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Since 1981, GGB Industries, Inc., has
blazed the on-chip measurement trail with
innovative designs, quality craftsmanship,
and highly rcliable 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. -

Telephone (239) 643-4400 -
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Picoprobe elevates pro

ards to a higher level...
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(...110 GHz to be exact.)

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 -
Fax (239) 643-4403 -

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
Tnsertion Loss 0.6 dB 0.8 dB 1.3 dB
Return Loss 22dB 18 dB 15dB

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

NAPLES, FL 34101
E-mail email@ggb.com -

www.picoprobe.com
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LTCC Passives

750+ Models

Couplers: DCto 7.2 GHz
Filters: Passbands to 40 GHz, Stopbands to 58 GHz

Power Splitters: 600 MHz to 6.5 GHz
Transformers & Baluns: 200 MHz to 18 GHz

Feedback

MMICs

700+ Models in Die or SMT

Ampilifiers: DC to 50 GHz

Control Products: DC to 45 GHz
Frequency Conversion: RF & LO to 65 GHz
Passives: DC to 50 GHz

Reflectionless Filters: Passbands to 40 GHz
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Magnetic Core & Wire Amplifier Modules
10k+ Models 270+ Models

Directional Couplers: 1 MHz to 6 GHz Power: Up to 250W
Power Splitters: DC to 18 GHz Medium Power: Up to 95 GHz
Transformers & Baluns: 0.004 MHz to 11 GHz Low Noise: Up to 85 GHz

Low Phase Noise: -173 dBc/Hz @ 10kHz
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Outdoor Omnidirectional Antennas
for 5G Networks

Our new selection of 5G, Outdoor-Rated Omni Antennas are designed for high
reliability in extreme weather conditions and cover 4G, LTE, 5G, and CBRS bands.
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These collinear omnidirectional antennas offer range extension and simple deployment to
build out cellular communications networks as well as private networks. When you need
broad coverage, but traditional base station antennas are too bulky or expensive, these 5G
omni antennas are a perfect fit.

Place your order by 6 PM CT, and have your antennas or any other components shipped today.

pasternack.com
+1(866) 727-8376 .
+1(949) 261-1920 In-Stock and Shipped Same-Day
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Take the Lead
in RF Design

with COMSOL Multiphysics®

Multiphysics simulation is expanding the scope of RF analysis to higher
frequencies and data rates. Accurate models of microwave, mmWave, and
photonic designs are obtained by accounting for coupled physics effects,
material property variation, and geometry deformation. Ultimately, this
helps you more quickly see how a design will perform in the real world.

» comsol.com/feature/rf-innovation
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10.7 TO 30 GHz

SATCOM

Proprietary LTCC Designs

Surface-mountable 1008 package size
1W power handling
Available for Space Upscreening

Wide rejection band

Model Passband Stopband F3 Rejection
Number (MHz) (MHz) @ F3 (dB)
BFCQ-2872+ 27500-30000 100-22200 32
BFCQ-1932+ 17700-21000 DC-14600 30
BFCQ-1982+ 17700-20200 100-14500 55
BFCQ-1162+ 10700-12700 100-8800 40

Downlink Filters

Stopband F4
(MHz)

35300-55000
25600-40000
24000-40000
15100-27000

Rejection
@ F4 (dB)

28.4
40
45
38
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“The Most Beautiful Woman in
the World” and the “Bad Boy
of Music” Invented Spread

Spectrum Technology

Hedwig Eva Maria Kiesler, better known as
Hedy Lamarr, was a beautiful actress of Holly-
wood’s golden era. Born in Vienna in 1914 into
the Jewish upper class, Hedwig began her the-
atre career at 15, abandoning her engineering
studies, in which she was very talented.’

\¥’hen anti-Semitism began to spread in Eu-
rope, Hedwig had to flee to the U.S., where she
assumed the pseudonym “Hedy Lamarr.” Her
career quickly took off, starring in dozens of
memorable films including “Boom Town“(1940),
“Heavenly Body” (1944) and “Samson and Deli-
lah” (1949).

George Johann Carl Antheil was an eclectic
American avant-garde composer. Born in 1900
to a Prussian immigrant family in New Jersey,
George’s career as a musician started in Europe,
where he met many important artists including
Picasso, Hemingway and Stravinsky. His most
famous work was “Ballet Mécanique,” a compli-
cated piece based on the mechanical synchroni-
zation of sixteen pianos which premiered in Paris
in 1926.2 In the U.S., most of his prolific career
was as a Hollywood film score composer. In-
cluded among his many films were “Angels Over
Broadway” (1940), “Specter of the Rose” (1946)
and “In a Lonely Place” (1950).

These two talented stars were destined to work
together in the roaring Hollywood years. Indeed,
they met in 1940, but their collaboration did
not take place in the world of entertainment.

18

Instead, they created the singular patent of a
“secret communication system” for the use of
radio-controlled missiles, an ancestor of spread
spectrum technology.? The core idea arose from
Hedy's knowledge applied to the synchronization
mechanism mastered by George.*

Unfortunately, the idea was ahead of its time.
Only in 1957, after the introduction of the
transistor, was the concept practically feasible. A
working version of the device appeared during
the Cuban Missile Crisis in 1962. In 2014, Lamarr
and Antheil were inducted into the National
Inventors Hall of Fame.®* Not bad for “the most
beautiful woman in the world”® and the “bad boy
of music”!’
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A Review of the Current
Broadband Satellite
Communications Market

Whitney Q. Lohmeyer, Phillip Post, Katie Fleming, Celvi Lisy, Argyris Kriezis and Abby Omer
Olin College of Engineering, Needham, Mass.

ince 2012, the broad-

band satellite industry has

evolved at an unprece-

dented and unfathomable
rate. This article discusses the major
historical milestones, system de-
velopments and challenges of the
past decade, focusing primarily on
constellations in non-geostationary
(NGSO) low Earth orbit (LEO), while
also mentioning developments in
the geostationary (GSO) sector.

An April 2022 study conducted
by researchers in the Olin Satellite +
Spectrum Technology & Policy (OS-
STP) Group found that more than
20 unique entities have filed U.S.
Market Access applications with
the Federal Communications Com-
mission (FCC) for a total of 70,000
fixed satellite service (FSS) satellites
operating across Ku-, Ka- and/or V-
Bands.! Of these systems, several
entities (Starlink, OneWeb, Kepler)
have started deploying satellites,
with OneWeb and Starlink totaling
more than 4000 NGSO FSS sat-
ellites in orbit as of December 1,
2022, as seen in Figure 1.

22

Much of the regulatory and tech-
nical framework that has enabled
these systems to come to fruition was
established in the late 1990s or early
2000s for systems like Skybridge
and Teledesic. While these 1990s
networks were not commercially suc-
cessful, they moved the satellite in-
dustry forward. These efforts helped
establish GSO interference mitiga-

tion techniques at the International
Telecommunications Union (ITU) and
refined the processing round filing
framework within the FCC. These
networks also drove technological
advancements like low-cost user ter-
minal antennas, along with gateway
and teleport architectures that have
been pivotal stepping stones for to-
day’s industry.
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A Fig. 1 Number of U.S. NGSO FSS launches over time.
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SATELLITE BROADBAND
HISTORY: A DECADAL REVIEW

An assessment of the latest
generation of NGSO systems like
OneWeb, Starlink, Lightspeed and
Kuiper, begins in November 2012
as shown in Figure 2, when Greg
Wyler filed for Ku-Band frequencies
at the ITU. These frequencies had
been studied at numerous World
Radio Conferences (WRCs) in the
90s and were set aside for NGSO
systems. In this same period, GSO
high-throughput satellite (HTS) net-
works like Viasat-1 and medium
Earth orbit (MEO) O3b, also found-
ed by Wyler, were beginning to pro-
vide services. O3b was commonly
described as the most successful
satellite network to that point be-
cause it offered high capacity and it
had never filed for bankruptcy.

As shown in Figure 3, Wy-
ler brought his NGSO project to
Google and for a brief period, he
worked with a team in Google’s Ac-
cess Division. After leaving Google
and bringing the NGSO FSS project
with him, Wyler and Elon Musk col-
laborated on the constellation effort
but later split in 2015 giving birth to
today’s OneWeb and Starlink con-
stellations.

At WRC-15, studies addressing
NGSO protection criteria for GSO
systems, referred to as equivalent
power flux density (EPFD) limits,
were evolving in V-Band along with
NGSO bringing into use (BIU) re-
quirements, high altitude platforms
(HAPS) frequency allocations and
terrestrial frequency allocations for
5G systems. The rules defined at
WRC-15 would establish the frame-
work for the future NGSO revolu-
tion. The same year, Wyler informed
Telesat CEO Dan Goldberg of his
LEO broadband constellation plans.
Despite being initially opposed
to LEO constellations, Goldberg
filed through Canada for access to
COMMStellation, an existing ITU
network. When he was awarded
spectrum, Goldberg formed what
would eventually become Telesat's
Lightspeed NGSO constellation.

This started a rush as mainstays
in the satellite industry, new start-
ups and tech conglomerates be-
gan filing for NGSO constellations.
In 2016, SES found their foothold
in this race by acquiring O3b while
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November 12, 2012

Greg Wyler makes
the first Ku-Band filing
for a NGSO
constellation, kicking
off global broadband
constellation race.

Greg Wyler brings his
LEO constellation idea
to Google for funding.
His idea becomes
project Globalbit under
Google Access.

Wyler decides to
pursue his idea outside
of Google with Elon
) Musk (not SpaceX).
Worldvu is born and
begins work out of a
Tesla facility.

A Fig. 2 Timeline for Greg Wyler's satellite efforts.

ITU conference lays
the roadwork for
NGSO constellations.
Boeing first mentions
LEO constellation
plans and makes
efforts to modify
EPFD limits in V-Band.

Elon Musk makes an

offer for Worldvu,

but ultimately Wyler

and Musk end their
collaboration and
begin working
independently.

Wyler begins discussions
with Goldberg of Telesat,
then a LEO opposer,
regarding COMMStellation
filing. Telesat files for
ownership of
COMMStellation, is
awarded spectrum, and
Telesat LEO is born.

A Fig. 3 The evolution of LEO satellites.

SES*

beyond frontiers

SES acquires O3b. ‘

Amazon announces
its plan to launch a
constellation of LEO
satellites.

Telesat launches its
first LEO satellites.

2017

Iridium launches its
first ten NEXT
satellites.

A Fig. 4 NGSO satellite activity after 2015.

O

OneWeb

FCC opens K-Band

processing round

and ten applicants
submit filings.

OneWeb's planned BIU
date originally slated
for January 2020 was

pushed back to February

Starlink starts its public
beta test, introducing
commercial LEO
Internet.

2020 and they would
eventually declare
bankruptcy in March
2020 before emerging
in November 2020.

A Fig. 5 The satellite industry speeds up.
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Amazon announced their plans to
launch the Kuiper constellation of
LEO satellites. This is shown in Fig-
ure 4.

In 2017, Iridium upgraded their
messaging service on their NEXT
line of satellites launched through
SpaceX. Despite some early suc-
cess, LEO constellations were not
without risk. Greg Wyler's One-
Web, one of the largest players in
the new landscape, declared bank-
ruptcy in March 2020 due to fund-

ing uncertainties, but emerged from
bankruptcy eight months later in
November 2020. OneWeb man-
aged to find new funding and they
emerged from bankruptcy in No-
vember 2020, as shown in Figure 5.

In May 2020, the FCC announced
the Ka-Band processing round with
ten applicants filing for LEO con-
stellation access. SpaceX also an-
nounced its public beta test in Oc-
tober 2020, introducing fast, low
latency LEO internet for the masses.

Starlink and OneWeb
reach spectrum
coordination plan,
request FCC disregard
previous spectrum issues
filed against each other.

Telesat to order 100
fewer satellites for LEO

constellation, downsizing
plan for 298 LEO satellites 2

by a third.
yar OneWeb

directly with cell phones through
the 3GPP standard frequencies.

T-Mobile and SpaceX announce
partnership where Starlink
V2 satellites can use terrestrial
frequency for phone
connectivity, but Starlink
V2 has only been partially
approved by the FCC.

AST SpaceMobile plans to
launch BlueWalker 3 mid-
September, but its bluebird
satellites are delayed to
late 2023. The satellites
will be able to communicate

A Fig. 6 Recent developments in the satellite industry.

TABLE 1

SUMMARY OF SEVERAL LEO, MEO AND GEO SYSTEM STATISTICS
AS OF DECEMBER 3, 2022
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Earth Inertial Axes

12 Dec 2022 17:00:¢0. 060 Time Step: 19.80 sec

Orbital representation of satellite constellations in LEO.

Even with its inherent risks, the NGSO satellite industry
was expanding and evolving at a rapid pace.

In 2021, this pace continued with Canada commit-
ting $1.15 billion to Telesat's NGSO Lightspeed Con-
stellation. But 2022 brought challenges to the satellite
industry. The COVID-19 pandemic had already created
logistical headaches and the war in Ukraine compound-
ed these challenges. Telesat responded by decreasing
their LEO satellite fleet by a third and OneWeb experi-
enced launch delays.

Despite the headwinds, the industry experi-
enced several noteworthy accomplishments; Star-
link and OneWeb reached a spectrum coordination
agreement and Starlink and AST announced plans
for low-data rate (not broadband) services directly
to cell phones with their next-generation satellites.
ViaSat and Inmarsat, two of the largest GEO satellite
services and broadband providers agreed to merge in a
$7.3 billion deal (see Figure 6).

Table 1 provides a summary of the mission lifetime,
orbital altitude, number of planned satellites (as submit-
ted in filings), frequencies and current number of orbit-
ing satellites for primary LEO, MEO and GEO players.

To conceptualize the various orbits of these networks
more easily, a single OneWeb, Kuiper, SpaceX and
Telesat satellite orbit is depicted in Figure 7 using AGl's
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Orbital representation of satellite constellatlons in GEO.

Systems Tool Kit (STK). Figure 8 adds the Mangata and
Kuiper MEO systems to the LEO satellites of Figure 7.
Figure 9 adds the geostationary orbit of a satellite like
EchoStar, Intelsat and ViaSat, in green, to the LEO and
MEO networks of the previous orbital representations.

The incredible achievements of the LEO, MEO and
GEO broadband satellite sectors over the past decade
would not have been possible without overcoming tech-
nical and regulatory challenges. The primary technical
challenges are the availability of low-cost, user terminals
(UTs), efficient solid-state power amplifiers (SSPAs) and
launch vehicle supply. The primary regulatory challeng-
es have centered on interference mitigation (EPFD), BIU

VECTOR SIGNAL GENERATORS UP TO 40 GHZ
Single-Channel and Phase Coherent Multi-Channel Models

e Fast Control Port for data streaming
and parameter setting

e Applications: Wireless com.,
quantum computing,
radar, EW, etc.
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deadlines for ITU filings and an up-
date of FCC NGSO licensing rules
and sharing frameworks.4

TECHNICAL CHALLENGES

Due to tracking requirements
for NGSO systems, user terminal
technologies consist of a pair of
traditional parabolic dishes or a
flat panel phased array.> While the
parabolic dish is less expensive, it
requires a second dish to support
make-before-break satellite-to-
satellite handoffs. The phased ar-
ray antenna simplifies this process
by electronically scanning a single
beam or multiple beams, but it is
considerably more expensive than
the parabolic dish alternative.6 Star-
link is currently selling its terminals
at $599 and they are sus[zoected to
be selling them at a loss.” It is also
worth noting that these technolo-
gies must comply with ITU and FCC
regulations such as power flux den-
sity (PFD) limits, earth station gain
masks and equivalent isotropic radi-
ated power (EIRP) density limits.®

Another critical piece of technol-
ogy is the SSPA, which is located on
the satellite payload. These power
amplifier devices have evolved from
being largely silicon-based to GaAs
and GaN.? Over the past few years,
we have seen solutions like GaN-
on-diamond being developed at
companies like Akash Systems.10
Increasing the efficiency of these

<T>TAITIEN
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High frequency, Tight frequency stability
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Satellite communication system / GNSS

applications
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devices from today’s approximately
30 percent levels to upwards of 50
percent would result in dramati-
cally improved overall system per-
formances, and help close business
cases more easily.

The industry is expecting a spike
in launch demand starting in 2024,
a year in which a potential launch
shortage may occur. Out of the four
medium and heavy lift launch vehi-
cles available today (SpaceX’s Falcon
9, ULAs Atlas V, Arianespace/Ros-
cosmos’ Soyuz-2 and Arianespace’s
Ariane 5), only one is available due
to vehicle retirement and U.S. sanc-
tions. Rocket Lab’s Electron and Vir-
gin Orbit's Launcher One have suc-
cessfully delivered payloads to orbit
and are expected to be operational
with more than ten launches a year
by 2024, but these are considered
small launchers. The long develop-
ment time of new vehicles might
leave the industry with only one me-
dium-lift launch vehicle able to deliv-
er more than ten launches in a year
in 2024. This development poses a
major risk to the satellite communi-
cations industry and it suggests that
a launch supply shortage could lead
to higher launch prices and substan-
tial delays that might prevent NGSO
systems from achieving their mile-
stone requirements.

REGULATORY CHALLENGES

Satellite systems are governed
internationally under the United Na-

tions (UN) via the treaty-based ITU.
Every three to five years, the ITU
hosts the WRC, which is the culmina-
tion of a three-to-five-year regulatory
review cycle. During the years be-
tween WRCs, working parties (WPs)
and study groups (SGs) collaborate
to conduct analysis and put forth
proposals about topics like spec-
trum allocation, licensing, interfer-
ence management and future stud-
ies. Country delegations to the WRC
consist of national regulators, such as
the FCC in the U.S. and Ofcom in the
U.K., along with industry players like
Intelsat, EchoStar, OneWeb, ViaSat,
SpaceX and Amazon and govern-
ment entities like National Telecom-
munications Information Administra-
tion (NTIA), National Oceanographic
Atmospheric Administration (NOAA)
and National Aeronautics and Space
Administration (NASA).

Over the past decade, interna-
tional and local regulatory discus-
sions have centered around a hand-
ful of topics. High on the list have
been interference mitigation tech-
niques for protecting incumbent ter-
restrial networks via PFD limits and
geostationary systems through time-
based, statistical EPFD limits.!? BIU
requirements, which define the num-
ber of satellites necessary to prevent
expiration of an ITU filing. Other
important issues for the satellite in-
dustry revolve around the terrestrial
spectrum allocation for 5G and 6G
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technologies, along with coordina-
tion rules.

In the U.S., the FCC functions to
regulate “interstate and internation-
al communications through cable,
radio, television, satellite and wire.
The goal of the Commission is to
promote connectivity and ensure a
robust and competitive market.”12
To facilitate spectrum sharing, the
FCC authorizes the right to trans-
mit signals over specific bands of
spectrum. Unlike terrestrial systems,

the FCC implements a processing
round approach for satellite spec-
trum allocation.13

FCC processing rounds were
held in 2016, 2017, 2020 and 2021,
with these rounds alternating to
cover either Ku-/Ka-Band or V-Band.
Over the course of these process-
ing rounds, more than 20 unique
applicants submitted market access
requests seeking authorization for
over 70,000 total satellites. Since the
end of 2019, the FCC has seen the
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number of NGSO satellites in orbit
increase 31.4x with the introduction
of FSS NGSO systems. Unfortu-
nately, this unprecedented level of
activity has resulted in increasingly
long waiting times for FCC approval.
The 2016 Ku-/Ka-Band Processing
Round took an average of two years
from the point at which an operator
first submitted their application to
the time the FCC made their First
Action. In the March 2017 V-Band
round, this delay increased by nearly
a year to 2.9 years.! To address this
issue, the House Energy and Com-
merce Committee introduced bipar-
tisan legislation in the Satellite and
Telecommunications  Streamlining
Act and the Secure Space Act on
December 8 to reform FCC licensing
rules.14

This trend of increasing wait
times, coupled with the scarcity of
spectrum resources has created a
competitive environment among
stakeholders leading to questions
about how the FCC should con-
sider its sharing rules.® Fortunately,
some of the major players in the sat-
ellite field have reached coordina-
tion agreements that allow their cur-
rent and second-generation broad-
band networks to coexist. On June
13, 2022, OneWeb and Starlink
requested that the FCC dismiss the
previous coexistence complaints
they had filed against one another
and that the Commission instead
focus on approving both second
round systems as quickly as possi-
ble.1617 Similarly, on September 24,
2022, Amazon and Telesat reached
an agreement.'8

CONCLUSION

The accomplishments of the
satellite industry over the past de-
cade are a true cause for celebra-
tion. Given that more than 4000
satellites are operational across
Starlink and OneWeb alone, it is
likely that these networks will con-
tinue to make technological history
in the coming decades. However,
it is also the case that advances in
user terminal, power amplifier and
launch availability will be imperative
as these networks continue to roll
out to ensure financial viability and
affordable service offerings. It will
also be critical that our national and
international regulators continue to
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review existing regulations and up-
date outdated policies promptly to
encourage innovation and enable
new entrants into the sector. B
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'Cnmpaﬁﬁve Pricing & Fast Delivery —
:__ o Military Reliability & Qualification — —_=
* Various Options: Temperature Compensafion, | ¢5 95012000 : i

Input Limiter Protection, Detectors/TTL & More | and AS91008
— CERTIFIED

¢ Unconditionally Stable (100% tested) ==

OCTAVE BAND LOW NOISE AMPLIFIERS
Model No. re% 6Hz)  Gain (ZdB) MIN  Noise Figure @B)  Power-out@pids  3rd Order ICP
+

%)
=

VSWR
CA01-2110 .0 MAX, 0. 2.0:1
CA12-2110 1.0- 2.0 30 1.0 MAX, 0.7 TYP +10 MIN +20dBm  2.0:1
CA24-2111 2.0-4.0 29 1.1 MAX, 0.95 TYP +10 MIN +20 dBm  2.0:1
(A48-2111 4.0-8.0 29 1.3 MAX, 1.0 TYP +10 MIN +20 dBm  2.0:1
(A812-3111 8.0-12.0 27 1.6 MAX, 1.4 TYP +10 MIN +20 dBm  2.0:1
CA1218-4111 12.0-18.0 25 1.9 MAX, 1.7 TYP +10 MIN +20dBm  2.0:1
(A1826-2110 18.0-26.5 32 3.0 MAX, 2.5 TYP +10 MIN +20 dBm  2.0:1
NARROW BAND LOW NOISE AND MEDIUM POWER AMPI.IFIERS
CAOT-2111 0.4-05 28 0.6 MAX, 0.4 TY +10 M +20dBm  2.0:1
CA01-2113 0.8-1.0 28 0.6 MAX, 0.4 TYP +10 MIN +20dBm  2.0:1
CA12-3117 1.2-1.6 25 0.6 MAX, 0.4 TYP +10 MIN +20dBm  2.0:1
CA23-3111 2.2-24 30 0.6 MAX, 0.45 TYP +10 MIN +20dBm  2.0:1
(A23-3116 2.7-29 29 0.7 MAX, 0.5 TYP +10 MIN +20dBm  2.0:1
(A34-2110 3.7-4.2 28 1.0 MAX, 0.5 TYP +10 MIN +20dBm  2.0:1
CA56-3110 54-59 40 1.0 MAX, 0.5 TYP +10 MIN +20dBm  2.0:1
CA78-4110 7.25-7.75 32 1.2 MAX, 1.0 TYP +10 MIN +20dBm  2.0:1
CA910-3110 9.0-10.6 25 1.4 MAX, 1.2 TYP +10 MIN +20dBm  2.0:1
(A13153110 13.75-15.4 25 1.6 MAX, 1.4 TYP +10 MIN +20dBm  2.0:1
(A12-3114 1.35-1.85 30 4.0 MAX, 3.0 TYP +33 MIN +41 dm  2.0:1
(A34-6116 3.1-35 40 4.5 MAX, 3.5 TYP +35 MIN +43 dBm  2.0:1
CA56-5114 5.9-6.4 30 5.0 MAX, 4.0 TYP +30 MIN +40 dBm  2.0:1
(A812-6115 8.0-12.0 30 4.5 MAX, 3.5 TYP +30 MIN +40dBm  2.0:1
(A812-6116 8.0-12.0 30 5.0 MAX, 4.0 TYP +33 MIN +41 dBm  2.0:1
CA1213-7110 12.2-13.25 28 6.0 MAX, 5.5 TYP +33 MIN +42 dBm  2.0:1
CA1415-7110 14.0-15.0 30 5.0 MAX, 4.0 TYP +30 MIN +40 dBm  2.0:1
(A1722-4110 17.0-22.0 25 3.5 MAX, 2.8 TYP +21 MIN +31dBm  2.0:1
ULTRA-BROADBAND & MULTI-OCTAVE BAND AMPLIFIERS
Model No. Freq (GHz)  Gain (d8) MIN Nmse Flgure @)  Powerout@pid 3rd Order ICP VSWR
CA0102-3111 0.1-2.0 28 1. 1.2 TYP +10 MIN +20dBm  2.0:1
CA0T06-3111 0.1-6.0 28 1.9 Mux 1.5TYP +10 MIN +20dBm  2.0:1 —_
CA0108-3110 0.1-8.0 26 2.2 Max, 1.8 TYP +10 MIN +20dBm  2.0:1
CA0108-4112 0.1-8.0 B 3.0 MAX, 1.8 TYP +22 MIN +32dBm  2.0:1 =
(A02-3112 0.5-2.0 36 45 MAX, 2.5 TYP +30 MIN +40dBm  2.0:1 —
(A26-3110 2.0-6.0 26 2.0 MAX, 1.5 TYP +10 MIN +20dBm  2.0:1
(A26-4114 2.0-6.0 22 5.0 MAX. 3.5 TYP +30 MIN +40dBm  2.0:1 —
(A618-4112 6.0-18.0 25 5.0 MAX 3.5 TYP +23 MIN +33dBm  2.0:1 —
(A618-6114 6.0-18.0 B5) 5.0 MAX, 3.5 TYP +30 MIN +40dBm  2.0:1
(A218-4116 2.0-18.0 30 3.5 MAX. 2.8 TYP +10 MIN +20dBm  2.0:1 —
(A218-4110 2.0-18.0 30 5.0 MAX, 3.5 TYP +20 MIN +30dBm  2.0:1
(A218-4112 2.0-18.0 29 5.0 MAX, 3.5 TYP +24 MIN +34dBm  2.0:1
LIMITING AMPLIFIERS
Model No. Freq 6tz  Input Dynamic Range Ourput Power Ru e Psat  Power Flatness dB  VSWR
(LA24-4001 2.0-4.0 -28 10 +10 dBm +7 1o +1 + 2.0:1 —
(LA26-8001 2.0-6.0 -50 to +20 dBm +14 1o +1 8 dBm +/ 1.5 MAX 2.0:1
CLA712-5001 7.0-12.4  -21 1o +10 dBm +14 to +19 dBm +/-1.5 MAX 2.0:1 =
(LA618-1201  6.0-18.0  -50 fo +20 dBm +14 to +19 dBm +/-1.5 MAX  2.0:1
AMPLIFIERS WITH INTEGRATED GAIN ATTENUATION
Model No. Freg (6Hz)  Gain (@8) MIN  Noise Figure (@)  Power-out@pid8 Gain Attenuation Range VSWR
CAOOT-25TTA  0.025-0.150 21 5 . +12 30 dB MIN 2.0:1
CA05-3110A 0.5-5.5 23 25 MAX, T.5TYP +18 MIN 20 dB MIN 2.0:1
CA56-3110A 5.85-6.425 28 25 MAX 15TYP +16 MIN 22 dB MIN 1.8:1
CA612-4110A 6.0-12.0 24 25 MAX T.5TYP  +12 MIN 15 dB MIN 1.9:1
CAT315-4110A 13.75-15.4 25 2.2 MAX, 1.6 TYP  +16 MIN 20 dB MIN 1.8:1
CAT518-4110A  15.0-18.0 30 3.0 MAX, 2.0TYP  +18 MIN 20 dB MIN 1.85:1
LOW FREQUENCY AMPLIFIERS
Model No. Freq (6Hz)  Gain @) MIN  Noise Figure dB  Power-out@P18  3rd Order ICP VSWR
CA001-2110 0.01-0.10 18 4.0 MAX, 2.2 TYP +10 MIN +20dBm  2.0:1
CA00T-2211 0.04-0.15 24 3.5 MAX, 2.2 TYP +13 MIN +23dBm  2.0:1
CA001-2215 0.04-0.15 23 4.0 MAX, 2.2 TYP +23 MIN +33dBm  2.0:1
CA001-3113 0.01-1.0 28 4.0 MAX, 2.8 TYP +17 MIN +27 dBm  2.0:1
CA002-3114 0.01-2.0 27 4.0 MAX, 2.8 TYP +20 MIN +30dBm  2.0:1 C
CA003-3116 0.01-3.0 18 4.0 MAX, 2.8 TYP +25 MIN +35dBm  2.0:1
(A004-3112 0.01-4.0 32 4.0 MAX, 2.8 TYP +15 MIN +25dBm  2.0:1
CIAO Wireless can easily modify any of its standard models to meet your "exact” requirements at the Catalog Pricing.

Visit our web site at www.ciaowireless.com for our complete product offering.

wireless

Ciao Wireless, Inc. 4000 Via Pescador, Camarillo, CA 93012
Tel (805) 389-3224 Fax (805) 389-3629 sales@ciaowireless.com



FlexLink Adaptive Connectivity Solution
in Support of U.S. Army’s Project
Convergence

aytheon Technologies successfully demon-

strated solutions needed to connect defense

networks and simplify U.S. Army command
and control systems during the Army’s Project Conver-
gence exercise.

Key among those technologies was FlexLink, an
open-system radio technology developed by the com-
pany’s Collins Aerospace business that is designed to
connect multiple air and ground platforms.

During the exercise, FlexLink was installed on U.S.
Army UH-60M helicopters and was able to establish a
joint command and control network at distances ex-
ceeding 200 nautical miles. The demonstration was
key to validating the Army’s Project Convergence con-
cept, which is the service’s contribution to the Defense
Department’s (DOD) Joint All-Domain Command and
Control initiative.

The FlexLink solution
is the first open systems
radio prototype to be in-
tegrated onto U.S. Army
platforms. The demon-
stration bridged four joint
service and coalition net-
works, all operating at dif-
ferent security levels using
a multi-level security cross
domain solution to enable
integrated, connected
communication across the
battlespace.

"We demonstrated that
our ready-now open sys-
tems radio can be integrated with existing platforms,”
said Phil Jasper, president of mission systems for Collins
Aerospace. “Providing resilient communications across
networks is key for reducing decision-making time and
supporting effective operations in any highly contested
environment.”

FlexLink Adaptive Connectivity Solution for com-
munication, navigation and surveillance delivers re-
silient network connectivity and assured positioning,
navigation and timing to connect the battlespace. The
system can operate across a variety of DOD commu-
nication networks, from advanced tactical datalinks to
legacy narrowband line-of-sight, both wideband and
narrowband satcom, high frequency, commercial mesh
networking waveforms, as well as emerging direction-
al line-of-sight resilient capabilities. FlexLink was de-
signed using a modular, open systems architecture to
allow capabilities to be added or updated quickly and
cost effectively.

For More
Information
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FlexLink (Source: Raytheon
Technologies)

DefenseNews
Cliff Drubin, Associate Technical Editor |

Europe’s Future Combat Air System: On the
Way to the First Flight

n behalf of the governments of France, Ger-
many and Spain, the French General Direc-
torate for Armament (DGA) has awarded
to Dassault Aviation, Airbus, Indra, Eumet and their
industrial partners the contract for the Demonstrator
Phase 1B of the Future Combat Air System (FCAS). This
landmark contract, amounting to €3.2 billion, will cover
work on the FCAS demonstrator and its components
for about three and a half years.

This continues the successful Phase 1A demonstra-
tors’ related R&T work and development activities,
which enabled the identification of key technologies
and the launch of the demonstrators’ developments.
Paving the way for the development phase of the pro-
gram, this demonstration Phase 1B will allow continua-
tion of flying demonstrators and required cutting-edge
technologies development and maturation as well as
project architectures consolidation, with in-flight dem-
onstrations targeted in the next phases by 2028-2029.

The program is made up of a set of systems: New
Generation Fighters teaming with Remote Carriers and
connected through a Combat Cloud. To meet the am-
bitions and challenges of such a program, an adapted
and efficient industrial organization has been set up
and built around technological pillars. Each pillar is un-
der the leadership of an industrial champion acting as
prime, working in close cooperation with its main part-
ners and leveraging each nation’s aeronautical indus-
trial ecosystems.

In addition to their prime role per pillar, Airbus, Das-
sault Aviation and Indra act as national coordinators to
ensure the overall coherence of the demonstrators and
the overall program’s steering and work consolidation.

The industrial partners thank the three nations for
their confidence and reiterate their firm commitment
and total mobilization to make this program the armed
wing of Europe’s strategic autonomy thanks to the rein-
forcement of the operational, technological and indus-
trial sovereignty of its defense.

FCAS (Source: Airbus Defense and Space)

Visit mwjournal.com for more defense news.
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Bull’s Eye: Turkish Combat Drone Akinci
Test-Fires New-Gen Guidance Kit

kinci hit the target with high precision with
a 1000-lb. (about 455 kg) MK-83 bomb
equipped with the guidance kit named
Gokee after taking off from a flight training and test
center in northwestern Tekirdag's Corlu district.

"Bull's Eye,” wrote Selcuk Bayraktar, CTO of Akinci
developer Baykar, as he shared a video of the test on
Twitter.

Developed by TUBITAK SAGE, the new generation
guidance kit engaged to the target that Akinci illumi-
nated with a laser from an altitude of 20,000 ft. (6096
m), marking its first test on an unmanned combat aerial
vehicle (UCAV).

It comes just days after Akinci successfully test-fired
Turkey's first air-to-ground supersonic missile, the TRG-
230, after hitting a target at a distance of over 100 km
(62 miles).

Marking the most advanced and sophisticated
drone built by the country, Akinci was first delivered to
the Turkish security forces in late August last year. The
UCAV joined the company’s Bayraktar TB2, which has
been widely used and sold to various countries, includ-
ing Ukraine, Qatar, Azerbaijan and Poland.
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Akinci is longer and
wider than the Bayrak-
tar TB2 and can perform
. strategic tasks. The state-
of-the-art UCAV  Akinci
can fly for 24 hours and
with a service ceiling of
40,000 ft. (12,192 m).
It has a 20-m wingspan
with a unique twisted-wing structure and is equipped
with a fully automatic flight control and a triple-redun-
dant autopilot system. It has the capacity to carry a load
of 1350 kg.

The Akinci will be equipped with a locally made ac-
tive electronically scanned array radar and air-to-air mis-
siles Gokdogan and Bozdogan and will launch several
types of locally made ammo, such as standoff missiles.

Baykar says the Akinci can attack targets both in the
air and on the ground. It can also operate alongside
fighter jets and fly higher and stay in the air longer than
Turkey's existing drones.

Bayraktar TB has been sold to 27 countries so far,
while Baykar has signed export deals with five coun-
tries for Akinci. Exports constitute almost 98 percent of
Baykar's revenues this year. It says it has agreed to more
than $1 billion worth of export deals with 18 different
countries throughout 2022.

" i

Akinci (Source BaykarTech)
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IN-HOUSE SPACE UPSCREENING

Launch Prep

Mil-Spec or Equivalent Qualifications

30+ years of space-level screening and testing
7500+ components and custom capabilities
EEE-INST-002 compliant workflows

Standard Capabilities

Burn-in, thermal cycling and shock, vibration* radiographic
inspection*, destructive physical analysis (DPA)?*,
mechanical shock, hermeticity with accompanying
acceptance test procedure (ATP).
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in-house, we use specialist partners for a limited selection of tests.
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Metamaterials’ Potential in mmWave 5G
Telecommunications and Beyond

aving been largely confined to the realm of

academia for many years, metamaterials are

now set for commercialization in several ma-
jor applications. The IDTechEx report, “Metamaterials
Markets 2023-2043: Optical and Radio-Frequency,” ex-
plores the opportunities within this emerging materials
technology.

A particularly significant emergent application of
electromagnetic metamaterials is in supporting the de-
ployment of high frequency telecommunications, such
as mmWave 5G and even THz. High frequencies can
enable faster data transfer and hence improved user ex-
perience. However, at high frequencies, there is a severe
loss in energy across long distances. These problems
can be further exacerbated by obstacles, as is common
in urban environments. As a result, a low-power device
that can facilitate the delivery of high frequency signals
in crowded environments is required.

Metamaterials offer a potential solution through en-
abling the development of reconfigurable intelligent
systems (RIS). These systems integrate electronic com-
ponents to reflect radio waves in specific, configurable
directions—enabling signals to be reflected around ob-
stacles, thus overcoming the issues of signal blockage.
RIS can potentially even track users autonomously for
directed communications, allowing for greater signal
quality and improved security by reducing the likeli-
hood of connection by unauthorized users. These ad-
vantages that RIS propose have drawn attention from
telecom providers such as Verizon, who partnered with
Pivotal Commware in 2020 to deploy the latter's prod-
ucts in supporting mmWave 5G deployment.

If beaming a signal in a specific direction were the
only goal, then this could be achieved using conven-
tional relay stations. However, RIS offers two crucial
advantages—namely, their low power use and small
form factor. This allows them to be deployed at scale
in areas where a conventional relay station would not
fit, such as above traffic lights at crowded junctions or
under a ceiling in a stadium, significantly improving 5G
coverage in crowded environments. The requirement of
low power also greatly reduces the costs of operating

1DTechEx [ESTEN
32
D
) In . ' P ol
" L Semi-passive RIS
N L can send signals
directly o end users

RIS on windows can reflect
signals around obstacles

CommercialMarket
Cliff Drubin, Associate Technical Editor |

a widespread network, and it may even be possible to
power some RIS devices from built-in energy harvesting
systems such as solar photovoltaics.

Where Does Radar Sit in ADAS Architecture
Centralization?

he path through car autonomy is certainly

ongoing, with the regular addition of new

functions for car autonomy. It started in the
2010s with basic functionalities such as automatic cruise
control and advanced emergency breaking, it is cur-
rently still in progress with the addition of functionalities
such as Highway Pilot, and we expect it will continue
in the next years with the addition of functions such as
City Pilot, where a car can be fully autonomous in a spe-
cific area,” said Adrien Sanchez, technology and market
analyst, computing and software, at Yole Intelligence.

This has led to the multiplication of sensors and to a
growing number of software layers for more accuracy in
the understanding of the environment, as well as to the
introduction of some redundancy to prevent crashes
due to system failure. To handle this growing amount
of data and this pipeline complexity, the computing
power required has increased dramatically. This has a
direct impact on the car architecture, from a decentral-
ized architecture with many small MCUs, to a central-
ized architecture with a few powerful processors in an
ADAS domain controller. Centralization is the next step
for sure, with the need to do sensor fusion.

This is no longer about providing range and velocity
for a small number of objects. Radar sensors are evolv-
ing to literally perceive the scene around the car. The
goal is to get a free space mapping by radar only, for
obvious reasons of redundancy. With such a sensor,
OEMs will have access to path-planning for any time, in
any driving scenario. Centralization seems an obvious
choice to bridge the gap, as it resonates with resources
optimization. But it is also a massive change in archi-

EVOLUTION IN THE NUMBER OF ECUS PER CAR
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tecture, raising multiple points such as the partition-
ing of radar signal modulation, data processing, data
transport and even data fusion. Meanwhile, as these
problems are clarified, edge processing has room for
evolving beyond its current capabilities. In any case, the
importance of software in radar sensing is growing and
multiple industry players are positioning for either one
or the other approach. It will be interesting to track how
this industry evolves in the next few years.

New Use Cases and Markets for Connected
Sensors

nterprises are increasingly looking to add
connectivity to a wide variety of assets. Great-

er variety of connectivity types, more sensor

features and form factors and greater software intelli-
gence is enabling the condition-based monitoring (CBM)
market to expand into new use cases and to generate
greater value for customers. According to ABI Research,
CBM sensors will reach 277 million connections by 2026.
“The CBM market has so far been the preserve of
short-range wireless (SRW) technologies,” stated Tan-
cred Taylor, loT markets industry analyst at ABI Re-
search. “Increasingly, however, we are seeing a more

Y MIPG
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a JIITT) company

SOLUTIONS

SOLUTIONS

FILTERS SWITCHES
et "g“Mlcrowave

Delivering Spectral Purification,
Interference Mitigation, and Spectrum Monitoring Solutions
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neutral stance toward connectivity as adopters ap-
proach use cases not from a technology perspective
but from an outcome perspective. More investment in
software and analytics platforms pushes the focus fur-
ther toward generating value from sensor fusion and
edge data execution. SRW, WAN and wired technolo-
gies play different roles in growing the market into new
types of assets that can be monitored. These technolo-
gies sometimes compete, but they often address dis-
tinct use cases. They contribute to expanding what is
possible from CBM solutions rather than purely com-
peting on the same turf.”

To date, the market is dominated by data collection
on utilities and processes and monitoring motor-pow-
ered equipment. Much of this activity is happening in
the industrial market, where companies are looking to
reduce downtime by switching to more proactive main-
tenance strategies and reduce costs through more ef-
ficient use of machine and human resources.

Many companies are addressing the CBM market
with a specialist focus on solving specific use cases. In-
dependent solution vendors such as Fluke Reliability,
VersaSense, Worldsensing, Everactive and many others
are a core part of this ecosystem. Sensor vendors such
as Wika or SICK Sensors are increasingly making a mark
in their target industries, particularly through evolved
software offerings.

Six Prominent Brands, Four Product Lines, One New Website

SPECTRUM OPERATIONS

2LESpY
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ﬁ HYPERLABS

Innovation at Hyperspeed since 1992

BROADBAND BALUNS, BIAS TEES AND DC BLOCKS TO 110 GHZ

HL9409 Balun HL9449 Bias Tee HL9439 DC Block
* Industry-leading bandwidth * Ultra-broadband  Ultra-broadband
(-3 dB from 500 kHz (160 kHz to 110 GH_z) (160 kHz to 110 GH_z)
to 100 GHz) * Unparalleled passband flatness * Exceptional price for performance

* Bestamplitude (+ 0.5 dB)
and phase match on the
market
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NEW: POWER DIVIDERS AND POWER SPLITTERS TO 67 GHZ
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Available Models:
* HL9477 2-Way Power Divider from DC to 67+ GHz (-1.5 dB)
* HL9487 Power Splitter from DC to 67+ GHz (-1.5 dB)

* HL9577 4-Way Power Divider from DC to 67+ GHz (-3 dB)

Visit our website for baluns,
pick-off tees, power dividers, risetime
filters, DC blocks, amplifiers, and more!

PUT HYPERLABS IN YOUR LAB

ULTRA-BROADBAND INDUSTRY LEADING DEMOS AVAILABLE CUSTOM DESIGNS HL OREGON

We offer some of Components that are Demos are in stock for Don’t see exactly what 13830 SW Rawhide Ct.

the broadest band “invisible” with regards most offerings, and we you need? Our engineers BeavertonjOR 97008

components on the to bandwidth roll-off and will get them in your lab may be able to help.

market. jitter performance keep quickly fora “hands on” HL COLORADO
. pulse and eye fidelity at evaluation. Many ofour.products 315 W South Boulder Rd.

Our engineers aAre their best. can be modified or 3 Suite 206

constantly working on adapted to your specific Louisville, CO 80027

new designs and We design our products needs quickly and with
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line. these goals over the quantities.

broadest band possible.
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Aroundthe Circuit
Barbara Walsh, Multimedia Staff Editor

MERGERS & ACQUISITIONS

Akoustis Technologies Inc. announced that it has ac-
quired Grinding and Dicing Services Inc. (GDSI), a
U.S.-based provider of premium back-end semiconduc-
tor supply chain services. Akoustis’ acquisition of GDSI
is expected to support a strategy to reshore its packag-
ing of XBAW filters to the U.S. and to support its an-
ticipated application for funding under the CHIPS and
Science Act. Akoustis is paying $14 million in cash and
$2 million in stock for GDSI, with an additional $4 mil-
lion in the form of a secured promissory note payable
over three years based on key employee retention and
agreed upon performance, for a total of $20 million.

Av-Comm Space and Defence announced it has ac-
quired the Central Coast-based large antenna specialist
R G Systems. Australian-owned R G Systems has been
operating since 2005 and during that time has installed
and refurbished more than 100 large antenna systems
for defense and civil satellite communications custom-
ers. This strategic acquisition of R G Systems will ex-
pand Av-Comm’s technical capability and offer further
opportunities for growth at a time when new satellite
constellations are proliferating.

L3Harris Technologies and Aerojet Rocketdyne Hold-
ings Inc. together announced the signing of a definitive
agreement for L3Harris to acquire Aerojet Rocketdyne
for $58 per share, in an all-cash transaction valued at
$4.7 billion, inclusive of net debt. This marks L3Harris’
second acquisition announcement of 2022, demon-
strating its continued focus on delivering critical capa-
bilities to warfighters while strengthening the nation's
defense industrial base through increased competi-
tion. A provider of propulsion systems and energetics
to the Department of Defense (DOD), NASA and other
partners and allies worldwide, Aerojet Rocketdyne has
a 100-year heritage of excellence delivering some of
the most significant moments in space exploration and
discovery.

Micross Components, a provider of high-reliability
microelectronic product and service solutions for aero-
space, defense, space, medical, energy, industrial and
other applications, announced the acquisition of KCB
Solutions, a provider of RF and microwave products.
The acquisition further expands the proprietary Hi-Rel
component products portfolio of Micross. KCB, a pri-
vately held company and portfolio investment of Arte-
mis Capital Partners (Artemis), located in Shirley, Mass.,
has established itself as a best-in-class supplier of high-
ly-engineered, leaded and leadless, GaN/GaAs RF and
microwave switches, attenuators, amplifiers, multi-chip
and functional modules in both standard and custom
form.

For More
Information
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COLLABORATIONS

Keysight Technologies announced it has collaborated
with Qualcomm Technologies to establish an end-
to-end 5G non-terrestrial network (NTN) connection.
Based on this successful demonstration of call signaling
and data transfer using orbit trajectory emulation, Key-
sight and Qualcomm Technologies aim to accelerate
5G NTN technology to provide affordable broadband
connectivity in remote areas. NTNs based on 5G sat-
ellite-to-ground communication bring secure, reliable
and high bandwidth connectivity to remote areas that
do not have terrestrial network coverage.

CEVA Inc., a licensor of wireless connectivity and smart
sensing technologies and co-creation solutions, an-
nounced that Autotalks, a leader in vehicle-to-every-
thing (V2X) communication solutions, has licensed and
deployed the CEVA-XC4500 Communication Processor
and CEVA-BX1 Digital Signal Controller in its third gen-
eration V2X chipsets, TEKTON3 and SECTONS. This
latest collaboration follows on from Autotalks second
generation chips, SECTON and CRATONZ2, which are
also powered by CEVA DSPs. ABI Research forecasts
that the number of registered vehicles with V2X will
surpass 61 million by 2030, growing at a CAGR of 53
percent from 2023.

Casa Systems, Enea and IBM have built a complete
private 5G solution that combines best-in-class tech-
nology with agility for service providers to deploy, or
enterprises to build, Private 5G solutions that are more
scalable, dynamically adjustable, reliable and secure.
All three organizations are playing a significant role in
bringing the Private 5G network to life. Casa Systems’
end-to-end 5G wireless solutions portfolio addresses
the coverage and capacity needs for today's public
and private networks, powered by its Axyom Software
Framework.

NEW STARTS

Wiirth Elektronik is relocating its Munich site from
Garching to Freiham. The Hightech Innovation Center
Munich (HIC), a state-of-the-art building with a working
and test field landscape, has been created on the west
side of the metropolis. The new facility offers the lat-
est new-work approaches and space for 250 employees
in the first construction phase. True to the company’s
motto “more than you expect,” the HIC is not only an
investment in the company’s future but also in Munich
as a location.

CONTRACTS

The F-35 Joint Program Office and Lockheed Martin
have finalized the contract for the production and de-
livery for up to 398 F-35s for $30 billion, including U.S.,
international partners and foreign military sales aircraft
in Lots 15 and 16, with the option for Lot 17. The agree-
ment includes 145 aircraft for Lot 15, 127 for Lot 16,
and up to 126 for the Lot 17 contract option, including

For up-to-date news briefs, visit mwjournal.com
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the first F-35 aircraft for Belgium, Finland and Poland.
Lot 15-17 aircraft will be the first to include Technical
Refresh-3 (TR-3), the modernized hardware needed to
power Block 4 capabilities. TR-3 includes a new inte-
grated core processor with greater computing power,
a panoramic cockpit display and an enhanced memory
unit.

Pole/Zero, part of Microwave Products Group and
Dover, has been awarded a $53,544,462 firm-fixed-
price, indefinite-delivery/indefinite-quantity contract by
the U.S. DOD. This contract provides for the procure-
ment of antenna interface units and communications
trays, technical data, assemblies, sub-assemblies and
spares for the P-8A Poseidon communications suite
in support of the Navy, foreign military sales custom-
ers and the Government of Australia. Work will be per-
formed in West Chester, Ohio, and is expected to be
completed by October 2028. Pole/Zero, as part of MPG
Solutions” flagship brand, analyzes, designs, builds and
supports interference mitigation and spectral purifica-
tion solutions for industrial and defense manufacturers
and integrators of RF/microwave electronics.

Northrop Grumman Corp. received funding through
the manufacturing and industrial technology division of
the Air Force Research Laboratory for enhancements
to its hypersonics manufacturing technology. The $8.8
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million contract supports improvements that will help
to shorten production times and drive affordability for
hypersonic weapons in production. The company com-
bines traditional manufacturing techniques with innova-
tive manufacturing approaches and digital engineering
to reduce part counts, inspection and touch labor. This
comprehensive approach ensures the successful transi-
tion of hypersonic weapons from research and develop-
ment to production while enabling sustainable, predict-
able and affordable life-cycle costs.

CAES, a provider of mission critical electronic solutions,
announced it has been awarded a Low Rate Initial Pro-
duction Phase 2 (LRIP2) contract from Lockheed Mar-
tin Corporation. Under the contract, CAES will supply
its high performing phased array antennas to support
Lockheed Martin’s Advanced Off-Board Electronic War-
fare (AOEW) system. The announcement follows the
Low Rate Initial Production Phase 1 (LRIP1) contract that
CAES was awarded earlier this year. The AOEW pro-
gram delivers electronic surveillance and attack capa-
bilities for U.S. Navy Ships. The AOEW system has the
ability to work independently or with the ship’s onboard
electronic surveillance sensor, AN/SLQO-32(V)6 which
also features CAES antennas.

Elbit Systems Ltd. announced that its E-LynX™ tactical
software-defined radio (SDR) solution was selected by
the Spanish Ministry of Defense (MOD) Directorate-
General for Armament and Material for the “URGENT
ACQUISITION OF V/UHF SDR RADIO EQUIPMENT”
program. This follows the Spanish MOD's selection of
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the E-LynX™ SDR solution for its
combat battalions in November
2020 and forits 8x8 Dragon Vehicles
in November 2021. The E-LynX™
SDR solution will be manufactured
and maintained in Spain as a nation-
al sovereign radio, equipped with
Spain’s national crypto solution,
through the cooperation between
Telefonica and Elbit Systems.

SATCO!
TRANSMITTER

Comtech has announced that the
company was recently awarded a
contract to install a 5G virtual mo-
bile location center (vMLC) produc-
tion site and deliver location-based
services for a tier-1 mobile network
operator in Canada—further ex-
panding the company’s drive to
be the world's preferred precise,
network-based geolocation services
provider. Comtech’s VMLC system
is used to help pinpoint the loca-
tion of mobile devices connected
to 5G networks. This contract will
significantly enhance 9-1-1 rapid re-
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sponse capabilities in a wide variety
of emergency situations—allowing
the mobile carrier to benefit from a
cloud native platform and providing
public safety agencies with services
to more accurately locate 9-1-1 call-
ers.

PEOPLE

Microwave Jour-
nal  announced
the hire of Eric
Higham as techni-
cal editor. Higham

[ previously worked

A

as director of the
advanced  semi-
conductor applications and the ad-
vanced defense systems services at
Strategy Analytics. He is an industry
veteran with more than 40 years of
semiconductor experience. Previ-
ously, he performed a variety of en-
gineering, business development,
marketing and management func-
tions for M/A-COM, MicroDynamics
and Raytheon. Higham holds an
MSEE degree from Northeastern
University and a BSEE degree from
Cornell  University. He can be
reached at ehigham@mwijournal.
com.

A Eric Higham

Indium Corp. an-
nounced that
Theo Ruas has
been promoted to
the role of global
sales manager,
metals and com-
pounds. In his new
role, Ruas leads all
aspects of global sales for metals
and compounds, including gallium
tri-chloride, high-purity indium and
the reclaim of indium gallium, and
tin. He also supports product man-
agement with market information
for the development of new tech-
nologies. Ruas ensures a healthy
sales opportunity funnel and prog-
ress, engages with the company’s
largest customers and manages

pricing.

A Theo Ruas

mmTron Inc., a
fabless  designer
of mmWave
broadband prod-
ucts for the sat-

com, 5G/6G,
A Michael Roberg 32;2iggcemar§gg

has named Dr. Michael Roberg as
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A Fig. 1 The R&S CMX500 radio communication
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Testing Voice
Services In 5G NR

tester is ideal for assessing voice service performance.

ore and more network op-
erators have started to de-
ploy 5G standalone (SA) net-
works, opening the door for
high quality 5G voice over New Radio.
VoNR is the voice service enabler for 5G,
using 5G core and P multimedia subsys-
tems (IMS). The session initiation proto-
col (SIP) is the base IMS protocol and es-
tablishes connections between subscrib-
ers. 3GPP introduced and standardized
the enhanced voice service (EVS) codec
as the new voice codec family for 4G IP
based mobile wireless speech services,
which is also suitable for 5G systems.
Every mobile device must have an IP ad-
dress provided by the network. The IMS
infrastructure establishes the connection
between mobile devices and manages
the relevant quality of service (QoS) flow
for optimized voice experience.

VONR TEST REQUIREMENTS

The general VoLTE and VoNR test
setups are very similar, yet different test
areas need to be examined. Testing the
basic implementation and functional be-
havior are the starting points and include
registration on the IMS server and call
setup procedures. Testing voice in 5G
also includes VoLTE aspects for the non-

standalone (NSA) and EPS fallback
scenarios. These provide the hando-
ver from NR to LTE, or a RAT fallback
during voice connection setups when
5G coverage is limited. Lastly, VoNR
audio quality tests are needed to as-
sess voice performance and user ex-
perience. A test system for voice over
5G must fulfill complex requirements
and support the EVS codec, along
with the adaptive multirate (AMR)
wideband and narrowband codecs
(AMR-WB, AMR-NB).

ALL-ROUNDER TEST SOLUTION
FOR MOBILE DEVICES

The R&S CMX500 radio commu-
nication tester (Fig. 1) has everything
needed for testing voice services on
mobile devices. The solution supports
LTE and 5G NR testing for both SA
and NSA connectivity. It also features
an internal IMS server for registering
5G devices and setting up necessary
bearers and QoS flows for voice ser-
vices. The IMS server comes with a
virtual user equipment (UE) emulation
for establishing mobile originated
and mobile terminated end-to-end
voice calls in loopback mode for fast
and easy VoNR functional tests. Users

Ethernet N
(LAN Switch)  Audio Via IP [
DAU USB Ethernet Interface

can select the supported codecs such
as EVS, AMR-WB or AMR-NB and their
codec rates. The web-based graphical
user interface R&S CMsquares makes
controlling the setup and testing EPS
fallback scenarios easy.

TESTING AUDIO QUALITY FOR
BEST USER EXPERIENCE

To test audio quality during a call, an
audio analyzer is required, which must
be able to generate and analyze audio
waveforms using the latest PESQ® or
POLOA® methods. POLQA® is used
for audio quality measurements dur-
ing VoNR and VolTE calls. In the R&S
CMX500 setup, the audio data can
either be output via IP or come from
the R&S CMX-ZG180A external media
endpoint if an analog audio analyzer
is preferred (Fig. 2), giving users maxi-
mum flexibility. In electrical measure-
ments of the mobile device under test,
the speaker output can be connected
directly to the audio analyzer input and
the microphone output directly to the
audio analyzer. For acoustic tests in line
with 3GPP and ETSI, the audio analyzer
can use an artificial head with artificial
ear and mouth, all available from third-
party suppliers.

SMALL FOOTPRINT AND EASY
OPERATION

Thanks to a recent upgrade, the
R&S CMX500 features a significantly
reduced one-box footprint. It offers eas-

ier handling combined with debugging
and analysis capabilities which enable
vendors to rapidly develop and deliver
5G voice services.

Audio Analyzer

@y Audio Via Analog Interface with

Analog
R&SOCMX-ZG180A e.g. XLR Connectors

External Media Endpoint  RF

R&S®CMX500
5G Radio Communication Tester

A Fig. 2 Flexible test setups for 5G audio quality analysis.
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AT BOOTH 5A80

For in-depth guidance on voice calls in 5G NR, download
the full white paper:
https://www.rohde-schwarz.com/vonr-wp
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Engineering Fellow based at the company’s Redwood
City headquarters. As a senior technical leader, Roberg
has developed innovative aerospace and defense mi-
crowave products for amplifier, radar, communication
and sensing applications. Most recently, he served as
MMIC design engineering fellow for Qorvo Inc. in the
high performance analog business unit, where he was
responsible for GaN MMIC product development for
commercial and military applications.

Wolfspeed, Inc. announced the promotion of Elif
Balkas to chief technology officer, succeeding the late
Dr. John Palmour, a co-founder of Wolfspeed. In her
role as vice president of research and development in
Wolfspeed's Materials organization, Balkas shaped the
company’s technical strategy on wide bandgap materi-
als and drove its development execution to maintain
Wolfspeed's position as a leader in SiC for Power and
RF device applications. She has overseen multiple sig-
nificant technology milestones during her tenure at the
company, including the development of 150 and 200
mm boule growth systems and processes, the dramatic
reduction in crystal defect levels that saw higher device
yields and advancements in wafer processing. “I'm ex-
cited to continue building upon the legacy that John
created and unlock new innovations and applications
for SC,” said Balkas. “It's an exciting time of growth at
Wolfspeed and | look forward to the new challenge of

Full Spectrum Agility.

finding greater efficiencies as we continue to expand
the reach of our technology.”

Tagore Technology Inc., a pioneer of
high-power GaN-based RF switches
and power management applications,
announced the appointment of Chae
Lee as chief executive officer. Lee
brings more than 35 years of experi-
ence to Tagore Technology. Prior to
joining Tagore, he was president and
CEO of Insyte Systems. Before that,
Lee was senior vice president and general manager of
NXP's Secure Interface and Power Solutions Business
Unit where he grew the business unit's revenue to $1B.
Prior to NXP, Lee spent 16 years at Maxim Integrated
Products where he developed multiple new product
lines at Maxim and as senior vice president and general
manager of the Mobility Group, grew its revenue from
$350M to $1B.

A Chae Lee

REP APPOINTMENT

Richardson Electronics Ltd. announced a global distri-
bution agreement with Gallium Semiconductor. With
their headquarters located in Singapore, Gallium Semi-
conductor is an innovative supplier of RF GaN semi-
conductor solutions for 5G communication networks
as well as aerospace, defense, industrial, scientific and
medical applications. The agreement aligns with both
companies’ commitment to providing high performing,
high efficiency RF GaN products.
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Surviving the Great Commercial

Space Shakeout

Chandra Hackenbruch

Analog Devices

TRANSFORMATION OF THE
LEO SATELLITE INDUSTRY
n recent years, the arrival of
well-established commercial
launch services has brought
launch costs down signifi-
cantly lowering the barrier to entry.
This has opened the market to new
players and innovators in the low
Earth orbit (LEO) satellite industry.
In  parallel with reduced
launch costs, satellites have
decreased from the size of a
bus to something you can
hold in your hand. The com-
bination of lower launch
costs and smaller satellite
size is reducing the over-
all mission cost. Gone are
the days of space missions
belonging only to space
agencies such as NASA
and legacy satellite com-
panies.

NON-SPACE
INDUSTRY DRIVERS
Commercial space ap-
plications are rapidly grow-
ing in non-space industries
such as energy and min-
ing, agriculture, automotive,

52

telecom, medical and education.
Companies in these industries are
investing in space to differentiate
and expand service offerings to di-
versify revenues. This “Space-for-
Earth” economy industry disrup-
tion is driving new use cases, capa-
bilities and users for satellite-based
data. There are many examples of
the space sector already playing a
role in non-space industries. Geo-
spatial satellite technology helps
the mining industry by identify-
ing areas for oil exploration and
providing imagery of mining
sites. Global positioning systems
(GPS) satellite technology guides
ride-share services such as Uber
and Lyft and as the automo-
tive industry moves towards a
driverless future, the accuracy
of maps becomes a priority.
Satellite data helps the ag-
ricultural industry make
more informed crop
development decisions
by improving weather
forecasts. Satellite tech-
nology is changing access
to healthcare for remote regions
worldwide and satellite data is ad-
vancing medical knowledge.
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Development
* Few Key Players
¢ Trials by Innovators

Growth

* Early Adopters
® Increasing Market
Penetration

Shakeout

 Rapid Growth
* Growing Options for
Private Sector

Maturity

* Fight to Keep

Market Share Decline

* Entry of More Competitors

e Shakeout of the Weakest
Companies
* Failures, Mergers &
Acquisitions

® Price Competitions
¢ Product and Service
Distinction

* Demands Decline
* Exit of Some
Competitors
* Emphasis on Efficiency
® Price Wars

A Fig. 1 Industry lifecycle.

The private sector is increas-
ingly and actively securing assets
in space with these efforts driven
by the need for internet access
and data. We expect exponential
growth of this data-based, Space-
for-Earth economy and we expect
the emergence of a “Space-for-
Space” economy with space-based
services and products to support
life in space.

NON-SPACE DRIVER EFFECTS

As more companies turn to
space for business opportunities
that they hope will expand revenue
streams and enhance life on Earth,
the space industry risks saturation.
Satellite manufacturers and launch
services will need hardware and
software solutions from system
equipment, component, test and
measurement and software com-
panies to make these new satellite
constellations and business models
a reality.

INDUSTRY LIFECYCLE

As is the case with many new
industries, some companies in the
early stages of the LEO satellite
boom may not survive and there
will be consolidation as this indus-
try matures. Companies that serve
this market will need to understand
how to adjust and strengthen their
business strategy and build infra-
structure as the LEO satellite in-
dustry evolves through the industry
lifecycle. Semiconductor compa-
nies with proven maturity in the
space market should be aware of
where the LEO satellite industry is
in this lifecycle. This will help them
make wise decisions about partner-
ing with end customers along with
developing resilient and sustain-
able infrastructure.
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A Fig. 2 Commercial space ecosystem.

Figure 1 shows the five stages
of the satellite industry lifecycle
and some characteristics of those
phases. Currently, the LEO industry
is in a period of rapid growth and
evolution and it has entered the
Shakeout phase of the lifecycle. In
this phase, some companies are
naturally eliminated because their
business strategies do not keep
up with the growth of the market,
but some companies can prosper
versus their competitors in this
phase. At this point in the commer-
cial space industry, non-traditional
space investors and influencers are
realizing the value of new capabili-
ties arising from the vast amount of
high speed data provided by LEO
satellites.

WHAT HAPPENS NEXT?

The increase in data traffic en-
abled by LEO satellites is creating
demand from satellite manufac-
turers, launch services and service
providers. These companies are
facing rising pressures to reduce
launch costs and product devel-
opment times. They must develop

systems and networks that address
the increased demand for BIG data,
along with the desire for ubiquitous
connectivity and reduced propaga-
tion delay. To achieve these goals,
companies are developing innova-
tive models for data analytics and
increasing digitization.
Business-to-business companies
that enable these manufacturers
and services must adjust to shift-
ing market demands with innova-
tive solutions that support these
challenging applications. This is
leading to a natural selection pro-
cess where companies looking to
capitalize on emerging space op-
portunities are starting to choose
suppliers with a proven reputa-
tion for high-reliability products
in commercial space applications.
Through proof of resilience, scal-
ability, growth and sustainability,
stronger companies will begin to
eliminate the weaker competition.
Larger, well-established companies
in the commercial space ecosys-
tem may choose to strategically
acquire companies that are smaller
or struggling. This consolidation
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phase will affect the entire ecosystem as consumers,
service providers, system/sub-system manufacturers
and component companies start to define and dif-
ferentiate their niche in the Space-for-Earth economy.
How companies survive the Shakeout phase of Figure
1 will depend on where they fall in the ecosystem of
commercial space as noted in Figure 2.

SURVIVING THE SHAKEOUT

Semiconductor companies such as Analog Devic-
es, Inc. (ADI) fall within the “Satellite manufacturers”
circle as a supplier. Historically, a large part of Analog
Device’s business supports the traditional geostation-
ary Earth orbit (GEO) satellite market segment where
satellites are larger, more expensive and designed for
longer missions. To survive the Shakeout phase in the
commercial space industry, companies like ADI must
develop business models that enable customers to
meet the demands of this new LEO satellite space dy-
namic (see Figure 3).

The following are descriptions of focus areas that
are critical for success in the future:

Mission-Based Product Offering

Performance and reliability are critical attributes of
the space industry, but companies must also focus on
reducing costs to customers, especially in the high vol-
ume LEO market. ADI has expanded their portfolio of
space products to include two new grades addressing

the wide-ranging needs of the emerging commercial
space satellite industry. These new product grades fo-
cus on LEO satellites and mega-constellations orbiting
in low radiation environments as well as addressing
the evolving cost pressures on more traditional GEO
satellites. With over five decades of heritage building
space-grade components, ADI is focused on develop-
ing products that meet levels of flexibility, reliability
and quality suitable for any mission profile.

Commercial Space Low (CSL)

This product grade targets cost-constrained or high
volume requirements. CSL offers basic testing and
screening suitable for LEO constellations orbiting in
lower radiation environments.

Commercial Space High (CSH)

This product grade targets applications with the
highest level of reliability. With this product grade,
customers can take advantage of cost savings and
advanced features in comparison to traditional
space products. CSH offers the highest screening
and radiation qualification level with the most rigor-
ous testing. This product grade can be used where
no hermetic package option is available (equivalent
to QML V using SAE AS6294 as a guideline). CSH
includes everything offered by CSL, plus high-reli-
ability screening and high-reliability quality confor-
mance inspection.
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A Fig. 3 Space product classification at ADI.

PLATFORMS FOR COMPLEX FUNCTIONALITY
The time to develop new technology and pay-
loads and then launch satellites has dropped from
years to months. This shortened development cycle,
coupled with an increase in IC functional complexity
creates a need for solutions that evaluate parts fast-
er in system applications. Customers do not have
time to build evaluation boards and develop code
to integrate parts in their system, so supply chain
companies are helping customers get their solutions

MCI

working with minimal time, effort and investment.
ADI is addressing this opportunity by releasing turn-
key, system-level open platforms. Their beamform-
ing “bits-to-beams” platforms allow customers to
start evaluating and confirming beamforming algo-
rithms faster. These efforts enable faster develop-
ment cycles to support the dynamic growth that the
industry is experiencing.

WE ALL WIN

The growth of private sector industries embracing
the commercial space market is driving the growth of
satellite services. As opportunities expand, the satel-
lite industry is addressing the need for reduced launch
costs, smaller satellites, mega-constellations and the
reality that satellite-based data demand is rising rap-
idly. As companies enter this market, business leaders
will need to develop business models and strategies
to take advantage of the rapid growth while allowing
for scalability and sustainability. As with any growing
industry, making these decisions can be both chal-
lenging and rewarding as companies look to capital-
ize on market growth. The industry will focus on the
challenges of developing more sophisticated, cost-
effective products to meet the evolving size, weight
and performance requirements of high density LEO
constellations, while simultaneously reducing time-to-
market. B

Microwave Components, Inc.
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INVILED
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Combining GEO Satellite
and Wireless Transports
into a Low Latency

Internet Service

George Choquette
Senior Vice President, Hughes

n September 2022, Hughes

Network Systems, an EchoStar

company, launched a new muilti-

transport consumer offering for
U.S. customers that combines the
advantages of geostationary (GEO)
connectivity with the low latency of
a terrestrial wireless transport for a
more responsive satellite internet
browsing experience. Offered un-
der the HughesNet® brand, the
new HughesNet Fusion™ plans le-
verage innovative enterprise soft-
ware-defined wide area networking
(SD-WAN) techniques to combine
the low latency of wireless (specifi-
cally LTE) with the high capacity and
throughput of GEO satellites into an
offering forhome and small business
users (see Figure 1). Built-in, active
optimizing technology balances the
responsiveness of LTE and the high
capacity and throughput of satellite

60

simultaneously to send data traffic
intelligently and transparently over
the best transport path.

Named for the fusion of the ben-
efits of LTE and GEO satellite trans-

port, the offering provides excellent
performance for video streaming,
video conferencing, web browsing,
social media, banking and home of-
fice applications. It offers a satisfac-

Em | (K' |
Hughes Multipath
Terminal

P

User Devices

—

LTE Path:
Web browsing
Social media
Conferencing

Hughes JUPITER™
System Gateway

A Fig. 1 The HughesNet Fusion network.
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A Fig. 2 The ActiveTechnologies software flow.
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tory real-time gaming experience,
which has been a challenge for GEO
services. However, gaming applica-
tions notoriously consume gigabits
of data, which makes them costly to
run on any satellite-based service.
The LTE path offers lower latency
and better response time for inter-
active internet applications than
both GEO satellites and low Earth
orbit (LEO) satellites. While wireless
transport can be expensive when
used to stream high-definition vid-
eo, satellite transport is more cost-
effective than fixed LTE, especially
for users who watch a lot of video.
However, satellite incurs higher
latency, as data must travel up to
a satellite orbiting approximately
37,000 kilometers away and come
back down, introducing a noticeable
delay in some applications. The new
hybrid offering uses both LTE and
satellite transports simultaneously
on an application and flow-aware,
packet-by-packet basis to get the
best of each method without the
relative cost or latency drawbacks.
A HughesNet Fusion service plan
includes a volume of LTE service
as a cost-effective complement to
the GEO satellite service. This spe-
cific transport is transparent to the
end user, is compatible with smart-
phones, TVs and computers and
preserves the privacy of user traffic.

INTELLIGENT INTERNET
TRAFFIC MANAGEMENT

The Hughes ActiveTechnolo-
gies™ software forms the core of
the Fusion plan (see Figure 2). This
proprietary and intelligent software
classifies data traffic based on qual-
ity of service (QoS) requirements
and routes each type of data over
the optimal transport path. The soft-
ware recognizes when the QoS re-
quirements for an active traffic flow
change and automatically changes
the routing when appropriate.

To make the transition from
HughesNet to HughesNet Fusion
plans simple for end users, Hughes
built ActiveTechnologies software,
the LTE device and the wireless
antenna into a new self-contained
multipath  terminal  designated
as the Hughes WL3000 terminal.
Hughes also built its ActiveTech-
nologies software into multipath
gateways connected to internet
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points-of-presence, as illustrated
in Figure 3. Turning on the Fusion
offering is as simple as plugging in
the new terminal and connecting
it to the LAN port in the standard

entry or expertise is required. The
new terminal works seamlessly with
the existing router's Wi-Fi access
point to serve all the smartphones,
computers, smart televisions and

HughesNet router; no parameter  other devices within the home. User

...:.. ' I'.g..
7 TN

User Devices H“ﬂ;ﬁ-ﬁ"' f '!
Satellite Router — |

[ LTE || LTE Carrier
/4 Access
Hughes Multipath
Terminal (WL3000) .
ActiveTechnologles™ JUPITER System Gateway Internet
with Acceleration Component
ActiveTechnologies™

A Fig. 3 The HughesNet Fusion network with ActiveTechnologies software.
| — 9
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device traffic travels seamlessly over
Wi-Fi into the satellite router and is
relayed to the multipath terminal. In
the terminal, the ActiveTechnolo-
gies software forwards the traffic to
the LTE modem or back to the satel-
lite router for transport.

AUTOMATIC TRAFFIC
CLASSIFICATION AND
OPTIMIZED ROUTING

When a customer accesses the in-
ternet using the HughesNet Fusion
plan, the traffic classifier function
examines the traffic flow to make an
initial determination based on the
values of fields in packet headers,
if available. However, many inter-
net applications like video stream-
ing, web browsing and banking are
conveyed using the hypertext trans-
fer protocol (HTTP) and cannot be
distinguished by examining packet
header fields. As the flow of traffic
proceeds, the classifier monitors a
set of criteria, such as packet rates
and sizes, to determine if a QoS
change is indicated.

As an example, video stream-
ing starts with low latency protocol
handshakes, security exchanges
and a few packets to request the de-
sired video from the internet host,
then transitions into a high-through-
put video stream download where
transport latency is not perceptible
by the user. The ActiveTechnolo-
gies software classifier detects that
change in the traffic pattern and ad-
justs the flow classification to video
streaming so that the appropriate
packets in the flow are directed to
the satellite path. The use of traffic
patterns, rather than traffic content,
enables the classification of en-
crypted flows without compromis-
ing user security and privacy. This
constant traffic pattern monitoring
and reassessment continues for the
duration of a traffic flow, accommo-
dating those applications that reuse
the same protocol connection to an
internet host server for different traf-
fic types. The detection and moni-
toring function is also useful when
an established connection changes
during operation. An example of this
scenario is when traffic flow changes
from fast bidirectional exchanges to
extended one-way download or up-
load. The routing function directs
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the packets of a given flow to the
transport path designated for the
classified QoS, routing to either
LTE or satellite. This routing is per-
formed independently for traffic in
both directions between the user
device and the internet host.

Web browsing provides an-
other interesting example of how
the HughesNet Fusion offering im-
proves user experience. A typical
web page contains dozens to hun-
dreds of objects, like text, GIFs, ads
and video clips, that are served by
many different internet hosts. Re-
gardless of transport method, the
web browser on the end user de-
vice requests separate connections
to each internet host and some-
times multiple connections to the
same host. With HughesNet Fusion,
ActiveTechnologies classifies each
connection separately, assesses the
QoS requirement continuously and
routes the data accordingly. Objects
such as text and GIFs can travel
over LTE, while embedded video
clips can transmit over satellite. This
optimizes performance and cost,

serving the web page over both
transport methods and providing
a seamless experience to the end
user.

ADAPTING ROUTING TO
TRANSPORT PATH CONDITIONS
AND CAPACITIES

HughesNet Fusion service plans
also use ActiveTechnologies to op-
timize service availability automati-
cally. By constantly monitoring each
transport path, the software auto-
matically adjusts traffic for network
availability; if one path becomes
momentarily unavailable, the sys-
tem sends traffic flows over the
other path. In this scenario, the soft-
ware prioritizes availability over per-
formance and cost to ensure users
can still use the internet for business
or entertainment. As soon as the
ActiveTechnologies software de-
termines that both transport paths
are again available, the system re-
verts to traffic routing patterns that
optimize service performance and
cost. The software also adapts traffic
routing to conserve the low latency

Norden Millimeter Designs and Manufactures
RF Multipliers, Amplifiers, Converters,and Transceivers
Between 0.5-110 GHz
>

See the Specs Mur VPX Transceiver.
Visit www.NordenGroup.com/VPX
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transport for use throughout the
month. This adaptation is automatic
and gradual, resulting in no disrup-
tion to the service user. With the
potential for multiple routing adjust-
ments over the course of the month,
users reap the maximum benefit of
their low latency LTE transport.

RULES OF THE ROAD FOR
TRAFFIC CLASSIFICATION

Hughes engineers pre-set the
performance, cost and availabil-
ity parameters that guide the Ac-
tiveTechnologies  software. The
parameter values can be config-
ured from the operations center,
enabling real-time tuning of the
performance and efficiency of the
active service and allowing tailor-
ing of operation for different service
plans or transport characteristics.
Configuration rules determine how
traffic flows are classified for QoS re-
quirements based on initial packet
header values and monitored traffic
characteristics including packet size,
rate and volume. Additional config-
uration rules determine how trans-
port paths are assessed for real-time
characteristics including availability,
throughput, latency and packet loss
rate. This suite of controls enables
ActiveTechnologies to maintain ser-
vice availability and optimize qual-
ity automatically in the presence of
changing performance of the un-
derlying transport networks.

A NEW MULTI-PATH FORWARD
FOR SATELLITE INTERNET

HughesNet Fusion plans meet
the needs of rural consumers who
live beyond the reach of wireline
services, yet within the footprint of
wireless networks. In these cases, the
wireless service may not be strong
enough for single-path service but
it is likely sufficient to augment GEO
satellite service. This offering lever-
ages the capacity density, rural avail-
ability and high-throughput of GEO
satellite connectivity along with the
low latency of wireless transport to
deliver low latency satellite internet.
HughesNet Fusion represents the
latest of a series of satellite internet
innovations from Hughes, the com-
pany that innovated the first satel-
lite internet access system, the first
high-throughput spot beam satellite
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A Fig. 4 The HughesNet Fusion
WL3000 modem/router.

A Fig. 5 The HughesNet Fusion indoor
antenna assembly.

for internet access and the first ap-
plications of DVBS2 and DVBS2X
standards for satellite internet ser-
vice. Each of these innovations has
enhanced HughesNet service, the
satellite internet service on which
millions of people depend, while
enabling the Hughes JUPITER™
System ground platform that the
company sells to other operators
around the world.

In September 2022, Hughes in-
troduced HughesNet Fusion to
customers in the southeast region
of the U.S. Soon after, the compa-
ny made the offering available to
new customers in that region and
then quickly expanded the service
nationwide. The WL3000 modem/
router for this service is shown in
Figure 4, while the indoor wireless
antenna assembly is shown in Fig-
ure 5. B
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The Future of UWB:
Reconciling Sensing with
Low Energy Consumption
and High Bitrates

Christian Bachmann and Minyoung Song

imec, Leuven, Belgium

mong a growing number of wire-
less communications options like
Wi-Fi, Bluetooth and NFC, an in-
creasing number of applications
are using ultra-wideband (UWB) technol-
ogy’s secure and fine-ranging capabilities to
do their magic. This magic is enabling many
applications. Hands-free entry solutions le-
verage UWB's ability to track approaching
people and the technology can be used
to automatically unlock doors in a car or a
building. Asset tracking and location-based
services harness the power of UWB, espe-
cially at indoor locations where it is hard to
acquire or maintain a stable GPS signal. Use
cases include locating assets in warehouses,
hospitals or factories with centimeter accura-
cy and helping people navigate large spaces
such as airports and shopping malls.
Acknowledging the technology’s growth
potential, market research firm Data Bridge
expects UWB's global market value to in-
crease from $1.16 billion in 2021 to $1.84
billion by 2029." This trend is confirmed by
ABI Research, which sees annual device ship-
ments of UWB technology in applications
like smartphones, vehicles and loT devices
reaching 1.5 billion by 2026, up from 500
million in 2022.2 It is an evolution that goes
hand in hand with the proliferation of new

UWB applications that combine the need for
sensing with low energy consumption, high
interference resilience and high bitrates.

IEEE 802.15.4Z AND STRONG
INDUSTRY SUPPORT PROPELS UWB
INTO THE MAINSTREAM

Today’s impulse radio (IR) UWB systems
vastly outperform narrowband radios in
terms of ranging accuracy. Enhancements
to the UWB physical layer as part of the
adoption of the IEEE 802.15.4z amendment
in August 2020 have been instrumental in
enabling the technology’s secure-ranging
capabilities. Industrial ecosystems like the
fine-ranging (FiRa) and car connectivity
(CCC) consortiums have standardized UWB-
enabled use cases across the automotive,
smart industry, smart home and smart build-
ing markets.

While UWB systems have clear technical
advantages and their adoption is growing,
these systems do present challenges. UWB
uses more expensive circuits and systems
are more complex. The wideband perfor-
mance of the systems also results in higher
power dissipation than narrowband technol-
ogies such as Bluetooth. These challenges
jeopardize the long-term operation of bat-
tery-powered UWB applications and have
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A Fig. 1 An IR-UWB IEEE 802.15.4z-compatible coherent asynchronous polar

transmitter.

impeded broader adoption of the
technology.

A BREAKTHROUGH: A SUB-5
MW, IEEE 802.15.4Z ULTRA-
WIDEBAND TRANSMITTER CHIP

In response to the power dissi-
pation challenge, imec introduced
a sub-5 mW, IEEE 802.15.4z wide-
band transmitter chip at the 2021
ISSCC conference. This transmitter
chip featured a power budget 10x
lower than the UWB state-of-the-art
at that time. Fabricated in 28 nm
CMOS, with an occupied core area
of only 0.15 mm?2, the chip was built
to support cost-effective, small form
factor UWB deployments. It comes
with a power consumption of 4.9
mW in standard-compliant opera-
tion while adhering to UWB's strin-
gent spectral emission regulations.

The chip leverages the digital
polar transmitter architecture shown
in Figure 1 to reduce the IC's power
consumption significantly. This ar-
chitecture differs from conventional
IR-UWB transmitters that typically
use an lIQ mixer to up-convert the
output of a baseband pulse-shap-
ing filter to an RF frequency, which
is then amplified by a linear power
amplifier (PA) before transmission.
This traditional approach results in
higher power dissipation and this
limits battery lifetime, restricting the
IR-UWB applications.

A polar transmitter can employ a
non-linear PA with higher efficiency.
However, the Cartesian to polar
transformation results in bandwidth
expansion, which can lead to a digi-
tal PA (DPA) clock rate that may be
four to 10x higher than the chip
rate. This results in high power dis-

sipation for the overall system.

In a contribution to the IEEE Jour-
nal of Solid-State Circuits, imec pro-
posed an asynchronous polar trans-
mitter employing a pulse-shaper
that consists of a finite-impulse
response (FIR) filter employing
current-starved inverter-based de-
lay taps resulting in a good power/
performance trade-off.3 Addition-
ally, injection-locked ring oscillator
(ILRO) technology achieves even
greater power savings by enabling
fast-duty cycling between the IR-
UWB transmitter's signal bursts
within a packet. This allows sections
of the transmitter to be turned off
between pulses. The proposed
transmitter is compatible with the
|[EEE 802.15.4z standard, support-
ing coherent operation while lower-
ing the standard for power dissipa-
tion. The IR-UWB transmitter chip
also complies with stringent spec-
trum regulations that dictate the
frequencies the UWB transmitter
can emit to avoid interference with
other wireless services. The chip’s
asynchronous pulse-shaping design
meets worldwide spectral emission
regulations while allowing the trans-
mitter to operate close to the maxi-
mum power spectral density (PSD).

AN IR-UWB 802.15.4Z
TRANSCEIVER TO SUPPORT
THE NEXT GENERATION OF
UWB APPLICATIONS

Supporting the growing adop-
tion of UWB requires more than a
low-power transmitter. The industry
requires an optimized UWB trans-
ceiver that includes high perfor-
mance ranging, direction-finding
and localization algorithms. Re-
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searchers at imec
have addressed
these issues in a
paper at ESSCIRC
2022.4 In this pa-
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from a highly opti-

mized, low-power and interference-
resilient receiver (Rx) architecture
coupled with an innovative digital
polar transmitter architecture. A
distributed, two-stage digital PLL
allows for further reduction of the
chip’s power consumption and con-
tributes to a reduced measurement
time of localization.

The transceiver's system architec-
ture is shown in Figure 2. It contains
a system clock generator, along
with an energy-efficient polar trans-
mitter (Tx) and three Rxs with self-
contained PLLs. The Rx consists of
a two-stage low noise transconduc-
tance amplifier, passive mixer, TIA
(transimpedance amplifier), lowpass
filter and analog-digital converter
(ADC). All amplifiers in the Rx con-
sist of unit inverter-based gm cells
regulated by a self-biased current
regulator. The ADC is a 2 GSps 6-bit
2x time-interleaved (Tl) ADC, which
is a trade-off between Tl complexity
and slice sample rate. The transceiv-
er consumes 8.9 mW in Tx mode
and 21.5 mW per channel in Rx
mode while achieving -33 dBm out-
of-band (OOB) blocker tolerance.

UWB’S NEXT BIG THING?

While ultra-wideband technol-
ogy continues to be refined, the
industry is exploring the viability
of several new UWB applications

0 GHz IR-UWB 802.15.4a/z 1T3R transceiver.

beyond the typical secure and fine-
ranging applications being pursued
by the FiRa and CCC consortiums.
The technology’s large bandwidth
makes it possible to build UWB ra-
dar systems that extract information
in much greater resolution and de-
tail than narrowband technologies.
With the short RF pulse properties,
the technology could be useful in
presence detection systems and it
could detect breathing patterns or
a person’s heartbeat. There are on-
going efforts to create cost-effective
UWB radar-on-chip systems that are
highly energy-efficient and the size
of a fingernail.

This technology could become
an enabler in automotive applica-
tions. High-end vehicles already
contain UWB anchors for secure
keyless entry. Instead of adding
additional mmWave radar sensors,
vehicle manufacturers are explor-
ing the possibility of leveraging the
installed UWB sensors for passive
presence detection applications.
Some of these applications include
detecting whether a child or a pet is
left unattended in a car or monitor-
ing a driver's physical parameters.
In addition to saving on component
and installation costs, the power
consumption of UWB radar sen-
sors is significantly lower due to
their lower carrier frequencies. Auto
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A Fig. 3 An energy-efficient high-data-rate IR-UWB transmitter.

manufacturers are actively investi-
gating equipping their vehicles with
child detection systems. From the
2023 model year, only vehicles with
this feature will be able to get the
highest Euro NCAP (New Car As-
sessment Programme) safety rating.

INCREASING THE DATA RATES
OF UWB TECHNOLOGY

Increasing the battery life in UWB
applications is an important enabler
for the future adoption of the tech-
nology. There is a significant devel-
opment effort in this area, but push-
ing the boundaries of UWB extends
beyond the challenge of energy
consumption. Researchers at imec
are investigating how the technol-
ogy can also support very high bi-
trate applications while maintaining
low-power consumption.

Fabricated in 28 nm CMOS and
occupying a surface area of 0.155
mm?, the chip shown in Figure 3 ac-
commodates data transfer rates up
to 1.66 Gb/s for in-body and short-
range applications. This is more
than 50x faster than what is possible
using the current |IEEE 802.15.4z
standard. Despite these record-set-
ting bitrates, the transmitter has a
power consumption of less than 10
mW. We believe that the 5.8 pJ/b
energy efficiency is at least an order
of magnitude improvement over
Wi-Fi.

The chip uses sophisticated
modulation schemes that build on
all-digital phase-locked loops (AD-
PLLs) and digitally-controlled power
amplifiers to achieve the reported
data transfer rates. The architecture
uses an energy-efficient, low jitter
ring oscillator in combination with a
low-power polar transmitter to en-
able those hybrid impulse modula-

tion schemes in the smallest pos-
sible footprint. Figure 3, originally
published in IEEE’s Journal of Solid-
State Circuits, shows the proposed
low-power polar-based [R-UWB Tx
capable of performing 3D hybrid
impulse modulation for supporting
higher data rates. The amplitude
and the phase modulation can be
performed independently by the
polar architecture. Unlike previously
presented carrier-less topologies,
the proposed Tx modulates the
pulse delay independently from the
carrier phase.

The impulse waveform is shaped
by the digitally-controlled PA (DPA)
and a pulse-shaper (PS) that uses
eight delay cells to perform FIR fil-
tering in the RF domain. The output
of each delay cell enables eight PA
cells. The shape and the width of
the impulse can be adjusted by the
delay of the PS output. An injection-
locked ring-based digitally-con-
trolled oscillator (DCO) is adopted
to provide low jitter signals for the
eight phases of the 8-PSK modula-
tion scheme over a wide frequency
range. A 7-bit, 238 Msym/s digital
data stream is distributed to PAM,
PSK and PPM modulation paths af-
ter being synchronized with a 476
MHz system clock (SYS_CLK). The
digital PA with 32-unit cells supports
up to 4-PAM. The 8-PSK modulation
results by selecting one of eight
phases from the ILRO using a phase
selector (PHMUX).

An application for the architec-
ture shown in Figure 3 is the next
generation of smart glasses to en-
able immersive augmented reality
(AR) and virtual reality (VR) expe-
riences. Neuroscientific research
could also benefit from high bitrate
and miniaturized wireless telemetry
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modules for intracortical sensing purposes. In each of
these cases, UWB could become a strong competing
technology to Wi-Fi since Wi-Fi implementations typi-
cally involve more complex systems with larger foot-
prints.

CONCLUSION: UWB IS READY TO SUPPORT
MASS-MARKET DEPLOYMENTS

While further research and standardization efforts
are required to bring UWB technology to maturity, the
promising outcome of initial results proves that UWB
can support a wide range of new applications that com-
bine the need for high data transfer rates at short dis-
tances, very low energy consumption and a small form
factor. UWB technology has proven its ability to support
mass-market secure-ranging and localization deploy-
ments and this is an important takeaway for commercial
companies looking at the potential of UWB. The stan-
dardization effort that is currently ongoing within the
IEEE as well as the supporting regulatory, interoperabil-
ity and certification discussions will largely determine
the future course of UWB technology.

It is exactly at the crossroads of these two efforts
that imec operates. imec works with industrial part-
ners to commercialize the technological breakthroughs
achieved by our research teams. They are also active
participants in standardization bodies and industry
consortiums such as |[EEE, CCC and ETSI/FCC to help
shape current and future UWB applications. B
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A Wideband Microstrip Patch
Antenna with Dual Polarization

Murari Shaw

Institute of Engineering and Management, West Bengal, India

A wideband microstrip patch antenna having a hexagonal radiating patch with linear and circular
polarization is proposed for multiband applications. The radiating patch is perturbed with three
slits and is shorted to ground using a copper pin. The perturbation of the radiating patch with
three optimum slits enhances the impedance bandwidth. Shorting of the patch to the ground
plane changes a portion of the radiated frequency band from linear to circular polarization. The
unique feature of the antenna is that it exhibits both linearly polarized and circularly polarized
properties in a single structure. It can be used for transmission and reception of differently
polarized signals simultaneously. The probe-fed antenna has an impedance bandwidth of 1.29
GHz, 42.4 percent, from 2.4 to 3.69 GHz for |S,,| < -10 dB. It has a broadside radiation pattern
with a gain of 3.7 dBi at 2.5 GHz and 5.9 dBi at 3.68 GHz.

he antenna is the heart of

all wireless communication

equipment and plays an

important role in determin-
ing the quality of radio communica-
tion. Present and future advanced
wireless communication systems re-
quire antennas to have wide band-
widths to support higher data rates
and capable of operating over the
multiple frequency bands defined
by various protocols. More than one
antenna is often required to support
different frequency bands and po-
larizations, leading to an increase in
the space required for the antenna,
while the available space keeps de-
creasing.

A conventional microstrip patch
antenna transmits linearly polar-
ized radiation over a relatively nar-
row band. Many advanced wireless
communication systems, however,
require wide bandwidths to support
high speed data communication
and multiple application bands. If
a microstrip patch antenna is to be

80

used in these applications, it must
be modified to provide the wide
bandwidths required, as well as hav-
ing the ability to radiate circularly
polarized waveforms.

Much has been reported on
bandwidth  enhancement tech-
niques, including: 1) slotting or
slitting of the radiating patch,’4 2)
thicker substrates with a low dielec-
tric constant,® 3) stacking of patch-
es,® 4) addition of parasitic patches
with a main radiating patch,’ 5) ap-
erture coupling® 10 and 6) proximity
couple feeding.11-14

An antenna radiates a signal with
circular polarization when it gener-
ates two orthogonal modes with
the same amplitude and 90-degree
phase difference between them.
Some of the techniques which have
been used to enhance bandwidth
can also be used to change the po-
larization of the antenna, such as
perturbation of the radiating patch
with slits or slots,'>17 attaching a
stub’® and stacking of patches.’?

Other techniques include perturb-
ing the patch with spur lines?0 and
overlapping patches.?!

The antenna described here is a
wideband microstrip patch antenna
that works as a linearly polarized an-
tenna for some portion of the reso-
nant band and a circularly polarized
antenna for another portion of the
band. The radiating patch is hex-
agonal with three slits. The patch is
shorted to the ground plane using a
copper pin, which causes some por-
tion of the linearly polarized band
to be converted to circular polariza-
tion. The low profile antenna exhib-
its an impedance bandwidth of 1.29
GHz (42.4 percent), which spans
multiple application bands.

ANTENNA DESIGN

The complete size of the antenna
is 47 x 40 x 6 mm3 (see Figure 1).
The patch is perturbed with three
slits, and the patch and ground
plane are shorted using a copper
pin with a 0.63 mm radius and 6 mm
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height. The radiat-

40 All Measurements in mm

ing patch is a thin
copper sheet on 6
mm FR4 material
with & = 4.4 and
tand= 0.02. A 50 Q
coaxial probe with
an SMA connec-
tor situated 15 mm
from the left edge
and 19 mm from
the bottom edge
of the substrate is
used to excite the
antenna.

Initial Design and
Parametric Study
In a microstrip

patch antenna,
size determines its

A Ground
primary  resonant

Side View

Coaxial Probe

frequency. There is
close similarity be- Dimensions in mm.
tween hexagonal

and circular patch

antennas; therefore, Equation 1,

which is used for calculating the res-

onant frequency of a circular patch

antenna, and Equations (2) and (3)

are used to calculate the primary

resonant frequency of the hexago-

nal patch antenna.22

f = Xonn c (1)

- 2nae\/a

aeza{1— 2h (InE+1.7726j} 2)

Ta.e, \ 2h

where f, is the resonant frequen-
cy of the circular patch antenna, X,
= 1.8411 for the dominant TMy;
mode, c is the speed of light in free
space, &, is the relative permittivity
of the substrate and a, is the effec-
tive radius of the circular patch.

2=§52
2

e

(3)

where s is the side length of the
regular hexagonal patch.

After parametric calculation with
different side lengths, 14 mm was
chosen to provide a primary reso-
nant frequency of 3.11 GHz, close to
the desired result. After theoretically
calculating the resonant frequency
of the hexagonal microstrip patch
antenna, HFSS version 13 software

A Fig. 1 Top and cross-section views of the antenna design.

was used for the initial design and
analysis. The optimum probe loca-
tion was found by placing the probe
at different positions on the patch
and analyzing the results. At the op-
timum probe location, 15 mm from
the left edge and 19 mm from the
bottom edge of the substrate, the
primary resonant bandwidth is 390
MHz (2.83 to 3.22 GHz) for |Sq4] <
-10 dB (see Figure 2).

Effect of First and Second Slits

Perturbation of the radiating
patch with slits adds capacitive re-
actance and lengthens the surface
current path. This added capacitive
reactance causes an LC resonance
with the stray patch inductance
creating an additional resonant fre-
quency band. When the additional
resonant band is close to the prima-
ry resonant band, the overall band-
width of the antenna is increased.
The lengthening of the surface cur-
rent path causes a shift of the fre-
quency band toward the lower side
of the frequency range.23-2/

The first slit was initially chosen
to be T mm wide and 5 mm long.
Analysis showed little shift of the
resonant frequency toward the low-
er side of the frequency range and
improvement in Sqy. A parametric
simulation using HFSS was done
with a 0.4 mm width and various slit
lengths. Observing [S;4] and the in-
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40 All Measurements in mm

put impedances, a 0.4 mm width and 12.4 mm length
provide the best performance; changing the length and
width beyond these dimensions provides unwanted re-
sults (see Figure 3 and Table 1).

To further improve bandwidth, the hexagonal patch
was perturbed with a second slit, keeping the probe

140
0 /\ Re
\ 120 Im
5 N\
\ / 100
) A A —
s\ / /NN
: v N
-20 \ l " / \
25 ! I\ /
A4
-30 ‘ ‘ ‘ -20 : : :
2.0 2.5 3.0 3.5 4.0 2.0 2.5 3.0 &3 4.0
(a) Ground Coaxial Probe Side View (b) Frequency (GHz) (0) Frequency (GHz)
A Fig. 2 Initial design: optimum probe position (a), simulated |S44| (b) and simulated Z;4 (c).
TABLE 1 TABLE 2
RESONANT BAND VS. LENGTH OF FIRST SLIT RESONANT BAND VS. LENGTH OF SECOND SLIT
First Slit Resonant Band Minimum |S44| Second Slit Resonant Band Minimum |S44|
Length (mm) (GHz) (dB) Length (mm) (GH2z) (dB)
5 2.82to0 3.21 -23.0 5 24810 3.11 -20.4
6 2.81t0 3.2 -21.5 6 248 t0 3.12 -19.6
7 2.8t03.2 -20.0 7 24610 3.12 -17.6
8 279t0 3.2 -18.6 8 2.46to0 3.15 -16.2
9 275t0 3.19 173 8.4 2.46t0 3.18 -16.0
10 2.68103.18 -16.5 position and first slit unchanged. The same optimiza-
1 25910316 164 tion process was used. After perturbation with the op-
timized second slit, the antenna bandwidth was further
12 Lo &2 89 improved (see Figure 4 and Table 2).
12.4 2.47 to 3.1 -21.7

Effect of the Shorting Pin

Shorting of the patch to ground enhances the im-
pedance matching and also introduces a polarization
change. The shorting pin acts as an inductance parallel
to the resonant LC circuit. When the shorting pin shifts
from the center toward the right edge of the patch, the
value of the inductance—in series with the static capaci-
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tance of the patch in an equivalent
circuit of the antenna—increases.
This causes the overall input imped-
ance of the antenna to decrease.
Impedance matching of the anten-
na improves28-34 with the pin posi-
tion in Figure 5a, as observed in
Figures 5b and c.

Before shorting of the patch
to ground, the modified antenna
radiates linear polarization over
the total resonant band, which is
evident from the high axial ratio
(see Figure 5d). After shorting the
patch, however, the current distri-
bution from 3.63 to 3.77 GHz pro-
duces two orthogonal degenerate
modes (TMgy; and TM;) with the
same magnitudes; however, the
phase difference between them is
not 90 degrees, an essential con-
dition for circular polarization. To
satisfy the orthogonality condition,
the position of the shorting pin is
moved from the center toward the
right edge of the patch, so the ef-
fective surface current path associ-
ated with the TMy; mode is slightly
greater in one direction, compared
to the TM;o mode in another direc-
tion. This causes the TM;y mode
resonant frequency to shift slightly
higher than the TMy; mode reso-
nance, causing the phase difference
of the two modes to equal 90 de-
grees. The condition required for
circular polarization over the 3.63
to 3.77 GHz band is therefore satis-
fied.35.3¢ The antenna modified with
a shorting pin generates circular po-
larization from 3.63 to 3.77 GHz and
linear polarization in the remaining
portion of the operational frequen-
cy band.

Axial ratio and phase difference
are measures of circular polariza-
tion. If the axial ratio is less than
3 dB and the phase difference is
around 90 degrees over a frequen-
cy range, the antenna is considered
to be circularly polarized over that
range (see Figures 5d and 5e). To
determine the optimum pin posi-
tion, a parametric simulation using
HFSS explored different pin posi-
tions on the radiating patch, observ-
ing [S44], input impedance and axial
ratio. A pin position of 22.8 mm
from the upper edge and 13.8 mm
from the right edge of the substrate
was found to be optimum.
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Ground

Coaxial Probe

Side View

0
-2

[S11] (dB)
I
>

(b)

Av4
Second Slit
Length:

5 mm

6 mm
7 mm

8 mm

8.4 mm
|

2.5

|
3.0

315 4.0

Frequency (GHz)

[S11] (dB)
|
>

Before [
After |

815 4.0

Frequency (GHz)

220
200
180
160
140
120

- 100
N 80
60

40

20

0

-20
-40

0

(d)

Before:
Im

Re

After:

Im

Re

~

A
|
|
|
\
\
\

AN

\s\:\

N\

o4

N

pd

/"

\/
v\

.0

2.5

3.0

815 4.0

Frequency (GHz)

A Fig. 3 Initial design with optimum
probe position and first slit (a), variation
of the resonant frequency bandwidth
vs. first slit lengths and width = 0.4 mm
(b), |Sq4| before and after first slit length
optimization (c) and |Z,4| before and
after first slit length optimization (d).

A Fig. 4 Design incorporating second
slit (a), variation of the resonant
frequency bandwidth vs. second slit
lengths and width = 0.6 mm (b), [Sq4|
before and after second slit length
optimization (c) and |Z44| before and
after second slit length optimization (d).
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Effect of a Third Slit

From Figure 5b, the upper end of
the 2.4 to 3.69 GHz frequency band
has a return loss less than 10 dB due
to poor impedance matching. Per-
turbing the patch with an optimized
third slit (see Figure 1) shifts the input
impedance closer to 50 Q (see Fig-
ure 6) and improves the impedance
match at the upper end of the band.

MEASURED RESULTS
A prototype antenna (see Figure

7) was measured using a Keysight
E5071B network analyzer in an an-
echoic chamber. A comparison of
the simulated and measured pa-
rameters are shown in Table 3. |S;4],
radiation patterns, input impedance
and gain with linear and circular po-
larization are shown in Figures 8
through 13. The measurement re-
sults correspond well with the simu-
lations. Still, small differences can be
seen, which are attributed to con-
nector soldering and the non-ideal
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ready to test.
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1 Nice work. You just
shaved weeks off your
development schedule.
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A Fig. 7 Fabricated antenna top (a) and
bottom (b) view.

measuring environment, which were
not modeled. Figure 12 shows the
antenna’s simulated and measured
linear polarized co-polarization (Co-
pol) and cross-polarization (X-pol)
patterns in a 2D plane at 2.5 GHz.
Figure 13 shows the simulated and
measured right-hand and left-hand
circular polarization patterns in a 2D
plane at 3.68 GHz.

EQUIVALENT CIRCUIT MODEL
A circuit model describing the an-
tenna’s operation (see Figure 14a)
provides insight into its construction.
It is created by fitting the simulated
S-parameters to an ADS software cir-
cuit model. A comparison of the |S;]
of the circuit model with the HFSS
simulation is shown in Figure 14b.

CONCLUSION

A wideband microstrip patch an-
tenna providing both linear and cir-
cular polarization was designed to
cover multiple wireless applications.
To determine the resonant frequency
of the conventional hexagonal mi-
crostrip patch antenna, theoretical
calculations with many combinations
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TABLE 3
ANTENNA SIMULATED VS. MEASURED
PERFORMANCE
Parameter Simulated Measured

Overall Impedance 2.4 10 3.69 GHz 24310 3.7 GHz
Bandwidth: |S;4| <—10 dB | 1.29 GHz, 42.4% | 1.27 GHz, 41.4%
Linearly Polarized 24103.62GHz | 2.43to 3.62 GHz
Bandwidth: |S;4| <~10 dB | 1.22 GHz, 40.5% | 1.19 GHz, 39.3%
Gain (dBi) 3.7 at 2.5 GHz 3.5at 2.5 GHz
Circularly Polarized 3.63t0 3.77 GHz | 3.65to0 3.79 GHz
Bandwidth: Axial Ratio 0.14 GHz, 3.8% 0.14 GHz, 3.76%
<3dB

Gain (dBi) 5.9 at 3.68 GHz 5.5 at 3.68 GHz

of side lengths of the regular hexagonal patch were per-
formed. Three slits were added to the radiating patch to
enhance its impedance bandwidth, and the patch was
shorted to ground with a copper pin, which changes a
portion of the radiating band from linear to circular polar-
ization. The final design achieved an impedance band-
width of 42.4 percent, from 2.4 to 3.69 GHz as defined
by |S14] < -10 dB.

The antenna serves applications requiring a small an-
tenna (47 x 40 x 6 mm3) and a low manufacturing cost,
such as Wi-Fi (2.4 to 2.485 GHz), Bluetooth (2.4 to 2.5
GHz), cellular (3.2 to 3.3 GHz), WIMAX (2.5 to 2.69, 3.3
to 2.4 and 3.4 to 3.69 GHz), military radar (2.7 to 2.9 GHz)
and radar and navigation (2.9 to 3.1 GHz). B

£ EXCEED
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Handheld

Spectrum Analyzer
- Balances Price and

Performance

Anritsu
Morgan Hill, Calif.

nritsu Company has introduced the

MS2070A, the latest member of its

Field Master™ family of handheld

spectrum analyzers. Built on a field-
proven durable platform, the Field Master
MS2070A provides necessary features and
performance up to 3 GHz at an economical
price. It is designed to conduct RF measure-
ments in a variety of general-purpose field,
lab and manufacturing environments.

With a dynamic range of > 105 dB at 2.4
GHz and 20 MHz analysis bandwidth, the
MS2070A can capture and measure digi-
tally-modulated signals used in commercial
and military applications. Typical displayed
average noise level with a built-in optional
preamplifier of -167 dBm, coupled with
a Third Order Intercept of +11 dBm and
typical level accuracy of 0.5 dB enables a
full range of signals to be captured by the
handheld spectrum analyzer. The MS2070A
is designed to allow engineers to conduct
standard swept spectrum analysis measure-
ments simply and accurately up to 3 GHz. It
features sweep speeds of up to 32 GHz/s in
common low noise configurations.

PERFORMANCE IN HARSH
ENVIRONMENTS

Leveraging the existing Field Master plat-
form, the MS2070A is well-suited for the

harsh environments associated with field ap-
plications. A ruggedized battery-powered
instrument, the MS2070A has IP52 environ-
mental protection when it is contained in the
supplied soft carry case to withstand dust
and water. It also has a 5 W RF damage level
to protect the instrument from accidental
overpowering.

Ruggedness extends to its IKO8-rated dis-
play that can withstand accidental knocks or
drops of tools on the screen. The 10-in. dis-
play has 1280 x 800 resolution and its multi-
touch screen presents measurement results in
large and clear formats. Common functions
are always accessible and side menus col-
lapse to maximize graphical results, as well.

Further complementing its field use, the
MS2070A is compact and lightweight. It
measures 290 x 212 x 96 mm and weighs
3.8 kg, making it easy to transport the hand-
held analyzer to remote sites.

WIDE SET OF STANDARD FEATURES
The Field Master MS2070A provides
many of the key features typically found in
higher-priced instruments. It has zero span
to display TDD and pulsed signals with a nar-
row resolution bandwidth (RBW) of 10 Hz to
5 MHz for accurate measurements of power
over time. Spectrograms are also standard,
allowing spectrum versus time displays that
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result in accurate detection of intermittent interferers.

As many as six traces can be set simultaneously with
different detectors. Averaging can be applied to each, as
well. Up to 12 markers are provided, so signals of inter-
est can be highlighted and monitored for variation over
time, relative to themselves and other signals. Alerts
for new interfering or lost signals are generated auto-
matically. Additionally, upper/lower, envelope and alarm
limits are standard on the MS2070A to optimize long-
term spectrum monitoring. Several “smart” measure-
ments are also standard in the Field Master MS2070A.
The handheld spectrum analyzer can conduct occupied
bandwidth (OBW), channel power and adjacent channel
power using just a few keystrokes.

REMOTE CONTROL AND CONNECTIVITY

Ethernet and USBTMC interfaces are standard on
the Field Master MS2070A, providing flexible options
for remote instrument control. The USBTMC interface
allows the Field Master MS2070A to be controlled from
a smartphone, tablet or PC with an Android operating
system. A Wi-Fi 802.11b/g/a/n interface is available as
an option to connect to wireless routers for common
applications, including downloading digital maps and
automatic software updates.

FOR FIELD AND BENCH USE

The Field Master MS2070A can be used for a va-
riety of field applications. It can conduct basic trans-

mitter testing, including determining signal presence,
modulation bandwidth and symmetry and harmonics
and spurious. Interference hunting to determine if un-
wanted signals are in a spectrum can also be performed
with the handheld spectrum analyzer. Cellular network
operators can also configure the MS2070A with a PIM
stick for PIM hunting.

In lab and manufacturing environments in which por-
tability and space are at a premium, the MS2070A can
be used for standard RF measurements. It has the per-
formance to conduct EMC pre-compliance testing of
new PCBs during electronic circuit development. The
spectrum analyzer can also serve as a general-purpose
instrument for routine measurements during product
design and test.

FIELD MASTER FAMILY
The MS2070A is the base model in the Field Master
family. A mid-range model, the MS2080A, operates up
to 4 GHz and integrates a spectrum analyzer, real-time
spectrum analyzer (RTSA), cable and antenna analyzer
and LTE/5G base station tester into a single battery-
owered instrument. The high-end Field Master Pro
MS2090A RTSA delivers continuous frequency coverage
from 9 kHz to 54 GHz. It can also be configured with op-
tional 110 MHz RTSA, 1Q streaming and pulse analysis.

Anritsu
Morgan Hill, Calif.
www.anritsu.com

Catch up on the [atest industry news with the bi-weekly video update
Frequency Matters from Microwave Journal @ www.microwavejournal.com/frequencymatters

Frequency Matters.

Time Travel

A Review of the Current
Satellite Communications
Market

Surviving the Great
Commercial Space Shakeout

Design of a Tri-Band Microstrip
Bandpass Filter with High Per-
formance for 5G Applications
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TechBriefs

ignal Hound's SM435C is

a high performance, real-

time spectrum analyzer and

monitoring receiver with
a 10 Gigabit Ethernet SFP+ port,
enabling the SM435C to communi-
cate with a PC over long distances
using a fiber optic cable. This ana-
lyzer features device control and
data transfer via an SFP+ connec-
tion, rather than a USB connection.
The analyzer contains a 20 MHz to
43.5 GHz sub-octave preselector
that allows tuning from 100 kHz to
43.5 GHz. The SM435C has 160
MHz continuous streaming 1/Q
over 10GbE SFP+, with 110 dB of

Network-Capable
mmWave Spectrum

Analyzer

dynamic range, 1 THz/sec sweep
speed at 30 kHz resolution band-
width (using Nuttall windowing)
and phase noise performance low
enough to contribute less than 0.1
percentage point error to error vec-
tor magnitude measurements. The
spectrum analyzer also contains a
GPIO port for antenna switching.
The form factor of the SM435C al-
lows it to fit in the corner of a test
bench or a conveniently sized en-
closure.

The SM435C targets applica-
tions involving 5G mmWave moni-
toring and analysis, 24 GHz ISM
frequency monitoring, complete
Ka-Band spectrum testing and
analysis of emerging and new high
frequency RF signals. For techni-

cal surveillance countermeasures-
specific applications, the SM435C
is also compatible with the Kestrel
and SCEPTRE software packages to
provide an affordable and powerful
countermeasure solution.

The SM435C includes all the re-
quired operating software for op-
eration. As with other Signal Hound
devices, the proprietary Spike™
software provides the device con-
trols, signal visualization display
and data export tools. The SM435C
comes with a signed calibration cer-
tificate and a printed packet of cali-
bration data.

Signal Hound
Battle Ground, Wash.
www.signalhound.com/sm435c

xbeam expands its MMIC

portfolio with the release

of a new GaN V-Band

power amplifier MMIC.

The NPA4010-DE operates from

47 to 52 GHz and provides an aver-

age saturated output power of 3.5

W, average power-added efficiency

of 23 percent and average linear

gain of 24 dB. The balanced design

configuration uses Lange couplers

to provide input and output return

losses of better than 15 and 13 dB,
respectively.

The output power level of this

MMIC makes it ideal for point-

to-point V-Band communication

102

3.5 W, V-Band, GaN
Power Amplifier MMIC

links and satellite communications
ground terminals. The part can be
used as a driver amplifier or can be
easily power combined given its
balanced design configuration to
achieve higher output power levels.
The design incorporates three
independently controlled amplifier
stages and was designed to offer
customers the flexibility to tailor lin-
ear power performance over a vari-
ety of modulations and use cases.
The RF input and RF output are
matched to 50 Q with DC blocking
capacitors for easy system integra-
tion. Bond pad and backside met-
allization are Au-based for compat-

ibility with eutectic die attachment
methods. The chip dimensions are
2.85 x 1.45 x 0.075 mm?.

Since 2018, Nxbeam has been
developing high performance GaN
power amplifier MMICs and higher-
level products for the satellite and
5G communications markets. Its
mission is to deliver the next gen-
eration of wireless communication
infrastructure products to power the
future of information communica-
tion technology.

Nxbeam Inc.
Los Alamitos, Calif.
www.nxbeam.com
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Check out _ Sl .
Abracon’s New Wi
Interactive

Antenna Catalog!

WE APPRECIATE YOUR BUSINESS!

Abracon’s new interactive antenna Fairview Microwave

catalog features over 45 new anten-

nas, antennas supporting 5G protocol, Celebrates 30 Years in

video-embedded resources, clickable o

links to part number pages and easy Business

access to datasheets and inventory. Founded in 1992, Fairview Microwave (originally
Abracon the Sun Moon Electronics Company or SM Elec-

https:/ /abracon.com / tronies) announced it is celebrating 30 years in

interactive-antenna-catalog business.

ANNIVERSAWY

Mini-Circuits’ eVNA-63+ is a high performance, software- | WE APPRECIATE YOUR BUSINESS
controlled 2-port vector network analyzer (VNA) operat-

ing from 300 kHz to 6 GHz.

Mini-Circuits Pasternack Celebrates
www.youtube.com /watch?v=Cc509tcYveké&t S Oth Anniver S ary

To commemorate this milestone anniversary, the
company recently interviewed Murray Pas-
ternack to get all the details on the company’s
inception and growth.

eeoe Top Blog Posts of

2022: Connectivity
Reigns Remcom announced
a new version of
Wireless InSite 3D
sl Wireless Prediction
Software with
Qorvo propagation analysis

www.qorvo.com /design-hub/
blog/2022-dec-20-top-blogs / electromagnetic surfaces, allowing modeling of
passive metasurfaces designed to optimize wireless
communication coverage by manipulating how signals
propagate through a scene.

for engineered
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The Rohde & Schwarz wireless communications calcula-
tor is an essential tool for all wireless design engineers.
It covers the most important cellular and non-cellular
standards including 5G NR, LTE, Wi-Fi and Bluetooth.
Download now for i0S and Android.

Rohde & Schwarz
www.rohde-schwarz.com /wcc

25 Years of Successful
Cooperation

Rosenberger and bda connectivity recently celebrat-
ed 25 years of successful cooperation in the field of
triax measurement technology: triaxial CoMet mea-
suring tube systems, developed and manufactured by

Rosenberger and marketed by bda.

Timeés Microwave
Systéms Launches Newly
Redesigned Website

Times Microwave Systems
www.timesmicrowave.com
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The information you need, from industry experts

rf/microwave instrumentation

Ensuring Test Site Compliance for Radiation Emissions
with Normalized Site Attenuation

The Importance of Interference Hunting in 56 Network
Deployment and Operation

Quantic Wenzel

ONYX Oscillators in Low Earth Orbit

REMC:¥M

Using Wireless InSite® for Engineered
Electromagnetic Surface Modeling

Look for
additional content from:

ROHDE &SCHWARZ @
Make ideas real

Ay i uctors
b

/b Wireless Telecom Group

Check out these new online Technical Papers
featured at MWJournal.com

105



NEW

PROD

UCTS

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

COMPONENTS/MODULES

Butler Matrix

")VENDORVIEW

Model KBM9100400
covers the ultra-wide-
band frequency range
from 10 to 40 GHz
and provides +1.2 dB
of maximum
amplitude imbalance
and maximum phase imbalance of +15
degrees. This model exhibits low insertion
loss of 12 dB with low VSWR of 2.0:1 dB
and high isolation of 12 dB. This Butler
Matrix is a compact package measuring just
3.68 (L) x 2.80 (W) x 0.81 in. (H) and
comes with standard 2.4 mm coaxial female
connectors.

KRYTAR Inc.

www.krytar.com

C-Band Filter

MCV Microwave
introduces MCV Blue,
a C-Band filter for
protection against 5G
and terrestrial
interference. The filter
passes from 4000 to
4200 MHz while
providing outstanding
rejection both below and above the
passband. The filter exhibits very low
insertion loss while maintaining a compact
size. It is easily installed between the feed
and LNB for new and existing installations.
The filter is environmentally sealed and
moisture resistant (IP66).

MCV Microwave

www.mcv-microwave.com

Step Attenuators
JVENDORVIEW

Pasternack has
expanded its portfolio
of step attenuators
for use in high-reliabil-
ity applications
requiring precise
control of signal
levels, including precision measurements,
prototyping and characterization product
systems and instrumentation. They feature
a maximum VSWR of 1.4:1, a maximum
insertion loss of 1 dB and attenuation
accuracy of +5 dB, making them well-suited
for high-reliability applications requiring
accurate control of attenuation values.
Additional performance characteristics
include high power and wide coverage with a
2 W power rating and an operating
frequency range up to 18 GHz.

Pasternack

www.pasternack.com
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Limiter

Quantic PMI model

Y)VENDORVIEW
no. LM-20M20G-18-
20WP-5W-MAH is a

limiter with a

frequency range of 20 MHz to 20 GHz. This
unit has an insertion loss of 1.55 dB, a
VSWR of 1.9:1, an input power of 5 W, and
a recovery time of 25 ns. It has SMA female
connectors and the housing size is 0.50” x
0.50” x 0.22".

Quantic PMI

www.pmi-rf.com

Band Reject (Notch) Filters

RLC Electronics has
introduced higher
frequency band reject
(notch) filters,
designed to operate over the frequency
range of .01 to 40 GHz. These filters are
characterized by having the reverse
properties of bandpass filters and are
offered in multiple topologies. The filters are
available in compact sizes and are
constructed to operate over the most severe
military environmental conditions. Filters are
tailored to specific customer needs
(electrical, mechanical and environmental),
with insertion loss typically less than 1 dB
and VSWR less than 1.5:1.
RLC Electronics
www.rlcelectronics.com

CABLES & CONNECTORS

Field-Replaceable Connectors

VENDORVIEW

Fairview Microwave
has introduced a new
series of field-replace-
able connectors
designed for a variety
of RF/microwave
applications.
Fairview’s new series
of field-replaceable connectors allows for
easy replacement of damaged connectors
without needing to access sealed compo-
nents. The connectors’ EMI gaskets protect
the internal parts of devices from electro-
magnetic interference. These field-replace-
able connectors offer frequency coverage up
to 65 GHz and feature 1.85, 2.4, 2.92 mm
and SMA connectors. Contacts for the
connectors mate with five-pin diameters
ranging from 0.009” to 0.036".

Fairview Microwave
www.fairviewmicrowave.com

P Microwave Cable Assemblies

S
JVENDORVIEW
microwave cable

\ assemblies have a

wide operating frequency range up to 40
GHz with excellent electrical performance,
the typical cable loss is 4.92 dB/m at 40
GHz, the VSWR is less than 1.35:1 at 40
GHz, the shielding effectiveness is greater
than 90 dB and amplitude and phase
stability are less than +0.1 dB and +3
degrees, respectively. Also, the small cable
diameter, small bending radius (5 mm) and
blind-mated structure make them easy to
install. It is an ideal choice for equipment
internal connection, module interconnection
and compact space installation.

Fujian Micable Electronic Technology
Group Co. Ltd.

www.micable.cn

Micable C29F series
40 GHz high
performance SMP

The EESeal+®

~ Meet the newest

| addition to the
EESeal® family of
EMI filter connector
inserts: the EESeal +.
Achieve enhanced
filtering for demanding
high frequency requirements (up to 20 to 40
GHz) and greater attenuation needs (up to
45 to 50 dB). The EESeal+ utilizes
conductive silicone rubber to provide an
extremely low inductance ground plane. Like
the original EESeal, it can be installed in
seconds, maintains the environmental seal
of the host connector and is proven against
MIL-STD and DO-160 requirements.

Quell

www.eeseal.com

Ruggedized Cable Assemblies
VENDORVIEW

DuraWave™ PS are
ruggedized cable

" assemblies, ideal for
on-site field testing,
harsh production
environments and the
testing laboratory. The PS series distinguish-
es itself by guaranteeing a maximum phase
and insertion loss stability specification.
Designed to offer durability and flexibility,
DuraWave™ PS cables are jacketed with a
material rated for 125°C continuous use.
These assemblies are available across the
frequency spectrum with a broad range of
connectors in both male and female
configurations.

Swift Bridge Technologies
www.swiftbridgetechnologies.com
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SIX DAYS | THREE CONFERENCES | ONE EXHIBITION

EUROPE'S PREMIER  =*/2022 EUROPEAN
MICROWAVE, RF. WIRELESS o g, ) wecee gortn ez
AND RADAR EVENT ALY

BERLIN, GERMANY
LAREA(NTN IR www.eumwee k.com

THE EUROPEAN
MICROWAVE
EXHIBITION

MESSE BERLIN HUB27,
BERLIN, GERMANY

19TH - 21ST * 10,000 sgm of gross exhibition space
SEPTEMBER | . Around 5,000 attendees

2 O 2 3 * 1,700 - 2,000 Conference delegates

e In excess of 300 international

exhibitors (including Asia and US as
well as Europe)

INTERESTED IN EXHIBITING?

For International Sales:
Richard Vaughan,
International Sales Manager
E: rvaughan@horizonhouse.co.uk

CALL -+44(0) 20 7596 8742 OR VISIT WWW.EUMWEEK.COM
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28 - 30.3.2023
STUTTGART, GERMANY

Creating
a compatible
future.

Meeting place
for the EMC industry

True to the motto «Creating a compatible
future», the EMV trade fair offers practice-
oriented workshops, a unique market over-
view, knowledge transfer and fresh impetus
for work in the field of electromagnetic com-
patibility.

e-emc.com | #emv2023

Messe Frankfurt Group

NewProducts

AMPLIFIERS

S-Band 120 kW Pulse Transmitter
Y)VENDORVIEW

Empower RF Systems sets the bar for
extreme high-power solid state COTS
amplifiers. The Model 2236 is liquid cooled
and combines the output of two six-foot
cabinets with each cabinet combining sixteen
2U power amplifiers. Lower and higher power
versions of this amplifier are available due to
the scalable, modular design. Operating from
2800 to 3500 MHz, the flexible pulse
handling capabilities of this fielded system
includes 20 percent duty cycles with pulse
widths from 200 ns to 500 us and PRFs up to 500 kHz.

Empower RF Systems

www.empowerrf.com

1 KW, Solid-State, L-Band, Pulse Amplifier
)VENDORVIEW

Exodus Advanced Communications’
AMP4087P-1KW pulse amplifier is designed
for pulse, EMC/EMI MIL-STD 461 and automo-
tive pulse radar applications. Providing superb
pulse fidelity and up to 100 usec pulse

v widths. Duty cycles to 10 percent with a
minimum 60 dB gain. Available monitoring parameters for forward/
reflected power in watts and dBm, VSWR, voltage, current, tempera-
ture sensing for outstanding reliability and ruggedness in a compact
3U chassis.
Exodus Advanced Communications
www.exoduscomm.com

175 Coaxial Amplifier
J)VENDORVIEW

Mini-Circuits’ model ZVA-02653G+ is a 2 to
~~.._ . 65 GHz coaxial amplifier with 21 dB typical
h “  gain from 2 to 60 GHz and 19 dB from 60 to

T' 65 GHz. Supplied with 1.85 mm female
connectors, the amplifier delivers typical
output power at 1 dB compression of +16.5
dBm from 2 to 40 GHz, +14 dBm from 40 to 60 GHz and +9.5 dBm
from 60 to 65 GHz. It operates from a single-supply of +10 to +15
VDC and includes reverse-and over-voltage DC protection.
Mini-Circuits
www.minicircuits.com

-

Broadband Low Noise Amplifier

Model ABLO800-50-4008 is a two stage
MMIC based low noise amplifier module. It
offers 40 dB of linear gain and 0.8 dB noise
figure with excellent gain flatness and input/
output return loss. The unit has a built-in
voltage regulator and operates with a single
DC power supply voltage. The package size of
the amplifier is 1.5 x 1.0 x 0.4”.

Wenteq Microwave

www.Wenteq.com

SOURCES

E-Band Noise Source

Y/VENDORVIEW

Providing noise power flatness of +1.5 dB
from 60 to 90 GHz, model STZ-12-IT2 is an
E-Band noise source that delivers 13 dB
excess noise ratio. The included compact
isolator provides output return loss of 15 dB
typically. DC power is +28 VDC at 30 mA. A TTL trigger input
supports on/off modulation at repetition rates up to 1 kHz. The
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NewProducts

noise source measures 5.25 x 1.20 x 0.81
in. and includes a WR-12 waveguide output
with an anti-cocking flange.

Eravant

www.eravant.com

PACKAGING

7KF Series Machines

WEST BOND’S new
TKF series machines
are convertible
between ball bonding
and wedge bonding,
presenting wire at
both 45 degrees for optimal loop and tail
control, and 90 degrees for deep access
and ribbon bonding. The programming of
each setting, operation of the machine,
action prompts and fault diagnostic
information is displayed and input on the
machine’s 7-in. capacitive touch sensing
LCD. Programmable force (15 to 135 g),
pure vertical Z-motion and programmable
radiant tool heat.

WEST BOND

www.westbond.com

ANTENNAS

HyperLOG®Pro Antenna Series
)VENDORVIEW

If you are looking for
the dream partner for
your spectrum
analyzer, you will find
it in the new
bi-directional
HyperLOG® Pro antennas from Aaronia. This
proven antenna family with improved
performance and directivity, so far consist-
ing of five antennas from 2 GHz to maximum
40 GHz, is extended by four additional
versions with a frequency range from 700
MHz up to 26.5 GHz maximum. All
HyperLOG® Pro antennas offer an unbeat-
able price/performance ratio combined with
an unprecedented mix of performance and
manageability.

Aaronia AG

www.aaronia-shop.com

TEST & MEASUREMENT

Electromagnetic Field
Measurements

/

The new Narda
FieldMan is a handy
instrument for reliable
and precise isotropic
EMF measurements
from O to 90 GHz. It
will deliver authorita-
tive results even for
future applications in the fields of health
and safety at work and in the environment.
Intelligent features like the large sunlight
readable 5-in. color display ensure that the
operating concept, handling and economy
are all first rate, resulting in an excellent

MW]JOURNAL.COM m FEBRUARY 2023

total cost of ownership. Its digital probe
interface eliminates the need for base unit
calibrations.

Narda Safety Test Solutions GmbH
www.narda-sts.com

Next-Generation Oscilloscopes

JVENDORVIEW

The next generation oscilloscopes of the
R&S® MXO 4 series excel not only with a
brilliant 13.3” full-HD capacitive touch-
screen. The new R&S MXO 4 features the
fastest real-time update rate of over 4.5
million acquisitions per second, letting
development engineers see more signal
details and infrequent events than with any
other oscilloscope. The 12-bit analog digital
converter in the R&S MXO 4 series has 16x
the resolution of traditional 8-bit oscillo-
scopes at all sample rates and no trade-offs
for more precise measurements.

Rohde & Schwarz GmbH & Co. KG
www.rohde-schwarz.com

l 1 ; L
t courtesy of
et RF Devices.

Wedge, Ball and Ribbon
Wire Bonding

MICRO-ADS

100 to 1000 Volt Lab Pulsers

Avtech offers a full

= 1 line of 100, 200, 500,
700 and 1000 Volt
T,=42ns user-friendly
I pulsers capable of
200 V/DIV | driving impedances
400 ns/DIV of 50 Q and higher.
Model AVR-8A-B The AVR Series is

suitable for
semiconductor and laser diode character-
ization, time-of-flight applications,
attenuator testing, and other applications
requiring 10, 20, or 50 ns rise times, pulse
widths from 100 ns to 100 us, and PRFs up
to 100 kHz. GPIB & RS-232 ports are
standard, VXI Ethernet is optional.

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

Nanosecond Electronics
Since 1975

NASA LOW OUTGASSING APPROVED

CRYOGENICALLY SERVICEABLE

¢ MASTERBOND

www.masterbond.com

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

= Super low nolsa RF
‘amplifisrs

¥ Broadband low noise
amplifiers

» Input PIN diode protected low

noise amplifiers
> General purpose gain block
amplifiers

# High power RF amplifiers
and broadband power

» AF isolators and
circulators

¥ High power coaxial and
wavegLide lerminations

# High power coaxial
aftenuators

= PIN dioda power limitars

= Active up and down
converters

Wenteq Microwave Corporation
138 W Pomona Ave, Monrovia, CA 81018
Phone: (826) 305-8686, Fax (626) 602-3101
Email. sales@wenteo.com, Website: www.wenteg.com
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Microwave and Millimeter-Wave
Vacuum Electron Devices
By: Dr. A. S. Gilmour, Jr.

he summary of outstanding knowl-

I edge and experience built-up
over a lifetime of active involve-

ment in the research, design, develop-
ment and application of RF vacuum
electron devices, also known as micro-
wave tubes, is the gift Dr. A. S. Gilmour,
Jr., IEEE fellow, is offering to us with this
impressive 895-page volume. Through a
short yet interesting preface, Dr. Gilmour
gives us a first historical glimpse, taking
us back to a time when microwave tube
specialists thought they could be taken
out of business, as solid-state technolo-
gies were emerging. Yet, decades after,
vacuum electron devices are still in heavy
utilization and have continuously proven
their worthiness and improved their per-
formance. This book contains a balance
of theoretical and practical material, en-
abling the reader to understand those
vacuum electron devices that are in use
today, as well as some that have been
phased out and those that may be need-
ed for new applications. It benefits from a

W EER RS
GaN Power
AMPLIFIER DESIGN

EDMAR CAMARGO

Millimeter-Wave GaN
Power Amplifier Design

Edmar Camargo

Hardcover « 340 pp. « 2022
ISBN: 978-1-63081-944-6

$189 / £164

didactic flow and well-thought structure,
leveraging the previous publications by
the author, as well as his hundreds of
delivered courses to thousands of engi-
neers and scientists worldwide. Chapter
1, the introduction, is of particular inter-
est as an overview of all existing micro-
wave tube technologies, providing a syn-
thetic description of the average power/
frequency range of relevance for the vari-
ous devices, as well as indicators of their
performance and how these evolved
over the past nine decades. Through the
next eight chapters, Dr. Gilmour takes us
through all the key concepts and equa-
tions necessary to accurately understand
the operation of vacuum electron devices
from the base electromagnetic theory to
the need and requirement for vacuum,
working principles and implementations
of thermionic and cold cathodes, electron
guns and beam modulation techniques,
as well as the principles of interaction
between the beam and RF circuitry. From
chapter 10 to the end, each major tube
technology: inductive output tubes, klys-
trons, helix and coupled-cavity traveling
wave tubes, magnetrons, crossed-field

amplifiers and gyrotrons is passed under
Dr. Gilmour's microscope, providing sig-
nificant details on historical designs and
the evolution towards modern devices,
giving examples of specific realizations,
along with their main parameters and
ways to understand and calculate the
relevant performance metrics. The vast
content covered by the book makes it
a reference work, valuable for engineers
who want to get an in-depth understand-
ing of the subject matter or develop and
grow related working knowledge.

978-1630817282

Artech House

685 Canton St.

Norwood, Mass. 02062
800-225-9977

or

16 Sussex St.

London, SW1V 4RW, U.K.
+44 (0)20 7596 8750

DISCOVER

EVERYTHING YOU NEED TO SUCCESSFULLY
DESIGN MODERN POWER AMPLIFIERS AT

MMWAVE FREQUENCIES

mmWave amplifier

an amplifier

Vi W W SW

Design an equivalent electrical model for a
Learn to optimize a circuit and how to optimize
Become familiar on the conversion of an electrical

model to an electromagnetic model

Understand how to design amplifier for maximum

power, high linearity and/or maximum efficiency

'ﬁ\ ARTECH HOUSE
<

’ BOSTON | LONDON

Order at ArtechHouse.com

PRACTICAL BOOKS FOR ENGINEERING PROFESSIONALS
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What is the Best Beamsteering Antenna Array and Repeater
Technologies for 5G mm\Wave?

Will Flat Panel Beamsteering Arrays Meet the SATCOM
Challenge?

Very High-Power GaN Amplifier Designs
RF/Microwave Test and Component Solutions for New Space
The Future of Military Radar

Taking Automotive/Vehicle Radar Sensors to the Next Level
for Safety and Sensing

Rugged Components and Precise Test Equipment for Extreme
Environments (Hypersonics, Quantum Computing, Satellite/
Space, etc.)
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0.4 TO 45 GHz

MMIC LNAS

For Sensitive Receiver Applications
from UHF to mmWave

VIEW OUR FULL
COLLECTION

Part Number Freq. Range Gain NF P1dB OIP3 1 Package
(GHz) (dB) (dB) (dBm) (dBm) Style

PMA3-453+ 10-45 25.5 16 10 22 3x3mm QFN
PMA3-313GLN+ 26.5-31 18.2 24 11 23 3x3mm QFN
PMA3-34GLN+ 10-30 255 16 10 22 3x3mm QFN
PMA3-223GLN+ 10-22 279 1.8 10 221 3x3mm QFN
PMA-183PLN+* 6-18 275 1.2 9.6 22 3.5x2.5mm
PMA3-14LN+ 0.5-10 22,6 1.8 22 30.4 3x3mm QFN
PMA3-83LNW+ 0.4-8 22.6 1.2 217 37 3x3mm QFN

4 Mini-Circuits’



EECL: A lean, flexible and cost-effective approach to RF design
and manufacture for space and commercial markets

- uropean Engineering and Consultancy Limited
1 (EECL) was established in 2016 by Dr. Ben

7 Kieniewicz to address a perceived gap in the RF
and microwave market. The company provides fast, flexible
and cost-effective RF and electronic design, test and
manufacturing services, specializing in the satellite and
aerospace sector industry. Despite being a relatively
young company, EECL has been involved in several large
and complex projects, including lunar space missions

and leading-edge design and build of quantum computing
hardware. Notable successes have included two years of
design and consultancy work on the Airbus OneWeb chan-
nelizer RF payload, for which much of the design work for
the 648 satellites in orbit was carried out by EECL. The
company has also been selected to provide the hardware
for the experimental GFS payload for the European Space
Agency's (ESA) Lunar Fathfinder mission.

Most recently the company signed a contract to supply
low noise amplifiers (LNAs) to Surrey Satellite Technol-
ogy (S5TL) for the front-end receiver of the HydroGNSS
Scout Earth Observation payload. ESAs second Earth
observation Scout mission, HydroGNSS features a re-
ceiver that collects GPS signals reflected from different
areas on the Earth's surface and uses a reflectometry
technique to make measurements of key hydrological
climate variables. The entire Earth's biomass and soil
moisture content will be measured by this technique. The
low noise figure of the EECL LNA is key to ensuring the
HydroGNSS receiver has enough signal sensitivity to be
able to perform the metrics and thus provide crucial data
on the Earth's biomass.

EECLs headquarters are in Kingston-upon-Thames,
which is located to the south of London in the UK. The fa-
cility has a certified SO Class 7 cleanroom incorporating
assembly and test areas and an IS0 Class & laboratory.
Both areas have full ESD-safe working areas.

In the test area, the company has invested in a full
range of automated electronic and RF/microwave test

114

equipment, mainly from Keysight Technologies, including
VNASs, signal generators, noise figure meters, oscilloscopes
and spectrum analyzers, providing measurement capabil-
ity at frequencies up to 44 GHz. Additional specialized
equipment includes TDR measurement equipment, various
antennas and calibration references.

The manufacturing and assembly area features a ther-
mal test chamber to carry out environmental testing over
-45°C to +1860°C, small vacuum chambers, an infrared
BGA surface mount rework station, a solder print station,
arange of solder stations (hot air, infrared, Metcal irons),
hot plate, reflow oven, cable stripping machine, ultrasonic
cleaner and a dry compressed air system. Among the diag-
nostic equipment available are microscopes, a high-resolu-
tion imaging camera and a thermal camera. There are also
humidity- and temperature-controlled storage facilities,
meaning that all aerospace electronic parts and products
can be stored in a temperature-controlled environment
with less than 1 percent humidity.

Satellite manufacturers are demanding designs that of-
fer better performance, lower cost and quicker turn-around
times while also employing state-of-the-art technologies
and processes to address the newly emerging space mar-
kets. Combining extensive experience of delivery into real
space missions with the implementation of leaner working
practices, EECL prides itself on offering a “right-first-time”
approach to the production of fully compliant hardware at
a competitive cost, without any compromise on product
assurance or quality. It also applies the same high stan-
dards and principles to serve a range of commercial RF and
microwave markets.

EECL provides affordable access and a route to world-
class electronic design, RF and mechanical engineering
services to companies of all sizes in any sector of the
industry. The scale of its projects can vary from ones with
Jjust a few hours duration to complex long-term design,
simulation or full product development engagements.
www.euroecl.com
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Multi-kW Power Levels Low Loss Circuits + Custom Designs Available

Model Type Frequency Power Peak Power Insertion VSWR Connector Type
(MHz) (W CW) (W) 10% DC Loss (dB)
D98l16 8-Way 330-530 10,000 50,000 0.25 1.30:1 31/8" EIA, N-Female
D8454 8-Way 370-450 10,000 50,000 0.25 1.30:1 31/8" EIA, N-Female
D5320 12-Way 470-860 500 5,000 0.30 1.30:1 All N-Female
D10119 4-Way 700-4200 2,000 15,000 0.30 1.35:1 13-30 DIN-Female, N-F
D10603 32-Way 900-925 50,000 150,000 0.15 1.251 WR975, 7/16-Female
D10795 32-Way 900-930 25,000 150,000 0.25 1.20:1 WR975, 4.3-10-F
D9710 8-Way 1000-2500 2,000 10,000 0.30 1.40:1 15/8" EIA, N-Female
D8182 5-Way 1175-1375 1,500 25,000 0.40 1.35:1 15/8" EIA, N-Female
De857 32-Way 1200-1400 4,000 16,000 0.50 1.35:1 15/8" EIA, N-Female
D11896 4-Way 2000-2120 4,000 40,000 0.25 1.40:1 WR430, 7/16-Female
[DINISPAS] 4-Way 2400-2500 3,000 25,000 0.20 1251 WR340, 7/16-Female
D10851 8-Way 2400-2500 8,000 50,000 0.20 1.251 WR340, 7/16-Female
D433 16-Way 2700-3500 2,000 20,000 0.30 1.35:1 WR284, N-Female
DN815 16-Way 2700-3500 6,000 40,000 0.30 1.35:1 WR284, N-Female
D12101 6-Way 2750-3750 2,000 20,000 0.35 1.40:1 WR284, N-Female
D9582 16-Way 3100-3500 2,000 16,000 0.25 1.50:1 WR284, N-Female
D12102 6-Way 5100-6000 850 4,500 0.35 1.35:1 WRI159, N-Female
D12484 6-Way 8200-8600 600 700 0.35 1.251 WR112, SMA-Female
D12485 6-Way 9000-11,000 500 700 0.40 1.35:1 WR90, SMA-Female

Specifications subject to change without notice.
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Werlatone, Inc. 17 Jon Barrett Road Patterson, NY 12563 845-278-2220 sales@werlatone.com www.werlatone.com




