Vol. 61 ¢ No. 12 December 2018

UUI [

wjoizrnal.com

o S




H""‘_'B,*C*A* -

20 MHz - 40 GHz
SMA, 2.92, QMA, N, TNC, BNC,
RPTNC 4.1/9.5 & 7/16 Up to 120 watts
MIL-DT-23971 Available.

Bias Tees

Upto 6 & 18 GHz
SMA, 2.92mm, QMA,

N, TNC, RP-TNC & 7/16 DIN.
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Up to 40 GHz
SMA, 2.92, QMA, N,
TNC, BNC, RPTNC & 7/16
Up to 150 watts.

Terminations

Hz-18 GHz

N, SMA & 7/16 Up to 250 watts
MIL-DTL-3903E

Directional Couplers/Hybrids
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0.4 - 40 GHz
SMA, 2.92, QMA, N, TNC, BNC,

RPT.NC' & 7/16 Up to 500 watts
MIL-DTL-15370 Available.

Circulators/Isolators

Up to 40 GHz
SMA, 2.92, N, & 7/16
Up to 250 watts.



Since 1981, GGB Industries, Inc., has
blazed the on-chip measurement trail with
innovative designs, quality craftsmanship,
and highly reliable products. Our line of
custom microwave probe cards continues
our tradition of manufacturing exceptional

testing instruments.

modular
techniques, hundreds of low frequency
probe needles and a variety of microwave
probes with operating frequencies from DC
to 40, 67, or even 110 GHz can be custom
configured to your layout.

Through unique design

GGB INDUSTRIES, INC. -

lephone (239) 643-440

Picoprobe elevates pi';)

Our patented probe structures provide the
precision and ruggedness you require for
both production and characterization
testing. And only Picoprobe® offers the
lowest loss, best match, low inductance
power supplies, and current sources on a
single probe card.

Our proven probe card design technology
allows full visibility with inking capabil-
ity and ensures reliable contacts, even when
probing non-planar structures.

P.O. BOX 10958 -
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ards to a higher level...
(-

b.com

110 GHz to be exact.)

Not only do you get all the attractive
features mentioned, but you get personal,
professional service, rapid response, and
continuous product support--all at an
affordable price so your project can be
completed on time and within budget.

Typical Specs 10GHz 20GHz 40GHz
Insertion Loss 0.6 dB 0.8 dB 1.3 dB
Return Loss 22dB 18dB 15dB

For technical assistance, custom product
designs, or off-the-shelf delivery,call
GGB Industries, Inc., at (239) 643-4400.

NAPLES, FL 34101

www.picoprobe.com
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MILLIMETER WAVE

MMIC

PRODUCTS

MULTI-OCTAVE BANDWIDTHS
UPTO043.5GHz

Attenuators | Couplers | Mixers
Multipliers | Reflectionless Filters | Splitter/Combiners

Now over 60 MMIC models In Stock
covering applications above 26 GHz

Content is copyright protected and provided for personal use only - not for reproduction or retransmission
For reprints please contact the Publisher.



Avallable in Plastic SMT & Unpackaged Die

[ —JMini-Circuits’

www.minicircuits.com P.O. Box 350166, Brooklyn, NY 11235-0003 (718) 934-4500 sales@minicircuits.com 598 Rev Orig_P
Content is copyright protected and pr0V1ded for personal use only - not for reproduction or retransmission.

For reprints please contact the Publisher.



Designed For
5G MIMO Active Antenna!!!

The World First SMT Microstrip Patented
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KOGL

MICROWAVE

Amplifiers and Signal Generators
+ Plus +
K&L Microwave Filters

= Equals =

Cost Effective
Custom Test Solutions

Low PIM
Termination

ENABLING COMMUNICATION AND SIGNAL CONTROL
www . kimicrowave.com = www kifilterwizard.com « 410-749-2424 » sales@kimicrowave.com + [ ] &
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THREE DAYS | ONE CONFERENCE | ONE EXHIBITION

EUROPEAN MICROWAVE

THE MICROWAVE AND RF CONFERENCE
EVENT DEDICATED TO -ﬁ i pracue conoress cenee
CENTRAL EUROPE EuMCE 2019 13TH-15TH MAY 2019

www.eumce.com

EUROPEAN MICROWAVE CONFERENCE IN CENTRAL EUROPE 2019

PRAGUE CONGRESS CENTRE, PRAGUE, CZECH REPUBLIC

instructions on how to submit a summary.
Accepted papers will appear on IEEE Xplore.

European Microwave Association

Official Publication: Organised by: Co-sponsored by: Co-sponsored by: Co-sponsored by:

$IEEE
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The Right RF Parts.
Right Away.

We’re RF On Demand, with over one million RF and microwave
components in stock and ready to ship. You can count on us to stock
the RF parts you need and reliably ship them when you need them.
Add Fairview Microwave to your team and consider it done.

Fairviewmicrowave.com

1.800.715.4396 ms Fairview Mlcrowave f
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The Smart Choice
tor Small Spaces

Coilcratt is the brand engineers trust most
when specitying tiny inductors for wearable technology

Boost the performance and battery life of

your wearable products with these tiny

RF and power inductors from Coilcraft:

e Wirewound chip inductors as small as
0201 size for wireless communications

e Shielded power inductors as thin as
0.71 mm for power management

e Coupled inductors as small as 2.2 x
1.45 mm for LED display drivers

You can get started by using our suite
of web tools to quickly locate the perfect
inductors for your design. Compare and
analyze multiple parts based on your true
operating conditions, and then order free
evaluation samples with just a click.

Learn why we’re the biggest name
in ultra-miniature inductors. Visit us at
www.coilcraft.com.

\&/ wilcrafidirect com
[ I ]

No min order. Next day delivery.

WWW.COILCRAFT.COM
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MARK YOUR CALENPAR

Call for Papers
Deadline

YPEMCHSiPI

The IEEE EMC Society
is seeking original,
unpublished papers
covering all aspects
of electromagnetic
compatibility.
wnwwww.emc2019.emcss.org/

0-11 =3

CES is the world's gathering place for all those who thrive on
the business of consumer technologies. It has served as the
proving ground for innovators and breakthrough technologies
for 50 years the global stage where next-generation
innovations are introduced to the marketplace.
wnnw.ces.tech/

Call for Papers
Deadline

The 2019 IEEE RFIC Symposium solicits papers
describing original work in all areas related to RF
and mmWave integrated circuits and systems,
including but not limited to: Wireless Cellular and
Connectivity, Low-Power Transceivers; Receiver
Components and Circuits; Analog and Mixed-
Signal Blocks and SOCs. https:/ific-ieee.org
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29-31

DesicnCon ' mmm
Santa Clara, Calif.

Created by engineers for
engineers, DesignCon
brings together 5,000

professionals from the high
speed communications and
semiconductor communities
for three jam-packed
days of education and
activities. Through an in-
depth conference program
and expo showcase, this
event offers state-of-the-
art design methodologies,
applications, technologies
and unparalleled netwaorking

opportunities.
www.designcon.com
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Call for Papers
Deadline

Electronic Design
Innovation Conference
BTt elERE

have been evaluated by the EDI CON Technical Advisory Committee with tracks including but
not limited to: 5G and Blockchain Technologies, RF/Microwave Amplifier Design, Radar and
Defense and Signal Integrity.
http://ediconchina.com/callforpapers.asp

EDI CON technical sessions are educational, providing
information on how to address design challenges using
available materials, tools, products and techniques. The

sessions are hased on peer-reviewed abstracts and papers that

Radio and Wireless Week (RWW2019) consists of five
related conferences that focus on the intersection between
wireless communication theory, systems, circuits and device
technologies. The 92" ARFTG Microwave Measurement
Symposium will also join RWW2019 as a co-located
conference from January 19-22.
wnnvw.radiowirelessweek.org

Warsaw, Poland

SMi’s 12" annual Mobile Deployable Communications
conference returns to further explore key drivers
causing the growing demand for flexible, protected and
interoperable CIS capabilities and through expert led
presentations, from some of the world’s leading authorities,
will discuss the challenges for both solution providers and
end users of deployable communications.
www.mobiledeployable.com
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WE’RE READY!
ARE YOU?

Leading the world with the largest installed base
of antenna test systems, spanning 60 years

Introduced the highest frequency operational
near-field antenna test system at 1 THz

Experts in measurement accuracy
enhancement techniques

Developed the first on-chip antenna test
system for 5G

Industry leaders in range assessment technology

Test with Confidence™

FHY in o G

sales@nsi-mi.com | www.nsi-mi.com
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January 6, 2019
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EuMW 2019
February 11, 2019
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February 25, 2019

2019 IEEE International
Symposium on Phased Array
Systems and Technology
March 15, 2019
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AMTA 2019
April 26, 2019
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January 8-11,2019 « Las Vegas, Nev.
https://www.ces.tech/

92nd ARFTG Microwave Measurement
Symposium

January 19-22, 2019 « Orlando, Fla.
www.arftg.org

Radio and Wireless Week 2019
January 20-23, 2019 « Orlando, Fla.
https://radiowirelessweek.org/

DesignCon 2019
January 29-31,2019  Santa Clara, Calif.
www.designcon.com

Mobile Deployable Communications 2019
January 31-Feb. 1,2019 « Warsaw, Poland
www.mobiledeployable.com

EMwWCo”
FEBRUARY

MWC Barcelona 2019
February 25-28, 2019 « Barcelona, Spain
www.mwcbarcelona.com/

emvjri

MARCH
EMV 2019

March 19-21,2019 « Stuttgart, Germany
https://femv.mesago.com/events/en.html

RF & Microwave 2019
March 20-21, 2019 « Paris, France
www.microwave-rf.com

GOMACTech 2019
March 25-28,2019  Albuquerque, N.M.
www.gomactech.net/2019/index.html
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EDI CON China 2019

April 1-3,2019 - Beijing, China
http://ediconchina.com/

WAMICON 2019
April 8-9,2019 « Cocoa Beach, Fla.
www.wamicon.org/

Expo Electronica 2019
April 15-17,2019 » Moscow, Russia
www.expoelectronica.ru/en-GB

CS Mantech 2019
April 29-May 2, 2019 « Minneapolis, Minn.
http://csmantech.org/
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EuMCE 2019
o SPACE TECH EXPO UTA

SATELLITE 2019
May 6-9,2019 « Washington, D.C.
https://2019.satshow.com/

EuMCE 2019
May 13-15,2019 « Prague, Czech Republic
www.eumce.com/

Space Tech Expo 2019
May 21-22,2019 « Pasadena, Calif.
www.spacetechexpo.com/
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IEEE MTT-S IMS 2019
June 2-7,2019 « Boston, Mass.
https://ims-ieee.org/

MILSATCOM USA West Coast 2019
June 11-12,2019 « Los Angeles, Calif.
www.smi-online.co.uk/defence/northamerica/
conference/Milsatcom-USA-West-Coast

MILSATCOM USA East Coast 2019
June 26-27,2019 « Arlington, Va.
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ORISR B S5 R 2018



ANALOG X _
DEVICES "Radio\/erse-

AHEAD OF WHAT’S POSSIBLE™
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to proof of concept, to production—as fast as possible.
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Editor’s Note

Let’s Talk 6G

n June, the first 5G specifica-

tion was finalized as 5G NR

phase | (Release 15) and next

year will see the completion of
phase Il for the 5G NR specification.
5G started in the U.S. this Octo-
ber, when Verizon released the first
commercial 5G service with the de-
ployment of mmWave Fixed Wire-
less Access service in several cities.
AT&T started the deployment of
the first standards-based 5G mobile
service in November, and T-Mobile
plans to start in the first half of 2019.
It is surprising that the first two de-
ployments in the U.S. use mmWave
technology, which was deemed too
expensive and short-range to be
viable a few years ago. Although
it will be several years before 5G
becomes prevalent to consumers
around the world, we have to ask
what is next?

At September’s Mobile World
Congress Americas 2018, FCC
Commissioner Jessica Rosenworcel
suggested that 6G could feature
terahertz (THz) frequency networks
and spatial multiplexing with mul-
tiple simultaneous beams of data
transfer with a high level of network
densification. This could be accom-
plished with miniaturized base sta-
tions embedded ubiquitously in
the environment everywhere. While
Rosenworcel said these technolo-
gies are far away, spectrum policies
need rethinking now in advance of
6G including valuation, auctions and
distribution.

Rosenworcel suggested dynamic
sharing rather than the binary li-
censed/unlicensed model. She also
proposed a blockchain approach

Pat Hindle, Microwave Journal Editor

to spectrum management. She said
that instead of having a centralized
database to support shared ac-
cess in specific spectrum bands, we
could explore the use of blockchain
as a lower-cost alternative. With
the emergence of blockchain tech-
nology being used in wireless ap-
plications, we will explore 5G and
blockchain as a technology track
at EDI CON China 2019 in Beijing
in April as it relates to an open wire-
less network. It will be interesting to
see where this technology is headed
and the benefits to using it with 5G
networks.

As | attended several 5G events
this year, a few advanced technolo-
gies stood out as potentials for 6G.
At the Brooklyn 5G Summit in April,
NYU students were performing
channel sounding testing using 140
GHz signals produced by Virginia Di-
odes’ sources. NYU led the way for
5G mmWave implementations with
some of the first studies to develop
propagation models, and seem to
be doing the same for 6G with these
projects. Nokia was demonstrating
a single chip 90 GHz phased array
at the Summit as well, so | look for
these upper mmWave to lower THz
frequencies being potential technol-
ogies for 6G.

At the University of Oulu's Cen-
ter for Wireless Communications,
they have €250 million of funding
over the next eight years for proj-
ect 6Genesis: 6G-Enabled Wireless
Smart Society & Ecosystem. Their
charter is to think outside the box
for the wireless vision for 2030. The
6Genesis project is led by the Uni-
versity of Oulu in collaboration with

Nokia, the VTT Technical Research
Center of Finland, Aalto University,
Business Oulu and the Oulu Univer-
sity of Applied Sciences. The low
latency of 5G, several milliseconds,
may not be good enough for 6G
and using 100 to 1000 GHz sig-
nals will be needed to handle data
rates up to terabit/s speeds so they
will explore how these goals might
be possible.

In the 6Genesis promo video,
they envision an intelligent personal
edge, an augmented reality inter-
face using Al and cloud computing
to deliver personalized data to your
palm. Sensor to Al fusion would en-
able smart clothing, ambient mea-
surements and individual health
monitoring. Autonomous vehicles
and ships, smart materials, holo-
graphic interfaces, intelligent cities,
smart buildings, bio-centric identity
for security and more would all be-
come reality. Pretty cool stuff, but
seems more likely 2050 before we
reach this level of sophistication in
our communication networks and
data management systems.

In May, Tektronix/IEMN and Nip-
pon Telegraph and Telephone Corpo-
ration (NTT) both announced devel-
opment of 100 Gbps “wireless fiber”
solutions. Each took a different route,
with Tektronix and IEMN (a French
research laboratory) demonstrating
a single carrier wireless link with
a 100 Gbps data rate signal at
252 to 325 GHz per the recently
published IEEE 802.15.3d standard,
while NTT used a new principle, Or-
bital Angular Momentum (OAM)
multiplexing at 28 GHz with MIMO
technology.
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5G: Higher Frequencies!

Frequencies at 28 GHz and higher will soon be used in Fifth Generation (5G) wireless
communications networks. 5G infrastructure will depend on low-loss circuit materials
engineered for high frequencies, materials such as RO4835T™ laminates and
RO4450T™ bonding materials from Rogers Corporation!

Rogers RO4835T spread-glass-reinforced, ceramic-filled laminates are low-loss materials in 2.5, 3.0, and 4.0

mil thicknesses. They are well suited for millimeter-wave frequencies as part of the inner cores of 5G hybrid
multilayer PCBs. They can work with other materials to provide é
the many functions needed by 5G wireless base stations,

Smart House

including power, signal control and signal transfers.

Rogers RO4450T bonding materials are available
in 3,4, and 5 mil thicknesses to help construct
those 5G hybrid multilayer circuits. These
spread-glass-reinforced, ceramic-filled M
bonding materials complement the different |
materials that will form these hybrid circuits,
including RO4835T and RO4000° laminates.
And for many 5G hybrid multilayer circuits,
Rogers CU4000™ and CU4000 LoPro® foils
will provide a suitable finishing touch for

many hybrid multilayer circuit
foil lamination designs.

5G is coming! Do you have
the right circuit materials?

Learn more at www.rogerscorp.com/5G [ Product
RO4835T 2.5 Mil 333 0.0030
RO4835T 3.0 Mil 333 0.0034
RO4835T 4.0 Mil 332 0.0036
RO4450T 3.0 Mil 323 0.0039
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Editor’s Note

NEW! Certification The Tektronix/IEMN demonstra-
ISO 9001:2015 and AS9100D tion used advanced data coding, THz
photonics and wideband and linear

devices to enable ultra-fast wireless

connections in the 252 to 325 GHz
band, according to the release. The
purpose of the new 802.15.3d stan-

dard is to provide for low complexity,
low-cost, low-power consumption,
very high data rate wireless connec-
tivity among devices and in the fu-
ture “low THz" bands.

NTT successfully demonstrated
for the first time 100 Gbps wireless
transmission OAM multiplexing in
order to achieve terabit-class wire-
less transmission to support demand
for future wireless systems. It was
shown in a laboratory environment
that dramatic increases in transmis-
sion capacity can be achieved by
signals using this new principle of
OAM multiplexing in combination
m3 md m2 mi NTT conducted transmission experi-
freq=617.0MHz. freq=652.0MHz freq=663.0MHz freq=698.0MHz. . .
dB(S(4,3))=-0.639 dB(S(4,3))=-0.908 dB(S(2,1))=-0.980( |dB(S(2,1))=-0.686 ments at a distance of 10 m in the

3 . mi laboratory operating in the 28 GHz
= 'ﬁ =~ 17 \ > frequency band. Eleven data signals
" — 0 each at a bit rate of 7.2 to 10.8 Gbps
were simultaneously generated and
carried by multiple OAM-multi-

dB(S(4,3))
dB(S(2,1))
15

iy risiap

] E plexed signals, thereby achieving

4 =L large-capacity wireless transmission
“5 3 at a total bit rate of 100 Gbps.

50 \ now starting to become commer-

1001 ; cialized. The U.S. agency DARPA is

o running the Spectrum Collabora-

20 : tion Challenge in the world's largest

\u]m.MHM.\MIMM“ : - “I _ . J””"‘“”“‘m‘ ME .. channel emuglator test bed calledgthe

630 610 B2 60 B0 EA BED

freq=652.0MHz freq=663.0MHz ogy. We published a deep techni-

o= o B cal piece on this effort as the cover

feature in our September issue. The

project will see how Al and SDR

. . technology can be brought together

1 73dBc Ultra'low PIM CaVIty Fllters in a large scale test with 256 radio in-

Software-defined radio (SDR) has
- ] Colosseum to further this technol-
350MHz - 3.5GHz puts and outputs. In order to better

been around for many years but is
m5 freq. MHz m6
use our existing spectrum, perhaps

Covering VHF, UHF, TETRA, 4G LTE, X, Ku, Ka, 5G Bands our 6G phones will listen to what fre-

CO-LOCATION BAND MITIGATION quencies are being used in real-time

ULTRA-NARROW BAND BANDPASS AND BAND REJECT and use unoccupied frequencies to
ULTRA-WIDE BAND DUPLEXER better utilize this scarce resource.

ABSORPTIVE FILTER 6G is likely to be a combination

of higher frequencies (mmWave

) ) ) and perhaps THz), integration of

Call for a FREE Engineering Consultation 858.450.0468 bIockEhain I[a)nd Al in SDRg and pos-

sibly new modulation schemes and
techniques to achieve vast improve-

I M CV-Mmicrowave.com ments in capacity, throughput and
latency. B
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WHEN 5G MASSINE MIMO
DEMANDS PERENEEANCE
IN TINY ENEEEEEE

Introducing the all-new high power 0805 (5W WIlW) form factor coupler product family
* Constructed from organic substrates

* Electrical and mechanical stability up to +105C (AEC-Qxx)

* Footprint optimized couplers for increased power and superior RF performance

* Specifically designed for all applications where high power is essential

Available in 2dB, 3dB,
4dB, 5dB, 10dB and
20dB coupling

Anaren
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Reinventing Radar:
The Power of 4D Sensing

CoVER FEATURE

INVITED PAPER

Avik Santra, Ismail Nasr and Julie Kim
Infineon Technologies, Neubiberg, Germany

Radar has evolved from a complex, high-end military technology into a relatively simple, low-
end solution penetrating industrial and consumer market segments. This rapid evolution has
been driven by two main factors: Advancements in silicon and packaging technology are leading
to miniaturization, and growth of computing power is enabling the use of machine learning
algorithms to tap the full potential of raw radar signals. Radar facilitates localization of targets

in 3D space and can be further used for vital sensing or classification, providing a 4D view

that enables several industrial and consumer applications. The use and applications of radar

technology have grown multi-fold in recent years. Apart from military and defense applications,
radars increase safety and facilitate driving in medium- to premium-priced cars, for example.
For many industrial and consumer applications, the wide adoption of short-range radar sensors

follows reliable system performance at low-power and low-cost. In this article, we explain how
radar technology can be used in consumer electronics and industrial applications, bringing

benefits to our daily lives.

adar supports existing ap-

plications while providing

features that enable com-

pletely new use cases. Ra-
dar 3D localization in home and in-
dustrial applications provides range
and angle, both in azimuth and el-
evation. Radar can also sense veloc-
ity for position mapping and track-
ing. Specialized radars can detect
human cardiopulmonary motion,
providing a promising approach to
overcoming problems of false trig-
gering and dead spots in conven-

26

tional sensors for occupancy sens-
ing. Radar technology produces a
unique signature for any object or
material. This feature can be used in
systems to recognize different types
of liquids—water vs. milk—or mate-
rials—silk vs. cotton.

Low-cost sensor solutions are
enabling radar’s use for industrial
testing and automation. They are
robust in harsh environments, such
as poor lighting, fog or pollution.
Additionally, they can be aestheti-
cally concealed without affecting

performance, making them suitable
for many consumer applications.
Radar has been demonstrated to be
a powerful sensor for short-range
localization and vital sign tracking
within consumer electronics, medi-
cal care, surveillance, driver assis-
tance and industrial applications.’->

ENABLING TECHNOLOGIES

A radar system consists of two
parts: First, the radar hardware, in-
cluding the RF transceiver, wave-
form generator, receiver unit, anten-
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HIGH-PERFORMANCE, QUALITY
AMPLIFIERS WITHOUT THE WAIT!

MULTI-OCTAVE
LOW-NOISE MODELS

100 MHz to 40 GHz
18 GHz at 1 Watt

1 GHz to 40 GHz

TABLETOP INSTRUMENT
LOW-NOISE MODELS
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L3’s INDUSTRY-LEADING AMPLIFIERS ARE READY FOR NEXT DAY DELIVERY!

L3 Narda-MITEQ offers the most extensive line of high-performance amplifier products —
all backed by a three-year warranty. Now you can get immediate delivery on our most
popular amplifier models directly from stock. Order today and get your amplifier tomorrow.
You can count on L3 Narda-MITEQ — your best resource for RF and microwave components.
Call us at (631) 231-1700. nardamiteq.com/083a
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na and system packaging. Second,
the signal processing, which parses
the radar return echo to extract
meaningful target information.
Since the invention of integrated
circuits, the operating frequency of
transistors has steadily increased,
enabling the realization of circuit
blocks that operate at frequencies
up to 1 THz.® Transistors are also
shrinking in size, with more ad-
vanced technology nodes enabling
further integration.” Figure 1 high-
lights the evolution of radar tech-
nology used in automotive applica-
tions. SiGe bipolar technology has
been the preferred silicon technol-
ogy for automotive and industrial
mmWave radar for the past several
years, as its performance, cost and
integration fit superbly with applica-
tion requirements.8? State-of-the-
art SiGe technology has reached
operating frequencies beyond 300
GHz. For example, Bock et al.’
describe front-end BiCMOS tech-
nology with an F, of 250 GHz and
an F.. of 370 GHz for the SiGe
transistors. Their technology also
has 130 nm CMQOS, which can be
used for radar building blocks, such
as phase-locked loops and digital
signal processing. RF CMOS tech-
nology has also been shown to be
a candidate for mmWave radar.!!

Although RF performance is not as
good as SiGe, CMOS offers greater
digital integration, attractive for in-
creased signal processing on the
radar chip.

Higher operating frequencies
and advanced packaging technolo-
gies have enabled the integration
of antennas into the package and,
in some cases, on the silicon die.
Antenna integration is essential for
reducing radar design complex-
ity and for reducing overall system
cost, allowing penetration into in-
dustrial and consumer markets.
Antenna configurations have been
integrated into packaging for dif-
ferent fields of view to cover various
system requirements.'2 Operation
beyond 100 GHz allows the inte-
gration of the antenna on silicon,'3
further reducing radar size and cost.

RADAR TYPES
Small short-range radars can
typically be categorized as CW,

modulated CW and impulse ultra-
wideband (UWB).

CW Radar

CW radars transmit and receive
continuously, while impulse radars
transmit short pulses while the re-
ceiver is not operating and receive
in the quiet period between trans-

mit pulses. CW radars require sepa-
rate transmit and receive antennas
with good isolation. The major ad-
vantage of CW radars is that signal
processing at the receiver is at low
frequencies, reducing the sampling
rate requirement, which simplifies
processing circuitry.

CW radar transmits an unmodu-
lated continuous frequency tone.
The received echo is processed to
estimate a target's radial velocity by
evaluating the change in phase with
respect to time of the received sig-
nal relative to the transmitted sig-
nal. This Doppler frequency shift is
from the transmitted signal reflect-
ed from a moving target. The disad-
vantage is range information cannot
be obtained from a pure CW signal;
it can only be obtained through
either pulse-Doppler operation or
transmitting two distinct frequency
tones, known as frequency shift key-
ing.

Modulated CW Radar

Several patterns are used to fre-
guency modulate the transmit sig-
nal. A popular waveform is sawtooth
frequency modulation, where the
frequency is linearly increased over
time (up-chirp) or decreased over
time (down-chirp). This is called fre-
guency modulated CW (FMCW). At

2010 GaAs 8 MMICs

=01
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2014 SiGe Bipolar 2 MMICs

2018 SiGe BiCMOS 1 MMIC
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A Fig. 1 77 GHz radar transceiver technology and integration trend.
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A Fig. 2 De-ramping the FMCW signal (a) and radar frame
structure (b).

the receiver, the matched filtering operation requires

mixing the received chirp with the transmit signal, called

“de-ramping” or “de-chirping” (see Figure 2a). St (1)

and Sg(t) refer to the transmit and the received chirp

respectively. The round trip propagation delay
2R,

C

is translated to an intermediate frequency after mixing
in the receiver. Spectral analysis along the chirp pro-
vides range estimates of targets in the radar’s field of
view. The swept bandwidth, B, determines the range
resolution, 8R = ¢/(2B). The maximum unambiguous
range R, .. = N3R, where N; is the number of transmit
frequency steps. The analog-to-digital converter (ADC)
output along a single chirp is referred to as “fast time.”

Figure 2b shows the frame structure of the FMCW
radar. The chirp duration T, determines the maximum
detectable unambiguous Doppler, fd ., = 1/(2T)).
The time duration between two chirps is referred to as
the pulse repetition time (PRT) and is given as PRT =
T, + T, The velocity content of a target within a range
bin causes a phase change across multiple chirps within
the target’s range bin. The spectral estimation across
chirps provides the velocity information. The collection
of consecutive chirps used for coherent integration is
referred to as the “frame” or “dwell” and represents
how often target parameters are estimated or updated.
The coherent processing interval (CPI), the time dura-
tion of a frame, determines the Doppler resolution
dfd = 1/(2CPI). The time samples along the chirps within
the CPI are referred to as “slow time.” Two critical as-
pects that determine the performance of a sawtooth
frequency modulated radar system are the ramp lin-
earity and the transmit-to-receive (Ty-Ry) leakage. Any
deviation from a linear ramp results in range estimation
errors and the Ty-Ry leakage limits the radar’s maximum
detection range.

Impulse UWB Radar

Impulse radar transmits short pulses and determines
distance by measuring the time delay between the
transmitted and returned signal. Impulse radar trans-
mits ultra-wideband, short pulse waveforms and is a
non-coherent system. The time difference between
pulse transmission and reception determines the range
of the target and the peak of the spectrum determines
the Doppler velocity. The pulse width determines the
range resolution and the Doppler resolution is typically
poor in such systems; however, they do not suffer from
Tx-Ry leakage, since the transmitter and the receiver do
not operate at the same time.

This article introduces the concept of 4D sensing us-
ing FMCW radar. However, several aspects are appli-
cable to impulse UWB radar.
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3D POSITION
LOCALIZATION
To estimate a
target in 3D space,
a MIMO configu-
ration of at least
Ny, = 2 transmit el-
ements and Ng =
2 receive elements
in an L-shaped lin-
ear array with ap-
propriate spacing | ¥

is required. This
results in a virtual
2 x 2 rectangular
array sufficient for estimating a target'’s elevation and
azimuth coordinates.

As shown in Figure 3, the 3D coordinates in space
of the Ty element are denoted as diX,m=1...Ny, and
for the Ry element as dR% Assumlng farfield
condiitions, signal propagatlon from Twe Ty element dTx
to a point scatterer p and the reflection from p to the RX
element dR%can be approximated as 2R, + d,,,, where
R, is the base distance of the kih scatterer to the center
of the virtual linear array and d,,,, refers to the relative
position of the virtual element to the center of the ar-
ray. The radar views the space in polar coordinates, thus
the 3D cartesian position of the kth target can be rep-
resented as
= M
[Rk cos (8 )sin(¢ ) Ry cos(, )cos(d, ) Ry sin(6y)]

and the directional unit vector is represented as

A Fig. 3 3D position of the target.

Uy = (2)

[ cos(6))sin(¢y ) cos(8y )cos(dy) sin(6y)]

where 6, and ¢, are the elevation and azimuth angles,
respectively, of the target with respect to the center of
the virtual array. The transmit steering vector can be

Is Your Phase
Non-Linearity
Too High?

Exceed Microwave’s phase equalizers can reduce your
system’s parabolic and cubic phase non-lingarity. We
have reduced hundreds of degrees of distortion down to
a few degrees and are available up to 67 GHz.
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Designed and Manufacured in the USA
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written as

diu(e,
an: (9,(1))=exp[—erch;mz1,...,NTX (3)
while the receiving steering vector is

RX
akx (6,9)=exp (—jan”uT(e'q))];n =1....Ng, (4)

where \ is the wavelength of the transmit signal. The
received baseband signal from the kth target scatterer
can be expressed as
S, (0=

—j2m2u, 1,

pke  *  a (8,0, )ak (8,,0,)" 57 (1) (%)

where p, represents the composite amplitude contribu-
tion due to propagation path loss, antenna gains and
receiver gains. St (t) t) and Sg,(t) are the transmitted sig-
nal from N transmit antennas and the received signal
at Ny receive antennas, respectively. After having esti-
mated the range R, of the ki target through spectral
analysis along fast time, the angular coordinates of the
target—namely azimuth angle 6, and elevation angle
¢ —can be estimated through monopulse, Capon or
FFT beamforming algorithms. Figure 4 shows the 3D
localization of three targets with different positions
(range, azimuth, elevation) in the radar’s field of view.

THE FOURTH DIMENSION

Vitals and Occupancy Sensing

The breathing motion of human beings and heart
motion from hearts beating have unique signatures that
are picked up by radar as position and Doppler infor-
mation.

A vibrating point scatterer target at base distance Ry
from the center of the radar array induces a target re-
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sponse along slow time t,, which can be expressed as

|
Rts) =Ry + X o) sin(2nf't, ) (6)
i=1

where f, represents the vibrating frequency, o) repre-
sents the maximum amplitude of the it" vibrating target
source and | represents the number of vibrating sources.
A quasi-stationary human at a fixed distance from the
radar sensor can be modeled as the superposition of two
vibrating sources: one from the respiratory motion, the
other from heart motion. The human resting respiratory
rate is around 12 to 20 beats per minute (fV = f. = 0.2
— 0.4 Hz), with a maximum displacement for chest wall
motion all)= 7.5 mm. The heart rate can be from 50 to
200 beats per minute (@, = f, = 0.8 — 3.3 Hz), with a
maximum displacement @ = 0.25 mm. After lowpass
filtering, the received signal can be expressed as

S(tf,ts ) = PrexXp

st term 2ndterm 3rdterm
4myR 4nf R R
[, (o] )|
C

Here, we expand the time index t as a combination
of fast time, t;, and slow time, t.. The round trip propa-
gation delay

The third term in Equation 7 leads to undesired second-
order terms, such as f, + f, and 2f,, which fall within the
vital signal spectra. If not accounted for, these unde-
sired terms lead to an incorrect estimate of the vital sig-
nal. This poses a challenge to accurately estimate vital
parameters. The other terms in Equation 7 lead to the
expression

R:350 m-A: 30'-E:-10"-S: -15m/s
60 R: 150 m - A: 15" - E: 20" S: 15 m/s
R:50m-A:0'—E:0'—S:5m/s 0.8
- 40 0.7
§ % ‘ 0.6
s 0
3 . 0.5
W -20 ! . l
4
-40 °
60 0.3
-50 0.2
) 300 0.1
_ i 200
Azimuth (°) 50 100 Range (m)

A Fig. 4 Estimated 3D position of three targets with different
ranges and elevation and azimuth angles.

s(tr,t) = peexp
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Considering that Rk>>o¢(\i), the second term in Equa-
tion 8 can be ignored. The first term is estimated or
compensated by the fast time FFT and is proportional
to the human'’s base distance Ry. The change in phase
over slow time, given by the fourth term, represents the
minute motion generated from the human chest wall.
Thus, by monitoring the phase, followed by spectral
analysis, one can estimate the non-overlapping heart
and respiratory frequencies. However, the estimate
of these minute movements is susceptible to random
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A Fig. 5 Human activities with associated Doppler sensed by
the radar.

body movement and human motion. This poses an-
other challenge to wide acceptance of the technology,
where precise vital measurements are mandatory. Ran-
dom body movement can be compensated by multiple
radar sensors.14

The ability of the radar to wirelessly estimate vital
signs leads to applications such as sleep apnea detec-
tion, patient monitoring, presence sensing, driver moni-
toring and physiological monitoring in surveillance and
earthquake rescue operations.’>'? Short-range radar
systems that are lightweight and low-cost offer good
solutions for human presence sensing with efficient en-
ergy utilization.20-21

We can divide the Doppler components into three
categories: macro Doppler induced by major body
movement, micro Doppler induced by human gestures
and vital Doppler induced by vital motion. Figure 5 il-
lustrates various indoor human activities and their as-
sociated Doppler components that can be sensed by
the radar. A radar sensor can identify these different
Doppler components distinctly, offering a ubiquitous
solution for occupancy sensing.2! Other sensors using
passive infrared (PIR) or ultrasound, which detect pres-
ence from motion, fail during some daily activities such
as sitting, reading or sleeping.

Classification Sensing

Radar can capture unique signatures of a target
based on target velocity, size, shape, smoothness, re-
flectivity and orientation, as well as horizontal and ver-
tical polarization properties. These properties can be

extracted with appropriate feature engineering algo-
rithms developed for classification and sensing.

Consider an example classifying materials such as
carpet, tile, laminate and water using a mmWave radar.
Figure 6 shows various materials with their range/cross
range images generated through Capon-based MIMO
imaging principles. One of the challenges to classifica-
tion sensing for industrial and consumer applications is
scalability, due to sensor-to-sensor variability from fabri-
cation uncertainties such as wafer lots and manufactur-
ing artifacts. Classification models trained on one group
of sensors do not necessarily work for other groups of
similar sensors. The change of sensor casing enclosing
the radar can influence the back-scattered signal, intro-
ducing variations in classification features that result in
classification errors. When the classification model is
developed using certain material types and radar orien-
tations, the model fails to scale for a different sensor ori-
entation or type of material, such as one carpet made of
nylon and another of olefin. It is impossible to train the
sensor system to account for all these variations.

One of the approaches to circumvent these chal-
lenges is “one-shot learning,” inspired by the word2vec
embedding concept for natural language processing
and, lately, for human face classification.22-24 Instead of
using deep neural networks to train as a multi-class clas-
sifier, one-shot learning determines similarity between
two materials by projecting the input features to a d-
dimensional embedding space. Typical values of d are
16 or 32 for use cases such as this.2> One-shot learn-
ing uses a Siamese network trained using two identical
neural networks with the same weights; the last layers of
the neural network are fed to a contrastive loss function.
The network tries to match the anchor (current feature
image) with the positive (feature image that is in theory
similar with the anchor), as far as possible from the neg-
ative (feature image that is different from the anchor).
One of the contrastive loss functions that the Siamese
network is trained on is

1

Loss=(1—Y)§D§N +(Y)%(max(0,m—DSN))2 (?)

where Dgy is the Euclidean distance between outputs
of the twin Siamese networks. Y = 1 if inputs are from
the same class, and Y = O if they are from a different
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A Fig. 6 Materials and their range/cross-range features: carpet (a), tile (b), laminate (c) and water (d). Note differing scales.
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OTA Test System
% for 5G Base
7 "3 Stations

A The R&S PWC200 plane wave converter (the
octagonal array on the left) generates a flat
wavefront where the base station under test is
located, which will be only 1.50 m away in place of
the white reference antenna shown here.

G base stations will use massive

MIMO antenna arrays to achieve

both higher capacity and higher

energy efficiency. This base station
architecture requires a new measurement
paradigm — and T&M equipment such as the
R&S PWC200 plane wave converter.

Each antenna in the array of a 5G base
station will be a self-contained unit consist-
ing of the frontend (RF transceiver, ampli-
fier, upconverter and downconverter) and
the actual antenna elements. Thus future
base stations will have to be characterized
as a whole, using over-the-air (OTA) technol-
ogy to measure RF parameters. However, it
is only possible to obtain conclusive trans-
mitter and receiver measurements under
far field conditions at the base station loca-
tion or with a test setup that simulates the
far field. And that is exactly what the R&S
PWC200 plane wave converter does.

The R&S PWC200 is a bidirectional
phased array consisting of 156 wideband

ROHDE&SCHWARZ

Vivaldi antennas in the near field region of
the device under test — a base station, pas-
sive antenna, or antenna array. Installed in
a compact test chamber, which can also be
supplied turnkey, the converter enables real-
time transmitter and receiver measurements
(radiation pattern, gain, EVM, ACLR, etc.)
in the frequency range up to 6 GHz. Such
measurements previously required a com-
pact antenna test range (CATR) significantly
larger than the R&S PWC200.

Each antenna has a phase shifter and at-
tenuator pad, enabling targeted synthesis of
the electromagnetic field where the device
under test is located. To feed the signal to
the array or to test signal reception, a com-
biner merges all signal paths to a single port
to which the measuring instrument can be
connected.

Thanks to their compact dimensions and
easy handling, both the R&S PWC200 and
the test chamber can be used in develop-
ment and for calibration in production.

GET READY FOR MASSIVE MIMO
EIGHT THINGS TO CONSIDER WHEN TESTING ANTENNA ARRAYS

What exactly is massive MIMO and how important are active antenna arrays for 5G base
stations? Rohde & Schwarz has created a new eGuide that gives RF engineers an overview
of key aspects of massive MIMO technology and related testing challenges. Download the
eGuide to learn more: www.rohde-schwarz.com/ad/5G MWJ

VISIT ROHDE & SCHWARZ AT
MOBILE WORLD CONGRESS 2019 IN HALL 6
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class. m > O is the margin hyper-pa-
rameter.

If, for example, there are 100 im-
ages of the four classes, then the to-
tal possible trainable pair of images
are N = 409C = 79,800. The intuitive
idea is that the deep network learns
a d-dimensional space where similar
materials are co-located and dissimi-
lar materials are farther apart. During
the inference phase, the input fea-
ture image from an unknown mate-
rial is fed to the trained deep neural
network to project the feature map
into the d-dimensional embedding
space and then classified through a
nearest neighbor algorithm.

Radar sensors such as Soli lead
to emerging technologies such as
gesture sensing.2627 This technol-
ogy is used in wearables and mobile
phones to provide a natural and in-
tuitive human-computer interface.
Radar sensors such as RadarCat
have proven to be extremely accu-
rate in object and material classifica-
tion of everyday objects and mate-
rials, transparent materials and dif-
ferent body parts.?8 Recently, radar
sensors have been successfully ap-
plied to fingerprint biometric identi-
fication. Unique radar signatures are
fed through novel signal processing
and machine learning models to
identify a group of individuals with
reliable accuracy.2?

CONCLUSION

This article provides an overview
of advancements in front-end and
back-end technologies leading to
the use of radar in consumer and in-
dustrial applications. Radar not only
senses the 3D position of targets in
its field of view, it enables sensing
of human vital signals or signal clas-
sification as the fourth dimension,
providing a different view of its en-
vironment where other sensors fail.
The radar sensor is able to extract
subtle information about targets in
its field of view, making it suitable
for a variety of industrial and con-
sumer applications.ll
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Most Valuable Product

First 5G mmWave
Antenna Module for
Smartphones

40

San Diego, Calif.

chieving the dramatic jump in data rates
Afor 5G’s enhanced mobile broadband

service relies on the bandwidth available at
mmWave frequencies. Dedicated spectrum in three
bands—at 28, 39 and, more recently, 24 GHz—has
been proposed, and regulatory authorities in many
countries are allocating spectrum.

On the infrastructure side of the link, the devel-
opment of mmWave base stations has progressed
rapidly, enabled by field trials to determine propaga-
tion characteristics. Propagation has proven more
resilient than many expected, benefiting from scat-
tering and multipath. Using phased array antennas,
base stations can provide the necessary EIRP and
beam steering to achieve spatial coverage with the
necessary link margins.

This early success has enabled companies like
Verizon to begin deploying fixed wireless access
services to stationary consumers, who mount 28
GHz antennas on windows or along roof lines. In
most cases, subscribers can obtain respectable
signal levels and data rates, as confirmed by an
early independent evaluation in Houston by Signals
Research Group.

Qualcomm Technologies Inc.

The next big unknown has been the performance
of a mobile smartphone at mmWave frequen-
cies. Phone and component manufacturers face
numerous technical challenges developing a viable
mmWave radio for the phone:

e Ensuring antenna coverage regardless of phone
orientation and hand placement.

* Maintaining sufficient link margins during transmit
and receive.

e Maximizing phone battery life by minimizing power
consumption.

* Minimizing the temperature rise of the module
and phone with the thermal design.

* Minimizing the size of the mmWave radio, with a
form factor compatible with a smartphone.

In July 2018, Qualcomm Technologies an-
nounced the QTM052 family of mmWave antenna
modules for the smartphone—a first in the industry.
Used with the Snapdragon X50 5G modem, the
integrated system provides antenna to baseband
processing and meets Release 15 of the 5G New
Radio (NR) specification. Then, in October, Qual-
comm added a new module design to the QTM052
family, reducing the size by 25 percent. The smaller
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A Fig. 1 EM simulation of a mobile phone, showing mmWave signal attenuation
caused by a hand holding the phone.
design enables the module to be mounted
along the edge of even thinner phones
and supports up to four modules in a
smartphone.

The QTMO52 currently covers three 5G
bands, handling up to 800 MHz aggregat-
ed carrier bandwidth in the 26.5 to 29.5
GHz band (n257) and covering the entire
27.5 to 28.35 GHz band (n261) and the
entire 37 to 40 GHz band (n260). Func-
tionally, the QTM052 comprises a phased
array antenna, radio transceiver and power
management. It connects to Qualcomm’s

X50 5G modem, which controls beam-
forming and beam steering.

ANTENNA ARRAY

Various antenna options are available,
supporting either face or edge placement
in the phone. Qualcomm'’s tests show that
both orientations have similar performance,
so the choice depends on other design
trade-offs, such as phone thickness. Which-
ever configuration is used, several of the
antenna modules are placed at different
locations in the phone, ensuring coverage
regardless of phone orientation and com-

Wireless Infrastructure

Our passive microwave products
for base station applications offer
high performance and easy
integration. Competitively priced
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A Fig. 2 Antenna patterns of a
vertically polarized patch array showing
+45 degree beam steering.

pensating for signal blockage when a hand
is holding the phone (see Figure 1).

The arrays use patch and dipole anten-
nas, either single or dual polarization. The
arrays provide spherical coverage in each
polarization and beam steering of +45
degrees around boresight (see Figure 2).

TRANSCEIVER

The transceiver RFIC, fabricated with a
silicon process, integrates transmit and re-
ceive channels for each antenna element,
as well as providing frequency conversion
between RF and IF. The on-chip up- and
down-conversion includes the mixer,
voltage-controlled oscillator with multiplier
and phase-locked loop (see Figure 3).

The power amplifier can deliver 10 to
15 dBm output power, although it typically
operates backed off to 6 to 8 dBm output
to meet the 5G NR -25 dB error vector
magnitude (EVM) linearity requirement.
The transmit/receive (T/R) switch at the
antenna is placed in the receive path, so
it does not reduce output power. The input
receive amplifier has a low noise figure
which does not limit the performance of
the downlink from base station to hand-
set, even with the loss of the T/R switch.
On-chip digital circuitry translates com-
mands from the X50 modem to control
the T/R state and the relative amplitude
and phase of each antenna element.
Beam steering and array taper are set with
passive phase shifters and attenuators
with 1 dB gain control steps, respectively.

The transceiver RFICs are packaged in
flip-chip ball grid arrays, which are mount-
ed to the backside of the board containing
the antenna array (see Figure 4).

EIRP AND POWER DISSIPATION
The shorter range of mmWave links,
available output power from the power
amplifiers and the constrained form factor
of the phone challenged the design of the
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A Fig. 3 Notional block diagram of the transceiver RFIC.
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Antenna

" RFIC #2

" RFIC #1

A Fig. 4 The transceiver RFICs are
mounted to the backside of the board
containing the antenna arrays.

QTMO052 to achieve the required output
power and minimize power dissipation.
As noted, the silicon power amplifier can
deliver 10 to 15 dBm at 28 GHz. A single
\/2 patch antenna has a gain of 5 dBi,
and a 2 x 2 array provides an additional 6
dB of summation gain and 6 dB beam-
forming gain. Using a single polarization
adds another 3 dB, netting a total antenna
gain of 20 dB, which boosts the radio
output to 30 to 35 dBm EIRP

The thermal design of the board hold-
ing the RFIC BGAs must channel the heat
without creating “hot spots” in the phone
noticeable to the user. For the 2 x 2 array
transmitting a 64-QAM OFDM or SCFDM
signal at 28 GHz, each power amplifier is
backed off to approximately 6 to 8 dBm.
At this output, the typical DC power dis-
sipation for four transmit channels is 350
to 380 mW.

5G PHONES COMING SOON

Qualcomm has achieved an amazing
engineering feat: developing a mmWave
radio using a multi-polarization phased ar-
ray antenna with beam steering and highly
integrated RF transceiver that meets the
5G NR specification—a radio small enough
so four modules will fit in a smartphone to
ensure coverage while the phone is held.
This level of engineering and end-to-end
system integration in a commercial prod-
uct is as impressive as the performance.

Operators and smartphone manufac-
turers say the first 5G phones will appear
on the market in early 2019. Although
Qualcomm will not say, no doubt you will
find the QTM052 providing the mmWave
connection.

Qualcomm Technologies Inc.
San Diego, Calif.
www.qualcomm.com
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OCTAVE BAND LOW NOISE AMPI.IFIER_S

Model No. reg (6Hz2)  Gain @) MIN  Noise Figure @8)  Power-out@Pid8  3rd Order ICP
CA0T1-2110 28 AX, 0.7 +10 MIN +20 dBm
CA12-2110 1.0- 2.0 30 1.0 MAX, 0.7 TYP +10 MIN +20 dBm
(A24-2111 2.04.0 29 1.1 MAX, 0.95 TYP +10 MIN +20 dBm
CA48-2111 4.0-8.0 29 1.3 MAX, 1.0 TYP +10 MIN +20 dBm
CA812-3111 8.0-12.0 27 1.6 MAX, 1.4 TYP +10 MIN +20 dBm
(A1218-4111 12.0-18.0 25 1.9 MAX, 1.7 TYP +10 MIN +20 dBm
(A1826-2110 18.0-26.5 32 3.0 MAX, 2.5 TYP +10 MIN +20 dBm
NARROW BAND LOW NOISE AND MEDIUM POWER AMPLIFIERS
CAO01-2111 0.4-0.5 28 0.6 MAX, 0.4 TY +10 MIN +20 dBm
CA01-2113 0.8-1.0 28 0.6 MAX, 0.4 TYP +10 MIN +20 dBm
CA12-3117 1.2-1.6 25 0.6 MAX, 0.4 TYP +10 MIN +20 dBm
(A23-3111 2.2-2.4 30 0.6 MAX, 0.45 TYP +10 MIN +20 dBm
(A23-3116 2.7-29 29 0.7 MAX, 0.5 TYP +10 MIN +20 dBm
(A34-2110 3.7-42 28 1.0 MAX, 0.5 TYP +10 MIN +20 dBm
CA56-3110 54-59 40 1.0 MAX, 0.5 TYP +10 MIN +20 dBm
CA78-4110 7.25-7.75 32 1.2 MAX, 1.0 TYP +10 MIN +20 dBm
CA910-3110 9.0-10.6 5 1.4 MAX, 1.2 TYP +10 MIN +20 dBm
CA13153110 13.75-15.4 25 1.6 MAX, 1.4 TYP +10 MIN +20 dBm
CA12-3114 1.35-1.85 30 4.0 MAX, 3.0 TYP +33 MIN +41 dBm
(A34-6116 31315 40 4.5 MAX, 3.5 TYP +35 MIN +43 dBm
CA56-5114 5.9-6.4 30 5.0 MAX, 4.0 TYP +30 MIN +40 dBm
CA812-6115 8.0-12.0 30 4.5 MAX, 3.5 TYP +30 MIN +40 dBm
CA812-6116 8.0-12.0 30 5.0 MAX, 4.0 TYP +33 MIN +41 dBm
CA1213-7110  12.2-13.25 28 6.0 MAX, 5.5 TYP +33 MIN +42 dBm
CA1415-7110  14.0-15.0 30 5.0 MAX, 4.0 TYP +30 MIN +40 dBm
CA1722-4110  17.0-22.0 25 3.5 MAX, 2.8 TYP +21 MIN +31 dBm
ULTRA-BROADBAND & MULTI-OCTAVE BAND AMPLIFIERS

Model No. Fre(i (6Hz)  Gain (@8) MIN  Noise Flgu @)  Power-out@pidB  3rd Order ICP
CA0102-3111 0.1-2.0 28 1.6 Max, 1.2 + +20 dBm
CA0106-3111 0.1-6.0 28 1.9 Mux 1.5TYP +10 MIN +20 dBm
CA0108-3110 0.1-8.0 26 2.2 Max, 1.8 TYP +10 MIN +20 dBm
CA0108-4112 0.1-8.0 32 3.0 MAX, 1.8 TYP +22 MIN +32 dBm
CA02-3112 0.5-2.0 36 4.5 MAX, 2.5 TYP +30 MIN +40 dBm
(A26-3110 2.0-6.0 26 2.0 MAX, 1.5 TYP +10 MIN +20 dBm
CA26-4114 2.0-6.0 22 5.0 MAX, 3.5 TYP +30 MIN +40 dBm
CA618-4112 6.0-18.0 25 5.0 MAX, 3.5 TYP +23 MIN +33 dBm
CA618-6114 6.0-18.0 35 5.0 MAX, 3.5 TYP +30 MIN +40 dBm
CA218-4116 2.0-18.0 30 3.5 MAX, 2.8 TYP +10 MIN +20 dBm
(A218-4110 2.0-18.0 30 5.0 MAX, 3.5 TYP +20 MIN +30 dBm
(A218-4112 2.0-18.0 29 5.0 MAX, 3.5 TYP +24 MIN +34 dBm
LIMITING AMPLIFIERS

Model No. Freq (GHz)  Input Dynamic Range Ourput Power Ru e Psat  Power Flatness dB
CLA24-4001 2.0-4.0 -28 10 +10 dBm +7 to +1 +
(CLA26-8001 2.0-6.0 -50 to +20 dBm +14 10 +1 8 dBm +/ 1.5 MAX
(LA712-5001  7.0-12.4  -21to+10 dBm +14 to +19 dBm +/- 1.5 MAX
(lA618-1201  6.0-18.0  -50 to +20 dBm +14 to +19 dBm +/-1.5 MAX
AMPLIFIERS WITH INTEGRATED GAIN ATTENUATION

Model No. Freg (6Hz)  Gain (@) MIN _ Noise Figure @)  Power-out@P148 Gain Attenuation Range
CA001-251TA  0.025-0.150 21 5.0 MAX, 3. +1 30 dB MIN
CA05-3110A 0.55.5 23 2.5 MAX, 1.5TYP  +18 MIN 20 dB MIN
CA56-3110A 5.85-6.425 28 2.5 MAX, 1.5TYP  +16 MIN 22 dB MIN
CA612-4110A 6.0-12.0 24 25 MAX, 1.5TYP  +12 MIN 15 dB MIN
CA1315-4110A  13.75-15.4 25 2.2 MAX, 1.6 TYP  +16 MIN 20 dB MIN
CA1518-4110A  15.0-18.0 30 3.0 MAX, 20 TYP  +18 MIN 20 dB MIN
LOW FREQUENCY AMPLIFIERS

Model No. Fregi (6Hz)  Gain @) MIN  Noise Figure dB  Power-out@pids  3rd Order ICP
CA001-2110  0.01-0.10 18 4.0 MAX, 2.2 TYP +10 MIN +20 dBm
CA001-2211 0.04-0.15 24 3.5 MAX, 2.2 TYP +13 MIN +23 dBm
CA001-2215  0.04-0.15 23 4.0 MAX, 2.2 TYP +23 MIN +33 dBm
CA001-3113 0.01-1.0 28 4.0 MAX, 2.8 TYP +17 MIN +27 dBm
CA002-3114 0.01-2.0 27 4.0 MAX, 2.8 TYP +20 MIN +30 dBm
CA003-3116 0.01-3.0 18 4.0 MAX, 2.8 TYP +25 MIN +35 dBm
(A004-3112 0.01-4.0 32 4.0 MAX, 2.8 TYP +15 MIN +25 dBm
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Harris, L3 to Combine to Create Global
Defense Technology Leader

arris Corp. and L3 Technologies Inc. have

agreed to combine in an all stock merger

of equals to create a global defense tech-
nology leader, focused on developing differentiated
and mission critical solutions for customers around
the world. Under the terms of the merger agreement,
which was unanimously approved by the boards of di-
rectors of both companies, L3 shareholders will receive
a fixed exchange ratio of 1.30 shares of Harris common
stock for each share of L3 common stock, consistent
with the 60-trading day average exchange ratio of the
two companies. Upon completion of the merger, Harris
shareholders will own approximately 54 percent and L3
shareholders will own approximately 46 percent of the
combined company on a fully diluted basis.

The combined company, L3 Harris Technologies Inc.,
will be the sixth largest defense company in the U.S. and
a top 10 defense company globally, with approximately
48,000 employees and customers in over 100 countries.
For 2018, the combined company is expected to gen-
erate net revenue of approximately $16 billion, EBIT of
$2.4 billion and free cash flow of $1.9 billion.

The combined portfolio brings depth and balance of
relationships across a wide range of customers, in both
the U.S. and international markets. Increased scale will
enable the combined company to be more cost com-
petitive, expand capabilities to provide end-to-end so-
lutions across multiple domains of air, sea, land, space
and cyber, enhance leadership in RF and spectrum
technologies and establish a leading platform-agnostic
supplier and integrator.

Both L3 and Harris are technology driven organiza-
tions with significant R&D investment and a combined
workforce of approximately 22,500 engineers and sci-
entists. The combined company plans to accelerate in-
vestment in select technologies to expand leadership
in key strategic domains including national security. By
leveraging a common operating philosophy of continu-
ous improvement and operational excellence, L3 Harris
Technologies will continue to drive operating margin
improvement.

The merger is expected to close in mid-2019.

US Army Awards Contract for Multi-
Mission Radar

he U.S. Army awarded Raytheon Co. a $191
million contract for Ku-Band RF (KuRFS) ra-
dars. KuRFS, an advanced electronically
scanned array system, fills an immediate U.S. Army op-

For More
Information

DefenseNews
Cliff Drubin, Associate Technical Editor | )

erational need for a counter-UAV radar.

Already deployed, KuRFS delivers precision fire con-
trol as well as “sense and warn” capability for multiple
missions including detection of rocket, artillery, mortar
and swarming UAS threats.

"Seeing threats—like swarming drones—as soon
as possible on the battlefield is essential to protecting
critical assets and saving soldiers’ lives,” said Andrew
Hajek, senior director of tactical radars, Raytheon IDS.
“KuRFS makes this possible by delivering a unique
combination 360-degree situational awareness, preci-
sion and mobility.”

KuRFS enables defense against multiple threat
types through integration with the Land-Based Phalanx
Weapon System, 50-caliber guns and 30 mm cannons.
The radar also supports high-energy laser and the Coy-
ote weapon system in both a ground mounted or ve-
hicle mounted configuration.

KuRFS is able to quickly address the urgent needs of
the Army through a model of rapid-turn development
and deployment. This reduces time to fielding, while
providing enhanced flexibility to adapt to a quickly-
changing threat environment in the drone space.

AFRL Awards Contract to Develop GaN
Modeling Capability

orvo has been awarded a four-year contract
by the U.S. Air Force Research Laboratory
(AFRL) to lead a team developing a physics-
based, unified GaN modeling framework intended to
accelerate the design of GaN devices.

In addition to Qorvo, the program, named Engineer-
ing Predictable Behavior into GaN Devices Founda-
tional Engineering Problem (FEP), will comprise Mod-
elithics, the University of Padua, NI AWR, HRL and the
University of Colorado-Boulder.

The output of the program will be a single tool that
unifies physics and device modeling and will simulate
device performance and assess reliability, enabling de-
sign trade-offs not currently possible. AFRL sees this
simulation capability reducing the number of design-
build-test iterations, enhancing device reliability, reduc-
ing development time and cost.

Delivery of the final, unified modeling framework is
planned during 2022.

"“This award enables the Air Force to leverage Qorvo's
nearly 20 years of expertise developing the industry’s
most reliable, highest performing GaN process. We are
proud to be selected by the Air Force to develop this
new modeling and simulation tool, which will accelerate
advanced GaN designs for mission-critical applications,
even as it reduces costs,”said James Klein, president,
Infrastructure and Defense Products, Qorvo.

Visit mwjournal.com for more defense news.
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DefenseNews

GaN'’s high-power density, leading to high output
power and efficiency well into mmWave frequencies
has made it the preferred semiconductor technology
for radar, EW and communication systems for military
applications. These same advantages are enabling it to
gain market share for wireless infrastructure power am-
plifiers as device cost decreases.

General Atomics Tests Airborne Tracking
and Targeting System

eneral Atomics Electromagnetic Systems

(GA-EMS) recently participated in the Rim

of the Pacific Exercise (RIMPAC) to conduct
demonstrations and testing of the Missile Defense
Agency’s (MDA) Airborne Tracking and Targeting Sys-
tem (ATTS). The ATTS is configured on an MQ-9B re-
motely piloted aircraft to generate precision tracks
and imagery of targets of interest. The system was em-
ployed throughout the RIMPAC exercises conducted
near the Hawaiian Islands.

“We tested MDA's ATTS under operational condi-
tions to help further characterize its tracking perfor-
mance against real-world targets of interest,” stated Dr.
Michael Perry, VP for lasers and advanced sensors, GA-

MQ-9 (U.S. Air Force Photo)

EMS. “Exercises like RIMPAC provide us with a unique
opportunity to shake out and stretch the system’s capa-
bilities. We can now take the test data we've obtained
and analyze it to further improve ATTS' ability to effec-
tively track and target a variety of threats at long-range
and in real-time.”

"GA-EMS continues to develop and advance its
portfolio of missile defense weapon systems and tech-
nologies to support air, sea and land platforms,” said
Scott Forney, president, GA-EMS. “In an increasingly
more complex, multi-layered warfare environment, sys-
tems like ATTS will enhance our military forces ability to
improve tracking and targeting accuracy to protect lives
and achieve mission success.”

Held every two years, RIMPAC is the world’s largest
multinational maritime warfare exercise. RIMPAC 2018
exercises included 25 nations, 46 ships, approximately
200 aircraft, five submarines and 25,000 personnel.
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5G Americas Report Details 3GPP Releases
14 to 16 Standards

he publication of “Wireless Technology

Evolution: Transition from 4G to 5G,” which

details the extensive standards work by the
global organization 3GPP in the development of 5G
wireless technology, was recently announced by 5G
Americas.

3GPP’s robust past of standardizing the technolo-
gies that drive the largest mobile wireless ecosystems
from GSM to LTE and now to 5G creates the backbone
for this unique whitepaper by 5G Americas. LTE and
its advanced evolutions, currently deployed on 613
commercial networks worldwide, is expected to be the
dominant mobile wireless technology well into the next
decade. Now, Release 15 begins the first phase of 5G
of wireless technologies.

While 3GPP Release 14, which was frozen by mid-
2017, produced LTE-Advanced Pro features, it also
focused on the study
items towards 5G mo-
bile wireless technol-
ogy and architecture in-
cluding Cellular Vehicle
to Everything (C-V2X)
communications. How-
ever, in Release 15, the
first phase of normative
specifications  for 5G
provides specifications
for a wider range of
spectrum bands, from
below 6 GHz to mmWave bands up to 100 GHz en-
abled by a New Radio (NR) access technology.

“5G Americas expects that the four U.S. national
carriers will have launched 5G networks based on the
3GPP standards in the next nine months, building on
their global leadership in LTE technology,” commented
Vicki Livingston, head of communications, 5G Americas
and a contributing author to the report. “If appropriate
regulatory policies, at the local, state and federal levels,
are in place and adequate spectrum resources are al-
located in low, mid and high bands, the U.S. could be
well-positioned to continue in a leadership role.”

The progress on Release 15 has been significant; re-
sponding to requests by numerous leading companies,
3GPP escalated their timeline for Rel-15 Non-Stand-
alone (NSA) 5G NR specifications which were complet-
ed in December 2017. The 5G NSA specifications have
an LTE anchor for the control plane communications
with a 5G NR cell to boost user data. The Rel-15 Stand-
alone 5G NR specification will work without any reliance
on LTE and those specifications were completed in June
2018 along with specifications of the new core network.
The new core network specified in Rel-15 will provide

For More
Information

3GPP Release 15
marks the start of a
new era; technology

enablers for the loT,
autonomous vehicles
and URLLC.
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interaction with the Evolved Packet Core (EPC) 4G sys-
tem with orchestration, virtualization, a clearly sepa-
rate control and user plane, and signaling architecture.
Network slicing and Service Level Agreement (SLA) for
groups of devices of new vertical industries and services
will be provided for by the 5G core specification.

To meet the timeline and full compliance with ITU
IMT-2020 requirements, the standardization in Release
16 continues to progress. Definition of work study
items was completed in July 2018, on schedule, with
the option of adding additional study and work items in
the future, as needed. Release 16, or phase 2 of 5G, will
primarily address any outstanding issues in Rel-15, ex-
pansion of 5G NR based on C-V2X capabilities, Industri-
al loT, enhancements to ultra-reliable low latency com-
munication (URLLC) and 5G in operation in unlicensed
spectrum and above 52.6 GHz. 5G efficiency improve-
ments in Rel-16 will include enhancements to 5G self-
organizing networks (SON) and big data capabilities,
MIMO enhancements, improved power consumption,
support for device capabilities exchange and a study
of support for non-orthogonal multiple-access (NOMA,).
The Release 16 standards will be completed before the
end of 2019 to target the ITU IMT-2020 submission.

Global Connectivity Reliant on Bluetooth,
Wi-Fi and RFID, Even as LPWA Catches Up

n a new report, ABl Research shows how
the Internet of Everything (IoE) represents
the practical aggregation of three domains:
the Internet of Digital, the Internet of Things (loT) and
the Internet of Humans (loH). These are three separate
addressable markets served by the same single Inter-
net and the same variety of connectivity technologies.
When industry commentators talk about the connected
world, very large numbers are discussed. Numbers so
large that it is hard for an individual organization to ap-
ply them in any meaningful way to their own businesses.

Jamie Moss, research director of M2M, loT and IoE,
explains, “Organizations need to be able to identify
the segment of the connected world that is relevant
to them, namely the endpoints that their products and
services can address. This requires an understanding
of how the connected world breaks down, by technol-
ogy, application, device type and end-user channel.
This level of segmentation can only be built from the
bottom up, by understanding individual device mar-
kets, the application for which they are suitable and
the technologies that enable them. The IoE must not
be considered as a market but as the aggregation of
all markets.”

At the end of last year, there were nearly 22.5 billion
connected devices worldwide; in 2022, there will be
more than 40 billion. Of the nine vertical markets that

Visit mwjournal.com for more commercial market news.
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ABI Research aggregates connected devices into, by far
the most significant are PCs and digital home, mobile
devices and retail, advertising and supply chain. This
will not change between now and 2022.

Typically, the installed base of mobile devices runs
on the powerhouse of the mobile phone industry—at
first feature phones and since 2012 smartphones, spe-
cifically. PCs and digital home is a rich melting pot of
important device markets from routers, to laptops and
desktops, to TVs and set-top boxes. Retail, advertising
and supply chain is an industry propelled by the growth
of connected devices in retail and advertising, as well as
in asset and inventory management.

Turning to the connectivity technologies that are
used in devices that constitute a longer-term portion
of the installed base before being replaced, Bluetooth
and Wi-Fi were the most prevalent at the end of 2017,
with 8.7 and 8.4 billion devices active worldwide, re-
spectively. Cellular technologies used for non-M2M
purposes were close behind with nearly five billion
active connections. There is considerable overlap be-
tween Bluetooth, Wi-Fi and cellular with many devices
featuring more than one or all three. The total number
of connections by technology differs from the total
number of devices by a ratio of 5:3. For example, there
are only 60 percent as many devices as there are total
connections active across all technologies.

HAPPY

MOLIDA

Connections for Cel-
lular M2M and for propri-
etary low-power wide-ar-
ea (LPWA) networks will
have by far the greatest
CAGR over the next five
years. Between 2017 and
2022, M2M and LPWA
connections will double
their representation, from eight percent of all cellular
connections to more than 16 percent. By 2022 the total
number of active cellular M2M and LPWA connections
will be 1.5 billion. Although this is only four percent of
all connected devices, it represents those that will be the
most individually valuable enterprise assets.

Moss concludes, “Unlike more common, less secure
connectivity technologies such as Bluetooth and Wi-Fi,
loT-specific technologies are not bundled into a prod-
uct as a generic differentiator, on the vague premise
that an end user might find a use for them. They are
built into products shipped to order after careful up-
front calculations have determined that they will gener-
ate a specific return on investment (ROI). The growth of
loT connections is therefore organic, occurring naturally
when the technology fits and the business case is right.
The growth of loT connections is immune to hype, it ex-
ists for practical pre-calculated outcomes.”

Cellular M2M
andA.PWA networks

will have by far the
greatest CAGR over
the next five years.

KEEP IT REAL THIS SEASON

holzworth instrumentation

holzworth

instrumentation
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Aroundthe Circuit
. Barbara Walsh, Multimedia Staff Editor

MERGERS & ACQUISITIONS

SemiGen Inc., an ISO and ITAR registered provider of
RF and microwave contract assembly, automated PCB
assembly, foundry services, semiconductor devices and
RF supplies, announces the acquisition of lon Beam
Milling of Manchester, N.H. lon Beam Milling is a 35
year old manufacturing company who pioneered sev-
eral thin film circuit processing techniques using innova-
tive ion beam milling approaches.

Samtec Inc. announced the recent acquisition of the
assets and going-forward business relationship of Preci-
sion Connector Inc. (PCI). PCl specializes in the design
and manufacture of precision RF and microwave coaxial
connectors and brings over 25 years of design experi-
ence in the RF/microwave industry to the Samtec team.
The additional engineering support and product offer-
ing of precision interconnects—such as 3.50 mm, 2.92
mm, SMP, 2.40 mm, 1.85 mm, SMPM and 1.0 mm—will
further strengthen Samtec’s RF portfolio and accelerate
Samtec advancements into the precision RF sector.

COLLABORATIONS

Rohde & Schwarz and Huawei have successfully tested
the interoperability of LTE-V connected vehicles with
the R&S CMWS500 wideband radio communication tes-
ter using the embedded Huawei Balong 765 IC as an
LTE-V UE. The solution verified multiple test scenarios
for Internet of Vehicles (loV) communications based on
3GPP Release 14 Mode 4. LTE-V is a cellular loV tech-
nology standard based on device to device (D2D) and
existing LTE technologies. In the R&D phase, interop-
erability testing between terminals from different pro-
viders verifies connectivity and compliance with the
standard. Testing the conformance ot LTE-V terminals
based on an authoritative third-party test platform is a
crucial foundation for successful commercial deploy-
ment of LTE-V.

Keysight Technologies Inc. announced that it has been
selected as the sole supplier of 5G network emulation
solutions by Xiaomi Corp., a Chinese electronics com-
pany, to accelerate development of its 5G NR mobile
devices. 5G devices operating on mmWave frequencies
rely on phased array antenna and beamforming tech-
nologies to address higher data throughput require-
ments. Keysight's 5G RF DVT Toolset supports the lat-
est 3GPP 5G New Radio (NR) Release 15 specifications,
including beamforming and beam management across
sub-6 GHz and mmWave frequencies. This comprehen-
sive set of capabilities allows Xiaomi to validate the per-
formance of 5G mobile devices, with easy-to-use tools
for test case creation, execution and analysis in a con-
trolled laboratory-based environment.

For More
Information
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DuPont Sustainable Solutions (DSS) has announced
a partnership with Guardhat, an industrial safety tech-
nology company specialized in developing wearables,
infrastructure and software platforms, to provide a safer
and more productive work environment. Through this
partnership, DSS and Guardhat will work together to
develop advanced, scaleable solutions that provide
actionable, real-time data for industrial companies
seeking to better safeguard their employees. These
breakthrough technologies allow companies to capture
data about where and when employees face risks
and hazards.

ACHIEVEMENTS

The American Council of Independent Laboratories
(ACIL) recently announced recipients of the nationwide
ACIL Customer Quality Service Award for 2018-2019,
and, once again, D.L.S. Electronic Systems received
this award. Developed in 1996 to address the indus-
try’s quality issues and recognize those laboratories with
exemplary quality performance, the program provides
laboratory data users with a mechanism to evaluate
testing laboratories. Participants commit to ensuring
data integrity, meeting customers’ quality needs and
setting performance standards for the testing labora-
tory industry. No other evaluation program ranks cus-
tomer satisfaction with laboratory services and requires
laboratory management to commit to a data integrity
program.

Richardson RFPD announced that it has become an
adopter member of the LoRa Alliance™. The nonprofit
technology association promotes and collaborates on
an open, global standard (LoRaWAN™) for low-power
wide-area network (LPWAN) loT connectivity. As an
adopter member, Richardson RFPD will support the
LoRa Alliance, participate in member meetings and
continue its global leadership role in delivering tai-
lored, end-to-end loT solutions to its customers. Rich-
ardson RFPD extensive loT offering includes modules,
gateways and components for LPWA/cellular, as well as
Bluetooth, Wi-Fi and GNSS applications.

Several of Skyworks' innovative solutions have received
top honors from Mobile Breakthrough. Mobile Break-
through recognizes the world’s best mobile and wire-
less companies, products and people based on selec-
tions from an independent panel of experts within the
wireless industry. Skyworks' family of advanced GNSS
low-noise amplifier front-end modules were named
"GPS-based Solutions of the Year,” and their family of
small cell PAs, were named the “Small Cell Technology
Innovation of the Year.”

CONTRACTS

L3 Technologies announced that it has been selected
for a $36 million demonstration of existing technologies
(DET) contract award for the U.S. Navy's Next-Gener-

For up-to-date news briefs, visit mwjournal.com
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Aroundthe Circuit

ation Jammer Low Band (NGJ-LB) program. The DET
program encompasses a period of performance of 20
months, culminating in a demo at Naval Air Station
Patuxent River, Md. The Next-Generation Jammer will
augment, and eventually replace, the ALQ-99 tactical
jamming system currently integrated on the EA-18G
Growler aircraft. Over the past few years, L3 Technolo-
gies has conducted successful Navy technology dem-
onstrations that operate cooperatively in electronic at-
tack and electronic sensing.

HRL Laboratories LLC was awarded a $9.1 million
CPFF completion contract for a DARPA mmWave GaN
maturation project. Work will be performed in Malibu
(97 percent) and Huntington Beach, Calif. (3 percent),
with an expected completion date of April 2020. Fiscal
2018 research, development, test and evaluation funds
in the amount of $1.2 million are being obligated at
time of award. This contract was a competitive acquisi-
tion off the Microsystems Technology Office office-wide
broad agency announcement HR001116S0001, with
138 offers received. DARPA is the contracting activity
(HROO11-19-C-0006).

ORBCOMM Inc. and Savi® announced that the U.S.
DoD has placed a significant multi-million dollar order
with Savi for ORBCOMM telematics products and Savi
services, which will enable the DoD to track and moni-
tor nearly 24,000 high-value military assets. This order
from the Defense Logistics Agency (DLA) is part of the
active RFID-IV contract to provide government agen-
cies and allied partners with state-of-the-art hardware,
software and integration services for worldwide asset
tracking and in-transit visibility.

Fairbanks Morse has been awarded a contract to build
and deliver the four main propulsion diesel engines
(MPDE) that will power LPD 30, which will be the U.S.
Navy's first LPD Flight Il class ship. The newly designed
ship will be based on the San Antonio-class hull, but
the LPD Flight Il is fitted with a fully capable flight deck
and hangar, a well deck and the vehicle and cargo ca-
pacities to support and sustain more than 500 combat-
equipped Marines for up to 30 days. Each engine will
feature common rail (CR) fuel injection technology.

Harris Corp. has provided Lockheed Martin with its
sixth of 10 advanced navigation payloads contracted
for the U.S. Air Force's GPS Il satellite program. The
GPS Il navigation payload features a Mission Data Unit
(MDU) with a unique 70 percent digital design that links
atomic clocks, radiation-hardened processors and pow-
erful transmitters—enabling signals 3x more accurate
than those on current GPS satellites. The payload also
boosts signal power, which increases jamming resis-
tance by 8x and helps extend the satellite’s lifespan.
Harris is committed to delivering a seventh navigation
payload by the end of 2018.

56

Triumph Group Inc. announced that its Integrated
Systems business has been selected by Huntington
Ingalls Industries to supply remote valve actuation
(RMVA) systems as part of the scheduled overhaul of
the USS George Washington (CVN73) nuclear pow-
ered aircraft carrier. Under terms of the agreement, Tri-
umph’s Mechanical Solutions facility in Shelbyville, Ind.
will produce 165 RMVAs for the carrier. RMVA systems
provide mechanical backup push/pull control, which al-
lows for remote opening and closing of critical valves
throughout the ship. Valued for their high level of reli-
ability, even in harsh environments, the Triumph RMVAs
have a low-cost of ownership and unique adaptability,
making the system ideal for rapid configurations and
installations aboard ship.

PEOPLE

Infinite Electronics Inc. announced
the appointment of Penny Cotner as
president and CEO. Current CEO
Terry Jarnigan will be transitioning to
the role of executive chairman. The
changes are effective immediately.
Under Jarnigan’s leadership, Infinite
Electronics has experienced explo-
sive growth driven by major expan-
sion of product lines, deep investments in technical re-
sources and multichannel marketing to communicate
with engineers worldwide.

A Penny Cotner

StratEdge Corp. announced it has
selected Casey Krawiec as VP of
global sales. Krawiec will be respon-
sible for the global sales of Strat-
Edge’s high speed, high frequency
semiconductor packages and assem-
_ bly and test services. Krawiec has
A Casey Krawiec Worked for companies involved with

wafer preparation, microelectronic
assembly and packaging for almost 25 years. After
earning a B.S. degree in mechanical engineering from
the University of Kentucky and a MBA from the Univer-
sity of Louisville, Krawiec was a design engineer for the
DoD for several years.

XMA-Omni Spectra® announced the
promotion of Mark Griffin to director
of sales and marketing. He will spear-
head all sales and marketing efforts in
alignment with XMA's vision of ad-
= vancing future technologies through
1 disruptive RF design, manufacturing
A Mark Grifin and support initiatives. Griffin joined
XMA in early 2018 as a regional sales
manager. He holds a degree in business management
from Franklin Pierce College, as well as Electronics
Technician “A” School certification from the U.S. Coast
Guard. Prior to joining XMA, Griffin held positions with
MACOM, Arrow Electronics, SkyWorks and most re-
cently Microwave Components Inc.

The Radio Club of America (RCA) announced that
Professor Ted Rappaport, founding director of NYU
WIRELESS and a professor of electrical and computer
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Aroundthe Circuit

engineering at the NYU Tandon School of Engineering,
will receive the Armstrong Medal for demonstrated ex-
cellence and lasting contributions to radio arts and
sciences. Rappaport conducted semi-
nal research, most recently in the
mmWave radio spectrum. He ad-
vanced commercialization of this 5G
technology that will bring broadband
speeds to wireless communication—
thereby potentially revolutionizing
medicine, enabling autonomous ve-
hicles and inexpensively connecting
rural communities to the digital world,
and more.

1111
A Ted Rappaport

Modine Manufacturing Co. congratulated Gina Janke,
one of seven members, given the Fellow Grade award
at the Society of Women Engineers (SWE) annual WE18
event, the world’s largest conference and career fair
for women engineers. The Fellow Grade award rec-
ognizes continuous service to the advancement of
women in the engineering profession. Janke, princi-
pal manufacturing engineer in the Vehicular Thermal
Solutions (VTS) segment, has been with Modine for
21 years, and is currently responsible for cost estimating
activity for products manufactured at the Trenton, Mo.
facility and aluminum welded tube products at Nuevo
Laredo, Mexico.
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REP APPOINTMENTS

M Wave Design Corp. announced that it has signed
Third Wave Electronics to represent it for the Mid-
Atlantic region—Maryland, Washington, D.C., Dela-
ware and Virginia—for its Passive Microwave Com-
ponents line. This compliments the other regional
sales organizations. A full list can be seen at their
website.

PLACES

NAI has established several new facilities within their
plants in Hermosillo, Mexico and Suzhou, China. These
operations are dedicated to the design, prototyping
and testing of cable assemblies, harnesses, box builds
and panel builds. There are separate facilities for fiber
optic interconnects and copper. Referred to as “Cen-
ters of Excellence” (CoE) or as New Product Introduc-
tion departments (NPI), these specialized operations
include dedicated teams of engineers who design,
analyze and qualify assemblies, as well as box or panel
builds, before they go into production.

Micr@wave
Journal

Frequency Matters.

Reinventing Radar: The
Power of 4D Sensing

Navigating the 5G New Radio
Standards
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Evaluating PCB Plated Through
Holes For 5G Applications

John Coonrod

Rogers Corp., Chandler, Ariz.

The broad range of frequencies covered by 5G wireless networks places added requirements
on circuit materials operating through mmWave frequencies. This article explores the RF
performance effects of plated through hole (PTH) surface-wall roughness on signal transitions
from top to bottom copper layers of high performance printed circuit board (PCB) materials for

5G applications.

G wireless networks are being tout-
ed as one of the greatest technolo-
gy advancements to reach modern
electronic communications, making
use of signal carrier frequencies below 6
GHz, as with earlier wireless communica-
tions generations, but also reaching well
into mmWave frequencies for short-haul,

A Fig. 1 Circuit laminates using hollow microsphere fillers
may form PTHs with rough wall surfaces.

60

high speed data links. Printed circuits for
such a wide range of frequencies require
special circuit laminates. RO4730G3™
laminates from Rogers Corp., for example,
offer outstanding performance from RF
through mmWave frequencies.

However, a difference between this type
of laminate and more traditional circuit ma-
terials, and a cause for concern among some
circuit designers, is the use of hollow micro-
spheres in substrate fillers. Because of the
microspheres, the appearance of microma-
chined circuit features, such as PTHs from
one conductive copper layer to another,
can appear much rougher than PTHs in more
traditional circuit materials without these
fillers. Are looks deceiving or is the concern
warranted? Extensive testing, summarized
in this article, has shown that the impact of
microsphere fillers on PTH surface rough-
ness is purely cosmetic and does not affect
circuit performance.
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PTH COMPARISON TEST

The wall surfaces of all PTHs can
vary in texture, even when compar-
ing the roughness of wall surfaces
in the same laminate. Wall surface
roughness varies from hole to hole
simply due to multiple factors in-
volved in the drilling process. In a
material with microsphere fillers,
for example, a drill may or may not
impact a microsphere. When the
drill impacts and fractures a hollow
sphere, copper plating for that PTH
follows the contour of the opened
sphere and the PTH wall is not
smooth and flat (see Figure 1). It
is only natural to question whether
the roughness translates to com-
promised electrical performance
or reliability compared to a more
traditional circuit laminate in which
PTHs are smoother in appearance.
In general, and for traditional high
frequency circuit materials not using
microsphere fillers, a rough wall sur-
face can indicate a problem in the
PCB fabrication process, with a con-
cern for PTH reliability. For circuit
materials with hollow microsphere
fillers, however, PTHs with rough
surfaces are normal and are not in-
dicative of poor performance.

Prior to evaluating the impact of
PTH wall surfaces on high frequency
circuit performance, RO4730G3
circuit laminates with their mi-
crosphere fillers were extensively
evaluated under different operat-
ing conditions. This included, for
example, 10 layer highly acceler-
ated thermal shock, double-sided
PTH reliability, double-sided PTH-
to-PTH conductive-anodic-filament
(CAF) resistance, plane-to-plane
CAF resistance, maximum operat-
ing temperature and surface-mount
technology testing, insulation resis-
tance and PTH quality. The material
and its microspheres passed these
tests under industry standard test-
ing conditions. Additional informa-
tion regarding these tests can be
found online at the Rogers Corp.
Technology Support Hub.

RF tests were performed to com-
pare circuit material with glass rein-
forcement and microsphere fillers
(i.e., 20.7 mil thick RO4730G3 cir-
cuit laminate) with a circuit laminate
without glass reinforcement and
with much smaller solid fillers (i.e.,

A Fig. 2 Microscopic image of a
relatively smooth PTH wall in 20 mil
RO3003G2.

20 mil thick RO3003G2™ |aminate),
both from Rogers. The two materials
have similar dielectric constants (Dk)
or relative permittivities (g, of ap-
proximately 3, and the same thick-
ness. The main difference is that the
RO3003G2 material produces a rel-
atively smooth PTH wall surface and
the RO4730G3 PTH wall surface is
rougher. The texture of a circuit PTH
wall surface is usually considered
to be more of a circuit fabrication
issue than a material issue. Still,
material characteristics can make a
difference, including circuit mate-
rial filler type, filler size, glass rein-
forcement and resin type. Compar-
ing the RO4730G3 laminate and its
hollow microsphere fillers with the
RO3003G2 laminate, which has no
glass reinforcement and extremely
small fillers, smoother PTH wall sur-
faces might be expected for the
latter, assuming that optimum PCB
fabrication methods were used for
both materials. In fact, as Figure 2
shows, RO3003G2 circuit laminates
can produce relatively smooth PTH
wall surfaces.

Differences in PTH surface rough-
ness of the two materials shown in
Figures 1 and 2 are clear, but will
this affect RF performance? For
a test vehicle, a microstrip trans-
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mission line provides an effective
means of comparing the effects of
smooth and rough PTH wall surfac-
es on otherwise similar circuit mate-
rials, since PCB fabrication variables
for microstrip have less impact on
RF performance than for other high
frequency transmission line formats.
The microstrip circuits for these

tests (see Figure 3) were designed
with the goal of achieving good re-
sults up to 40 GHz.

The “standard” microstrip trans-
mission line, shown in Figure 3a,
has grounded coplanar waveguide
(GCPW) structures at the ends to
launch to the 2.4 mm coaxial con-
nectors (model #1492-04A-5 from

A Fig. 3 Standard microstrip transmission line (a) and test circuit with PTH transition
(b), used to evaluate the effect of PTH surface roughness on RF performance.

TABLE 1
S,; PHASE MEASUREMENTS

RO3003G2 (Smooth PTH Via Hole Wall)
Phase Angle (°)

Phase Angle Difference (°)

Circuit ID 24 GHz 28 GHz 39 GHz 24 GHz 28 GHz 39 GHz
No via -3189 -3728 -5237 Reference | Reference | Reference
P1C1 -3167 -3708 -5237 22 20 0
P1C2 -3169 =3711 -5241 20 17 -5
P1C3 -3165 -3706 -5233 24 23 3
P1 C4 -3163 -3704 -5231 26 24 6
P1C5 -3165 -3706 -5234 23 22 3
P1C6 —-3166 -3707 -5236 23 21 0
No via -3186 -3725 -5233 Reference | Reference | Reference
P2 C1 -3167 -3707 -5233 19 18 0
P2 C2 -3165 -3706 -5231 21 19 2
P2 C3 -3164 -3704 -5227 22 22 6
P2 C4 -3163 -3703 -5226 23 23 7
P2 C5 -3165 -3705 -5229 21 20 4
P2 C6 3161 -3701 -5223 25 25 10

PANEL 1 PANEL 2
PHASE ANGLE DIFFERENCE (°) PHASE ANGLE DIFFERENCE (°)
24 GHz 28 GHz 39 GHz 24 GHz 28 GHz 39 GHz

Average [ 22.93 21.13 1.1 Average [ 22.00 21.20 4.83

Std Dev 1.91 2.32 3.56 Std Dev 2.13 2.40 3.62

Range 5.64 6.76 10.13 Range 5.93 6.70 9.97
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Southwest Microwave). Figure 3b
shows the top and bottom layers
with a PTH in the middle to pro-
vide a transition between layers.
The 2 in. test circuit is a loosely
coupled GCPW transmission line
to have similar RF performance to
the microstrip “standard” transmis-
sion line. Loose coupling enhances
performance at higher frequencies
and is a good fit for this test vehicle
through 40 GHz.

A number of circuits of the same
design were fabricated from the
same material panel to evaluate RF
performance differences resulting
from normal material variation and
the effects of PCB fabrication pro-
cess uncertainties. The original pan-
el, measuring 24 in. x 18 in., was
cut into two panels, each measur-
ing 12 in. x 18 in., so that material
consistency was maintained across
the different test circuits. The same
fabrication and test process was
used for both circuit materials, the
20 mil thick RO3003G2 circuit mate-
rial with smooth PTHs and the 20.7
mil thick RO4730G3 circuit material
with rougher PTHs.

TEST RESULTS

A large amount of data was col-
lected including insertion loss, re-
turn loss, impedance, group delay
and phase angle. Figure 4 shows
vector network analyzer screen
shots of a sample of the test circuit
in Figure 3b, with results in both
the frequency and time domains.
From Figure 4a, |S,q| is 3.93 dB
at 39 GHz, per marker 2. In Fig-
ure 4b, marker 1 shows that |Sq]|
and |Sy,| at 40.7 GHz are better
than 14.83 dB. Using time domain
reflectometry, Figures 4c and d
show the impedance in the body
of the test circuit: approximately
48 ) at markers 1, 2 and 3 in the
PTH transition. Small impedance
anomalies can be seen in the transi-
tion areas, although these are less
than 2 Q and have little impact on
RF performance. This circuit is con-
sidered to have a good transition
from top to bottom signal layers.

These through measurements
show the effects of a PTH transition
from one copper layer to another.
Microstrip and loosely coupled
GCPW circuit impedances are influ-
enced most by substrate thickness
versus conductor width, variations
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in copper thickness and substrate
Dk. The impedance in the PTH area
is impacted more by these variables
than any variation in the wall surface.
For this reason, impedance was not

used to gauge the effects of PTH
wall surfaces on RF performance, al-
though the data was collected.
Since surface roughness of a con-
ductor along a microstrip transmis-

sion line affects the phase angle
of a signal passing through it,1-2
through measurement phase is a
sensitive measure of the RF signal
path through the PTH. Repeatabil-
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i I |
S0 | | ! 000 | | Lo
| |
100 -1 300,00 — ] ——
| i
| ke |
1500 1y | | 200 00 -
i
20 D4 T4 (40 4
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M} () 10000
35 I 200.00
400 SO0 D0
£5.00 | 40000 |
000 | | | | 500 00 | |
1 *h1 Stat 100000 MiHr Siop 67 0000 Gy 3 Chl Stan 26,504 ps Step TE2 62 ph
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o1 ) T Faflun]
|
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008 300 00
00 20000 -
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A Fig. 4 Measured PTH test circuit: IS (a), IS 14 and |S »,| (b); real impedance vs. distance, as S;;, i.e., looking into the circuit from port
1 (c), and as S,,, i.e., looking into the circuit from port 2 (d).

66

The Best of Both Worlds - 5G OTA Testing
F-Series Hybrid AC/RC 200MHz to 110GHz '

Anechoic

J NI NN

Reverberation

v Fast & Repetitive
v End-to-End
v'|sofropic KPls

v 16x16 MIMO x 10DLCC
v RC Unsupervised
parallel overnight

t chambers

EMITE, more than j

www.emite-ing.com

salesd@emite-ing.com

For reprints please contact the Publisher.

Q.I Uﬁ,e
‘ / |

Content is copyright protected and provided for personal use only - not for repr%%i&r% I\?I{Lr%téﬁls.rrgﬁéwlam 2018



ITAR & 1509000
R F- l_A M B DA Registered Manufacture
THELEADER OF RF BROADBAND SOLUTIONS
WWW.RFLAMBDA.COM

RF SWITCHES

MM./ MICROWAVE DC-50GHz

=S -

¥ i
I 4 3y
s : @'n ¥ .\
(¥ a ¥

- S

160 CHANNELS
mm/Microwave

0.05-20GHz 45
Filter Bank Switch Matrix o
For Phase Array Radar Application Satellite communication.

o ol
r:_'\ _}“ ".

=

PN: RFSP32TA5M43G
SP32T SWITCH 0.5-43.5GHz

»! PN: RFSP16TA5M43G
\ SP16T SWITCH 0.5-43.5GHz

'J

AAY .com 1-888-976-8880 Plano, TX, US

s ] ; = Sl et San Diego. CA, US
sales@rflarbia.con; T-CTILTCT-Z858 | it G, oo S



TechnicalFeature

TABLE 2
S,; PHASE MEASUREMENTS

RO4730G3
(Rough PTH Via Hole Wall)

Panel 1 Phase Angle Difference (°)

24 GHz 28 GHz 39 GHz

Average | 23.85 24.03 7.70

Std Dev 2.28 273 3.29

Range 6.06 6.89 7.60
Panel 2 Phase Angle Difference (°)
24 GHz

28 GHz 39 GHz

Average 19.68 18.61 -4.16
Std Dev 2.23 274 4.05
Range 6.83 8.31 10.47

ity measurements on one test circuit
determined the S, phase angle
within a standard deviation of £1.2
degrees at 39 GHz. For this mea-
surement, S,; phase angle is the
unwrapped phase angle, an abso-
lute value summation of the =180 to
+180 degree phase. This is mean-
ingful resolution for 5G frequencies
at 39 GHz, where lower frequencies
are less sensitive to phase variations.
For a 2 in. long microstrip transmis-
sion line on a substrate with a Dk
of about 3, the phase angle range
is thousands of degrees at 39 GHz,
so that suitable phase resolution is
provided by the test circuits and this
measurement approach.

TABLE 3
PHASE ANGLE (%)
Circult  24GHz 28GHz 39 GHz
p2c1 | 3192 | —3738 | -5279
P2c2 | 3193 | —3738 | 5082
P2c3 | 3192 | -3738 | —5277
paca | -3188 | -3733 | -5273
P2cs | —3195 | —3742 | 5283
P2cs | -3193 | —3740 | 5283
Average | -3192 -3738 -5279

Summarizing the results, Table 1
shows data for six different circuits
of the same design fabricated using
one panel of RO3003G2 substrate
material and compared, for refer-
ence, to a microstrip transmission
line without a PTH. The table also
shows data for six different circuits
of the same design fabricated on a
second panel of substrate material,
where the two panels were origi-
nally cut from the same piece. The
circuit ID indicates which panel the
circuit came from and the circuit ID
on that panel. For example, P1C4
is from panel 1, circuit number 4.
To ensure consistency, circuits were
separated from each other and

ERZIA

www.erzia.com

evenly covered the panel. Some
differences, due to factors such as
conductor width variation, cop-
per plated thickness variation and
drilled hole quality were from PCB
fabrication tolerances rather than
PTH wall roughness. In addition,
tight gaps around transitioning
PTHs exhibited some variation due
to normal PCB fabrication toleranc-
es. Also, there were minor material
variations across each panel, such
as slight differences in Dk. Consid-
ering these uncertainties, repeat-
ability of the phase data is within
+1.2 degrees at 39 GHz.

Although not a factor in these
measurements, the Dk tolerance
of the RO4730G3 circuit material
is within £0.05. At higher frequen-
cies, however, even slight Dk vari-
ations can sometimes be notice-
able: at 39 GHz, for example, a Dk
shift of 0.05 will cause a change in
phase of about 15.3 degrees. For
a tolerance of *#0.05 or total Dk
shift of 0.10, the phase angle at
39 GHz could change by as much
as 30.6 degrees due to Dk varia-
tion alone. This is good to keep in
mind when considering the phase
angle variation shown in Table 1.
Because the same original panel
of material served as the source
of panels for the PTH evaluations,
variations in phase angle due to
Dk variations can be expected to
be minimal.

Table 2 shows the phase differ-
ence average, standard deviation
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and range from
the circuits fab-
ricated with the
RO4730G3 lami-
nate, which has
the rougher PTHs.
The statistical dif-
ferences between
the RO3003G2
and RO4730G3
laminates can be
seen by compar-
ing Tables 1 and
2. As noted, ev-
ery attempt was
made to minimize
variations due to
the material, with
material  panels
1 and 2 in each
case coming from
the same start-
ing panel. Com-
parisons of phase
angles and any
differences are
principally ~ due
to circuit fabrica-
tion effects. When
analysis of the re-
sults is restricted
to a single panel,
phase angle dif-
ferences are mini-

mally
by PCB material
variations. Each panel exhibits

some variation in S,; unwrapped
phase angle, but the variations
are not significant between the
two different materials.

Visibly, using microphotographs,
the PTH surface walls appear quite
different. For example, Figure 2
shows the PTH of ID P1 C1 fabricat-
ed on 20 mil thick RO3003G2 lami-
nate, with a smooth PTH wall sur-
face. ID P2 Cé (see Figure 5), fab-
ricated on 20.7 mil thick RO4730G3
circuit material, has a rougher PTH
wall surface. Judging by appearance
alone, there might be some cause
for concern regarding PTH wall sur-
face roughness on RF performance;
however, these and other tests have
shown that, with respect to the test
vehicles considered, differences be-
tween rough and smooth PTH side
walls are only cosmetic, with no ap-
parent impact on RF/microwave/
mmWave performance, at least
through 40 GHz (see Table 3).

> A Fig. 5 Close-up photographs of the side walls of a PTH
influenced fabricated with 20 mil RO4730G3 laminate.

CONCLUSION

The information reported in this
article is a small sample of the data
collected testing circuit materials
with smooth and rough PTH tran-
sitions. The purpose of these tests
was to demonstrate the effects of
PTH surface-wall roughness on RF
performance at mmWave frequen-
cies; they demonstrated that the dif-
ferent appearance between rough
and smooth PTH side walls is only
cosmetic and has no adverse effect
on RF, microwave and mmWave
performance through 40 GHz.l
I
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Navigating the 5G NR Standards

Sheri DeTomasi

Keysight Technologies, Santa Rosa, Calif.

pproximately once each

decade, wireless commu-

nications standards have

marched forward, advanc-
ing through 2G, 3G, 4G and now
moving into 5G. The 5G New Radio
(NR) standard creates a whole new
era of wireless communications. The
promise of everything connected, all
the time, with extremely fast down-
load speeds and ultra-low latency
will require massive changes across
the 5G ecosystem.

The 5G NR standard adds new
operating bands with advanced
ways to package and transmit sig-
nals. mmWave operating bands,
wider modulation bandwidths, scal-
able numerologies and new initial
access procedures introduce many
changes to understand and imple-
ment in new infrastructure and mo-
bile designs. Chipsets and devices
will operate at higher frequencies.
Devices and base stations will use
new technologies to make connec-

TABLE 1

IMT-2020 VISION USE CASES

Enhanced Mobile
Broadband (eMBB)

All data, all the time

2 billion people
on social media
500 km/h mobility

20 Gbps peak data rate
(downlink)

10 Gbps peak data rate
(uplink)

Ultra-Reliable and Low
Latency Communication
(URLLC)

Ultra-high reliability

Ultra-responsive

< 1 ms air interface latency
5 ms end-to-end latency
99.9999% reliability
50 kbps to 10 Mbps

Massive Machine-Type

Communication (mMMTC)

30 billion “things”
connected

Low cost, low energy

105 to 106 devices/km?
1 to 100 kbps/device
10-year battery life

2016

|
2015 |

Study item; Channel Maodel

Study Item: Seenarios
and Roquirements

E oY

Study lem: 56 new RAT

2017 2018 | 2019

3GPP Rel. 14 3GPP Rel. 15 3GPP Rel. 16 3GPP Rel. 17 & Beyond

lascalaruhnn m

Work ftemr 56 new RAT (Phase 1}

2020

Wide-spread
commercialization
of Rel-15

Work e 56 newy RAT {Phase2)

First 3GPP NR Spac Juna 2018

A Fig. 1 3GPP timeline for 5G NR releases.
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tions and networks will evolve to
handle more data, more users and
different levels of service. 4G and
5G NR networks must initially work
in harmony to provide seamless
service for users. To fully capture
5G opportunities through new use
cases and new business models, it is
important to understand the 5G NR
standard and develop techniques
for successful implementation.

WHO DEVELOPED THE 5G NR
STANDARDS?

The International Telecommu-
nications Union (ITU) worked with
operators, network equipment
manufacturers (NEM) and standards
organizations to define the Interna-
tional Mobile Telecommunications
2020 (IMT-2020) vision. The 5G NR
standard specifies new features
that require the development of
new technologies to meet the ag-
gressive goals shown in Table 1.
The Third-Generation Partnership
Project (3GPP) is responsible for the
development of the 5G NR access
technology specifications to meet
the recommendations of IMT-2020.

The ITU and 3GPP are using a
phased approach to enable wide-
spread commercialization of 5G
NR by 2020. In phase 1, 5G NR
Release 15 focuses on setting the
foundation for the enhanced mo-
bile broadband (eMBB) and ultra-
reliable and low latency communi-
cations (URLLC) use cases. Phase
2 will continue the evolution of 5G
NR, optimizing new features like un-
licensed spectrum access and con-
nected vehicle-to-everything (V2X)
communication, beginning in 5G
NR Release 16, which is projected
to be completed by the end of
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2019. 5G NR Release 15 is forward
compatible with NR Release 16 but
not backward compatible with 4G
Release 14. 3GPP will also continue
to define enhancements to LTE-
Advanced Pro (initially specified in
Releases 13 and 14) in Releases 15
and 16 (see Figure 1).

The expectation is that 5G NR
will operate alongside 4G LTE and
deliver enhanced services. 5G NR
Release 15, approved in June 2018,
specifies the 5G radio access net-
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NodeB (eNB) base stations. 5G NR
supports both standalone (SA) and
non-standalone (NSA) modes of op-
eration in phase 1. In NSA mode,
the user equipment (UE) requires a
legacy eNB base station with a con-
nection to the evolved packet core
(EPC), so the control plane can sup-
port 5G NR communication. In SA
mode, the 5G network operates in-
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dependently from the 4G core net-
work (see Figure 2). Seven different
connectivity options are defined in
the 5G NR specifications, enabling
different upgrade paths to the next-
generation core network for NEMs.

While 5G NR Release 15 is con-
sidered complete, there is a NR late
drop freeze planned for December
2018 and an abstract syntax nota-
tion (ASN) drop in March 2019 to ad-
dress NR architecture connectivity
options not completed in Septem-
ber 2018. Conformance test defini-
tions, one of the biggest areas still
in development, have a target com-
pletion date of May 2019. Release
16 will begin identifying new types
of services, devices, deployment
models and spectrum bands with an
emphasis on URLLC enhancements
for industrial loT, utilization of unli-
censed bands, V2X, UE positioning
and UE power efficiency.

WHAT IS IN THE 5G NR 3GPP
SPECIFICATIONS?

RAN working groups define the
5G NR specifications. The work-
group outputs are public: all docu-
ments, meeting reports and pub-

Non-Standalone NR
Option 3A

(a)

Next Gen Core
Network

Standalone NR
Option 2

(b)

A Fig. 2 5G NR phase 1 non-standalone

(a) and standalone (b) modes.
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lished specifications are available
on the 3GPP website.! The 5G NR
specifications appear in the 38.xxx
series documents. The 5G NR RAN
study items and specifications de-
fine the functions, requirements
and interfaces of the networks. RAN
study items are followed by work
items that are followed by the re-
lease of specifications.

The radio interface between the
UE and the network consists of lay-
ers 1, 2 and 3 of the communica-

tions stack, commonly known as the
physical layer, the data link layer and
the network layer. The physical lay-
er, defined in TS 38.200, represents
the interface to the “real world"”and
includes the hardware and software
to control this linkage. The physical
layer provides a transport channel
and specifies how information is
transferred over the radio interface.
Layers 2 and 3, defined in the TS
38.300 series (see Figure 3), work in
conjunction with the physical layer.
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The data link layer, also known as
the medium access control (MAC)
layer, enables data transfer between
the different networks. The MAC
layer provides different logical chan-
nels to the radio link control (RLC) in
the network layer. Layer 3, the radio
resource control (RRC) layer, con-
nects with the nodes in the network
so that the UE can travel seamlessly
throughout the network.

The RAN working groups are re-
sponsible for developing the 5G NR
speciﬁcations in certain areas, such as
the 5G NR physical layer. TR repre-
sents a technical report or study, and
TS represents a technical specifica-
tion. The 5G NR RAN working groups
and technical specifications are:

e RANT1 (radio layer 1, TS 38.201-
38.215) is responsible for the
physical layer (layer 1) of the UE
and the data transport to the ra-
dio interface protocol architec-
ture (layers 2 and 3). It includes
specifications of the physical
channel structures, mapping of
the transport channels into physi-
cal channels, multiplexing, mod-
ulation and channel coding, as
well as the physical layer proce-
dures, such as cell search, power
control and beam management.

* RANZ2 (radio layers 2 and 3, TS

38.300-TS 38.331) is respon-
sible for the radio interface ar-
chitecture and protocols. This
includes interfaces between the
5G NR and the 5G core network.
It covers the network interfaces,
the physical layer and connec-
tions to MAC, RLC and the pack-
et data convergence protocol
(PDCP). RAN2 is also responsible
for the RRC protocol, the strate-
gies of radio resource manage-
ment (RRM) and the services pro-
vided by the physical layer to the
upper layers.
RAN3 (radio network, TS
38.401—38.474) is responsible
for the overall architecture and
the protocol specifications. TS
38.2xx and TS 38.3xx in RAN1
and RAN2 define the radio in-
terface protocols, and RAN3 de-
fines the next-generation inter-
face protocols.

¢ RAN4 (radio performance and
protocol, TS 38.101-38.307) is
responsible for the RF aspects
of the communications and the
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supporting RRM.

e RANS5 (mobile terminal confor-
mance tests, TS 38.508-38.533)
is responsible for the specifica-
tions of conformance testing at
the radio interface for the UE,
based on the specification de-
fined in RAN4 for signaling and
protocol test cases. RANS has the
responsibility for RF and signal-
ing subgroups, including RF con-
formance and inter-radio access

CMOS Beamforming ICs technology (RAT) procedures.
The RAN specifications introduce

new frequencies and techniques for

RMF050065PA 5G NR signal creation, transmission

and reception:

* Operating bands extend into
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support many use cases and

-
e e services (e.g., subcarrier spacing
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oip? ,m,m}{, iechirie plicament duration for low latency, time-

sensitive applications).

* Dynamic time-division  duplex
(TDD) and bandwidth, which deliv-
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and better spectrum utilization.
5G NR signals are more complex
RUWE7901M 7-5GHz | Bandwidth: 0.5-1,4GHz / Detection Range: 15m/ than 4G signals. A signal’s modula_tlon
properties can be evaluated by view-
ing 1Q constellation diagrams and er-
ror vector magnitude (EVM), EVM per
symbol and EVM by subcarrier. This
analysis provides some insight into
the signal’s performance. The radio
" layer protocol tests ensure a device is
UWB Radar Module (3-5 GHz / 7-9GHz) performing as expected. A network
- emulator can provide the protocol
messages with specific numerologies
and frame structures to test the key
performance indicators (KPI) and vali-
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date the performance of a device prior
to commercial deployment.

Equally important, the 5G sys-
tem architecture must evolve to
keep pace with the radio access
changes. Key to success are sup-
porting the variety of 5G services,
the many different types of devices
and the varied traffic loads. Many
network operators are moving to
software-defined networking (SDN)
and network functions virtualization
(NFV). Distributed cloud, network

slicing and self-optimizing networks
(SON) are key enabling technolo-
gies. These new technologies help
virtualize the network architecture
and management plane to create
enhanced communication capabil-
ity. In parallel with 5G NR, the 3GPP
system architecture (SA) work iden-
tifies the features and functionality
needed to deploy a services-based
operational network for 5G. These
specifications are contained in
3GPP TS 23.xxx documents.
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CONFORMANCE, PRE-
CONFORMANCE AND DEVICE
ACCEPTANCE TESTING

A major milestone in the develop-
ment of devices and base stations is
passing the conformance and com-
pliance tests outlined in the 3GPP
RAN4 and RANS specifications. All
UEs and base stations must pass
the required conformance tests be-
fore being released to the market.
Conformance tests, however, only
provide a minimum pass/fail result,
offering no indication of how the
device will perform when integrat-
ed into a wireless communications
system. Device and base station
manufacturers will test a wider set
of parameters using verification and
regression testing to ensure quality
and sufficient margins. Pre-confor-
mance testing is also done to check
the confidence of a “pass” before
conformance testing. This reduces
the time and expense of rework in
case the device fails official confor-
mance tests (see Figure 4).

UE conformance tests involve
connecting a device to a wireless
test system and performing the re-
quired 3GPP tests:

* RF transmission and reception to

a minimum level of signal quality.
® Demodulation to determine data

throughput performance.
e RRM to assure initial

handover and mobility.
* Signaling to assess the upper
layer signaling procedures.

Even though 5G NR Release 15 is
complete, most of the 5G NR con-
formance tests will not be defined
until May 2019. One of the key chal-
lenges will be testing the radiated
performance of the device antenna.
The use of mmWave multi-element
antenna arrays integrated into RFIC
requires over-the-air (OTA) testing
to validate beam steering and per-
formance. It is important to validate
designs using OTA test methods
approved by 3GPP. To date, 3GPP
has approved three RF performance
OTA test methods for UE devices
(see Table 2). Base station tests are
stillin development. An OTA test so-
lution typically includes an anechoic
chamber, probing and the test
equipment to perform a wide range
of RF, demodulation and functional
performance tests at sub-6 GHz and
mmWave frequencies. Third party

access,
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What

Performance
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Check confidence of
“pass” before spending

Schedule time for
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testing of UEs for

Customers form
opinion, share

regression test of time and expense on party) testing of UE interoperability and experience,
components and of conformance to defined test cases performance against provide feedback
integrated devices expected use models

Development Conformance Deployment

A

Conformance >> Operator

Where

Development
engineer’s bench

Dedicated lab at
developer site

Authorized test
laboratory

Operator’s test
laboratory

In the “real world”

A Fig. 4 Typical test flow from development to deployment.

Direct Far Field (DFF)
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TABLE 2

3GPP OTA TEST METHODS FOR UE DEVICES

Indirect Far Field (IFF)

Near field to far field conversion enables compact

antenna test range

Near Field to Far Field Transformation
(NFTF)

Compact approach, can be lower cost

Can be very large with greater path for
mmWave devices

Suitable for testing mmWave devices; not well

suited for spatial RRM

Limited application: transceiver only; no
receiver or RF parametric tests yet
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labs conduct conformance tests to
ensure equipment vendors do not
influence the results. Test systems
used to perform conformance tests
must be validated and calibrated to
ensure they perform the tests under
controlled conditions with known
uncertainties.

Once a UE passes conformance
testing, the device is validated on
a specific network. Device accep-
tance testing is operator specific
and used to evaluate whether the
device has sufficient performance to
meet the goals set by the operator.
For example, some networks make
claims such as the “fastest network”
or the "most reliable” network. In
these cases, the operator accep-
tance tests include performance
and functional tests to ensure the
device will deliver the promised ser-
vice on their network. Many opera-
tors expect to have 5G NR accep-
tance tests available in 2019.

It will be especially important for
device and base station manufactur-
ers to test the radiated RF perfor-
mance of their designs early in the
design cycle. Multi-element anten-
nas will need validation of their 3D
beam performance and measure-
ments such as EVM and adjacent

channel power ratio (ACPR) during
movement to ensure performance
across the antenna range. Initial ac-
cess and beam management tasks
like handovers and 4G fallback pro-
cedures evaluated early in the design
cycle will help ensure proper opera-
tion across the wireless network.

NEXT STEPS?

5G NR promises everything con-
nected, all the time, with extremely
fast download speeds. With 5G NR
Release 15 approved, developers
are working on 5G NR devices and
base stations. 5G NR expanding
into higher frequencies and using
new technologies adds complex-
ity in the way signals are built,
transmitted and processed. As
the standard continues to evolve,
more features are added and con-
formance and acceptance tests are
completed, 5G NR designs need
to be flexible and ready to adapt
to the higher mmWave frequen-
cies with wider bandwidths, denser
waveforms and a growing number
of test cases.ll

Reference
1. 3GPP Specifications Groups, www.3gpp.
org/specifications-groups.
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5G or Wi-Fi 6 (.11ax)?

INVILED

PAPER

Cees Links

Qorvo, Greensboro, N.C.

G versus Wi-Fi (802.11ax).
This is an antinomy that we
hear often these days, as
wireless data communica-
tion technology and standards are
still in development, and new pro-
prietary technologies are popping
up every once in a while, looking
for attention. How do we separate
the noise from what really matters?
Should consumers care about any
of this?
It can be helpful to remind our-
selves how we got to where we are
today.

STANDARDS DEVELOP
DIFFERENTLY

The standardization
body for wireless phone
communication is 3GPP.
The roots of 3GPP are with
the telephone operators
and their governmental
sponsors, since operators
were originally govern-
mental bodies—and still
are in some countries. For
wireless computer data
communication, it is |IEEE
802.11, which is rooted in
the computer industry. In
addition to academics and
regulators, |EEE 802.11
has a large engineering

84 Content is copyright pr8

membership, most of whom are
sponsored by their employer com-
panies.

The IEEE 802.11 and 3GPP
have another complete and fun-
damental difference: The govern-
ment-sponsored 3GPP works with
licensed spectrum, spectrum that
is acquired for a certain amount
of time to provide communication
services. The government, as licen-
sor of the spectrum, is responsible
for making sure that the spectrum
can only be used by the licens-
ee. On the other hand, the IEEE
802.11 standards group has
developed standards
in the "unlicensed”
bands, bands that
have been set aside
by the govern-
ment for “free us-
age” based on a
set of rules, such
as limited power
so the interfer-
ence range for
realistic applica-
tions stays local.
These bands are
called ISM (in-
dustrial, scientific
and medical) and
can be found at 2, 5
and 60 GHz.
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The companies that sponsored
their engineers to develop IEEE
802.11 needed to enforce compli-
ance to the |EEE 802.11 standard,
as the |EEE 802.11 itself does not
regulate compliance. So the Wi-Fi
Alliance was founded by these inter-
ested companies for enforcing and
promoting the IEEE 802.11 stan-
dard under the Wi-Fi brand. 3GPP,
on the other hand, never really fo-

cused on a cohesive brand strategy
aimed at consumers. This makes
sense because 3GPP was the inter-
est group of operators, who always
had a certain control of the market.
So instead of bothering with brand
consistency, whole sets of ever-im-
proving standards migrated from
GSM/GPRS to 3G, Edge, 4G, LTE—
now 5G, which will likely involve a
new set of implementations.
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WHY DO COMPUTERS HAVE
TWO RADIOS?

When Wi-Fi was emerging in the
late 1990s, the general tendency
in “3GPP land” was to ask “Why
do you need Wi-Fi?" At that time,
the standardization of 3G was pro-
gressing well and promising high
data rates, and 3G modems con-
nected to or integrated in laptops
were envisioned to provide ubig-
uitous connectivity. The general
opinion was that this “unlicensed
technology” would disappear,
probably sooner than later, be-
cause the lack of oversight in the
unlicensed bands would bring per-
formance spiraling down quickly.

Of course, we know today that
things turned out differently (see
Figure 1). Wi-Fi has found a way to
properly operate in the unlicensed
ISM bands and satisfy the needs
for wireless connectivity indoors,
i.e., in-home or in-building, where
3G was not able to penetrate well.
Also, Wi-Fi rapidly increased its
data rate and expanded its capa-
bilities by moving from the 2.4 GHz
band into the 5 GHz band, and it
is expected to further increase data
rate by going to 60 GHz. Range
extender technologies and, more
recently, the concept of distributed
Wi-Fi (Wi-Fi Mesh) have also sup-
ported Wi-Fi's success.

A significant part of the rea-
son that Wi-Fi was successful was
that data communications via
3G required a paid subscription
from telephone operators and a
data plan that initially led to quite
hefty bills, not to mention roam-
ing charges. By comparison, Wi-Fi
was almost free, as the incremental
cost for Wi-Fi via a fixed telephone,
ISDN and, later, ADSL was limited.
So now we had wired operators di-
rectly competing with the wireless
operators, which ultimately stimu-
lated worldwide acceptance of Wi-
Fi. The wireless operators helped
this along by initially discourag-
ing the use of 3G for data—and
therefore encouraging the use of
Wi-Fi—due to concern for a voice
service collapse if 3G were “over-
used” for data.

This answers the question of why
most computers and tablets have
only two radios: Wi-Fi and Blue-
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A Fig. 2 Approximate frequency bands and dates of
spectrum availability for the main wireless technologies.
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tooth. 3G-licensed
radios and their
successors — were
rarely integrated
in computers or
tablets  because
Wi-Fi offered a
cost-effective and
versatile internet
connection. An
integrated 3G ra-
dio, plus SIM card
subscription, was
just too expensive
by  comparison.
When a mobile so-
lution is needed,
users have turned
to devices like 3G
dongles or, more
commonly today,
using their mo-
bile phone as a
hotspot.

The evolu-
tion of wireless
technologies was
made possible by
growing amounts
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of radio spectrum made available
by the world’s regulatory authori-
ties. Figure 2 gives a rough indi-
cation of the major technologies
and frequency bands involved. At
the 2019 World Radio Conference,
significant new allocations are ex-
pected for Wi-Fi and 5G to support
the increasing demands for wire-
less data communications.

WORKING TOGETHER?

One would think that after 3G
and Wi-Fi fought their battles, the
demarcations between the two
technologies would be clear: Wi-Fi
for private areas such as home and
office and 3G everywhere else. But,
no.

Initially, the telephone operators
in 3GPP were naturally quite sus-
picious about the development of
so-called "hotspots,” public places
where people could get access to
high speed internet without need-
ing a subscription. Fortunately for
the telephone operators, it turned
out that running a large number of
hotspots was not trivial, particularly
for large retail and hotel chains, cit-
ies and trains. Public hotspot com-
panies have been slowly absorbed
by the telephone operators, who
started to further embrace Wi-Fi
and learned that “unlicensed” was
not as bad as it sounded. Operators
even developed strategies to use
public hotspots with private routers
to "off load.” In other words, they
used Wi-Fi connected hotspots for
traditional phone services.

At the same time, consumers
and companies are learning that
running Wi-Fi networks is becom-
ing more complex, and telephone
operators—recently including
cable operators—are finding that
private Wi-Fi networks are business
opportunities: helping consumers
and smaller companies run their
Wi-Fi networks.

Finally, with the rapid growth
of data traffic, especially via video
applications like YouTube, the op-
erators need increased capacity.
But getting more frequency bands
is not easy. A faster way of getting
this capacity, next to leveraging
Wi-Fi, was realizing that the suc-
cessor of 3G, 4G or LTE technology
can also run in the ISM band. This
realization gave rise to the concept
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of LTE with licensed assisted access
(LAA). The 3GPP specifications al-
low both Wi-Fi and LTE-LAA to be
used in the same 5 GHz spectrum.
The first installations of LTE-LAA
are being planned now, but we will
have to wait and see if LTE-LAA is
a hit.

WHAT HAPPENS NEXT?

Now that we understand history,
we can see a new battle looming.
The IEEE 802.11 has been work-
ing diligently on higher speed ver-
sions, 11n and .11ac, and is in the
process of completing .11ax. At
the same time, the 3GPP is mov-
ing on from 4G/LTE and investing
heavily in 5G. In any case, it should
not come as a surprise that the talk

is (again) about which technology is
going to win: 5G or IEEE 802.11ax.
Both will be in the high data rates
(Gbps) and quite power intensive
to get good range, while trying to
infringe on each other’s territory.
5G is claiming that it will have "way
better indoor penetration,” and
.1ax is throwing out the slogan,
“5@G has arrived and it is called Wi-
Fi6."

Wi-Fi 6 is an evolution of Wi-Fi 5,
but it offers new, additional capa-
bilities that greatly improve its ca-
pacity and ability to share spectrum
efficiently and without any dramat-
ic “hang-ups” that sometimes oc-
cur in high density, high load situ-
ations. These improvements show
that Wi-Fi technology has reached
a level of maturity that increases its
attraction for consumers, enterpris-
es and service providers.

IEEE 802.11ax has a clear path
worked out, although with the in-
creased data rate the range is
definitely reducing. Interestingly,
Wi-Fi has turned this disadvantage
into an advantage by focusing this
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new |EEE 802.11ax standard on
distributed Wi-Fi (Wi-Fi Mesh) and
enabling the use of multiple chan-
nels at the same time to connect
multiple access points in different
rooms to the main router. The focus
of IEEE 802.11ax is on full indoor
coverage—every nook and cranny
in a home or office building cov-
ered with the same high data rate,
creating an experience that will not
easily be replaceable with 5G.

However, 5G is facing its own se-
rious challenges, including delays.
5G’s higher data rates also create
a penalty on its range and, for cel-
lular base stations, coverage goes
“by the square.” The expectation
is that the range for 5G will prob-
ably decrease by less than half,
forcing the number of base sta-
tions to more than quadruple. In
dense urban areas, where tinding
real estate to place base stations
is expensive, this will mean rolling
out 5G infrastructure will be a sig-
nificant expense, at the same time
many operators are still recovering
from their 4G investments.

Though it varies a bit by coun-
try and the financial structure of
the telephone operators, the be-
lief is that higher data rates will be
needed to sustain the consumer
and business appetites for higher
data rates, particularly in dense
population settings where the use
of licensed spectrum can be better
controlled than unlicensed.

A BATTLE AFTER ALL?

In the end, who is going to win?

Both 5G and Wi-Fi have very
particular characteristics that will
be beneficial for connecting com-
puters—including all the devices
that can now be classified under
this term—to the internet. The op-
erator that can best exploit both
technologies to its advantage and
define and execute a strategy that
leverages both will become the
winner. This operator will make a
worry-free and seamless experi-
ence for the consumer, allowing
fluid transitions between the two
standards when necessary. Seen
from this perspective, the ultimate
winner of this technology battle will
be the end user.
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Ultra-Low Noise

MMIC Amplifiers
Improve Receiver
Dynamic Range

Custom MMIC
Chelmsford, Mass.

odern system requirements

placed on a microwave receiv-

er design are often difficult to

achieve, because small size,
low-cost and high performance are often at
odds. First and foremost, any new design
will typically need to offer a performance ad-
vantage over existing systems. For example,
in a superheterodyne system (see Figure
1), an engineer may be asked to design for
wider bandwidth, lower system noise figure
and higher linearity. Often, the limiting com-
ponent for all of these specs is the low noise
amplifier (LNA) immediately following the
antenna.

Antenna

Low Noise
Amplifier

IF
Mixer  Amplifier

Local Oscillator

When deciding how to im-
plement the LNA, a designer
has several options. Typically,
the best performing solutions
° are hand-tuned amplifiers,

YPYE | \which require considerable
board space and are both
costly and time consuming
to manufacture. MMIC LNAs,
on the other hand, offer the
smallest size and easiest man-

A Fig. 1 Simplified block diagram of a ufacturing solution. A com-

superheterodyne receiver.

92

promise between these two is

a design using discrete transistors, but with-
out hand tuning. This approach is relatively
easy to manufacture, yet still requires large
board area.

Obviously, if performance were the only
metric, a hand-tuned discrete solution
would be used in most applications. This is
rarely the case, however, and the need to re-
duce size, weight, power and cost (SWaP-C)
requires the designer to consider the other
two options. The final consideration is often
which is more important: meeting a difficult
size requirement or having the best possible
noise figure.

ULTRA-LOW NOISE AMPLIFIERS MEET
BOTH

Custom MMIC now offers a MMIC solution
that solves both challenges. The CMD283C3
is the first in what will be a series of ultra-
low noise amplifiers. This off-the-shelf pack-
aged MMIC features performance previously
achievable only with discrete solutions. Oper-
ating from 2 to 6 GHz, the LNA has a typical
noise figure of 0.6 dB with greater than 20 dB
gain across the band (see Figure 2).

Fabricated with an enhancement mode
PHEMT process, the CMD283C3 has many
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A Fig. 2 Typical gain and noise figure of the CMD283C3.

features in addi-
tion to the world-
class noise figure,
making it an ideal
solution in a re-
ceiver front-end.
One key ben-
efit is the all posi-
tive bias, which
means no nega-
tive power sup-
plies or sequenc-
ing voltages. The
CMD283C3  is
self-biased and provides input and output DC block-
ing capacitors on-chip. Eliminating the external compo-
nents needed with a depletion mode LNA without on-
chip capacitors reduces size and off-chip circuit com-
plexity when implementing the CMD283C3 in a system.
The evaluation board in Figure 3 shows the small pack-
age size—just 3 mm x 3 mm—and the minimal external
circuitry.

The LNA has very low power consumption yet main-
tains a high output third-order intercept point (OIP3):

A Fig. 3 Evaluation board shows the
small size of the LNA, with few external
components.

The nominal bias

current is just 42 gg —40°C

mA at 3V, and | £ 26 I ——
the typical OIP3is | 2 27 85C

+26 dBm (see Fig- | = 20

ure 4). This com- 3]2

bination of ex- | 3 14

tremely low noise 12 ‘ ‘ ‘

and high linear- 107 3 4 5 6
ity enables a sys- Frequency (GHz)

tem designer to
achieve very high
dynamic range, a
critical requirement in many receiver applications.

The LNAs wide operating temperature range, from
—40°C to +85°C, make it well-suited for all applications,
whether military, aerospace or commercial.

A Fig. 4 Output IP3 vs. temperature.

BUILDING ON HERITAGE

Custom MMIC's existing portfolio of LNAs includes
a broad range from S- through Ka-Band, many offer-
ing the best noise figure available. The CMD283C3
is the first product in Custom MMIC's new ultra-low
noise amplifier line, offering a step-change improve-
ment over the current portfolio. The low noise perfor-
mance surpasses what was previously achievable in a
fully-matched, wideband MMIC. Additional LNAs will
be released during the coming year, as Custom MMIC
brings this combination of discrete LNA performance
and small footprint to frequencies through Ka-Band.

The unique combination of industry-leading perfor-
mance and small board footprint allows receiver de-
signers to take system designs to a new level of perfor-
mance and SWaP-C—enabling the next generation of
low noise, high linearity receivers.

Y/VENDORVIEW

Custom MMIC
Chelmsford, Mass.
www.custommmic.com
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New Spectrum
Analyzer Family
Ideal for 5G NR

Signal Analysis

Rohde & Schwarz

Munich, Germany

ith the advance of 5G NR
technology in R&D and pro-
duction, engineers need to
analyze wireless communi-
cation signals with test solutions supporting
5G bandwidth and RF requirements. Rohde

-------

Baalty

A Fig. 1 Screenshot of a measured 5G NR signal at 28 GHz with EVM below
1 percent.

96

& Schwarz supports these users with a new
family of midrange signal and spectrum
analyzers: the R&S FSV3000 and the R&S
FSVA3000, available with up to 400 MHz
analysis bandwidth and up to 44 GHz input
frequency, which cover all relevant 5G NR
frequency bands. Their common user inter-
face includes new features for fast setup of
measurements and capturing rare events.

The R&S FSV3000 is designed to help
users set up complex measurements in the
easiest and fastest way. With its usability and
high measurement speed, it is the right in-
strument in both the lab and on a produc-
tion line. It provides up to 200 MHz analysis
bandwidth, enough to capture and analyze
two 5G NR carriers at once.

The R&S FSVA3000 has up to 400 MHz
analysis bandwidth, a high dynamic range
and an outstanding phase noise of —120
dBc/Hz, delivering performance which was
reserved for high-end instruments until re-
cently. Users can perform more demanding
measurements, such as linearizing power
amplifiers, capturing short events and char-
acterizing frequency agile signals.
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< Fig. 2 To help with troubleshooting, the
event-based action feature enables users to
define events that trigger actions like screenshots
or recording data in a log.

Both the R&S FSV3000 and R&S
FSVA3000 can measure error vector
magnitude (EVM) values better than
1 percent for a 100 MHz signal at 28
GHz (see Figure 1), making the ana-
lyzer family an ideal fit for analyzing
5G NR signals.

NEW, INNOVATIVE USER
INTERFACE

Troubleshooting rare events or
setting up complex measurements
is easy with both the R&S FSV3000
and R&S FSVA3000 spectrum ana-
lyzers. An event-based graphical
user interface makes it easy to trig-
ger on rare events (see Figure 2).
The user only has to select an event,
like a limit line failure, from a drop-
down menu and add a correspond-
ing action, like a screenshot or sav-
ing 1/Q data. Whenever the event
occurs, the corresponding action is
performed, and the event is record-
ed for later in-depth analysis.

A one-button measurement fea-
ture shortens the setup of the in-
strument. At the press of a button,
the most important parameters like
center frequency, span or ampli-
tude reference are automatically set
based on the applied signal. In case
of a pulsed signal, the gate sweep
parameters are also set. For stan-
dard conformance measurements
on communication signals, like adja-
cent channel leakage ratio (ACLR) or
spectrum emission mask (SEM), the
one-button measurement feature
selects the corresponding standard
parameter table.

When setting up complex mea-
surement plans on an automated
production line, external PCs take
over the control of measurement
instruments via standard com-
mands for programmable instru-
ments (SCPI) programs. The em-
bedded SCPI recorder in the new
analyzers makes the programming
of such executable control scripts
much faster and easier. All manual
user input is translated into SCPI
commands, which can be exported
as plain SCPI or in the syntax of
common programming languages
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or tools such as C++, Python or
MATLAB.

With many RF measurements,
an additional signal generator is
required. The smart signal genera-
tor control of the new analyzer fam-
ily goes far beyond what a classic
generator control can do: with the
coupling manager, users can con-
trol the generator with the analyzer.
Changing frequency or level on the
analyzer directly controls the gener-

ator. The analyzer can even display
the user interface of the generator,
so the user can operate the com-
plete setup from only one screen.
The SCPI recording function of the
analyzer and the generator can also

be coupled.

HIGH SPEED ANALYSIS

Rohde & Schwarz designed
the R&S FSV3000 and the R&S
FSVA3000 for high speed perfor-

FASTER, QUIETER, SMALLER

SIGNAL SOURCES
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Design smaller and more efficiently
with National Instruments QuickSyn
synthesizers. The revolutionary phase-
refining technology used in QuickSyn
synthesizers enables blazing fast
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and phase noise performance, wide

frequency range, and small footprint.

ni-microwavecomponents.com/quicksyn
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mance in automated test systems.
They perform spectral measure-
ments, signal demodulation and
switching between measurement
modes in the shortest time, enabled
by fast synthesizer technology. FFT-
based ACLR and SEM measure-
ments are faster than swept spec-
trum measurements, while show-
ing the same dynamic range. The
analyzers’ signal analysis options in-
clude most modern communication
standards like 5G NR, LTE and IEEE
802.11ac and 11ax wireless LAN.
Engineers can use them for general-
purpose measurements like noise
figure, gain, phase noise and vector
signal demodulation.

In classic production systems
where the analysis takes place on
the instrument, an enhanced com-
puter power option provides a fast-
er CPU to accelerate digital signal
demodulation. In cloud-based test
systems, the signal analysis is done
on external CPUs and requires the
transfer of huge amounts of I/Q
data. The new Rohde & Schwarz
analyzer family perfectly interacts
with cloud-based processing. The
optional 10 Gbps LAN interface en-
ables 1/Q data transfer toward the
network side at high sample rates,
which is required for wideband sig-
nal analysis such as 5G.

The R&S FSV3000 and R&S
FSVA3000 will be available from Ro-
hde & Schwarz in March 2019.

Y)VENDORVIEW

Rohde & Schwarz

Munich, Germany
www.rohde-schwarz.com/
fsv3000

micrcwavemedia

Visit the Rohde & Schwarz
Video Channel
at
videos.microwavejournal.com/
channel/rohde-schwarz
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Sunday, 20 January 2019 and Monday, 21 January 2019
Organizers: Multi-Society IEEE IoT Initiative and MTT-S

Workshops

5G New Radio: The Prospects for GaN from Devices to Systems

Organizers: Pere L. Gilabert, Universitat Politécnica de Catalunya and Spyros Pavlidis, North Carolina
State University, and Neil Braithwaite, Consultant

RF Transceiver Imperfections in Wideband and Millimeter Wave Systems
Organizer: Tomas Gotthans, Brno University of Technology and Genevieve Baudoin, Université
Paris-Est, ESIEE Paris

Microwave Power Amplifier Design and High Performance Innovative Passives
Organizers: Howard Hausman, President/CEO, RF Microwave Consulting Services, Adjunct Profes-
sor, Hofstra University

Distinguished Lecturers
Terahertz Communications at 300 GHz: Devices, Packages and System
Ho-Jin Song, Pohang University of Science and Technology, Korea

Nonresonating Modes Do It Better!
Simone Bastioli, RS Microwave Company Inc., USA

Energy Efficient Future Wireless Communications
Nuno Borges Carvalho, Universidade de Aveiro, Portugal

Everything You Can Do With Vector Nonlinear Microwave Measurements
Patrick Roblin, Ohio State University, USA

Young Professionals Forum and Networking Event
Monday, 21 January 2019

Student Contest Elevator Pitches and Poster Session
Monday, 21 January 2019

Demos
Tuesday, 22 January 2019

Exhibits
Monday, 21 January 2019 and Tuesday, 22 January 2019

All accepted papers will be published in a digest and will be included in IEEE Xplore Digital Library.
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TechBriefs

utput hannels Input Channels
2x10GHz or .'- C BWor
4 x 65 GHz BW 5 GHz BW

ime-interleaving of analog-
to-digital converters (ADC)
is used to increase the
sampling rate of high per-

formance digitizers. The new 10-bit
digitizers from Guzik use Keysight
ADCs, where 160 individual ADCs
are interleaved to sample up to 64
GSPS—160 “slices” each sampling
at 400 MSPS—to form two analog
channels, each at 32 GSPS. Time-
interleaving that many ADCs makes
it challenging to achieve high spu-
rious-free dynamic range. Guzik's
patented digital equalization tech-
nology reduces mismatch between
slices, non-flatness of the frequen-
cy response and group delay of
the digitizer to create a calibrated
baseband receiver covering DC to

Digital Equalization for
mmWave Analog Up-/
Down-Converters

10 GHz with an input signal range
from =32 to +22 dBm.

This same technology has been
used to equalize the frequency re-
sponse and group delay of up- and
down-converters, working  with
the digitizer to create a “reference
calibration plane” at the down-
converter input (i.e., an RF refer-
ence plane) and the up-converter
input (i.e., an IF reference plane).
The equalization de-embedding
technology significantly reduces the
linear distortion of the external fre-
quency converters. Non-flatness of
the frequency response of the up-
and down-converters was reduced
from *15 dB to +0.1 dB, and
non-flatness of group delay was re-
duced from £1.25 ns to £100 ps. At

28 GHz, the resulting residual error
vector magnitude through the up-
and down-converters was reduced
from ~11 percent (-20 dB) to ~1
percent (-40 dB) for a 16-QAM,
625 Msymbol per second signal
with a root-raised-cosine filter factor
of 0.35. For signals with up to 2.5
GHz bandwidth, on the output of
the mmWave down-converter, the
equalization is performed real-time
inside the Intel FPGA-based digital
processor of Guzik's ADP7000 se-
ries digitizers, using the patented
digital down-converter.

Guzik Technical Enterprises
Mountain View, Calif.
www.guzik.com

g
: RADIALL
g R574J13620
%ot 0- 50 GHz

o Un: 28V
L1 | Lot 1821

adiall is expanding its

family of 50 GHz coaxial

switches with new ter-

minated SP4T and SP6T
models where the unconnected
ports are automatically terminated
with 50 Q loads. All of the RF paths
in each switch have the same electri-
cal length, and all ports use 2.4 mm
female connectors.

These new switches offer excel-
lent performance: At 50 GHz, the
maximum insertion loss is 1.2 dB,
with at least 50 dB isolation between
any two ports and 3 W average inci-
dent power handling at room tem-

102

50 GHz Terminated
SPAT and SP6T
Coaxial Switches

perature. VSWR at any port does
not exceed 2.2:1. At 20 GHz, the
insertion loss is 0.7 dB maximum,
with > 55 dB isolation and 1.7:1
VSWR maximum. The switches re-
quire a nominal 28 V bias voltage,
and switching is actuated by either
a TTL or BCD signal, with a nominal
switching time of 15 ms.

Radiall's 2.4 mm electromechani-
cal switches use Radiall's Modu-
lar System for Electromechanical
Switches (RAMSES). This patented
mechanical and electrical design
approach improves the consistency
of contact resistance and extends

the lifetime of Radiall switches.
Switch life span is rated at two mil-
lion cycles over the operating tem-
perature range of —25°C to +70°C.

These two new terminated
switches complement Radiall’s pre-
viously released un-terminated
SPAT and SP6T designs. All of the
50 GHz models are well-suited for
5@ test systems operating in the 24,
28 and 39 GHz bands, as well as the
28 GHz military and commercial sat-
ellite bands.

Radiall
Tempe, Ariz.
www.radiall.com
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Web&VideoUpdate

New Online Course

5G-Courses.com has re-
leased a new course into
its portfolio: Private LTE
Networks. This course cov-
ers technical, practical and
business-related aspects of private wireless networks in unli-
censed and lightly licensed frequency bands. Radio standards
such as MulteFire, LAA, LWA and private LTE are described
and compared with traditional standards (Wi-Fi) in an easy-
to-understand style. Leading the class is Oscar Bexell, a sub-
ject matter expert in the convergent area of Wi-Fi and cellular
networks.

5G-Course.com
www.5g-courses.com/courses/private-lte-networks

Connectivity for
RF-Energy Video
YJVENDORVIEW

Using solid-state generated
and amplified RF-power
for applications, including
cooking, warming and light-
ing, RF-Energy brings a completely new user experience to
the respective applications. This is mainly due to the better
controllability of amplifiers, when compared to magnetrons.
RF-power amplifiers in RF-Energy applications have a lot of
similarities with amplifiers used in communication industries.
The main differences however are the additional higher pow-
er levels and the focus on power use instead of signal quality
and linearity.

Huber+Suhner
www.hubersuhner.com/en/solutions/rf-energy

Impressive

Comparison Test
Video . .
How do the best handheld i j

spectrum analyzers match
up in a direct comparison
test? Which device finishes ahead in key parameters such
as sensitivity and harmonics, intermodulation and dynamic
range? Narda STS has put up a video comparison on its You-
Tube channel. In it, Narda's SignalShark challenges the estab-
lished reference instruments. Pitted against the newcomer in
the field of real-time handheld analyzers are the Anritsu Spec-
trum Master, Tektronix H500/600 and the PR100/DDF007
from Rohde & Schwarz.

Narda Safety Test Solutions (STS)
https://youtu.be/RyOtKoAEeG8

New Online Store

Centerline Technologies
has launched an online
store providing a variety of
precision-finished substrate
materials in small quantities.
For those seeking quantities
of less than 10 pieces or ad-
hering to a tight deadline,
the web store is an excellent
opportunity for sourcing af-
fordable materials. All products are processed by Centerline
to achieve optimal surface finish, size and tolerance.

Centerline Technologies
https://shop.centerlinetech-usa.com/

Shop Online

for low quantity
precision-finished
materials

DIY Vector Network
Analyzer Kit
)VENDORVIEW

The first of the University
Project kits, UVNA-63, in-
cludes all the elements EEE =5
students need to build a fully functioning vector network
analyzer, develop S-parameter algorithms and perform real-
time measurements of 2-port RF devices. The kit comprises
Vayyar's high performance transceiver chip with a variety of RF
components from Mini-Circuits, along with control software
and a development environment for Python and MATLAB®.
Mini-Circuits
www.minicircuits.com/WebStore/uvna_63.html

Strategies for Using
Xilinx’s RFSoC

Xilinx's new RFSoC brings a
powerful and unique solu-
tion for addressing some
of the most demanding re-
quirements of high bandwidth and high channel count sys-
tem. This website provides a look at how RFSoC compares to
the current trends in A/D and D/A converters and the strate-
gies for getting the most performance out of this new family
of FPGAs.

Pentek
www.pentek.com/go/rfsocmj
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Web&VideoUpdate

New E-Commerce
Website with
Expanded Capabilities

PolyPhaser, an Infinite Elec-
tronics brand, has launched
a completely updated web-
site with online purchasing
capabilities and same-day
shipping for many of its most
popular surge protection solutions. PolyPhaser’s new ecom-
merce website allows customers to place and track orders, ac-
cess expanded product specifications, check product invento-
ry levels, engage in live online chat support and much more.
The updated website makes it easier for the company’s global
customer base to purchase and receive industry-leading RF
surge protection devices and other key PolyPhaser products.

PolyPhaser
www.polyphaser.com

VIEIT OUR NEW ECOMMERCE WEBS(TE

POLYPHASER.COM

Easily Find the Perfect
Product

Y)VENDORVIEW

With the industry’s widest
range of over 500 digitizers
and AWGs, Spectrum Instru-
mentation will have the per-

fect fit solution for your proj-
ect that comes with the company’s unique five year warranty.
Just use the "Parameter Search” and choose your platform,
number of channels, resolution and speed—and the website
will show the perfect fit solution. Visit the company’s website
and just click on “Products” to begin.

Spectrum Instrumentation
www.spectrum-instrumentation.com

New Website

Y)VENDORVIEW

The Teledyne Defense Elec-
tronics Group, representing
about 15 consolidated Tele- e e

dyne companies, has launched a new website. The “TDE"
Group specializes in advanced RF/microwave systems, hi-volt-
age interconnects and components, comprehensive space-
qualified offerings and a one-stop shop for microelectronics
packaging and circuit card assembly. Among TDE's business
units are Teledyne Microwave Solutions, Teledyne Labtech,
Teledyne Defence & Space, Teledyne Reynolds, Teledyne
Relays, Teledyne Storm, Teledyne AES, Teledyne e2v HiRel,
Teledyne Energetics and Teledyne Paradise Datacom.

Teledyne Defense Electronics Group
www.teledynedefelec.com

FEATURED

mr:" ) HE[ 'E RS

The information you need, from'industry experts

< Custom
VIMMIC

Realizing the SWaP-C Benefits of Designing with
Positive Gain Slope MMIC Amplifiers

‘7 NATIONAL
’ INSTRUMENTS"

Design and Physical Realization of Phased-Array Antennas
for MIMO and Beem-Steering Antennas

Frequency Matters.

GONOBILE

WITH THE MWJ APP

Download now from your app store!
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NEW PRODUCTS

FOR MORE NEW PRODUCTS, VISIT WWW.MWJOURNAL.COM/BUYERSGUIDE
FEATURING (JVENDORVIEW STOREFRONTS

COMPONENTS

Super Low Insertion Loss High
Power Waveguide Filters

Y)VENDORVIEW

The WZ-Series
bandpass filters are
narrowband (< 2
percent BW) filters
designed with very
sharp rejection slopes
while maintaining low
insertion loss and
very high-power handling (kW range). Popular
uses are at the output of a high-power
amplifier or at the input of a receiver for low
noise figure. WZ-Series are available as
filters or as multiplexers.

Exceed Microwave
www.exceedmicrowave.com

mmWave Controlled Components

General Microwave
offers a wide range of
mmWave products
operating in the 18 to
40 GHz frequency
range including
catalog attenuators,
switches and phase shifters as well as
integrated microwave assemblies. If it is a
standard catalog unit or a highly customized
mmWave product designed specifically for
high performance, General Microwave can
provide products to support your require-
ments.

General Microwave Corp.
www.kratosmed.com

Broadband Isolators & Circulators

YVENDORVIEW

MECA Electronics’
latest new product
offering: broadband
(SMA) isolators and
circulators covering 2
to 6 GHz encompass-
ing S- and C-Bands
with VSWRs of 1.45:1
typ., isolation 15 dB typ. and insertion loss
of 0.7 dB typ. ina 1.58 x 1.62 x 0.70 in.
package. This is in addition to the family of
isolators and circulators ranging from 700
MHz thru 40 GHz. Made in the U.S. with 36
month warranty.

MECA Electronics

www.e-MECA.com

3 GHz, 75 Q Balun for DOCSIS 3.1
and Beyond
J)VENDORVIEW

MiniRF has taken its broadband Wireless
expertise (50 Q) and applied to its CATV
product line. The MRFXF9703 is a 1:1

transformer with 18 dB RL and < 1 dB of

106

loss to 1.8 GHz. This
part is future proof
with excellent
performance out to 3
GHz. The MRFXF9703
is offered in a mini
0.15 x 0.15 SMD

package. MiniRF: Passives with a Passion

for Performance.

MiniRF

www.minirf.com

LRUs

-' expanding product

line of LRUs. Pictured

is a LRU for airborne application which
includes multiple frequency converters, local
oscillators and control modules. Norden has
extensive experience in the design,
development and manufacturing of custom
microwave products and sub-systems.
Norden can provide custom designed and
tested products with additional non-standard
features to meet stringent military environ-
ments or test requirements. Norden products
cover bands from 500 MHz to 110 GHz.
Norden Millimeter
www.nordengroup.com

Norden Millimeter
announced an

Diplexer

r Response Microwave
Inc. announced the
availability of a new
diplexer for use in
specific telecom
antenna applications.
The new RMDU.O-
25004310f offers Tx
band of DC to 1 GHz and Rx band of 1.5 to
2.5 GHz, with typ. electrical performance of
0.5 dB max insertion loss, 14 dB min.
return loss and 35 dB min. rejection over
the band. Power handling is 50 W CW and
PIM is =150 dBc. The unit is operational
over the —10°C to +85°C range and
mechanical package is 2.4 x 7.3 x 1.3 in.,
plus 4.3/10 female connectors.

Response Microwave Inc.
www.responsemicrowave.com

Multiplexers

RLC Electronics’
multiplexers are
available in 2, 3 or 4
channel versions.
Adjacent passbands
may be designed for a
contiguous or
non-contiguous
response. For
passband frequencies below 2 GHz, lumped
element designs will often achieve the

desired response in the smallest package.
At higher frequencies (up to 40 GHz),
distributed coaxial structures are employed
to realize the lowest possible loss. The unit
pictured is a diplexer that covers both
L-/S-Band frequencies, as well as Ku
frequencies, and exhibits low loss (< 0.5 dB
per channel).

RLC Electronics

www.rlcelectronics.com

Broadband Bandpass Filter

Spacek Labs
Fc2-625-9 is a WR-15
broadband bandpass
filter. This series is
offered from 18 to 110 GHz with bandwidths
from 30 to 100 percent of the band. These
waveguide filters combine its exceptional
performance lowpass filter and highpass
filter technologies. Model Fc2-625-9 has a
passband from 48 to 72 GHz. Lower and
upper 20 dB rejection is 45 and 74 GHz
respectively, rejecting > 30 dB out to 110
GHz. Insertion loss is 1 dB typ., 2 dB max.
Spacek Labs

www.spaceklabs.com

CABLES & CONNECTORS
40 GHz Skew Matched Cable Pairs

Fairview Microwave
Inc. has released a
new line of 40 GHz
skew matched cable
pairs designed for
bit-error-rate testing,
eye diagrams and
differential signals at
data rates of 10 to 28 Gbps. Fairview’s new
line of skew matched cables consists of
three extremely flexible models that are 100
percent tested for skew match. Performance
specs include an impressive VSWR of 1.4:1
and 1 ps delay match. These cable pairs
cover 2 channels with 50 Q nominal
impedance and a bandwidth of DC to 40
GHz.

Fairview Microwave Inc.
www.fairviewmicrowave.com

3.5 and 7 mm Precision Adapters

JVENDORVIEW

RF Superstore
recently announced
the addition of 3.5
and 7 mm precision
adapters to its
extensive inventory of
in-stock RF adapters

and connectors.
RF Superstore
www.rfsuperstore.com
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NewProducts

AMPLIFIERS

0.7 to 18 GHz CW Dual Band
Amplifiers

Y)VENDORVIEW

AR put two of their
state-of-the-art Class
A CW amplifiers in a
single chassis, and
now you can go from
0.7 to 18 GHz with the reliability of
solid-state designs and have freedom like
never before. With up to 60 W in the first
0.7 to 6 GHz band split and up to 40 W
output power in the 6 to 18 GHz split, AR
put it together for you in one package that
costs less, weighs less and takes up less
space than two separate amplifiers.

AR RF/Microwave Instrumentation
www.arworld.us/html/ps-dual-band-
amplifiers.asp

_—i? —
- @ 4w 4wy

High-Power Solid-State Amplifier

YJVENDORVIEW

The AMP2128 0.7 to
6 GHz high-power
solid-state amplifier
system produces a
min. of 125 W of CW
power with a gain of
52 dB. This state-of-
the-art power amplifier features instanta-
neous wideband operation with built-in
protection circuits for superb reliability and
ruggedness. It is packaged in a 5U (8.75
in.) chassis and is nominally 80 Ib. This
system is manufactured as standard with
local/remote monitoring and control circuitry
interfaces. They are suitable for all
modulations. Applications include EMI/RFI,
EW, communications, high-power testing and
TWTA replacements.

Exodus Advanced Communications
www.exoduscomm.com

0.3 to 20 GHz, Low Noise Amplifier
Y)VENDORVIEW

PMI Model No.
PE2-16-300M20G-
1R7-15-12-SFF is a
low noise amplifier
(LNA) that works from
300 MHz to 20 GHz.
This amplifier has a very low noise figure
over this broad frequency range. This LNA
provides 16 dB of small signal gain while
requiring only a single supply of +12 V. The
P1dB output power of 15 dBm allows this
LNA to function as a LO driver for balanced,
1/Q or image reject.

Planar Monolithics Industries Inc.
www.pmi-rf.com

Low Current MMIC Amplifier
J)VENDORVIEW

Mini-Circuits’
EHA-163L+ is a
- e low-current, wideband
gain block that
operates from DC to

16 GHz with 15 dB gain and £0.75 dB
flatness up to 12 GHz. This model is well

MWJOU lg](m:[% I\%.CBEE%BER%%?@“ and prov@ed for personal use only - not for reproduction or retransmission.
For reprints please contact the Publisher.

matched to 50 Q with input/output return
loss of 10 dB or better up to 16 GHz without
the need for any external matching
components. Operating on a single 5V
supply with just 20 mA typ. current
consumption, the amplifier provides +6.5
dBm P1dB and +15.6 dBm IP3 at midband.
Fabricated using a highly reliable HBT
process on GaAs, the amplifier has
repeatable performance from lot to lot and
comes housed in a tiny 2 x 2 mm QFN
package.

Mini-Circuits

www.minicircuits.com

Solid-State Power Amplifier
J)VENDORVIEW

RFMW Ltd. an-
nounced design and
sales support for an
ultra-broad bandwidth,
GaN, solid-state
power amplifier
(SSPA) from Aether-
comm. Model number SSPA 0.2-2.5-200
operates from 200 to 2500 MHz and
delivers a typical, saturated output power of
200 W. Designed and tested to withstand
MIL-STD-810 high shock and vibration
requirements, small signal gain is ~60 dB
and operating voltage is 50 VDC. The SSPA
0.2-2.5-200 is offered in a modular housing
that is approximately 5 x 9 x 1.5 in.

RFMW Ltd.

www.rfmw.com

Power Amplifiers

Richardson RFPD Inc.
announced the
~ availability and full
design support
capabilities for two
new evaluation
boards from GaN
Systems Inc. The new power amplifiers are
designed for the growing wireless charging
market and feature GaN technology that
enables smaller, lighter, lower-cost and more
efficient power systems. The 100 W power
amplifier (GSWP100W-EVBPA) is ideal for
applications in the consumer market,
including items such as laptop computers,
recreational drones, domestic assistant
robots, power tools and fast-charging of
multiple smartphones.
Richardson RFPD Inc.
www.richardsonrfpd.com

SYSTEMS

Up-Converters

Norsat's MEDIAN
series of Ku-Band
m/ block up-converters
i ; are designed with
both performance and
value in mind. This series provides reliable,
durable and strong linearity, making them
ideal for VSAT, broadcast, maritime and
portable terminal applications. The MEDIAN
series is available in 16, 25 and 40 W
options and is guaranteed by Norsat's
two-year warranty. Norsat can also custom-
ize these BUCs to meet your needs.
Norsat International
www.norsat.com

RF,MICROWAVE & MILLIMETER-WAVE

COMPONENTS AND SUB-SYSTEMS
UP TO 500GHz

AMPLIFIERS UP 110GHz
FREQUENCY MULTIPLIERS/DIVIDERS
(UP TO 160GHz)

CONVERTERS UP TO 110GHz
ANTENNAS UP TO 220GHz

COUPLERS UP TO 220GHz
FERRITE PRODUCTS
(ISOLATORS/CIRCULATORS)
UP TO 160GHz

FILTERS/DIPLEXERS
SOURCES UP TO 160GHz

SWITCHES UP TO 160GHz
PHASESHIFTERS UP TO 160GHz

TRANSITIONS/ADAPTERS (UP TO 325GHz)
WAVEGUIDE PRODUCTS UP TO 325GHz

TERMINATIONS/LOADS UP TO 160GHz
MIXERS(UP TO 110GHz)

ATTENUATORS(UP TO 160GHz)
DETECTORS(UP TO 160GHz)

LIMITERS(UP TO 160GHz)
BLAS TEE (UP TO 100GHz)

POWER COMBINERS/DIVIDERS EQUALIZERS
CABLES

ASSEMBLIES/CONNECTORS (UP TO 100GHz)
SUB-SYSTEMS (UP TO 100GHz)

www.cernex.com sales@cernex.com

Add: 1710 Zanker Road, Suite 103 San Jose, CA 95112

Tel:(408) 541-9226 Fax: {408) 541-9229

www.cernexwave.com sales@cernexwave.com

Add: 1710 Zanker Road, Suite 202 San Jose, CA 95112

Tel: (408)773-8855 Fax: (408) 773-8858
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Amplitude Balance <.3dB

521 TRANS  LOO mAd.

»-4.800 dB 1,000 d8/D1U

6.000000000 GHz  65.000000000

Phase Variation <1°

521 TRANS PHASE
»0.00" 5.0 /D1Y

6.000000000 GHz  65.000000000

Isolation >20dB

B TRANZZIZLION
oHEFe 20000 &

T

VSWR <1.6:1

The Truth,
The Whole Truth
And Nothing
But The Truth.

50 Intervale Road, Boonton, NJ 07005
Tel: 973-394-1719 - Fax: 973-394-1710

www.etiworld.com
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SOURCES
PCle4 Compliant Oscillator

b

\

The Pletronics HC5544DEV-100.0MHz
oscillators have received expanded PCle
V4.0 base reference clock (Refclk)
compliance testing, meeting all compliancy
testing performed by an independent
third-party lab. This HCSL oscillator is
certified for all four generations of PCI
Express from 2.5GT/s to 16GT/s. PCI
Express Technology is considered to be the
standard internal interface allowing high
bandwidth between the device and the
motherboard. The HC5544DEV-100.0M
product is a differential HCSL output
oscillator manufactured with a high
precision quartz crystal.

Pletronics

www.pletronics.com

50 to 115 MHz High Performance
Frequency Synthesizer

The surface mount
synthesizer model
f FSW511-10 delivers a
powerful performance
over a frequency
bandwidth of 50 to
115 MHz. With its
factory preset step
size of 100 kHz, this model has low
“close-in” phase noise of —102 dBc/Hz at 1
kHz, =105 dBc/Hz at 10 kHz offset and
—132 dBc/Hz at 100 kHz while locked to a
10 MHz external reference. The buffered
output power is +6 dBm min. This product
requires +5 and +15 V supplies to operate.
All communications are managed via an
easy plug-n-play programmable format. The
practical small package of 0.94 x 0.94 x
0.23 in. makes it easy to fit on any project.
Synergy Microwave Corp.
www.synergymwave.com

Low-Power Clock Modules

SGTM™ based on
EWOS Syrlinks OCX0s
are offering unparal-
leled performances
with power consump-
tions 10 to 20x lower
than other available
solutions. The
modules are built around a fast electronic
and high precision EWOS OCXOs allowing a
clock synchronization of less than 20 ns,
and excellent short-term and medium term
stabilities (resp. 6.10-12 and 1.10-11). They
are ideal for battery powered application
requiring high precision timing when GNSS
time is no longer available (like underwater
devices or GNSS denied areas).

Syrlinks

www.syrlinks.com

Voltage Controlled Oscillator
)VENDORVIEW

The SMV5550B-LF
features wideband
\" / tuning from 5000 to
-~ 6000 MHz within a
tuning range of O to
10 VDC, while offering
a small footprint measuring 0.3 x 0.3 x
0.08 in. This unparalleled VCO features
phase noise performance of —80 dBc/Hz at
10 kHz offset and covers the band with an
average sensitivity of 135 MHz/V, while
delivering to the end user a nominal 3 dB of
output power into a 50 W load.
Z-Communications
www.zcomm.com

SOFTWARE
PIM Finder Software

Kaelus has debuted
E PIM finder, software
designed to accu-
= S—

rately identify and

locate external PIM
sources outside antenna infrastructure.
Used in combination with the Kaelus iVA
cable and antenna analyzer and the iPA
portable PIM analyzer, PIM finder is a
software option available through Kaelus
Unify, used to pinpoint and detect external
PIM sources such as loose mounting and
cable brackets, fasteners, parapet walls and
more, while allowing for the elimination of
key causes of PIM interference.
Kaelus
www.kaelus.com

ANTENNAS

Antennas

KP Performance

Antennas has
f .. debuted its new

ProLine antennas, a
! I series of high
i | performance parabolic
= ] and sector antennas
that are perfectly
suited for high density, point-to-point,
point-to-multipoint and backhaul applica-
tions. KP’s new ProLine parabolic antennas
are engineered to deliver high, stable gain
over wide bandwidths with side-lobe and
back-lobe suppression for mitigating
inter-sector interference. These 5 GHz
antennas are available in 1 and 2 ft.
diameters with gain performance of 24 dBi
and 29 dBi, respectively.
KP Performance Antennas
www.kpperformance.com

ESP Antenna Line

RadioWaves has
T released the
enhanced standard
- performance series

parabolic line. The
ESP series offers a
full portfolio covering
all unlicensed bands,

providing the highest gain in the industry.

ESP antennas are available in 2, 3 and 4 ft.

configurations and come fully assembled
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NewProducts

from the factory. Boasting excellent side
lobe performance that exceeds industry
standard, the ESP series requires minimal
post installation maintenance, needing only
a single tool for mounting.

RadioWaves

www.radiowaves.com

TEST & MEASUREMENT

Coaxial RF Probes

J)VENDORVIEW
Pasternack has
) & expanded their line of
RF coaxial probes into
= Y L “w the 40 GHz operating
i y frequency range for

oF y use in microwave
- components, high

speed communications and networking. Pas-
ternack’s extended line of coaxial RF probes
now includes 4 models that deliver 10 dB
maximum return loss over the broad
frequency range of DC to 40 GHz. These
probes are offered in GS and GSG configura-
tions with a pitch of 800 or 1500 pm and a
2.92 mm interface.
Pasternack
www.pasternack.com

R&S QAR
Y)VENDORVIEW

The unique R&S QAR
from Rohde &
Schwarz visualizes
and characterizes
signal penetration of
radomes. Automotive
radars are often
located behind
bumpers and brand
emblems. The materials of these covers
(radomes) should allow the radar signals to
pass through as uniformly and unhindered
as possible. With the imaging R&S QAR
automotive radome tester from Rohde &
Schwarz, users in development and
production environments can now check this
easily, reliably and under automated control.
Rohde & Schwarz

www.rohde-schwarz.com

VNA Waveguide Calibration Kit
YVENDORVIEW

Model STQ-TO-12-U3-CKIT1 is a E-Band
waveguide vector network analyzer (VNA)
calibration kit designed to work with industry
standard network analyzers in the frequency
range of 60 to 90
GHz. The calibration
kit consists of two
straight waveguide
sections, one fixed
short, one fixed
matching load, one
sliding load, one %4
wavelength offset, two waveguide quick
connects, 10 3/32 hex head waveguide
screws, a 3/32 in. hex waveguide screw
driver and one calibration data USB drive.
Sage Millimeter

www.sagemillimeter.com

MWJOUR(;\?

MICRO-ADS

RF Ampilifiers, Isolators and
Circulators from 20MHz to 40GHz

» Super low noise RF
amplifiers

> Broadband low noise
amplifiers

» Input PIN diode protected low
noise amplifiers

» General purpose gain block
amplifiers

» High power RF amplifiers
and broadband power
amplifiers

» RF isolators and
circulators

> High power coaxial and
waveguide terminations

> High power coaxial
attenuators

> PIN diode power limiters

» Active up and down
converters

Wenteq Microwave Corporation
138 W Pomona Ave, Monrovia, CA 91016
Phone: (626) 305-6666, Fax: (626) 602-3101
Email: sales@wenteg.com, Website: www.wenteq.com

REVOLUTIONARY
HERMETIC SMP CONNECTORS

These SMPs meet the requirements of
MIL-STD-348, but utilize unigue housing
interface features, which significantly improves
reliability and production assembly yields.
Proprietary techniques are used to independently
control plating thickness on pin and housing.

For use with Aluminum, Kovar
and other package material

SPECIAL HERMETIC PRODUCTS, INC.
PO BOX 269 — WILTON — NH — 03086
(603) 654-2002 — Fax (603) 654-2533

E-mail: sales@shp-seals.com
Website: www.shp-seals.com

THERMALLY
CONDUCTIVE

Sm : -‘\"
o . 9

& MASTERBOND"

+1.201.343.8983 » www.masterbond.com
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30, 50 & 100 Volt Pulsers

TrR=6.9ns

20V/DIV
100 ns/DIV
AV-1010-B |

Avtech's AV-1010-B series of user-
friendly 30, 50 & 100 Volt pulsers
feature rise times in the range of 0.5 to
10 ns and output currents to 8 Amps
using available accessory transformers.
We can provide an alternative for the
discontinued Agilent 8114A or HP214!

Avtech Electrosystems Ltd.
http://www.avtechpulse.com/

Nanosecond Electronics
Since 1975
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5G and Satellite Spectrum,
Standards and Scale

Geoff Varrall

This book provides a refreshing analysis of the many factors that will affect the
success of 5G. | would highly recommend this book to all levels of professionals
involved in the development of 5G from engineers through to CEOs.”

This resource provides key in-
sight into future 5G radio systems
and the technical and economic im-
pact on industries, communities and
end-users. The book offers a com-
prehensive understanding of the
options available for teams tasked
with bringing 5G products and ser-
vices to market or developing sup-
porting standards and regulatory
frameworks.

(«

— Moray Rumney,
Keysight Technologies

Readers find contemporary ex-
amples of millimeter band radio
hardware including 60 GHz and V-
and E-Band point-to-point radio.
This book demonstrates the pro-
found progress with 4G radio signal
processing and RF hardware to re-
veal its potential applicability to 5G
radio systems. It shows how 5G sys-
tems are capable of delivering data
rates that are 10 to 100x faster than

To order this book, contact:

Artech House
www.artechhouse.com
Email: artech@artechhouse.com
US 800-225-9977
UK +44(0)20 70596 8750

ISBN: 9781630815028
310 pages

$169/£135
Use code VAR25 to receive 25% discount

4G systems. Developments in spa-
tial processing and beamforming in
local area radio networks are pre-
sented and the challenge of scaling
these systems to wide area radio is
explored. This book reviews military
and space radio and automotive ra-
dar innovation with direct relevance
to 5G radio design.

CONFERENCES - EXHIBITION - ANIMATIONS

&

Microwave

The radiofrequency, microwave, wireless,

EMC and fibre-optic show

N

20t and 21st of Marc
Paris Expo
Porte de Versallles
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edition
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December Short Course Webinars

Signal Integrity Journal’'s Webinar .................... 12/6 Technical Education Training..........c.cccceeueeneenee. 12/13

Test Vehicles for Benchmarking 3D Full-Wave
Solver Performance
Sponsored by: SIMULIA, Dassault Systémes

Technical Education Training............cccccoueeeeeenn. 12/6

Predicting Aerospace/Avionics Performance
Against Electromagnetic Effects (E3) and EMC
Requirements

Sponsored by: SIMULIA

Complete Design of Complex Multiplexers
Sponsored by: SIMULIA

Register to attend at
mwjournal.com/webinars

Past Webinars On Demand

Introduction to Magneto-Dielectric
Materials for Antenna Miniaturization

CORPORATION

Sponsored by: a ROGERS

Presented by: Karl Sprentall, Business Development
Manager, Rogers Corporation, Advanced Connectivity Solutions

microwavejournal.com/events/1810

CST Studio Suite 2019

Sponsored by: >
25 SIMmuLIA

Presented by: llari Hanninen, EMAG Senior Portfolio
Manager, CST, part of the SIMULIA brand of Dassault Systemes

microwavejournal.com/events/1808

Complete X-Band 2x2 Phased-Array
Antenna Design and Simulation

Sponsored by: TN

Presented by: Benny Haddad, Applications Engineer at
AWR Group, NI

microwavejournal.com/events/1809

System Design from Antenna to
Digital with Zynq UltraScale+ RFSoC

AVNET

Reach Further™

& XILINX.

Presented by: Luc Langlois, Director, Engineering &
Technology/DSP and Luke Miller, EW/ISR System Architect at

Xilinx Inc.
microwavejournal.com/events/1823

Sponsored by:
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' n 1995, two Ph.D’s were inspired to commercialize

/| high Q low loss dielectric materials, the fruits of re-

‘ search at the College of Engineering & Applied Sciences
at Stony Brook University on Long Island. They formed
MCV Microwave, with MCV an acronym for the pillars of the
new company: materials, customer centric and vertically
integrated. In the ensuing 23 years, MCV has applied and
extended its materials expertise to offer dielectric resona-
tors, filters, antennas and interference services.

Beginning with materials, MCV Microwave offers
proprietary dielectric resonators operating in TE, TM or
TEM mode, with dielectric constants from 6 to 190 and
Q-fup to 300,000 at 10 GHz. The resonators, suitable
for microstrip and stripline networks, are widely used in
voltage controlled oscillators, dielectric resonator oscil-
lators and microwave filters from 6 to 100 GHz.

Competence with high Q materials naturally leads
to designing high performance filters. MCV's filter
and multiplexer products encompass cavity, ceramic
and LC designs, including ultra-narrowband—down to
0.03 percent passband bandwidth—and wideband
filters from 2 MHz to 70 GHz and in all configura-
tions: bandpass, band rejection, lowpass, highpass
and multiplexers. Products have been developed that
meet the most stringent requirements of defense,
aerospace and wireless systems. MCV is recognized
for ultra-low passive intermodulation (FIM) filters and
duplexers for wireless communications, including a line
of cavity-based duplexers with better than —-173 dBc
PIM levels for the standard communications bands
from 350 MHz to 3.5 GHz. Using frequency selective
surface metamaterials, the company’s designers are
developing filters and multiplexers to cover the 5G
mmWave bands.

MCV has also applied its dielectric materials capa-
bility to develop patch antennas for GPS, Wi-Fi and

cellular, including a patented hybrid antenna for six LTE
bands. The rectangular microstrip antennas have strict
dimensional accuracy and use the company’s propri-
etary dielectric materials with tight dielectric constant
tolerance and temperature stability, yielding excellent
antenna sensitivity and stability.

Because FIM is such a critical performance param-
eter in wireless communications and FIM problems are
very challenging to identify and solve—particularly
sites with co-located services—MCV offers engineer-
ing consulting to carriers and in-building operators to
identify and mitigate sources of frequency interference,
whether in cellular networks or Wi-Fi hot spots.

To meet the company’s high standards, MCV is largely
vertically integrated, from dielectric materials produced
in Japan through product design and manufacturing.
Design teams are located in Delaware and at MCV's
headquarters in San Diego, where the filter and antenna
products are manufactured. MCV has machining and
plating operations in San Diego, with additional machin-
ing and plating capacity in China, when needed for high
volume production. The comprehensive test capability
supports the development and production of all prod-
ucts, as well as the “FIM hunting” services. MCV's staff
has grown to around 300, with some 25 in engineering
and 250 supporting production.

Reflecting its vision of being ‘customer centric,” MCY
Microwave strives to understand each customer's unique
needs and to respond quickly with a customized solution
at a competitive price, always with exceptional quality
and delivery. MCV is 1SO 9001:2015 and AS9100D
certified and ITAR registered. The firm's many customers
include well-known Fortune 500 companies and start-
ups, an endorsement of its strong technical capabilities
and commitment to quality and responsiveness.
www.mcv-microwave.com
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CALLYEORIPAPERS

EDI
CON

2019

Electronic Design Innovation Conference

B FixitelF ke
April 16-18, 2019

China National Convention Center
Beijing, China

Share your expertise.

Help shape next-generation
designs. Be a part of the
EDI CON CHINA
peer-reviewed technical
program.

EDI CON CHINA is now accepting
abstracts in these topic areas:

* 5G and Blockchain e EMC/EMI * RF and Microwave Design
Technologies o * Low Power RF and loT e Signal Integrity
* 5G/Advanced Commfmlcatlons * Front End Design e Simulation and Modeling
* mmV\{ave Technologl-e-s * Power Integrity e Test and Measurement
* g';/s I\illg;;:rowave Amplifier * Radar and Defense
www.EDICONCHINA.com
Host Sponsor: Diamond Sponsor: Corporate Sponsor: Organized by:
KEYSIGHT 7 NATIONAL L e ——"
TECHNOLOGIES ?SH DE&SCHWARZ "lNSTRUMENTSW Il:g[::g(;‘ ‘;!é"?.;';l%"gg
[/ s

Submit your paper online at
EDICONCHINA.com

vy Januwary 10,8012
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\RE HIGHIPOWER

HIGH POWER COMBINERS & ABSORPTIVE FILTERS

Multi-kW Power Levels + Low Loss Circuits + Mismatch Tolerant®Designs

Combiners & Dividers

* Frequency Bands Covering DC through C-Band

+ Power Levels to 60 kW CW & 200 kW Peak!

+ Rack Mount, Drawer Mount, & Radial Type Available

* Low Loss Designs, Ideal for Coherent & Non-Coherent Combining

Absorptive Filters

+ Low and High Pass Filters are Non-Reflective!

+ Out-of-Band Signals are Internally Terminated

* Absorptive Filters are Less Susceptible to Temperature Change
+ HF, 1.5 kW Switch Filter Bank Available

Our Designs Are:

* Supplied with Plotted Test Data by Serial Number

* Built to Withstand High Unbalanced Input Powers

* Designed for High Humidity, Temperature, Vibration & Shock

Send Us Your Specs for Custom Designs!

. . , DECADES AHEAD'
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