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ABSTRACT The new IEEE JOURNAL OF MICROWAVES strives 1o be a broad-scoped publication serving the
whole of the microwave community, both within and beyond the TEEE. This opening article outlines our

philosophy and content, presents our editorial team, and introduces our special Inaugural Issue.
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ABSTRACT Th

microwaves in o

rticle is the first in a cont ies of general interest papers ns of
nd technology that ht not be evident 1o the casual observer. What better
topic to start the series than an introduction to the most pervasive microwave field in the universe: the cosmic

microwave background (CMB). The prediction, J|~.m\|_r), d importance of the CMB frc

of scie
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ABSTRACT This article is the first in a continuing series of bi hical pieces on individuals who have
made significant and continuous contribulions o microwave science, technology, and applications over the
course of their careers. It is intended to bring to the reader, especially those new to the field. a portrait of an
individual who serves as a role model for the community and a detailed description of their accomplishments.
Al the same time, it trics to bridge with commonality, the experiences of the subject with those of the
scientists, engineers, and technologists who are following in their footsteps or hope to establish a similar
record of success. The articles are composed only after an extensive face-to-face interview the subject
and are helped immensely by additional input and ¢ Iy the subjects themselves. The focus of this article
is Dr. John C. Mather, recipient of the 2006 Nobel Prize in Physics, for the first complete measurement of
the cosmic microwave background (CMB) blackbody spectrum, and the first confirmed findings of CMB
anisotropy. For astronomers and cosmologists at least, these were arguably two of the most Jmponanl and
influential experimental discoveries of the 20 century. For microwave engineers, the satellite mi
Dr. A 1 conceived and worked on for more than fifteen years is a crowning achiever
suile of ssful mi sCience | that NASA has developed, built, and delivered to space.
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% make them use

ue properties of micro any diverse applications across a
wide range of ficlds, spanning much of engincering and science. In the chemical sciences, microwaves pro-
vide a toolkit of electric and magnetic effects with which, at high power, unconventional heating modes can
be used to produce new ials not oblai by I heating. Al low power, unique microwave
properties can be used to make lL\‘t.l]m" spectroscopic measurements. In this review, we consider the current
outlook for microwaves in chemistry beginning with the th ical fi wk for our und ding of
microwaves interactions and the causes of results ohserved. We then survey major application areas including
in synihe: nd emerging areas sis, energy, and environmental applications. Finally, we review
concepts in dielectric and magnetic spectroscopy at microwave frequencies with a focus upon dielect
property measurement and electron paramagnetic resonance. This nonexhaustive review secks o highlight
important and emerging areas in the chemical sciences and put into context recent developmenis and advances
in our understanding of li

in this diverse area of science and engineering.
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ABSTRACT Spectroscopic measurements in the millimeter, submillimeter, or THz range. with resolutions
exceeding a MHz. provide for highly specific detections of gas-phase absorption and emission by atoms
and molecules. Due to relatively low excitation energies involved in the transiti muliiple features
are observable in most physical systems, and thus such observations dominate the scientific discovery of
molecules in space and contribute significantly o remote sensing of the Earth and planetary bodies. The

hods and techniques of THz sps o evolve as capabilities and technologies expand. In
this article, we review the p_m_m-i of THz 'ipLLlanJp} in both the laboratory and in space, and follow its
Lo date, p b and context for the current developments that

I £ 1on the ¢
e 1o extend hnlll remole and in-sifu gas composition
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ABSTRACT Radio-Frequency IDentification (RFID) devices and sensors are among the main innovations
of the last years, with an enormous impact on the Interet of Things (loT) physical communication layer
as well as on and robotics. The aim of the present paper is o review the main technologies
H nd 1o identify the correspond atzate-of-the-art when these wechnologies are
applied to realistic 1oT scenarios. Firstly, the concepts of radio b ing and h ic b ing are
analyzed, highlighting the pros and cons of each approach. Then, state-of-the-art solutions are reported, and
the performance of cach of them are discussed, to provide an overview of the potential of RFID-based sensing
in different scenarios.
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ABSTRACT Modern microwave radar technologies and systems are taking important roles in healtheare,
security, and human—-machine interface by remote sensing of human life activities. This paper first reviews
the developments in the past decade on the sensing front-cnd, der tag, and |

ging of other wire-
less infrastructure such as Wi-Fi. Based on the state-of-the-ant engineering technologies. several emerging
applications will then be studied, including continuous authentication, behavior recognition, human-aware
localization, occupancy sensing, blood pressure monitoring, and sleep medicine. As radio frequency spec-
trum becomes a scarce resource, the allocation and spectrum sharing of life activity sensing bandwidth with
other wireless infrastructures will be di:

ssed. Several future research direc
challenges for ubiguitous deployment of these sensing technol

s will be laid oul 1o solve

s at the human—-microwave frontier.
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“It | hawve seen further it is by standing on the shoulders of Glants™
Isac Newton

ABSTRALT  This preface-siyle article contains a brief account of the creators of radio - Lee de Forest,
inventor of the trinde; Edwin Howard Armstrong, inventor of regeneration, the superheterodyne, and wide-
band FM; and David Samoll, head of RCA and champion of ¢lectr
digital age they helped to bring about.

c lele = their influences, and the
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ABSTRACT  As 5G MNew Radio (NR) is being rolled out. research effort is being focused on the evo-
lution of what is o come in the post-5G era, In order 10 meet the diverse requirements of fulure wire-
less communication in terms of increased capacity and reduced latency, wechnologies such as distributed
massive Multiple-Input Multiple-Crutput (MIMO), sub-milli wave and Tera-herts cl become
technology of interest. Fi 1o meel the demands on connectivity anywhere al anylime.
non-terrestrial satellite networks be neaded, which brings about challenges both in terms of implemen-
tation as well as deployment. Finally. scaling up massive Intermet-of-Things (I0T). energy harvesting and
Simulianeous Wireless Information and Power Transfer (SWIPT) is foreseen 1o become important enablers
\\hl.ﬂ deploying a I.rrgl. amrount of small, low-power radios. In this paper, we will discuss some of the

these technologies bring, and the challenges faced by the microwave and wireless
wulmmmnllun communities.
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ABSTRM:'I] This article reviews current rescarch and development as well as future opportunities for
gration lﬂ_lllmlupu for silicon-based meter-wave phased armays in emerging

on Tmpl. ions of state-of-the-an si based phased arrays below 100 GHz
are discussed. mlh emphasis on array architectures for scaling. antenna integration options. substraie
malerials and proces nd 1C-package s:ndt.-upl l']pj'mrlunlllg-i and of |I|n.nkuc In support
phased array applications hL}[]IIll 100 GHi are then | I
interconnect ch
multifunction

s, and nuu_l antenna technologies.

The Role of Millimeter-Wave Technologies in
5G/6G Wireless Communications

WEI HONG ''-? (Fellow, IEEE), ZHI HAO JIANG ©'-? (Member, |EEE), CHAO YU ©'-? (Member, IEEE),
HAIMING WANG "2 (Member, IEEE), CHONG GUO' (Graduate Student Member, IEEE),
YUN HU? (Member, IEEE), LE KUAI ', YINGRUI YU ©1 (Member, IEEE), ZHENGBO JIANG ' (Member, IEEE),

ZHE CHEN ©' (Member, IEEE), JIXIN CHEN ©'-* (Member, IEEE), ZHIQIANG YU ©'-? (Member, IEEE),
S1.2 (Member, IEEE), NIANZU ZHANG', LING TIAN'-* (Member, IEEE),
FAN WU ' (Member, IEEE), GUANGQI YANG' 2, ZHANG-CHENG HAO -2 (Senior Member, IEEE),

AND JIAN Y1 ZHOU @' (Member, IEEE)
(Invited Paper)

"Sase Key Laborstory of Millmeser-Waves. Schood of Information Science and Ungineering. Southesst Usiversty, Nanfing 21009, Chin
“Marpie Mounizin Lahorsireies, Namjing 21111, China

ALTHORS: WEI HONG: THI HAD il:

Thin ok ws sspertod i et by the Nticmal Ky Riscarch . i part by e Naticmal Ntuwal
Scionoe Foundation of China (SFC) wader Gramt 61627601, and in part by the || -4 |.m| oo s 1 atrcpecncurial Rescarch Team Program in Augve

ABSTRACT  Ever since the depl of the first ion of mobile tel ications, wirchess
communication technology has evolved at a dramatically fast pace over the past four decades. The upcoming
lll'lh pm.r.llmll (3G) holds a greal promise in pm\lduu; an ulira-fast data e, a very bow laency, and a

it | P d spectral efficiency by 2 the milli qave spectrum for the first time in
mobile communication infrastructures. In the \L‘Sh be\md 2030, newly emerged data-hungry applications
and the greatly expanded wireless network will call for the sixth-g ion (60) © ication that
represents a significant upgrade from the 5G network — covering almaost the entire surface of the carth
:md the near outer space. In both the 5G and [ullm: GG networks. millimeter-wave l«'hmloglu will play

an i role in ac lishing the envisi network and ¢ ion tasks. In this
paper, the relevant millimeter-wave enabling technologies are reviewed: lhl.) include the recent developments
on the system archi of active b ing arrays. b grated circuits, antennas for
hase stations and user terminals, system it and calibrati 1ml channel characterizati
requirements of cach part for future 6G ications are also bricfly di i

C . thermal approaches. holercgenmus integration of
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ABSTRACT  Although the beginning of research on automotive radar sensors goes back to the 1960s,
automotive radar has remained one of the main drivers of innovation in millimeter wave technology over the
past two decades. Today, millions of sensors are produced each year, which was made possible by inexpensive
and malure imeter wave tlechnology. The technology maturity, bles research to be carried out
on systems that are considerably more complex and powerful than was possible just a few years ago. The
focus of research has thus shified from purely hardware-oriented and device-level topics 1o sophi: ed
millimeter wave systems and RF signal processing topics. This opens up new research topics such as digital
modulation schemes, radar networks, radar imaging, and machine learning. In this review paper. we skeich
the path from the very beginning through the state of the an with sophisticated i i pul
(MIMO) antenna arrays and mature assembly and interconnect concepts to today's key research topics of
autemolive radar.

urn, €
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ABSTRACT  Imaging radar is a key percepli hnology for ive and industrial licati A
It of progress has been made with hlgh channel count sylem‘. :Icn]n_',mg for c:mmplc 12 transmit and
16 receive ch: Is with ded ithic microwave d circuit sol N hel fully

automated driving requires even higher angular lution for drive ver decisions and exact
predictions of object trajectorics in dense urban driving scenarios. Both problens can be solved by increasing
the antenna size and building larger radars. However, there is a physical limit to what can be placed on
the front of a car, and manufacturing very large arrays is guite difficull. Thus, coherent automeotive radar
networks are a way 1o achieve high spatial resolution and obtain the complete velocity vector of an object
from a single measurement. This solution is commercially altractive, as the sensor can remain relatively

small, and complexity can be moved fmm the ph\slcﬂl g Two different
Lest setups, eacl ised of wo L Iipl n the 7677 GHe bamd, are
presented in this article. To obtain azimuth and additional clevation information, the sctups use a 103 and
a 2D antenna array, respectively. Processing-based coherent ion is employed 1o create an additional

radar image with doubled azimuth resolution and improved signal-1o-noise ratio and to enable the estimation
of vectorial target velocities. These benefits are presented and compared with optical reference images in
traflic scenarios,
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ABSTRACT  This work presents some recent solulions that exploit the wireless power transfer (WEFT)
lechnology for ene chicles and machinery wols. Such technolog: currently experi

lented i | RF/mi - seclors fields. such the industrial autom:
e o salety. Near-field ic coupling wlulwns.m. presented s!mmu thal. |n

order to oblain elMicient performances for broad ranges of operati the
co-design of the entire WPT sysiem, from the energy source to the receiver load, needs to he carried aut. This
technology can be combined with wireless data transfer, thus real g i d systems able o simul

ously control the energy transfer and the transmission of data. The adopled operating frequencies are in the
MHz range. which is only recently considered for this Kind of applications. In particular this work focuses
on three different systems: the first one the constant ps ing of “on the move™ industrial
charts at 6.78 MHe. regardless of the relative position of the transmitter and the neceiver sub-systems: the
second one presents a novel design of a balise ransportation system adopting a high efficiency GaN-based
transmitter designed 1o keep its performance over a wide range of loading conditions; the last one consists of
the simultancous wircless power and data transfer, to a rotating machinery tool, automatically controlled by
the powering system based on the coexistence of frequency-diverse inductive and capacitive couplings.
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ABSTRACT Phased array radars have remarkable advantages over radars with single-element antenna in
terms of agility, flexibility, robustness, and reconfigurability. Current pure-electronic phased array radars
face challenges when operating with a large frequency tunable range and/or with broad instanianeous
bandwidth. Microwave photonics, which allows wide bandwidth, flat frequency response, low transmission
loss, and immunity to electromagnetic interference, is a promising

solution to cope with issues faced by pure

clectronics. In this paper, we introduce a general archi of microwave photonic array radar systems
and review the recent advancement of optical beamforming networks, The key elements for modelling the
response of the true time delay (TTD) andfor ph shifting unit are | 1 and discussed. Two typical
array antenna are i duced. ie.. photonic phase shifter based array and optical true

time delay based array. of which the principle and typical implemeniations are described. High-resolution
inverse etic aperture radar (ISAR) imaging is also realized based on crowave photonic array radar,
The possibility of on-chip integration of the microwave photonic armay radar is discussed.
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Decades of Innovation
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ABSTRACT  The microwave spectrum is one of the most valuable natural resource used nowadays in com-
munication. navigation. and remote sensing. With aver a century of heritage. imaging with electromagnetics
had been puzzling researchers and engineers alike. When science and technology advanced enough, early
imaging solutions al the lower end of the microwave spectrum were revealed. Airborne syntheli eriure
radars (SAR), and later spaceborme SAR, were first (o evolve. With their unprecedented capabil in earth
observation and reconnaissance, researchers became even more eager to extend ‘iAR |ma|3_mg_ o hlghcr
frequencies and for dlfl'ercnl 1pp|1ca||ons The last two decades have
and i ions 1o re-i hnologics for 1 security g |

signals can safely penetrate clothing and reveal L’ll‘l]L’I..llL(l threats, e.g., explosives and ﬂrt.mm. without
imposing any health risks or side ¢ffects. This paper presents a historical overview of this evolution and
highlights the latest advances in security microwave imaging.
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ABSTRACT Radar sensors have been widely used to estimate speed and displacement of remote targets. A
novel market for contactless radar sensing is emerging in the field of automatization and process analysis,
where non destructive testing and evaluation methods are desired. Here, modern radar systems offer vari-
ous advantages over conventional sensors since they enable the contactless, continuous, and cost-efficient
measurement of ‘cl:!lu_ or dynamic ranges. Tht.-sc. can fnrlllLr be used for vibration and

zation. Ad 4 in gy, an i

ign characteri-
density, and the development of mwt.l
algorithms keep boosting the erﬁirm:lm.\. of the syst After i Jucing the most

rinciples, such as dulated and freg conti cave radar, diff dc}.lgn aspects
and building blocks of cutting-cdge systems am explained in detail. In the second part. sclected applications
are described in detail. These include the sheet thickness monitoring of metallic foils, and the measurement of
the ground speed of vehicles with the latest approaches. Exemplary low-power radar systems are presented
to show the limits & s of power consumplion while still offeri
vibration sensing and

high measurement precision. In
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J\BSTIIM:T ereles% poucr Lﬂnsl’er [wP‘TJ has a Iong hi: 1ory of over 100 );m since lhc first experiment

lere: 21 century.
ar-ficld WPT
pmducls. 5|||.'I| as win.'ll:ss chargers for mobile phones and electric vehicles. In the next decade, we can
expect the development of far-field WPT via microwaves, through which we can drive Internet of Things
(laT) knsors without batteries based on transmitted or ambient microwave power. We can charge mobile
phone: microwave power. When we focus microwave power on a target by beam forming technology,
transmil higher wireless power o fly drones or from space (o the ecarth. In conjunction with
& development of microwave-based WPT, radio regulations suitable for each country need
cussed. In this paper, | review the history, innovation, and status of the radio regulations of
WPT via microwaves with the classification of wide-beam WPT. including harvesting. and narrow-beam
WPT.
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ABSTRACT Power beaming is the efficient point-to-point transfer of electrical energy across free space by
a dircetive clectromagnetic beam. This paper clarifies the basic principles M power beaming in simple terms,
and proposes a benchmarking methodology for improving the [ of power beaming
systems and technology. An in-depth historical overview tracing the worldwide progress in microwave and
millimeter wave (mmWave) experimental demonstrations over the past 60 years shows clear evidence of a
significant increase in activity during the last 5 years. In addition, a review of progress in scalable rectenna
arrays for the receplion of microwave power ring shows sufficient maturity for new rese:
the ruggedization. productization. and syst egration aspects of the echnology. A re
issues including spectrum management and safety indicates the need for additional technical solutions and
international coordination. Breaking resulis reporicd in this paper include 1) data from the first in-orbit
Might west of a solar-to-RF “sandwich module”™, 23 the construction of multiple US in-orbit demonstrations,
planned for 2023 launch, that will d key technologies for sy based solar power, and 3) a
100-kW mmWave power beaming transmitter demonsirating inherent human life safety.
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ABSTRACT The last decade has contributed 1o the rapid progress in the ﬂyrullon development. Megawan-
class, i wave gy ane as high-po illi oe sources for electron
cycloron heating (ECH) and curremt dmL in the lol&.umks and 'i[l.“.l]’.llo(‘! The progress in gyrotron
development pushes ECH from a minor o a major heating method. Also gyrotron based technological
complexes successfully applied in electron cyclotron resonance ion sources, for microwave ceramic sinlering
and diamond disk production. The paper describes the main features of high quuenc) gyrotrons. Some
data about pulsed and CW wbes, working in the terahentz frequency range. are given. These gyrotrons
operate {in some specific combinations) al very low voltage and beam current, demonstrat extremely
narrow frequency spectrum or wide frequency tuning, Although in comparison with the classical microwave
twhes the gyrotrons are characterized by greater volume and weight due to the presence of bulky paris
(such as superconducting magnets and massive collectors where the cnergy of the spent electron beam
is dissipated) they can casily be embedded in a isticated laboratory i (C.g.

technological systems, etc.). All these advaniageous features have opened the road 1o many novel and
prospective applications of gyrotrons.
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ABSTRACT  This article is the second in a continuing series of biographical pieces on individuals who have
made significant contributions 1o microwave science, lechnology and applications over the course of their
carcers. It is intended to bring 1o the reader, especially those new to the ficld, a portrait of an individual who
serves as a role model for the community and a detailed description of their accomplishments. At the same

time, it tries 1o bridge with commonality, the experiences of the subject with those of the scientists, engineers

and technologists who are following in their footsteps or hope 1o establish a similar record of success.
The articles are composed only after an extensive face-lo-face interview with the subject and are helped
immensely by additional input and editing by the subjects themselves. The focus of this article is Caltech
Professor Carver A. Mead. perhaps best known for his ground breaking work on VLSI design techniques. but
also for the first demonstration of the GaAs MESFET and the originator of Moore's Law. However, Professor
Mead has contributed so much more. and to so many disciplines other than electrical engineering. From
his own description of his interests and focus. he is a chameleon of knowledge, scrambling into. blending
with, and then distinguishing himself in a new field every thirieen years or so, over a career spanning seven
llﬂl.‘:llli:h and still goi age 86, his latest paper, on an intitive approach o electromagnetically coupled
single-elect systems, was just published thi gh we cannot do justice 1o all his
contributions, we han the reader will see 'umlhlnl. ul' the polymath in Professor Mead as we focus just
on his earliest work, where | gle handedly tructed, and tested the world's first Schotiky
barrier gate transistor in his modest ia'hur.llury al Caltech.
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ABSTRACT RF CNTFETs are one of the most ig devices for surp i bent RF-CMOS

technology in the near future. Experimental prool' of cam:cpi that outperformed .‘.u CMOS at the 130 nm

technology has already been achieved with a vast potential for improvements, This review compiles and

compares the different CNT integration technologies, the achieved RF resuliz as well as demonsieated RF

circuits, Moreover, it suggests approaches to enhance the RF performance of CNTFETSs further to allow

more profound CNTFET bascd systems ¢.g., on flexible substrates, highly dense 3D stacks, heterogencously
bined with i b hnologies or an all-CNT system on a chip.
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ABSTRACT  This paper gives an overall picture from BiCMOS technologics up m[l'Hr systems integration,
which were developed in the European Research project TARANTO. The Luropt.m h]“ll p;rlulm.um

BICMOS technology platforms are presented, which have special ad: ges for in
ﬂIL‘ submlllmv:tcr wave and THz range. The status of Ilw technology pmccss ls reviewed :md IIH: integration
arc incd. A detailed di ion on ion and modeling is given

with emphasiz on harmonic distortion analysis, power and noise figure measurements up o 190 GHe and
325 GHz respectively and S-p up to 500 GHz. The results of electrical compact mod-
els of active (HBTs) and passive components are presented together with benchmark circuit blocks for model
verification. BiICMOS- led systems and applications with focus on future wireless communication sys-
tems and high-speed optical transmission systems up to resulting net data rates of 1.55 Thit's are presented.
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ABSTRACT  The next-generation 5G and beyond-5G wireless systems have stimulated a substantial growih

in research, and deplh of Wave el systems and anlenna arrays al various
scales. It is dlw‘.nv]:vll) edl that large II}IN]]]IL range modulation signals w igh spectral efficiency will be

q y emploved in fulure ication and sensing systems, As the interface between the antennas
and i | iCs, owWer (PAs) typically govern the output power, encrgy cfficiency, and
n_llahlllty of the entire wireless systems. However, the wide use of high dynamic range signals at mm-Wave
carmier frequencies substantially complicates the design of PAs and de;
efficiency and lincarity as well as other PA performances. In this review paper, we will first imroduce the
system-level if and design chall on mm-Waves PAs due to high dynamic range signals, We
will review advanced active load modulation architectures for mm-Wave PAs and power de We will
then i duce recent 5 in Wave PA technologics and i i with several design examples.
Special design considerations on mm-Wave PAs for phased array MIMOs and hlgh mm-Wave ln:qul:m.;cs
will be outlined. We will also share our vision on future technology trends and i

nds an ultimate balance of energy
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transmission lines, from the

opment of microwave cimui‘.-i and i 1 through
involving the categorized five gencrations of microwave circuits. lar, the
technologies are revi d and di: d with focus on technical features, design highlights, component de-
velopments, structures evolution, and systems integration. A number of examples are presented 1o showease
some of the selected mil research and develoy E s and accompli
hstrate integrated ission line i w'l]_ |
(SIW) techniques. Practical applications and ind 1 interests are also presented with hy TI.ELI'LHLL“" and
technical results, which show more and more product developments in the end-user sectors. It can be found
that the popularity of SIW techniques is closely related to the achieved scamless integration of planar
and non-planar structures into a unified design space,
1 of all the
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ABSTRACT In the last decade, the filter ity has i d both design techni and the technol
used for practical impl ion. In design. the phil has become “if you can’t avoid it use it”,
practical engineering approach. Modes previously deemed spurious are intentionally used lo create
networks incorporating real or imaginary transmission #eros and also reduce the number of components and
ihus further miniaturize: spurious resy are ited to increase the passhand widih or stopband width,
frequency variation in couplings is used to create complex transfer functions, with all of these developments
using what was previously avoided. Clever implementations of haluns into passive and active networks is
resulting in o new generation pf noise-immune filters for 3G and beyond. Finally, the use of a dinkoptic
approach o synthes:s has appeared an c'\‘nlvmg appmach in which small blocks (“singlets”, “doublets”,
ele.) are d 1o larger the need for very complex synthesis), with this
new approach promising a large impact on the i of practical Filter technok has
migrated towards “obscrve it and then adapt 11} ing tools not ifically originally
intended for the applications. Combinations of surface wave and bulk wave resonators with L-C networks are
improving the loss characteristics of filters in the region below 2 GHz. Lightweight alloys and other materials
designed for spacecrafi are being used in filters intended for space, 1o provide temperature stal
use of heavy allo uLh.b Aar. }-ull\-LnLlus\d waveguide is being replaced in some ea
muodes, This is g i

Integrated Waveguide). Active llllcm trade noise figure for insertion loss but perhaps will offer advantage in
terms of size and chip-level implementation. Finally, the era of might be hing. as the
hasic networks are evolving, perhaps lacking only the of | loss, higher-1P solid-state tuning
elements.
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ABSTRACT Connecting chips within a maodule is a basic i in ing MMIC

o system functionality. More and more applications demand for operation at high mm-wave frequencies
or with ultra-1 bandwidth. While iconductor devices have scen tremendous progress in terms of
their frequency IIMIIx the chip interconnects lag behind and ofien form the bottleneck in realizing such
systems. This paper reviews the broadband potential uflhc Most COMon interconnect types in use and their
performance demonstrated so far, covering wireh g hes with chips embedded in a substrate,
and flip-chip. Additionally, as an intermediate solution between syst chip and system-in-a-packa
semiconductor hetero-integration on the chip-level is included. As is discussed. bond wire ||||ermw(l;
are most limited in bandwidth among the four types and reach the 100 GHI band onl ¢ ot the expense
of narrowhand characteristics. Dedicated embedded-chip kagi show i ly hetter
performance, bandwidths in the order of 100 GHz have been shown in the literatre, Flip-chip has clearly
the highest polcnm] nterconnects covering the range from DC 1o 500 GHz have been demonstrated and
wre ! in the paper. Hetero-integration on the chip proves 1o allow for very broadband imerconnects
between elements and uits on the compound chip as well: For an InP-on-BiCMOS process 325 GHz
handwidth were achicved and cven higher values seem o be feasible.

Microwave Huygens’ Metasurfaces:
Fundamentals and Applications

VASILEIOS G. ATALOGLOU ©, MICHAEL CHEN ™, MINSEOK KIM ©,
AND GEORGE V. ELEFTHERIADES (Fellow, |EEE)

(Invited Paper)
The Edward 5. Rogers Deparment of Eleciniesl and Compuier Engineering, University of Toronio, Toromo, DN M3S 364, Camads
[ AUTHOR: Geoege V. indes (-mail:

This work was supproried by the Natural Sciomoes. s Faginosriong Rowssch Council (NSERC) of Canada

ABSTRACT In this article, we review the topic of Huygens™ metasurfaces with an emphasis on existing and
cmerging li al mi Huygens™ metasurfaces have demonstrated unprecedented

pabilitics of controlling ¢l b} means of electric and magnetic dipole moments
arranged in a thin sheet. We prr.‘scn! the fi iples of Huygens’ based on the
boundary conditions governing their operation. Then, we discuss the aspect of practical realization of
Huygens' metasurfaces and the diffe typesof ¢ i h scatterers (unit cells). Moreover.
we ize recent devel in several areas related to metasurfaces. such as perfect anomalous
refraction, polarization control. antenna ing and reconfig! metasurfaces. Lastly, we provide a
brief outlook on emerging metasurface-based microwave technologies that are expected to further grow in
the future.
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ABSTRACT We give a broad overview of the history of microwave supcmondumvuy and explore the tech-
nological developments that have followed from the unique electrodynamic prop of ductors
Their low loss properties enable resonators with high quality factors that can |n.nr||i\]|.ss h.deL extremely
high current densities. This in turn enables superconducting particle accelerators, high-performance filters
and analog electronics. including metamaterials. with extreme performance. The mcmsmplc qu:mlum

properties have cnab]cd new generations of ultra-high-speed digital ing and
The P properties have enabled large-scale quantum mmpums which at
their heart are ially mi fucled engines, We celeb the rich history of microwave

superconductivity and look to the promising future of this exciting branch of microwave technology.
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ABSTRACT Quantum information processing systems rely on a broad range of microwave technologies and
have spurred development of microwave devices and methods in new operating regimes. Here we review
the use of microwave signals and systems in quantum computing. with specific reference to three leading
quantum computing platforms: trapped atomic ion qubits. spin qubits in semiconductors. and supercon-
ducting qubits. We highlight some key results and progress in quantum computing achieved through the
use of microwave systems. and discuss how quanium computing applications have pushed the frontiers
of microwave technology in some areas. We also describe open microwave engineering challenges for the
construction of large-scale. fauli-tolerant quantum computers.
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ABSTRACT The Square Kilometre Array (SKA) project is an international effort to build the world's largest
radio telescope, enabling science with unprecedented detail and survey speed. The project spans over a decade
and is pow al a mature stage, ready to enter the construction and integration phasc. In the fully deployed state,
the MID-Telescope consists of a 150-km diameter array of offset Gregorian antennas installed in the radio
quiet zone of the Karoo desent (South Africa). Each antenna is equipped with three feed packages, that are
precision positioned in the sub-reflector focus by a feed indexer platform. The total observational bandwidih
(0.35-15.4GHz) is segmented into seven bands. Band 1 (0,35 - 1.05 GHz) and Band 2 (0.95 - 1.76 GHz) are
implemented as individual feed packages. The remaining five bands {Bands 3. 4, 5a. 5b, and &) are combined
in a single feed package. Initially only Band 5a (4.6 = 8.5 GHz) and Band 5b (8.3 - 15.4 GHz) will be
installed. This paper provides an overview of recent progress on des gration of cach feed
package as well as project and science goals, timeline and path 1o construction.
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ABSTRACT The adoption of non-linear magnetic devices in Radio Fregquency (RF) systems has been
relatively slow due to their unique characteristics that do not lend themselves well 1o iraditional design tools
and methodologies. Herein we presml lhg pmcllm[ considerations in employing such devices in modern RF
system design wi on in performance and adaptability in addition to
the common design uklhudul.o],) that has been .uJoplul o account for their unigue behavior. Specifically, this
article begins by p g how a al li device such as a Frequency Selective Limiter (FSL)
can enable a higher-level subsystem such as the Frequency Selective Canceller (FSC). This ussion sheds
light on the importance of characterizing the behavior of an FSL and how this behavior is different from
other. more traditional RF components such as a Pin Diode Limiter. as explained in the second pari of the
article. Lastly, a Magnetostatic Wave (MSW) delay line that | the recent in non-linear
magnetic device design is introduced in order to provide an attractive alternative to traditional delay lines.
A rmrl‘ complete understanding of syswm -level performance benefits and device-level functionality will

biedly facili the widk le deploy of li ic devices 1o help mitigate spectrum
congestion challenges faced by modern and future RF systems.
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ABSTIMCI MNon- m:lprlx‘ﬂ components such as circulators, |so]:Llon and gyrators find utility in numerous

wireless appli including high-power I u:msmll and-receive com-
munication and nad:lr ﬁy‘.[Ll]l\ and ging cryogenic g I ions. Today, such
© are i 1 using fermle 1als, which lose their ru.lpmt.l[y under the application of an
L‘xl.cm:d magnetic field. Hi . ferrite fals are incompatible with semiconductor integrated-circuit

fabrication processes. and therefore ferrite non-reciprocal components are difficult to miniaturize 1o chip
scales, rendering them bulky and expensive. This has motivated significant research into non-magnetic
- N.'I.lpl'ﬂL:ll mmpﬂm_nL-. over IhL P

kil i . and their i ion into silicon i
circuits, 'IhJs paper reviews the history of non-reciprocal clr.'clmnws surveys recent research results in the
area. and describes outstanding directions for future research.
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ABSTRACT This paper deals with the I ical expressi called S rield integrals. Introduced
by A. Sommerfeld in 1908, they are mathematically equivalent to |n\crsc Hankel transforms. The onglnal
historical goal of these integrals was w provide an accurate hi 1 deseription of the el

phenomena invelved in long-distance wireless radio and telegraphy. However. their scope was quickly
enlarged thanks to the lled spectral-domail ificd theory, and now they are ubiquitous in the

ical models izted 1o many ranging from EMC
elization :md ground penetrating radar to optical md plasmonic mkgnlcd devices and going through the

fami and milli lanar using printed circuit technology. In all these arcas,
Sommerfeld integrals can provide direct eval of the involved ele i fields or they can be used
as Gireen's functions in the frame of integral equati i Other discipli involving ified

media, like seismology and geological prospection, also benefit from these integrals. Afer discussing the
most canonical Sommerfeld gral, appearing he so-called Sommerfeld idemity, o g
three classical structures. namely, the original Sommerfeld problem involving two semi-infinite medi;
the microstrip and stripline geometries. 10 is shown that S 1| grals provide a unilying tres
of these three problems and that their mathematical features have a direct translation in terms of the physical
propertics exhibited by the electromagnetic ficlds that can exist in them.
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ABSTRALT The presence of glide symmetries in periodic structures can introduce beneficial modifications
in their electromagnetic properiies. The difference between e and non-glide periodic structures is due o
the distinctive coupling between their constituent sub-unit cells. In this paper, we describe the recent discov-

eries on the rkable properties of glide ic periodic structures, which include widened slopbcmds
reduced disp as well as enh. d ani py and i Y These prop: ies are

through ical structures lated with two hods: mode hing and imode transf rix
analysis. We also review the recent use of these distinetive propertics for solving technological problems
in practical devices such as filiers, gap puid | low-leakage flanges, I I lenses,
Tow-reflected rial itions and leaky with applications in 3G ial icali
systems, millimetre-wave satellite systems and d k hni
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ABSTRACT In this paper, we outline the historical evolution of RF and mi design opti
and envisage immi and future chall that will be add d by the next ion of opti
developments. Our journey starts in the 1960s, with the ¢ of formal | optini algo-
rilllms for circuit de: In our fast historical analysis, we emphasize the last two decades of docun

design oplimizati and solutions. From that m.ruspccu\.c wi identily a number of
prominent sciemtific and tII“IIK‘I.I'lII‘L challenges: 1) the reliable and © v ellicient oplimizati
of I:l;hly accurale syah.in clevel complex |m‘d|.|5 subject (o statistical uncertainly and varying opumli:lg ar

2) the I} efficient EM-driven multi-ohjective design optimization
in hlﬂh-dlmcmmml design spaces including categorical, conditional, or cnmhmamlu\l variables; and 3)
the L. statistical design, and yield optimization of b 4 Y
hased on high-fidelity multi-physical representations. To address these major challcnnl:s, we venture into
the of isti 1 optimizati P . iting confined and dimensionally reduced
vehicles, 1 feat incering-based optimization. and formal cogniti

mapping approaches, assisted by Bayesian and machine learning techniques
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ABSTRACT  Microwave modeling and si jon are essential 1o designi i ircuits and systems.
Although I | concepts and hes for modeling and mml:mn are mature, the drive 1o
higher frequencies, tighter de-uy\ m:u-glns. .'IIHI more functionality/complexity of circuits continue 1o defy
the capabilities of ¢ ng ng and ion methods. Newer algorithms are being developed 1o
address the speed, accuracy and. mhmmn:“ of design algorithms. Coupled with the advent of more powerful

and alg ions are selving much more complex problems in much
shorter time than previously imaginable. 'I‘h.- paper describes the advances and state-of-the-an in :ull.omalcd
modeling and simulation. Automated data- drwen maodeling app hes covering data i

model] structure ad son, and model o lid: are described. Simulation of nonlinear microwave
circuits is described covering fon i of si i quali and solution algoril ad-
dressing problem size, convergence speed and solution accuracy. The descriptions highlight fundamental

concepls, advanced methodalogies, and future trends of development.
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ABSTRACT This paper presents a study of supply modulation in a Doherty power amplifier (DPA). To
\"ﬁ|ld.’l|d: asimpl; PA using a 6-W packaged (-aN
The DPA is b

in CW operation over a range of supply voltages, and slnmkup 1w 15 percen ge |1m||l tl'ﬂtu.m) improvement
al 12 dB outpul back-off when both main and auxiliary Iy. A comparison of
three cases of supply variation is shown and potential benefits for improving back-off efficiency are discussed.




