confer-
ences related activities. EDS planned
17 financially sponsored conferences
in 2020 along with technical co- co-
sponsorship of 75-80 other conferenc-
es, as reported by the VP of Meetings,
Kazunari Izhimaru. Out of the finan-
cially sponsored conferences, 3 have
been cancelled and 8 go virtual due
to the pandemic impact. Five others
are now being planned as scheduled
during the later half of the year and
one has been postponed. First vir
tual conference of EDS was EDTM
2020 in Malaysia in April, which was
a great success through all virtual
presentations.

Educational activities ramped up
this year with many new initiatives
as reported by Navakanta Bhat, VP
of Education. EDS summer school re-
quest for 2020 had excellent response
with 11 proposals, out of which one
was selected. Enhanced emphasis on
the EDS webinars and one webinar
each every two weeks addressing the
latest trends in technology is in prog-
ress. EDS certification program is a
new initiative with a combination of
many programs providing opportu-
nities for professional development
while allowing participants acquire
online credits leading to IEEE certifi-
cates. Also, building a strong indus-
try base for Chapters and broadening
the base targeting the students of
all allied disciplines with a motto of
“catch them young” was discussed.

Joachim Burghartz, VP Publica-
tions & Products informed that all
EDS journals (TED, EDL and JEDS) are
growing in the number of papers sub-
mitted. The acceptance rate remains
as that of previous years with EDL

20% as the lowest. The acceptance
rate for EDS co-sponsored journals is
on the average 40-50%. The process-
ing time is improving for all journals
with 3.9 weeks for EDL from submis-
sion to e-publication. The 2019 rev-
enue has increased for both EDL and
TED. Special issues/Sections for se-
lected conference papers of LAEDEC
and ESSDERC has been planned.

Murty Polavarapu, VP Regions
and Chapters, reported that EDS has
211 chapters at present with 6 new
chapters in Region 9. The chapter ac-
tivity reporting has to be streamlined
through Vtools only. All the Chapter
subsidy requests received for 2020
have been disbursed. Due to travel re-
strictions resulting from the pandem-
ic, the DL visits have been suspended
for a while along with MQ plans.
However, the DL activity is ongoing
through online DL talks using different
media platforms, which now can ben-
efit not only the arranging Chapter,
but also members everywhere. Such
a very successful set of DLs recently
organized by the EDS Delhi Chapter
can be a model for all the global chap-
ters. Improving chapter vitality and re-
energizing under-performing student
Chapters are the priority for 2020.

EDS membership growth trends
for recent years was presented by
Patrick Fay, VP for Membership. The
overall membership has been de-
creasing for the last two decades in
every Region, except Region 9 and 10.
A continuous reduction is observed
in Regions 1-6, whereas the growth
is fluctuating in Region 8 with a cur-
rent downward trend. EDS growth
may depend on increase in the value
proposition for non-academics and
young professionals.

John Dallesasse, VP for Technical
Committees, presented the summary

July 2020 O IEEE Electron Devices Society Newsletter 13



of activities for the 14 TCs in EDS.
The mission of the TCs is to promote
the technical and related activities
in the specific areas for the profes-
sional growth of members. Some of
these are in close collaboration with
Education, Conferences and Regions
and Chapters. Promoting activities
like TC-sponsored Mini Colloquia
and supporting Webinars through
TC member involvement are being
planned. Also, contributions to con-
ferences, journals and Newsletter are
in the pipeline.

Paul Berger, VP Strategic Di-
rections, presented a plan for EDS
growth through membership devel-
opment in view of a vision for the
future. Engaging sister societies and
utilizing resources for collabora-
tive activity for updating products
and services to support the multi-
disciplinary and dynamic nature of
emerging technology are in the pipe
line. Meyya Meyyappan requested
the VP and his strategic team to focus
on future visions for EDS, 20 years
and beyond, considering what EDS
and its members would be engaged
in for professional activities, new
technical areas, job prospects and re-
lated matters.

Young Professionals committee
activities were presented by Camilo
Velez, Committee Chair. The commit-
tee has 15 members from around
the globe engaged in organizing YP
events in conferences like LAEDC
and I[EDM 2019. EDS has a strong
presence in social media platforms—
Facebook, Twitter and LinkedIn. YP
is developing Twitter and LinkedIn
as main channels to increase brand
awareness and engagement.

Fernando Guarin, EDS Awards/
Nominations and Elections Chair
informed the status of awards and
nominations including the 2020 BoG
election. As EDS Humanitarian Ac-
tivities Chair, Fernando explained
various activities including those
organized in conjunction with EDS
conferences like LAEDC and projects
like smart drip irrigation, embedded
water quality sensors and solar pow-
ered desalinization. EDS collabora-
tion with IEEE SIGHT is progressing
with projects in Nicaragua.

Samar Saha, EDS Fellow Commit-
tee Chair, reported that 31 nomina-
tions were received this year and the
review was organized by virtual meet-
ing of the committee. EDS Newsletter
Status Report and Development plan

was presented by MK Radhakrish-
nan, Newsletter Oversight Commit-
tee Chair. The development plans by
Newsletter EiC, Daniel Tomaszewski,
includes preparation of guidelines for
contents, enhance YP and WIE news
and contents in every issue of News-
letter and social media promotion of
the key articles.

As planned earlier, the motions
were circulated via email to all
Forum members, all of which are
now approved. These motions in-
clude—approval of December 2019
BoG meeting minutes, June 2020
appointments, 2021 publication
prices and page budgets, Member-
ship dues for 2021, Changes in the
Region 9 Awards committee and
the location for 2021 mid-year Gov-
ernors meeting.

The 2021 mid-year BoG meeting is
planned to be in Sydney, Australia on
May 29-30, 2021.

The first ever virtual meeting was
concluded on time. Meyya Meyyappan
thanked all the participants and at-
tendees around the globe, and ad-
journed the mid-year BoG meeting.

MK Radhakrishnan
EDS Secretary

A MEsSsSAGE FROM EDITOR-IN-CHIEF

Dear Readers, Members of the IEEE
EDS Community,
Welcome to the
July 2020 issue of
the EDS Newsletter.
We all are aware
of today’s unstable
and difficult situ-
ation in the World,
which suffers from
the COVID-19 pan-
demic. Many peo-
ple have been touched by diseases
triggered by SARS-CoV-2 virus. We
share the sorrow of the pandemic vic-
tim’s relatives. Medical services heav-
ily struggle against the pandemic.

Daniel Tomaszewski
Editorin Chief, EDS
Newsletter

They are supported by researchers
who try to develop virus vaccines, and
engineers who design and manufac-
ture equipment for medical care. We
do hope that their efforts will appear
successful in the near future. We also
hope that the pandemic and struggle
against it will enhance efforts of hu-
mans, organizations and societies
towards protecting the World and its
resources, towards more sustainable
human activity.

The pandemic dramatically affects
economics, business and social rela-
tions worldwide. Services, industry
are pushed into emergency opera-
tions, see e.g. a case of ON Semi-
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conductor (evertig.com/news/48085).
Also universities, schools, societ-
ies have suspended or postponed
operations. It is also a case of the IEEE
Electron Devices Society. A program of
EDS Distinguished Lectures has been
temporarily suspended. Numerous
conferences, technical and organiza-
tional meetings have been cancelled,
postponed, or transferred into virtual
mode. For the Society it is a difficult
situation. However, a lot of efforts are
made to cope with it. The Newsletter
Editorial team also tries to mitigate ef-
fects of the pandemic and provide you
with news from the Society. How-
ever, we are not always able to inform



you in advance about recent updates
of the upcoming events. As mentioned
in the April 2020 Issue, reach out the
event websites, please.Thank you.

We hope that you will find many
items of interest in the issue.

Following the past issues of the
Newsletter we continue a Technical
Briefs series. It is our great pleasure
to welcome Dr. Paolo Gargini, who
introduces a series of articles inspired
by the International Roadmap for De-
vices and Systems (IRDS™) reports.
We believe that articles presenting
the future of electronic devices in a
popular form may not only be of in-
terest to you, but may also increase
your expertise. Do not hesitate to
share with us your comments, please.
Apart from this series we will be invit-
ing other experts to contribute to the
Technical Briefs series as well.

We are very glad to publish mes-
sages from the Vice-Presidents of the
Membership and Technical Commit-
tees. Itis our mission to provide a plat-
form for communication between the

Standing and Technical Committees
and EDS readers. The message from
the VP of the Technical Committees is
accompanied by a message from the
Chair of the Compound Semiconduc-
tor Devices & Circuits Committee. We
hope to welcome Chairs of otherTech-
nical Committees and have their mes-
sages in the next Newsletter issues.

The Regional and Chapter News Sec-
tions contain reports from the Chapters
in Asia and Europe. We should make
efforts to increase visibility of other
Chapters as well. A map of the Chap-
ter activities should be more uniform.
It will depend both on the Chapters and
on the Newsletter Regional Editors.

TheYoung Professionals section is
well represented thanks to our Col-
leagues from the chapters in India
and Germany, who shared with us
encouraging messages illustrating a
positive effect of the EDS member-
ship on their activities as profession-
als and volunteers.

As you can easily notice, the News-
letter Editorial Team suffers from

vacancies at the Regional Editor
positions for Regions 5 & 6—South-
western & Western USA and Re-
gion 8—United Kingdom, Middle
East & Africa. Due to this we cannot
provide you with information about
the Society activities in those re-
gions. | dare to say, vacancies always
hinder operation of the master bod-
ies, including semiconductors and
editorial teams. Therefore, one of the
most urgent tasks for us is to fill these
gaps. For this we will closely cooper-
ate with the Newsletter Oversight
Committee and Board of Governors.

Please, send us your feedback, rec-
ommendations, comments regarding
the Newsletter contents. We, Joyce
(j.lombardini@ieee.org) and me (dto-
masz@ite.waw.pl) are looking for-
ward to hearing from you.

Stay safe and healthy in this un-
stable, difficult time. If possible, have
a restful vacation time too.

Sincerely,
Daniel Tomaszewski

OesiTuarYy oF Dr. RicHaArRD L. ANDERSON

Richard L. Anderson,
IEEE Life Fel-
low, died on May
30, 2020. He was
known for his
early work on het-
erojunctions. His
model for the band
alignment based upon the experimen-
tally measured electron affinities of the
contributing semiconductors, known as
the Anderson’s rule, had a large impact
on development of generations of het-
erojunction devices.

Richard Anderson was born in Min-
neapolis, Minnesota in February 1927
At age 4 he moved (with his family)
to a farm north of Milaca, MN. He at-

tended a one-room school for grades
one through eight, and then he went
to high school in the town of Milaca.
When he turned 17 years of age, he
enlisted in the U. S Navy. During World
War Il he served about the aircraft car-
rier U. S. S. Shangri-La in the Pacific
theater. The Shangri-La was referred to
as the Tokyo Express since its planes
were the first to bomb Tokyo. After
the war, the Shangri-La was involved
in the two atomic bomb tests at Bikini
Atoll in the Marshall Islands. (While
three tests were originally scheduled,
the third was cancelled because the
radiation from the first two tests was
too intense for the available measur-
ing equipment.)

Upon returning to the United States,
he spent several months in a Naval
Hospital and received a medical dis-
charge in 1947. He then attended the
University of Minnesota where in
1951 he met and married Claire Pe-
tersen. He received a BS and an MS
in Electrical Engineering from the
University of Minnesota. He then
worked on semiconductor research
at the IBM Research Laboratory in
Poughkeepsie, NewYork. While there,
he earned his Ph.D. in materials sci-
ence at Syracuse University. The
dissertation contained basics of the
Anderson’s rule mentioned above. In
1960, he received a Fulbright-Hays
teaching Fellowship in the Physics
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Department at the University of Ma-
drid. After returning from Spain, he
was employed as a Professor of Elec-
trical Engineering at Syracuse Uni-
versity from 1961 to 1978. During his
time at Syracuse University, he spent
two years of sabbatical leave at the
Escola Polytechnica of the University
of Sao Paulo, Brazil, where he was
instrumental in establishing a semi-
conductor laboratory. In 1978, he
accepted a position as Professor of

Electrical Engineering and Materials
Science at the University of Vermont.
From 1981 to 1991, he was chairman
of the Program in Materials Science.
During his professional career, he
lectured extensively in Europe and
South America. He consulted for the
United Nations, the Organization of
American States, the Brazilian National
Science Foundation, the Council for In-
formatics in Campinas, Brazil, the US
State Department, the U. S. National

Science Foundation, and the Ministries
of Education in Ecuador and Colombia,
as well as several US companies. In
1970, he was awarded a Fellow in the
Institute for Electrical and Electronics
Engineers, and an honorary doctorate
from the University of Sdo Paulo. He is
survived by his wife, two children, and
six grandchildren.

Daniel Tomaszewski
EDS Newsletter Editor-in-Chief

EDS Vice PresipeENnT oF MEMBERSHIP
AND SERVICES REPORT

| am extremely
grateful for the op-
portunity to serve
you, my fellow
members of the
Electron Devices So-
ciety, as the incom-

Patrick Fay ing vice-president
EDS Vice President of membership
of Membership and and services. EDS
Services exists to serve our

members, and the
role of the membership committee is
first and foremost to ensure that we are
responsive to your needs and desires
for the society’s growth and evolution.
EDS is a robust and active technical
society, with more than 10,000 mem-
bers. The common thread that binds
us together is that we are united by a
shared interest in, and appreciation

of, electronic devices. Our member-
ship ranges from undergraduate stu-
dents to senior faculty, researchers in
academic and cutting-edge industrial
settings, practicing engineers and man-
agement in production settings, and
beyond. This breadth and depth of
collective experience and expertise is a
genuine strength of EDS.

Since our goal as a society is to
serve you, our members, please let
me or other members of the mem-
bership committee know if you have
thoughts or ideas that would improve
the value of the society for you. EDS
is very active in providing high-quality
publication venues (including Elec-
tron Device Letters, Transactions on
Electron Devices, the Journal of the
Electron Devices Society, Transactions
on Semiconductor Manufacturing, the
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Journal of Microelectromechanical
Systems, Transactions on Device and
Materials Reliability, and the Journal
of Photovoltaics), as well as premier
electron-device focused technical con-
ferences, educational opportunities
such as the distinguished lecture se-
ries and webinars, and outreach and
service opportunities. The me