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Maximize Precious Metal

Scrap Recoveries

ISO certified plant &
laboratory

= Fully insured and permitted
facility, ITAR compliant

= Can accept and process most
precious metal containing haz.
waste items

= Capability to treat high grade
and lower grade precious
metal bearing items

* Processes include: thermal
reduction, milling, screening,
blending, melting & shredding

= Payment flexibility: wire
transfers, physical metal &
pool account credits

* Pricing options
* Open transparent reporting

* Logistics assistance shipping

materials
Metals Recycled: Knowledgeable staff to ensure our clients
Gold, Silver, Platinum, Palladium, Rhodium, reclamation needs are met.

Ruthenium, Iridium and Copper.

Call us today to get the most out of your metal!
We supply 50 gallon drums or 5 gallon pails depending

on your material types and grades.

Professional Precious Metal Recovery

Corporatedotfica (4014 De¥d&Eband Bltanti @ peraticmal(4bO b 76 260 0P & prodalésiog ntarsmiswouw.qml.us

For reprints please contact the Publisher.



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

testing instruments.

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

Through unique design

GGB INDUSTRIES, INC. -

lephone (239) 643-440

Picoprobe elevates pi';)

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

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

P.O. BOX 10958 -
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ards to a higher level...
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110 GHz to be exact.)

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

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

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

NAPLES, FL 34101

www.picoprobe.com
reproductlon or P a%smlssmn



DCTO MMWAVE

Preferred by 20,000+

More than Just a Supplier

Selection and Solutions Service

- 27 product lines from one source - Global presence, local service

- 7500+ models in stock and growing - Accessible engineering and support

- Coverage from VHF to mmWave - Same-day shipping and on-time delivery

- Custom components, integrated - Short lead times and low minimums
systems and test solutions with
fast turnaround

Peace of Mind Constant Innovation

- Award-winning quality excellence - Relentless investment in new products

- Easy troubleshooting and RMA process and design capabilities

- Supply chain security through the life of * 400+ catalog introductions per year
your system—no EOL target - Patented technologies
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The Finest Print 5; NIC

It's The Small Things That Make You Successful
ckc.com

WWwWWwW

FEATURES

e Center frequency range: 1 GHz - 23 GHz

e Bandwidth: 1% to 60%

Sharp selectivity
(Shape factor of 1.6:1 for 1dB to 30dB)

e Extremely low profle (< 0.08 inches)

e Built on industry standard Alumina
and Titanate substrates.

| Communications | GPS & Satellite

NETWORKS 913.685.3400
N INTERNATIONAL 15237 Broadmoor
CORPORATION Overland Park, KS

ded for personal use only - not for reproduction or refiaRSMISHRB@nicke.com
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K&L Microwave has proudly contributed to the space mdus \pior 30 yezirs
and has been part of the followmg revolutlonary programs

Apollo 17
Iridium Next S
Iridium Satellite Constellation
GPS-R
GPS-R (V-Sensor Program)
GPS Il
Thuraya Satellite Communications
| MSV Satellite Telephony
~-.|~COSMO-Sky Med

‘| 'OCEANSAT 2
SKYNET 5
Dragon Space Capsule

Crew Dragon

TAXKING
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CHIRP
Exomars Rover

“P-Series” of Satellites
Orion Crew Expeditionary Vehicle
Soil Moisture Active Passive Satellite
Mars Curiosity Rover
Mars Spirit Rover

Mars Opportunity Rover
SAOCOM Satellite - s
SARAL Satellite
SARah
METOP
TurkSat
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DEVELOPMENT OF INNOVATIVE SPACE TECHNOLOGIES
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ENABLING COMMUNICATION AND SIGNAL CONTROL

www.kimicrowave.com » www_kifilterwizard.com » 410-749-2424 - sales@kimicrowave.com « [ [}l
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Largest RF Selection

Available for Same-Day Shipping

The Engineer’s Immediate RF Source

Pasternack meets the immediate needs of engineers who are building the future of RF communications.

e Over 40,000 RF, microwave, and mmWave components in 100+ categories
of interconnect, passives, actives, and antennas

99.4% in-stock availability
Shipped same day
No minimum order required

In-Stock and Shipped Same Day

USA & Canada +1 (866) 727-8376 ®
International  +1 (949) 261-1920 PASTER”A cl(
pasternack.com an INFINIT@ brand
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RF-LAMBDA

THELEADER OF RF BROADBAND SOLUTIONS

RFLUPAOIM22GA RFLUPAO2GOGGC
4W0.1-226H2 100W2-66HZ -« _

140W 6-18GHZ \%‘Aummsn

RFLUPAO218GA SOLID STATEBROADBAND 30W 0.7-6GHZ

10W 2-18GHZ

RFLUPADBGIIGA
50W 8-11GHZ o)
RFLUPA18G476C

2W 18-476HT - " RFLUPA27G34GB
NUF 15W27-346H2

RFLUPAOG18GC
25W 6-18GHZ

4 "
RFLUPADGGI2GE ™ RFLUPA28G42GA ™
25W 6-12GHZ .y 2W 28-426GHz , py E;}g;?ﬂzﬂnﬂ?un

SYSTEM POWER AMPLIFIER

Cce®

RAMPOOGOGGA -30W0.01-6GHZ RAMP39G48GA-4W39-48GHZ  RAMPO1G22GA - 8W1-22GHZ  RAMP27G34GA - 8W 27-34GHZ

WWW. .com 1-888-976-8880 San Diego, CA, US Ottawa, ONT, Canada
sabey@rHanbdaieom AL GOV S T LEREY Ians, s U Franiiasl, Germany
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Look for this month’s exclusive article online at mwjournal.com

Wideband MIMO Transceiver Based on
Software Defined Radio

Daying Quan, Huan Jian, Xiaoyu Hou and Xiaoping Jin,
China Jiliang University, Hangzhou, China

Cover Art Source: The European Space Agency (ESA)

Cover Feature Application Note
22  E-Band mmWave Technology for 82  On-Wafer, Large-Signal Transistor
HAPS and LEO Satellite Systems Characterization from 70-110
Mike Geen, Filtronic GHz Using an Optimized Load-Pull
Technique

Technical Features

Jason Zhang, Jonas Urbonas and Giampiero
Esposito, Maury Microwave; Andrea Arias-

54 Holographic Radar Development Purdue and Petra Rowell, Teledyne Technologies

Stephen Harman, Aveillant Ltd.

70 Gamma Irradiation-Induced
Degradation of the Collector-
Emitter Saturation Voltage in InGaP/
GaAs Single Heterojunction Bipolar
Transistors
Jincan Zhang, Ligong Sun, Min Liu, Liwen Zhang

and Bo Liu, Henan University of Science and
Technology
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Has Amplifier Performance or
Delivery Stalled Your Program?
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TECHNOLOGIES

Innovating 1o Excel

www.bnztech.com
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® Custom Product Development
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Modeling Transmission Lines and Board Design Using
a Unified Simulation Approach
Sponsored by: Avishtech 2/10

The ABC’s of SmallSat Telemetry
Sponsored by: Rohde & Schwarz 2/24

Meeting the Component and

Duncan Pilgrim, who recently joined Marki Test Cha"enges of Wi-Fi 6E

Microwave as VP of sales and marketing, February 23
discusses what his semiconductor experience
brings to Marki and the product-market focus of
the company as it plans for a post-pandemic world.

Terrence Hahn, CEO of APITech, describes
the company’s wide range of businesses, the
underlying capabilities tying them together, trends
in its key markets and the career path leading him

to the CEO role.

Join Us Online

ANALOG
DEVICES Flying an Agile RF Transceiver in Space Follow us
AHEAD OF WHAT'S POSSIBLE™ @Pathindle
, g y @MWJGary
ooeesomuans ® NewSpace Terminal Testing Challenges and @MWJEditor
Considerations

m Joinus at the RF and
o Microwave Community
Application Note: Improvifig R&SCFSWP

Measurement Speed ‘-i Become afanat

facebook.com/
microwavejournal

= LoRa® Connectivity Made Smarter with Low-power,
SKYWORKS’ Front-end Modules

Catch Frequency Matters, the industry
update from Microwave Journal,
microwavejournal.com/FrequencyMatters
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N8 COMSOL

SIMULATION CASE STUDY

Antenna
design
optimization
is crucial to
launching
the internet
of space.

The wired and wireless networks that currently
connect people around the world cannot reach
everywhere on Earth. To solve the problem,
engineers are turning their eyes toward space.
The goal is to form a suborbital high-data-rate
communications network to revolutionize how
data is shared and collected. Before this Internet
of Space can be built, design engineers need to
optimize their antenna designs.

LEARN MORE comsol.blog/loS

The COMSOL Multiphysics® software is used for simulating designs, devices,
and processes in all fields of engineering, manufacturing, and scientific research.




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).

*While Mini-Circuits performs most of its testing and upscreening
in-house, we use specialist partners for a limited selection of tests.

1 Mini-Circuits
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Call for Papers Deadline
IEEE AUTOTESTCON 2021

Will Flat Panel Phased Arrays

Meet the SATCOM Challenge?

ONLINE
PANEL

|4- 16 20-24 A8

5G mmWave
Phased Array
Architecture?

AMIC@ =L R
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P Z~C i
- ommunications, Inc.
s ASS100D

150 D007 2015

The Leader in VCO and
PLL Technology

High Performance X-Band Phase Locked

Oscillator for Satcom
SFS12000H-LF

Frequency: 12000 MHz
Phase Noise: -97dBc/Hz @ 1kHz
N -103dBc/Hz @ 10kHz

-120dBc/Hz @ 100kHz
Input Reference Frequency: 100MHz
Pout: OdBm (typ.)
Size: 1.0inx 1.0in x 0.22 in
25.1 mm x 25.1 mm x 5.588 mm

Low Noise CRO VCO Ideal for Microwave

Radio Systems
CRO2665H-LF

Can'’t find what you need?
Contact us for your custom requirements.
Call: +1 858-621-2700
Email: sales@zcomm.com
Website: zcomm.com

‘ P~ Z~Communications, Inc.

18

ComingEvents

EuMW 2021
February 26, 2021

IEEE AUTOTESTCON 2021
March 30, 2021

mwjournal.com

FEBRUARY

International Conference on Computing,
Communication and Intelligent Systems
(IcccIs)

February 19-20 « Virtual

www.icccis.in

eMV « RFs

Microwave

MARCH

2021 IEEE Aerospace Conference
March 6-13 « Virtual
www.aeroconf.org

EMV
March 22-26 « Virtual
emv.mesago.com/stuttgart/en.html

GOMACTech 2021
March 29-April 1 « Virtual
www.gomactech.net

Microwave & RF
March 31-April 1 « Paris, France
www.microwave-rf.com/?lang=EN

» _ IEEESusiechzozi

APRIL

IEEE WAMICON
April 14-16 « Clearwater Beach, Fla. & Virtual
www.ieeewamicon.org

2021 IEEE Conference on Technologies for
Sustainability (SusTech)

April 22-24 - Virtual

ieee-sustech.org
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PCB East
May 10-12 « Marlborough, Mass.
www.pcheast.com

CS Mantech
May 24-27 « Orlando, Fla.
www.csmantech.org

NS

oD |
IMS

@ IEEE ICC’

JUNE

IEEE MTT-S IMS2021
June 6-11 « Atlanta, Ga.
www.ims-ieee.org/ims2021

IEEE RFIC 2021
June 6-8 ¢ Atlanta, Ga. + Virtual
www.rfic-ieee.org

Military Space USA

June 8-9 « Los Angeles, Calif.
www.smi-online.co.uk/defence/northamerica/
milspace-usa

IEEE International Conference on
Communications (ICC)

June 14-18 « Virtual
icc2021.ieee-icc.org

SEMICON == =021

= o, CIE

JULY

SEMICON West 2021
July 13-15 « Hybrid
www.semiconwest.org

Satellite 2021
July 26-29 « Washington D.C.
www.satshow.com

IEEE EMC+SIPI 2021
July 27-August 13 « Virtual
www.emc2021.emcss.org

DesicnCon mun

ot s Ay KEVEIGHT

AUGUST

DesignCon 2021
August 16-18 « San Jose, Calif.
www.designcon.com/en/home.html

IEEE AUTOTESTCON 2021
August 31-September 2 « National Harbor, Md.
2021.autotestcon.com

PCB West 2021
August 31-September 3 « Santa Clara, Calif.
www.pchwest.com
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ANALOG AN TR
DEVICES

AHEAD OF WHAT'S POSSIBLE™

.....

Highly Integrated High-Speéd Converters

Analog Devices’ highly integrated devices meet the demands of today’s
most challenging high-speed, ultrawideband RF signal generation and
transmit / receive applications

AD9082 Mixed Signal Front-end AD9166 DC to 9 GHz Vector Signal Generator

The AD9082 is a mixed signal front-end with four 16-bit, 12 The AD9166 is a high performance, wideband, on-chip vector
GSPS RF DAC cores and two 12-bit, 6 GSPS RF ADC cores. It signal generator with a high-speed SERDES interface and a
supports four transmitter channels and two receiver channels. flexible 16-bit I/Q DAC core with a 50 ohm single-ended output

Key AD9082 applications include: matched up to 10 GHz.

Wireless communications infrastructure Key AD9166 applications include:

Microwave point-to-point, E-band and 5G mmWave e [nstrumentation: automated test equipment, electronic test
Broadband communications systems and measurement, arbitrary waveform generators

DOCSIS 3.1 and 4.0 CMTS Electronic warfare: radars, jammers

Phased array radar and electronic warfare Broadband communications systems

Electronic test and measurement systems Local oscillator drivers

RichardsonRFPD camuone s Sfid

% An Arrow Company RICHARDSONRFPD.COM/ADI-CONVERTERS
=]/

Your Global Source for RF, Wireless, loT & Power Technologies
www.richardsonsfpclcom | 8007275837 | 620.262.8800



Apply Online at www.eravant.com/careers

NOW HIRING!

Application Engineers
Design Engineers
Product Engineers
Test Engineers

Full Band Attenuators

Waveguide based attenuators offered in four types:
fixed, level setting, direct reading and programmable.
These attenuators are offered to cover the frequency
range of 18 to 170 GHz and up to 325 GHz.

Waveguide to Coax Adapters

Offered in end launch and right angle configurations
with numerous environmental accommodations
including weather resistant, TVAC, and space
applications. Frequency coverage from 8.4 to 130 GHz.

Waveguide Magic Tees

Offered in waveguide and split-block configurations, low
insertion loss, even port balance, and high isolation.
Available in full band models across 18 to 170 GHz and
up to 220 GHz.

Tunable Waveguide Loads and Shorts

Offered for applications where phase variations are
required. The standard models cover the frequency
range of 26.5 to 170 GHz and up to 220 GHz.

Waveguide Power Dividers

Available in 2N way power dividing configurations up to

32 ways. End launch and right angle versions are available,
and models boast low insertion loss and high port isolation.
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ERAVANT

FORMERLY SAGE MILLIMETER

WAVEGUIDE COMPONENTS | 8.4 to 325 GHz

FULL & NARROWBAND MODELS | STANDARD | MODIFIED | CUSTOM

SAGE Millimeter is now Eravant, a change that renews our commitment to the millimeterwave
industry. Since 2011, we have been delivering quality products and energizing the customer
experience to meet the needs of RF engineers working on the technology of the future.

>
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Waveguide Bulkhead Adapters

Offered for applications where panel mount waveguide
interfaces are required. Manufactured through a precision EDM
machining technigue to ensure high quality and ruggedness.
Offered to cover the frequency range from 18 to 325 GHz.

Waveguide Terminations

Designed to provide a low VSWR and available in various
versions to handle different power applications. Standard
models include low and medium power levels. Available
in the frequency range of 18 to 170 GHz and up to 220
GHz. The high power models handle power up to 1,000
Watts CW.

i

el |
| |
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-
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Waveguide Filters

Waveguide bandpass, highpass and lowpass filters
available in the frequency range of 8.2 to 220 GHz.
Also offered in various materials and surface finishes
for TVAC and space applications.

Waveguide Directional Couplers

Standard 3 port directional couplers are offered alongside
bi-directional and dual-directional models in the frequency
range of 18 to 220 GHz. These models feature low insertion
loss, flat coupling level, and high directivity.

Wm:-=_ Adapters ¢ Amplifiers » Antenna Feeds  Antennas ® Attenuators ¢ Bias Tees  Cable Assemblies ¢ Corner Reflectors o
— Couplers » DC Blocks * Detectors e Ferrite Devices ¢ Filters ® Frequency Converters ¢ Frequency Multipliers e Limiters ® Magic
Tees » Mixersg ® Nojse Sources ¢ Oscillators * Phase Shiftets ¢ Power D(';vwders * Radar Sensors ¢ Subassemblies ¢ Switches o
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E-Band mmWave Technology for
HAPS and LEO Satellite Systems

Mike Geen
Filtronic, U.K.

long with low earth or-

bit (LEO) satellite con-

stellations, high-altitude

platform station (HAPS)
systems—or high-altitude pseudo-
satellites—operating in the strato-
sphere, have the potential to ad-
dress the challenge of providing
ubiquitous connectivity. Although
there has been great progress in
rolling out high speed mobile net-
works to serve major centers of
population, terrestrial connections
will never realistically cover every
part of earth’s surface. To deliver
the full promise of 5G and address
the ‘digital divide,’ it is essential to
provide coverage to low popula-
tion areas where terrestrial mobile
networks are not viable. This will
be particularly important not only
for improving personal commu-
nications, but also because many
Internet of Things (loT) sensors will
need to be in these regions. This
article gives an overview of the role
of HAPS and satellites in forming
“networks in the sky” and describes
some of the RF challenges in de-
signing the high data rate (10 Gbps-

22

plus) communication links needed
to backhaul data between earth and
the satellite or HAPS, and between
the platforms themselves.

CURRENT LANDSCAPE

Successive generations of mo-
bile communications technologies
have been effective in covering the
most highly populated areas of the
world, and modern life has come
to depend on this ubiquitous con-
nectivity. Mobile network operators
in most developed countries have

worked hard to meet their targets
of connecting typically around 98
percent of the population in terms
of where they live. However, the 5G
goal of being able to connect every-
thing—wherever it is on the planet
—remains elusive for terrestrial mo-
bile systems. A ‘digital divide’ has
been created between populations
who have a broadband connection,
whether fixed or mobile, at an ac-
ceptable speed and those who
do not. The FCC currently defines
this benchmark as 25 Mbps, which

A Fig. 1 Converged network of terrestrial mobile broadband and loT services with
HAPS and LEO satellites.
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places some rural parts of the U.S.
on the wrong side of the divide. Fur-
thermore, mobile platforms such as
aircraft and ships, along with many
loT devices located in isolated ar-
eas, will most likely fall outside the
range of terrestrial 5G telecommu-
nications systems.

This ambition to connect every-
one and everything, wherever they
are located, therefore cannot be
fulfilled by ground-based commu-
nication networks alone. Therefore
HAPS, operating in the stratosphere
at an altitude of around 20 km,
along with constellations of LEO
satellites at an altitude of between
350 and 1,100 km, are beginning
to be deployed to help address the
challenge of providing ubiquitous
connectivity. A HAPS station com-
prises an unmanned aerial vehicle
—which may be either a gas-filled
balloon, an airship structure or a
fixed wing aircraft—and a payload
that is essentially a moving 5G base
station with onboard solar panels or
fuel cells to provide power. As the
technology evolves, we can expect
to see non-terrestrial networks be-
ing converged with terrestrial infra-
structure, as shown in Figure 1. This
introduces some interesting techni-
cal challenges in creating reliable
links between each of the elements
of these converged networks.

SPECTRUM ALLOCATIONS
As demand for broadband ca-

Absolute Lowest Insertion Loss
Waveguide Bandpass Filter

pacity from these space and air
borne systems grows, additional
spectrum will be needed to support
it. The telecommunications industry
has successfully lobbied for more
spectrum for HAPS, and the alloca-
tion of new wider bands around 26
and 38 GHz was agreed to during
the 2019 World Radio Conference.
In addition, experi-
mental  licenses Bandwidth Available for HAPS
were granted for T T T T T T T T ]
E-Band (71 to 86 E-Band| Fixed Satellite BandsH7A1';S76&81-86|n ITURR

(Not currently allocated to

ranges. Many have proven effec-
tive in XHaul (fronthaul, backhaul
and midhaul) applications. Further
development and qualification of
these systems are exploited in the
links that feed data between earth
and the HAPS constellations.

While HAPS networks will mostly
communicate directly with exist-

GHz), support-

ing the growing 38 GHz

interest. Figure 2

summarizes  the | , 26GHz WRC 19 Region 2
current and pro- | &

posed bands, 47 GHz

along with show-
ing the geometry
of the HAPS link to
its ground station.
There are commer- - 2,000 4000 6,000 8000
cial  transceivers MHz

and  high-power
amplifiers available A Fig. 2a Proposed bands for HAPS and LEO links (Sources:
in these frequency ITU RR and WRC-1 9).

28/31 GHz BA

10,000

A Fig. 2b Geometry of HAPS station and link to ground station.

£ EXCEED
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Our WZ-Series waveguide filter offers the
lowest insertion loss and highest power
handling for narrowband applications

Typical bandwidth up to 2%

Custom designs up to 67 GHz

AS9100 Rev D
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ing mobile phones, LEO satellite
constellations  will also generate
the need for huge numbers of new
fixed consumer terminals. As a re-
sult, this will create a demand for
high volumes of components oper-
ating at frequencies up to 55 GHz
where production volumes are his-
torically low. The increase in manu-
facturing volume presents a chal-
lenge not only for OEMs but also
for test equipment manufacturers.
Simultaneously, it also offers new
opportunities for companies who
design and manufacture mmWave
components and subsystems.

INDUSTRY INITIATIVES

The HAPS Alliance was formed in
February 2020 with the aim of cre-
ating an ecosystem to promote the
use of high-altitude stratospheric
vehicles to extend connectivity to
more people and locations world-
wide. The alliance is based on an
earlier initiative by HAPSMobile
(a joint venture between Softbank
and AeroVironment) and Alphabet’s
Loon to work together to advance
the use of HAPS.

In addition to these companies
who are developing the high-alti-
tude platforms themselves, the al-
liance now counts among its mem-
bers: telecommunications provid-
ers, including AT&T, Bharti Airtel,
China Telecom, Intelsat, T-Mobile
and Telefénica; aviation and aero-
space companies like Airbus De-

efense.

ance Reference Sourc

fense and Space and Raven; and
technology providers, including Er-
icsson, Nokia and Filtronic.

Further evidence of the grow-
ing interest in HAPS technology
has been demonstrated by the
formation of a Non-Terrestrial Con-
nectivity Solutions project group
within the Telecom Infra Project, an
engineering-focused collaboration
sponsored by Facebook.

HAPS USE CASES

There are several use cases for
which HAPS technology is uniquely
well suited, mostly related to their
potential for extending enhanced
mobile broadband to areas that
are difficult to reach or not served
by terrestrial mobile for economic
reasons. These can include moun-
tainous terrain, remote islands, ma-
rine regions and developing coun-
tries. A further application is mobile
cell connectivity for passengers on
board vessels or aircraft, or hybrid
connectivity to reach passengers
on board public transport vehicles
like high speed trains, buses or river
boats. They can also deliver fixed
wireless access for users in isolated
villages or remote industrial prem-
ises that cannot be reached by fiber.

Yet another use case is to sup-
plement the capacity of existing
networks to meet accelerating de-
mand, and to supply “instant infra-
structure” in emergency situations
or for disaster relief. This can ensure

T1215 TCXO ‘\s
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network resilience for critical net-
work links that require high availabil-
ity. They can be rapidly deployed to
cover a footprint of approximately
100 to 140 km diameter, over any
type of terrain, requiring only mini-
mal ground infrastructure.

HAPS can potentially be used
to rapidly deliver media and enter-
tainment content in multicast mode
to RAN equipment at the network
edge, to reduce latency for 5G cel-
lular users, or in Direct-To-Node
broadcast, whereby TV or multime-
dia services are delivered direct to
home premises or to users on board
a moving platform.

Utilizing their capacity rather than
bandwidth, HAPS can be exploited
for Massive Machine Type com-
munications, to communicate with
both local area and wide area loT
services.

SATELLITE AND HAPS SYNERGY

While it may appear that HAPS
and LEO satellites both perform
the same function, they are comple-
mentary. LEOs move rapidly in orbit
relative to the earth so are more dif-
ficult to coordinate but have a wider
area coverage. HAPS, being closer
to the earth’s surface, are much
easier and less costly to launch and
deploy and give much lower laten-
cy. They feature “persistence”—the
ability to remain stationary relative
to the ground—and their transmis-
sions are less affected by obstacles

Greenray precision crystal oscillators feature
tight Stability, low g-Sensitivity, low Phase
Noise and radiation tolerant crystals. All our
products are designed and manufactured
exclusively in the US.A.

We deliver highly reliable, class-leading
performance for SATCOM, low orbit space
apps, mission-critical defense environments

/ and emerging industrial technologies.

Visit us online for product specifications,
/ technical resources and more. Or call us at
/ 717.766.0223 — and talk to the frequency
- control experts, today.

(Greeniay)

frequency control solutions

T1254 TCXO -
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A Fig. 3 Loon HAPS (Source: Loon).

such as trees and buildings than
terrestrial base stations. Unlike sat-
ellites, HAPS can be returned to
earth for maintenance or payload
re-configuration. They can quite lit-
erally be used as "base stations in
the sky” providing additional capac-
ity and wide cellular coverage in low
density areas. They can also use the
same frequency bands as terrestrial
3G, 4G or 5G networks, subject to
regulatory approval, which means
that the design of HAPS payloads
should benefit from technology de-
velopments in 5G terrestrial base
stations.

Experimental work with HAPS for
communications relay has been tak-
ing place since the late 1960s,! but
it is only since the growth of mobile
Internet that their commercializa-
tion has accelerated. There are some
differences between the two types
of HAPS. For example, the solar-
powered unmanned aircraft manu-
factured by AeroVironment and de-
ployed by HAPSMobile are heavier
than air and can only carry relatively
small payloads. Another, fuel cell-
powered fixed wing platforms, like
those from Stratospheric Platforms,
are emerging, which can carry much
larger payloads. Finally, the airship-

style platforms, along with the bal-
loon platforms being used by Loon,
are lighter than air and can usually
carry a heavier payload as shown in
Figure 3. These airships have been
deployed to extend mobile networks
over some regions of Africa and
South America. What the two styles
of platforms have in common is the
flexibility to be upgraded to newer
technologies, and their multi-purpose
capability, as they can be adapted for
institutional, commercial communi-
cations or civil security applications.
They are payload-agnostic and can
readily be networked together and
linked with other platforms.

HAPS LINK CHARACTERISTICS

Breaking the converged network
down into its individual elements,
the characteristics that will be re-
quired for each of the links between
them can be examined. Rain attenu-
ation is one of the key factors to con-
sider. Looking more closely at the
HAPS feeder link geometry in Figure
2, for a platform at 20 km of altitude,
the footprint can reach 70 to 80 km
in diameter, and the link length will
typically be about 40 km at an eleva-
tion of 30 degrees. Figure 4 shows
the maximum rain attenuation per ki-
lometer against frequency to permit
99.99 percent availability. For most
of North America and Europe (Zone
K), where rainfall is around 42 mm/
hour, attenuation at 16 to 17 dB/km
in E-Band is significantly higher than
for the currently-used bands below
50 GHz. Nevertheless, as this service
will be targeted at areas that have
previously had no coverage at all,
the demand for availability is likely
to be lower than the 99.9 percent or
99.99 percent that is demanded of
terrestrial networks, so some outage

due to rain attenu-

18 ation can be toler-

16 ated.

14 Potential  data

12 /; rates for HAPS
£ 10 = feeder links in the
5 8 different  frequen-

6 // 42 mm/hr Zone K | _| Cy band a”oca_

/// 35 mm/hr Zone J A

4 32 mm/hr Zone H | | tions are  shown

2% in Table 1, where

0 i 1 1 1 1 1 1

1
0 10 20 30 40 50 60
GHz

70 80

they are compared
for 256QAM and
QPSK. Since anten-

1
90 100

Ref. ITU-R P838.3

A Fig. 4 Rain attenuation per kilometer versus frequency for

different ITU rainfall zones.

na sizes are smaller
at the higher fre-
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quencies, fade margins at 48 and 86
GHz are similar for the same antenna
size and channel bandwidth. It is also
striking that the data rate of over 10
GB/s that is available at E-Band us-
ing 256QAM is substantially higher
than for the lower bands, due to the
higher available channel bandwidth.
Even if forced to drop back to QPSK
to improve the fade margin, 2.5
GB/s data rate can still be achieved.
The key figures for comparison are
highlighted. Availability could be
improved by combining E-Band with

used between HAPS is around 200
km. Rain and clouds have far less ef-
fect when the platforms are at this
altitude, and the greatest limitation
is the curvature of the earth’s sur-
face. Figure 6 shows the transmit-
ter power that would be required
for inter-HAPS links in the different
frequency bands, indicating that
high-altitude atmospheric losses at
E-Band are very similar to those in V-
Band below 50 GHz. The higher an-
tenna gain for a particular size helps
to compensate for free space loss.

o either 31 or 39.5 GHz.
— R — Figure 5 shows the formula for =~ SATELLITE LINK LIMITATIONS
PR calculating the maximum distance Performing a similar analysis of
a5 L between HAPS, showing the dis-  the limitations on the feeder links
= M “ﬁ.ﬂ?ﬁ. o S tances calculated for the different  for LEO satellites, Figure 7 shows
limitations. The distance normally  the bands available and the geome-
Outline "N3*
Specifications @ +25° C TABLE 1
o | o COMPARISON OF DATA RATES, RAIN PATH LENGTHS AND FADE
AT | power | Frea MARGINS FOR HAPS LINKS IN DIFFERENT FREQUENCY BANDS
MODEL FREQ OUTLINE
(Mz) | (dBm) | (GHz) E-Band
Modulation FrequeGT':y Band 31 39.5 48
(GHz) 71- 86 71- 86
GCI00RL | 100 | +27 18 L
= = == = - Free space loss 154.4 | 156.5 | 158.2 162.2 162.2
Go2soRL | 0 | sz | | L Cha””f,'vlbﬁzr;dmdth 297 | 297 | 297 297 2000
GCS0ORL | 500 | #27 18 L
oo T T 2 | 2 | & Data rate Mb/s 1520 | 1520 | 1520 | 1520 10240
GeoseRL | s00 | s7 | % | L eI IS =T (TS =T 25 25
s noise ratio (dB) ’ : ’ ’ ’
1026 RL 1000 +27 2% L 256QAM
GC1526 RL 1500 427 2% L Fade margin (dB) 38.6 37.8 35.6 33.6 25.3
GC2026RL | 2000 +27 2% L Maximum rain path 48 36 28 20 15
GCA250A N3 0 length (km) ' ’ ' ’ ’
250 18 N3
GCA2508 N3 +10 Data rate Mb/s 380 380 380 380 2560
GCASOOANS | 0 & s e -
GCAS008 N3 +0 inimum carmer - 135 | 135 | 135 135 135
noise ratio (dB)
GeAtoooaNs | 0 i & QPSK '
GOATOUENS 10 Fade margin (dB) 63.6 62.8 50.3
GCADS26A N3 0 Maximum rain path 8.0 6.0 48 36 3.0
coaoszeens | O [ew | P N length (km) ) ) ' i i
GCA10264 N3 0
GCA10268 N3 1000 +10 % N3 Max Distance Between HAPS
GCA1526A N3 0 Altitude | Cloud Limited | Rain Limited |Horizon Limited
1500 2% N3
GCA15268 N3 +10 18 505 815 959
GCA2026A N3 0 20 598 875 1011
amn] 2wl ® L 25 783 1011 1130
Note: Other input frequencies from 10 MHz to Typical inter HAP distance will be ~200 km.
10 GHz are available.
Ao =2 (R+1)° = (R+0)°
HerOtek The Microwave 18 to 25km \
L—‘ Products Source
Herotek, Inc. pt
San Jose, CA 95134 =
Tel: (408) 941-8399 =
Fax: (408) 941-8388 150 2001-2008
Certified

Website: www.herotek.com email: info@herotek.com
A Fig. 5 Distance limitations for inter-HAPS links.
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Inter HAPS Link Tx Power Required vs. Frequency

45 A —>—200
i o
a0l v 180 g
T 35 = g e o Atmospheric
i 1140 @ Absorption
8 ol ] T |1205 <00028/km
] 100 & at 20 km altitude
2 251 g <50 GHz & >70 GHz
P <« 180 2
& 20f {60 o
2
15} Assumes 60 cm 140 g_
Tx & Rx|Antennas 420 &
10 0
30 40 50 60 70 80 90

Frequency (GHz)
4rd
Lfs(dB) = 20log,, (%) Antenna gain
(Tx + Rx) helps
to compensate
for free space loss

Ga = 10logyok (?):I

Note high altitude
atmospheric losses
at E-Band similar to
V-Band (<50 GHz)

600 km System Gain (3 dB Margin)
600 km Path Loss

600 km-56 dBm Rx Sensitivity

200 km-45 dBm Rx Sensitivity

A Fig. 6 Transmitter power requirements for inter-HAPS links.

try calculations involved. The orbits
being used for SpaceX satellites are
in the range of 350 to 1,100 km,
and with an elevation of 35 degrees
at the earth station this gives a link
path length of between 600 and
1,700 km. Free space losses now
become much more significant in
comparison to atmospheric losses,
as a higher proportion of the path

is above the atmosphere. The free
space loss is several tens of dB high-
er than the figures for HAPS feeder
links—around 195 dB fora 1,700 km
link length at 86 GHz.

When this is translated into sys-
tem requirements, system gains
between 180 and 200 dB are viable
for mmWave satellite feed links in
clear weather conditions, and this

Bandwidth Available for Satellite in V- and E-Band

is achievable in E-
Band with antenna

Uplink 50.4-52.4 GHz

Band

Uplink 47.2-50.2 GHz

Downlink 37.5-42.5 GHz

Uplink 81-86 GHz |Fixed Satellite Bands 81-84 +84-86 in ITU

S, FSS

RR FS, MS, FSS

\ gains of less than
58 dBi (equivalent
‘ to a 1 m parabolic
antenna) and trans-
mit powers less
than +40 dBm.
However, rain is a
severe issue that
can limit availabil-
ity in both E-Band
and V-Band, where

- 2,000 4,000 6,000 8,000 10,000 12,000
MHz

increases in system
gain of between 20
and 40 dB would

A Fig. 7a LEO satellite feed link bands.

be required to en-

#

Lower atmosphere

H ~350 to 1100 km

d= J(Rysina)*+ HE + ZReH — Rysina

Re¢= Earth mean Radius ~6372km

d~ 600 to 1700km

~400t0~1200km >

A Fig. 7b LEO satellite geometry.
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Inter Sat Links

W W

* HAPS & Satellites in mesh network ]
* Feeder links will have significant geographic separation

* Feeders selection depending on local weather conditions

2

~500 to 1000 km

A Fig. 8 Mesh network combining HAPS and LEO satellites to avoid rain attenuation

in feeder links.

sure  acceptable
availability.  Inter-
satellite links have

. Steerable
no _atmosphenc Amtonns
limitations and
fewer horizon is- Optional
sues, so LEOs can | Optical Link

be many hundreds
of kilometers apart.

Avoiding rain at-
tenuation in feeder
links is possible by
using a mesh net-
work that combines
HAPS and satellites
to form a resilient
network, as shown

Ku/Ka/V/E-Band

Steerable
Antenna

Inter HAPS/Satellite Tranceivers
Ka/V/E-Band (Hybrid Optical?)

Feeder Link Transceiver

Steerable
Antenna

Optional
Optical Link

Modems/DSP Etc.

eNB/gNB (Base Station)

in Figure 8. Thus, if
a platform in a cer-
tain area is subject
to rain attenuation, then the signal
can be routed using software-de-
fined networking technology via a
different path to avoid the region
that is affected by the storm.

MMIC TECHNOLOGY AND
ACTIVE ANTENNAS

Although many power amplifier
technologies at microwave frequen-
cies now use GaN technology for
better efficiency and higher power, it
is rare to find GaN devices that work
in V- or E-Band. Some experimental
GaN devices have shown promising
results up to around 100 GHz, but
have not been commercialized yet,
and it is challenging to find commer-
cially available GaN devices above
40 GHz. Also, although SiGe and
CMOS devices can work at the high-
er frequencies, their power levels are
low, and many more elements would
be needed to reach the required
EIRP of around +60 dBm.

A Fig. 9 HAPS/satellite payload.

While phased array and active an-
tenna technology has proved effec-
tive at increasing the gain and EIRP
of antennas, as well as providing
beam-steering, as the frequency in-
creases the half-wavelength dimen-
sion becomes smaller and they be-
come difficult to fabricate. Increasing
the number of elements also increas-
es power consumption, so using
high-power GaAs devices with fewer
elements has become the optimum
solution for E-Band links.

E-BAND TRANSCEIVER
TECHNOLOGY

Figure 9 shows a typical payload
for a satellite or HAPS. As well as
the eNodeB (LTE) or gNodeB (5G)
base station, there are transceiv-
ers for the inter-platform links and
the ground link, meaning that each
platform would require three links at
Ka-, V- or E-Band.

Figure 10 shows a block diagram
of the basic transceiver that is be-
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applications  and
has also been cus-
tomized for HAPS/
LEO links.

CONCLUSION
Global mobile
data usage is grow-
ing rapidly, and the
L | new use cases en-
abled by 5G will
create demand in
areas that are un-
derserved—and dif-
ficult to serve—by
terrestrial  cellular
networks, such as
more remote and
sparsely-populated
regions. Terrestrial

Diplexer
—
u

A Fig. 11 Filtronic Morpheus Il E-Band
transceiver.

ing used for these E-Band links. It
is fully integrated, for use in the 71
to 76 GHz and 81 to 86 GHz bands.
It gives a highly linear transmitter
output of more than 20 dBm and
supports 256QAM modulation and
above, along with a channel band-
width more than 2 GHz. Phase noise
is typically -112 dBc/Hz at 1 MHz
An integrated diplexer facilitates a
single T/R port for the antenna in-
terface, and there is also a single
50-way connector that supplies all
communication between the mod-
ule and the modem, as well as DC
power, baseband data and control
signals. A small, lightweight form fac-
tor is required, due to the number of
elements to be accommodated and
to optimize the overall weight of the
payload. Morpheus Il transceivers
have a footprint of 90 x 80 mm and
weigh only 110 g. For higher power
levels, power combined amplifiers
can be used—for example the Fil-
tronic E-Band Cerus power amplifier
can deliver output powers greater
than 2 W. Figure 11 shows an exam-
ple transceiver module, which is be-
ing used in E-Band links for terrestrial

networks will not be
able to provide 100
percent coverage, and this creates
a clear case for converged networks
that will integrate satellites and HAPS
with terrestrial mobile networks. Al-
though hybrid satellite solutions are
not expected before 2023 to 2024,
the standardization work for integra-
tion of the satellite in 5G networks
is underway. Following the finaliza-
tion of 3GPP Release 16 at the end
of 2019, it is expected that provisions
for satellite and HAPS systems could
form part of Release 17. Since spec-
trum is limited and is subject to many
conflicting and sometimes overlap-
ping demands, mmWave frequency
bands are expected to form a key part
of the solution for the links between
satellites, HAPS and earth terminals.
The FCC has approved several trials
in V-, E- and W-Bands, confirming the
growing role for mmWave bands in
the future.

While the use of mmWave bands
presents some technological chal-
lenges for semiconductor devices, RF
systems, antennas and network archi-
tectures, some long range mmWave
transceiver solutions with high data
rates up to 40 Gb/s and above have
been developed and successfully
demonstrated in trial systems and will
improve for future systems.ll
I
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=\ Planar Monolithics Industries, Inc.
\ LN New 5G & mmWave Products up to 62 GHz

[/ ]
PMI has expanded their product offering with a variety of New Low Noise Ampilifiers,
Solid State Switches, Attenuators and Limiters that operate up to 62 GHz for 5G and
mmWave defense applications.

Ampilifiers - Solid State

Attenuators - Variable/
Programmable

Bi-Phase Modulators

CONNECTORIZED OR
SURFACE MOUNT

PEC-30-0R5G50G-22-12-24FF DTA-100M50G-30-CD-1 LM-10M50G-18DBM-4W-24FF P2T-100M50G-100-T P4T-100M50G-100-T-RD
LM-10M62G-20DBM-1W-24FF P2T-100M52G-100-T P4T-100M52G-100-T-RD
P2T-100M56G-100-T P4T-100M53G-100-T-RD

Ultra Broadband Low Noise Amplifiers (https://www.pmi-rf.com/categories/ultra-broad-band-Ina-s)

PMI Model No. F“’R‘;':‘Z';cy Gain Flgf‘ie"ss F’:;'jr‘: OP1dB Size (Inches)/
Couplers (Quadrature, 180, GHz) @B GpTo) (@BMax (@BMTYP) Connectors

Directional) PEC-30-0R5G50G-22-12-24FF

, https://www.pmi-rf.com/product-details/ 1.37”x1.0” x 0.6”
Detectors - RF / Microwave pec-30-0r5g50g-22-12-24ff 2.4mm (F)

E‘Ite'zs & Switched Filter Digitally Controlled Attenuators (https://www.pmi-rf.com/categories/digitally-controlled-attenuators)
anks

Frequency Attenuation (dB) Control

Insertion Loss
. H PMI Model No. Range Size (Inches) /
Form, Fit, Functional (OHz) Range  Flatness  Accuracy (dB Typ) Connectors

Products & Services

DTA-100M50G-30-CD-1 5.0 @ 20 GHz 5-BIT TTL

https://www.pmi-rf.com/product-details/ 8.0 @ 40 GHz 2.0” x1.8” x 0.5”
requency Converters

dta-100m50g-30-cd-1 10.0 @ 50 GHz 2.4mm (F)

Frequency Sources — : —
Limiters (https://www.pmi-rf.com/categories/limiters)

Frequency Discriminators Frequency Insertion Maximum Leakage

& IFM PMI Model No. Range Loss Input Power
(GHz) (dB Max) Power (dBm Typ)

Recovery Size (Inches) /
Time Connectors

Frequency Synthesizers LM-10M50G-18DBM-4W-24FF
. . https://www.pmi-rf.com/product-details/
Gain & Loss Equalizers Im-10m50g-18dbm-4w-24ff
LM-10M62G-20DBM-1W-24FF
Integrated MIC/MMIC https://lwww.pmi-rf.com/product-details/

Assemblies (IMAs) Im-10m62g-20dbm-1w-24ff
1Q Vector Modulators Solid-State Switches (https://www.pmi-rf.com/categories/switches)

0.9” x 0.38” x 0.38”
2.4mm (F)
Removable

Frequency Insertion Switching Configuration

Limiters - RF / Microwave PMI Model No. Range  Loss 'Sclaion =g Power Supply  Stan incnen)
LOg Amps (GHz) (dB Typ) e Connectors

P2T-100M50G-100-T
A https://www.pmi-rf.com/product-details/
Miscellaneous Products p21-100m509.100-1 0.1-50
P2T-100M52G-100-T SP2T, Absorptive
MonopUIse Comparators https://www.pmi-rf.com/product-details/ 0.1-52 6 100 50 ns +g z% :gg mﬁ 1.0” x 0.75” x 0.4”
Multifunction Integrated g 1o 24mm (6)
P2T-100M56G-100-T 01-56
i https://www.pmi-rf.com/product-details/
Assemblies (IMAs) o ot
Phase Shifters & Bi-Phase PATAOMSIG-100TRD +5V @ 154 mA
ps://www.pmi-ri.com/proauct-details S5V 135 mA
Modulators pat-100m50g-100-t-rd 0.1-50 @135m
. . . P4T-100M52G-100-T-RD +5V @200 mA | SPA4T, Absorptive
Power Dividers/Combiners https://www.pmi-rf.com/product-details/ | 0.1-52 7 100 50ns | oy g 200 ma | 1257 x 1:25” x 0.4”
(Passive & Active) p4t-100m52g-100-r-rd 2.4mm (F)
Pulse MOd ulators - SPST E:t:::(l)l'm.(::\g?f-:?nelpmduct-detailsl IS HOV @AW
p4t-100m53g-100-t-rd -5V @ 200 mA
Rack & Chassis Mount P8T-100M50G-90-T-RD i
https://www.pmi-rf.com/product-details/ 0.1-50 .
Products p8t-100m50g-90-t-rd . o 5 +5v@400ma | SPET Absorptive
ns . X 1. X 0.

: P8T-100M54G-90-T-RD -5V @ 300 mA Pt
Receiver Front Ends & hittps:/iwww.pmi-rf.com/product-details/ | 01-54 Amm ()
Transceive rs p8t-100m54g-90-t-rd

: . P16T-100M50G-100-T-DEC

Slngle Side Band https://www.pmi-rf.com/product-details/ | g1 .50 +5V @ 700 mA _
p16t-100m50g-100-t-dec -5V @ 680 mA | SP16T, Absorptive

Modulators 12,5 100 100 ns 8.0” x 3.0” x 0.67”
::tBT-}IOOMSZG-jEfD-T-DIEC ductdetaites | 0.1-52 +5V @ 1100 mA 2.4mm (F)

ps:/iwww.pmi-rf.com/proauct-detailis, . 12V 720 mA
SMT & QFN Products p16t-100m52g-100-t-dec e
Switch Matrices p p

Switch Filter Banks
Switches - Solid-State

Systems - Radar Sense & P8T-100M50G-90-T-RD P8T-100M54G-90-T-RD P16T-100M50G-100-T-DEC P16T-100M52G-100-T-DEC
Avoid West Coast Operation: East Coast Operation:

4921 Robert J. Mathews Pkwy, Suite 1 7311-F Grove Road
Systems - Fly Eye Radar El Dorado Hills, CA 95762 USA Frederick, MD 21704 USA
Threshold Detectors . i Tel: 916-542-1401, Fax: 916-265-2597 Tel: 301-662-5019, Fax: 301-662-1731

USB Products mef: sales@pmi-rf.com - www.pmi-rf.com
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OCTAVE BAND LOW NOISE AMPI.IFIER_S

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

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

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

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

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

QCompeﬂﬂve Pricing & Fast Delivery
e Military Reliability & Qualification
e Various Options: Temperature Compensation,
Input Limiter Protection, Detectors/TTL & More
¢ Unconditionally Stable (100% tested)
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The IMDO and US MDA Successfully
Complete Intercept Tests of an Advanced
David'’s Sling Weapon System

he lIsrael Missile Defense Organization

(IMDO), of the Directorate for Defense R&D

in the Ministry of Defense, together with the
U.S. Missile Defense Agency (MDA), have successfully
completed a series of live-fire intercept tests of the Da-
vid's Sling weapon system, against threat-representative
cruise and ballistic missiles. The tests conducted were
led by Rafael Advanced Defense Systems Ltd., from a
testing site in central Israel, with the participation of the
Israel Air Force and Navy.

"The series tested the capabilities of a new and ad-
vanced version of the David’s Sling weapon system and
included several scenarios simulating future threats. The
results of this test will enable IMDO and industry engi-
neers to evaluate and upgrade the system’s capabilities.

In the framework of the

series, the IMDO and Ra-

5 8 fael also successfully dem-

onstrated the capabilities
of the Iron Dome in inter-
cepting a variety of threats
including UAVs and cruise
missiles. The test also dem-
onstrated the interoper-
ability of the multi-layer air
defense mechanism (Ar-
row, David’s Sling and Iron

David’s Sling Weapon Sys-
tem (Source: Rafael Defense Dome). This indicates that

Systems Ltd) the systems will be capable

of intercepting threats simultaneously during conflict.

Representatives of the MDA and Israeli defense in-
dustries, as well as IAF soldiers, participated in the test.
Rafael is the prime contractor for the development of the
David’s Sling weapon system, in cooperation with U.S.
Raytheon. IAl's Elta division developed the MMR radar
and Elbit Systems developed the Golden Almond BMC.

David's Sling is a significant component of Israel’s
multi-layer air defense mechanism. The development of
this mechanism is led by the IMDO and consists of four
layers: Iron Dome, David’s Sling, Arrow-2 and Arrow-3.
These are all operational in the Israel Air Force.

Remain Well Clear - Drone Integration into
European Airspace

oyal Netherlands Aerospace Center (NLR)
and Information Systems Delft (ISD) are per-
forming a multi-year study for General Atom-
ics Aeronautical Systems, Inc. (GA-ASI) to develop the

For More
Information

DefenseNews
Cliff Drubin, Associate Technical Editor | )

procedures needed to safely and efficiently integrate
medium altitude, long endurance (MALE) remotely pi-
loted aircraft systems (RPAS) into the European airspace.
The partnership has recently completed a large-scale
simulation experiment to test the application of a GA-
AS| Detect and Avoid System in the European context.

“Shooting down a threat-representative ballistic mis-
sile target is the latest in a remarkable series of firsts
that the government and industry team has achieved
in demonstrating this leading-edge technology,” said
Doug Graham, Advanced Programs vice president,
Lockheed Martin Space Systems Co. “This successful
experiment validates the effectiveness of this revolu-
tionary technology and makes it the most mature di-
rected energy system in the world, opening the door
to further new possibilities for the application of this
technology.”

The long-term goal of the partnership between NLR,
ISD and GA-ASI is to develop the procedures needed
to integrate MALE RPAS with civilian traffic in European
airspace. For the purposes of this research, the MQ-9B
SkyGuardian, designed and manufactured by GA-ASI,
is used as an example case study. Enabling MALE RPAS
to operate on a file-and-fly basis just like airliners would
unlock numerous civilian applications of these new air-

craft types including infra-
structure inspection, search

and rescue operations and
. quickly mapping events
such as natural disasters.

[ ST aes To develop and validate
= 3 ;

2 the required procedures
o=

meant for the real-life tests,
large-scale simulation ex-
periments are first carried
out. To this end, NLR is using two simulators, namely the
NLR ATM research simulator (NARSIM) and the NLR Multi
unmanned aerial system supervision testoed (MUST).
Here, NARSIM simulates air traffic and provides work-
ing positions for air traffic controllers and aircraft pilots.
MUST functions as the RPAS simulator and as the ground
control station the remote pilot uses to fly the RPAS. The
combination of these two simulators is referred to as the
MALE RPAS real-time simulation facility (MRRF).

In November 2020, NLR performed an experiment to
investigate the procedures needed to use the “remain
well clear,” a functionality that enables the RPAS pilot to
maintain a sufficient distance from other traffic, of DAA
System in European airspace. The experiment involved
real air traffic controllers, as well as licensed airliner and
RPAS pilots. For this experiment, the MRRF simulation
was equipped with GA-ASI's Conflict Prediction and
Display System, which integrates DAA and traffic colli-
sion avoidance system functionality and is designed to
meet the latest technical standards prescribed by the
Radio Technical Commission for Aeronautics for these
technologies.

MQ-9-Reaper-in-flight
(Source: Royal NLR)

Visit mwjournal.com for more defense news.
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The results from the simulation will be fed back to
regulators and standardization bodies on both sides of
the Atlantic to accelerate the integration of MALE RPAS.

DARPA Successfully Demonstrates, Transitions
Advanced RF Networking Program

DARPA network technology program recently
concluded field tests demonstrating novel
software that bridges multiple disparate radio
networks to enable communication between incom-
patible tactical radio data links—even in the presence
of hostile jamming. The technology is transitioning to
Naval Air Systems Command (NAVAIR) and the Marine
Corps, which plans to put the software on a software
reprogrammable multi-channel radio platform for use
on aircraft and ground vehicles.

As a capstone event to conclude the program,
DARPA recently demonstrated DyNAMO capabili-
ties in over-the-air field tests at the Air Force Research
Lab’s experimentation and test facility near Rome, N.Y.
Diverse military tactical data links, including LINK 16,
tactical targeting networking technology, common data
link and Wi-Fi networks were deployed to the test site.
DyNAMO successfully provided uninterrupted network

]

Providing High Quality
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PRODUCTS

Premier radar manufacturers depend on our
level of experience and our advanced
technology for supplying components to
integrate or update

the most complex radar systems.

* Solid State Power Amplifiers

® Receiver Protectors

¢ Transmitters

¢ Integrated Microwave Assemblies
* TWTs
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Contact the radar experts at CPI
to upgrade your radar system today at
ElectronDevices@cpii.com
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150 Sohier Road, Beverly, MA USA 01915
+1(978)922-6000
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connectivity between all
w1 the data links under varying
ww conditions in a simulated
Wt contested environment.

“Not only did we break
the stovepipes and make
the radios interoperable with
each other, we showed that the network of networks Dy-
NAMO creates has added resiliency,” said Aaron Kofford,
program manager in DARPA's Strategic Technology Office.

Current methods to bridge incompatible data links
require deploying a large airborne platform housing the
various radio datalinks on board. The airborne platform
serves as a central gateway to interconnect the differ-
ent links. Instead of this centralized model, DyNAMO
employs a distributed gateway concept treating every
node on the network as either a DyNAMO enabled
node or a legacy, non-DyNAMO enabled node. Dy-
NAMO software can interoperate with both types of
nodes, so the DyNAMO enabled nodes serve as distrib-
uted gateways across the network eliminating a central
gateway's single point of failure.

The field experimentation involved both static and
mobile nodes. DyNAMO technology is slated for in-
corporation into NAVAIR/Marine aviation platforms
through existing NAVAIR programs of record. Various
Air Force representatives also observed the field tests.

A

DyNAMO (Source: DARPA)
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The Far Future of Next Generation Wireless
Communications

ith 5G networks having just finished their sec-

ond year in existence, wireless industry lead-

ers are already exploring the path to future
wireless networks beyond 5G. 5G Americas, recently
announced the publication of a white paper “Mobile
Communications Beyond 2020 — The Evolution of 5G
Toward Next G,” which details this global work from
several academic and industry organizations and pres-
ents potential use cases and technologies integral to
the evolution of 5G toward the “Next G.”

Chris Pearson, president of 5G Americas said, “5G
is in the second inning of a nine-inning baseball game
with a huge roadmap of innovation ahead. Yet, the
mobile wireless industry is going through a transforma-
tional change right now. Despite COVID, industries and
societies are rapidly digitizing, so it is imperative that
conversations around the next generation of mobile
cellular wireless technologies begin to take place.”

While 5G is still early in its lifecycle, it continues to
be enhanced through continuous updates via 3GPP re-
leases. These enhancements to networks, architecture,
technologies and standards will continue through 3GPP
Release 17 and beyond. However, it is expected over
the next few years, that requirements for the next gen-
eration of mobile wireless will be outlined in the up-
coming International Mobile Telecommunications 2030
(IMT-2030) update from the International Telecommuni-
cations Union.

Early thought leadership around next-generation
wireless use cases may include scenarios involving
tactile or haptic communications, high-resolution THz
spectrum use for imaging and sensing, cyber-physical
systems in manufacturing and enhanced public safety
and national security applications.

The 5G Americas white paper covers the three main
topics: a review of activities looking beyond 5G in both
North America and globally; how communications will
change beyond the 2020s, including several use cases;
and how North America can establish and maintain
technological leadership in future communications
standards.

Brian Daly, assistant vice president, Standards &
Industry Alliances at AT&T and leader of the working
group in development of this white paper said, “Many
projects identified as ‘Next G’ and '6G’ are proceed-
ing globally with some contribution from the Americas.
There is a need for commercial entities, government
agencies and academic bodies in the U.S. to be at fore-
front of these next-generation developments.”

The white paper is available for free download on the
5G Americas website.

For More
Information

CommercialMarket
Cliff Drubin, Associate Technical Editor l -

Geelong Proves Smart Cities Can Safely
Integrate Drone Operations

n the skies over Geelong, a world-leading
partnership has demonstrated the safe inte-
gration of manned and unmanned aircraft in
low altitude airspace.

With support from the City of Greater Geelong, Thales
and Telstra have jointly prototyped low altitude airspace
management (LAAM), a technology that dynamically
manages airspace, integrating manned and unmanned
traffic while automating drone flight approvals.

Using the operational expertise of AUAV, a leading
drone operator, Thales and Telstra combined their ex-
pertise to build a robust, safe and secure ecosystem,
preparing the way for the integration of manned and
unmanned traffic in Australian skies.

Thales Australia CEO Chris Jenkins said that this
project has shown that the creation of a seamless sky is
possible, where manned and unmanned traffic is safely
integrated in the smart cities of the future.

Telstra’s Group Owner, Incubation and Excellence,
Gianpaolo Carraro said, “We're looking to solve aerial
connectivity at lower altitudes than regular aviation, such
as command and control and airspace awareness. Our
ambition is to be an integral player for the industry, sup-
porting safer and secure low altitude airspace equality.”

The Thales UAS Airspace Management solution—at
the heart of the LAAM—is operational in the U.S. to
provide drone management services for the New York
State Corridor, accredited by the FAA under the Low
Altitude Authorization and Notification Capability initia-
tive, and will soon be deployed in the State of North Da-
kota supporting safe airspace integration of unmanned
aircraft. In Europe, the Thales UAS Airspace Manage-
ment solution is managing the airspace for drones over
two major cities, Rennes and Lille.

Over a six-month period, the Geelong Low Altitude
Airspace Management |Initiative demonstrated that
drone operations can be conducted safely in a semi-
urban environment and support the development of
smart city concepts in Australia.

During this project, the objectives of the Geelong
Smart City Office were to deliver technology solutions
that put people first and provide benefit to the com-
munity. An unmanned aerial vehicle traffic management
system will achieve a safer community by improving

- - regulation,  ac-

™ countability and

~ transparency
of flights while
mitigating  pri-
vacy violations
§ by ensuring pre-
approvals for all
flights including

Telstra Drone (Source: Thales)

Visit mwjournal.com for more commercial market news.
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flight path, pilot and purpose.

The ‘Smart City’ of the future may include several
drone platforms that have to be in operation and work-
ing together. Thales” UTM-FIMS system and its partners
will manage and will integrate those drone platforms in
an efficient and safe way.

Ultra-Wideband Emerges as a Key Wireless
Connectivity Technology for Indoor
Positioning

he foundation has been laid for ultra-wide-
band (UWB) to become a mainstream wire-
less connectivity technology across many
consumer and loT applications, enabling accurate in-
door location and positioning with context-aware infor-
mation and precise analytics in real-time. The year 2021
will be a critical juncture in UWB's rollout and increased
adoption. ABI Research forecasts there will be 300 mil-
lion UWB device shipments in 2021.

In its new white paper, “68 Technology Trends That
Will Shape 2021,” ABI Research’s analysts identify 37
trends that will shape the technology market and 31

50GHz

holzworth instrumentation

holzworth instru munmﬁoj

(votige ) LOA

HA7063A 50GHz DOWNCONVERTER
» Measure Absolute & Residual to 50GHz

others that, although attracting huge amounts of spec-
ulation and commentary, are less likely to move the
needle over the next eleven months.

UWB's rollout and increased adoption is due to wider
chipset availability, adoption across multiple segments
and the formation of a healthy UWB ecosystem across
the entire supply chain. While historically, the technol-
ogy has been used primarily within high-accuracy real-
time location system applications, 2020 has propelled
UWB into various new markets.

To date, arguably the biggest news was Apple’s deci-
sion to develop and use its own UWB technology in its
iPhone 11, iPhone 12 and iPhone SE devices. In addi-
tion, Samsung now supports the technology in its Gal-
axy Note 20 and Xiaomi added UWB to its Mi 10 series.
Apple has also integrated the technology within its lat-
est Apple Watch Series 6 and HomePod Mini speaker,
demonstrating the importance of the technology going
forward. Xiaomi also recently demonstrated UWB lever-
aged within a variety of smart home devices, such as
fans, lamps and smart speakers, highlighting the grow-
ing potential of the UWB ecosystem.

Once embedded within a sizable installed base of
smartphones, new opportunities will emerge within the
mobile accessory space, alongside wider consumer
electronics applications.

REAL TIME

PHASE NOISE ANALYSIS

HAT7063A 50GHz Downconverter

phone: +1.303.325.3473
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Barbara Walsh, Multimedia Staff Editor

IN MEMORIAM

Arthur C. Nixon, chief execu-
tive officer of Insulated Wire Inc.
(IW), recently died unexpectedly
at home on December 23, 2020 in
Sayville, N.Y. The entire IW family
mourns this loss. Arthur brought
the experience and energy, passed _,
on to him by his father Charles *
Nixon, to IW and the wire industry
at-large. Peter Weigel, chairman of the IW Board of
Directors, on behalf of the Board of Directors said,
“With the passing of Arthur Nixon, IW has suffered
a major loss. Notwithstanding that loss, the Board is
confident that newly appointed Chief Executive Of-
ficer Michael Sarni, and the rest of the IW team will
capitalize on the experience and expertise Arthur in-
stilled in each team member. The Board will continue
to consider in a deliberative way how best to maxi-
mize IW's performance over the long term.”

MERGERS & ACQUISITIONS

iNRCORE announced that they have completed the
acquisition of the Gowanda Components Group from
Addison Capital Partners. For over 70 years, iNRCORE
has deployed reliable and intelligent solutions to power
the world’s next-generation systems. From the front-
lines of defense to the frontiers of space exploration,
iNRCORE's power and signal magnetic components
are utilized to help save lives, generate a powerful con-
nection and further our knowledge of the cosmos. The
Gowanda leadership team will continue to support the
business reporting directly to iNRCORE President and
CEO Sarah Harris. Additional terms of the transaction
were not disclosed.

Fairbanks Morse, a portfolio company of Arcline Invest-
ment Management, has acquired Ward Leonard Oper-
ating LLC, a provider of motor and control solutions
for military applications. This acquisition will expand
the scope of power and propulsion equipment and
aftermarket services that Fairbanks Morse provides to
its core customers, including the U.S. Navy, U.S. Coast
Guard and the Canadian Coast Guard. Ward Leonard
has supplied the U.S. Navy for more than 125 years and
today specializes in the provision of state-of-the-art mo-
tors, control components and systems integration so-
lutions for surface, subsurface and land-based applica-
tions.

COLLABORATIONS

CEVA Inc. announced an open licensing agreement
with the U.S. Defense Advanced Research Projects

For More
Information
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Agency (DARPA) to accelerate technology innovation
for DARPA programs. The partnership, as part of the
DARPA Toolbox initiative, establishes an access frame-
work under which DARPA organizations can access all
of CEVA's commercially available IPs, tools and support
to expedite their programs. DARPA Toolbox is a new,
agency-wide effort aimed at providing open licensing
opportunities with commercial technology vendors
to the researchers behind DARPA programs. Through
DARPA  Toolbox, successful proposers will receive
greater access to commercial vendors’ technologies
and tools via pre-negotiated, low-cost, non-production
access frameworks and simplified legal terms.

Nokia announced that they have been selected by
dtac, a Thai mobile operator part of Telenor Group,
as its first 5G radio access network (RAN) partner in a
three-year deal covering the North and North Eastern
regions of Thailand. With this deal, Nokia plays a key
role in ensuring that dtac’s network performance is fully
5G-ready and enabling a faster rollout of new 5G ser-
vices as demand grows. Nokia has been in Thailand
for over 30 years with the deployment of 2G, 3G and
4G networks and will now provide 5G connectivity that
will support the country’s efforts to digitize as part of its
‘Thailand 4.0" economic strategy.

ACHIEVEMENTS

Keysight Technologies Inc. announced that Array-
Comm will use the company’s end-to-end portfolio of
test solutions to speed development of network equip-
ment based on the O-RAN standard. ArrayComm, a
provider of physical layer software and hardware compo-
nents for LTE and 5G base stations, selected Keysight's
integrated test portfolio to validate O-RAN radio and
distributed units. ArrayComm supports mobile operators
deploying open, multi-vendor networks to deliver a wide
range of advanced connectivity services. Keysight's test
solutions enable ArrayComm to verify the performance
of network components prior to deployment, leading to
an optimized customer experience.

The Israel Missile Defense Organization, of the Di-
rectorate for Defense R&D in the Ministry of Defense,
together with the U.S. Missile Defense Agency, have
successfully completed a series of live-fire intercept
tests of the David’s Sling weapon system, against
threat-representative cruise and ballistic missiles. The
tests conducted were led by Rafael Advanced Defense
Systems Ltd., from a testing site in central Israel, with
the participation of the Israel Air Force and Navy. This
successful series is a critical milestone in the augmen-
tation of Israel’s operational capabilities in defending
itself against current and future threats.

CONTRACTS

The U.S. Navy has awarded L3Harris Technologies a
five-year, $496 million contract to deliver prototype tac-
tical jamming pods designed to extend U.S. Air supe-
riority. The Next Generation Jammer Low Band (NGJ-

For up-to-date news briefs, visit mwjournal.com
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LB) is a high-powered, high capacity airborne electronic
warfare system. L3Harris’ single-pod solution enables
extended stand-off jamming capability, covers a broad
spectrum and processes an increased number of
threats. The system operates seamlessly with joint and
allied forces and provides growth capacity for emerg-
ing threats. The company will deliver eight operational
pods to NAVAIR for fleet assessment and additional
test assets for airworthiness and design verification.

BAE Systems received a $4 million contract from the
U.S. Navy to conduct a quick-turnaround demonstra-
tion of a new radio frequency countermeasure (RFCM)
system for the P-8A Poseidon. The pod-mounted RFCM
system is a leading-edge, lightweight, high-power sys-
tem that will add a new self-protection capability to this
next-generation U.S. Navy aircraft. The rapid response
is the result of collaboration among small focus teams
who developed an innovative approach to the design
and fabrication of the system’s mechanical parts. As a
result, BAE Systems will design, build, integrate and
ship the RFCM system in approximately five months,
followed by two months of flight testing on the P-8A
Poseidon platform. Testing will begin early in 2021.

Comtech Telecommunications Corp. announced that
Comtech Systems Inc. was awarded a $2.7 million or-
der from a major international oil and gas company to

Phase Locked
Clean Up
ULPN VCXO

VCXO Clean Out

Bench top Rb in
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provide a troposcatter radio/modem. This will be the
first over-the-horizon system for a floating liquefied
natural gas facility, utilizing Comtech Systems’ software-
defined CS67PLUS radio/modem.

Leonardo DRS Inc. and Rafael Advanced Defense
Systems Ltd. of Israel announced that they have com-
pleted the delivery of Trophy Active Protection Sys-
tems (APS) ordered by the U.S. Army for installation on
Abrams main battle tanks. This marks a major milestone
in the Army’s efforts to outfit multiple brigades of tanks
with APS to protect soldiers’ lives against increasing an-
ti-armor threats. Under contracts awarded on an urgent
need basis by the Army’s Program Executive Office for
Ground Combat Systems, the companies delivered the
first APS systems in September 2019 for both the U.S.
Army and Marine Corps.

Altum RF announced a two-year contract with the Eu-
ropean Space Agency to design and develop GaN Ka-
Band high-power amplifiers for very small aperture ter-
minals (VSATs), two-way ground stations that transmit
and receive data from satellites. The ARTES Advanced
Technology project designs Ka-Band high efficiency
power amplifiers using a cost-effective package solu-
tion, well suited for the VSAT application.

PEOPLE

Qualcomm Inc. announced that its Board of Directors
has unanimously selected Cristiano Amon to succeed
Steve Mollenkopf as CEO, effective June 30, 2021.
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- Mollenkopf informed the Board of his
decision to retire as CEO following 26
years with the Company. Amon, who
has worked at Qualcomm since 1995,
is currently president of the company.
Mollenkopf will continue his employ-
ment with the company as a strategic

: advisor for a period of time. Amon,
A Cristiano Amon 50, has served as president since Jan-
uary 2018. In this role, he is responsi-
ble for Qualcomm’s semiconductor business, which in-
cludes mobile, RF front-end, automotive and loT revenue
streams and the company’s global operations.

Marki Microwave appointed David
Buhaenko to serve as vice president
of operations. The former senior di-
rector of product engineering at
Renesas Electronics America (previ-
ously Integrated Device Technology)
brings the company 30 years of glob-
W al operations leadership in midsize
A David Buhaenko @Nd large organizations. In his new
role, Buhaenko will lead Marki Micro-
wave's operations organization as the company ex-
pands its U.S.-based manufacturing capacity and builds
out its production, product engineering and test teams.
A 30-year technology veteran, Buhaenko most recently
served as the senior director of Renesas Electronics
America’s product engineering and program manage-
ment team.

Times Microwave Systems an-
nounced the appointment of Ben
Reed as the company’s new general
manager, effective immediately. Previ-
ously general manager for Amphenol
Fiber Systems International, Reed
succeeds Bill Callahan, who has
been promoted to the role of group
general manager of the Amphenol RF Optical and
Broadband (ARFOB) division. Reed has served in man-
agement roles within Amphenol since 2013. Prior to
joining Amphenol, he held engineering roles at
Northrop Grumman Corporation. He has been working
closely with Bill Callahan on the leadership transition for
several months and both will continue to collaborate on
opportunities for Times Microwave and the ARFOB di-
vision to expand and diversify into new markets.

i ’ ‘nA nounced key man-
\ -
A David A Rob A Jordan agement appomt
Kozlowski Davies Klein ments as the

Georgia-based
connectivity company continues to build out its team.
David Kozlowski has been named vice president of
Aero Structures and Certification, with responsibility for
overseeing installation, testing and certification of NXT-

"
,
‘4

A Ben Reed

NXT Communica-
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COMM's AeroMax® antenna on commercial aircraft, re-
porting to Co-founder and CEO Dave Horton. In addi-
tion, Rob Davies will serve as director, Product Engineer-
ing, reporting to CTO Carl Novello and Jordan Klein has
been named creative director, reporting to Horton. With
four decades of aircraft modification and maintenance
experience, Kozlowski joins NXTCOMM from Panasonic
Avionics, where he spent a decade holding key roles in
installation and product management.

POET Technologies Inc. announced
the appointment of Glen Riley to the
Board of Directors. Riley's extensive
and relevant experience includes
more than 30 years in leadership roles
spanning both the semiconductor
and optoelectronics industries. He
most recently served as general man-
ager of the Filter Solutions Business Unit at Qorvo,
where he was responsible for developing highly inte-
grated RF modules used in flagship smartphones. Prior
to the merger of RFMD and TriQuint that formed Qor-
vo, he held multiple leadership roles at TriQuint, includ-
ing managing director of international headquarters in
Singapore, general manager of the GaAs foundry busi-
ness and general manager of Optoelectronics.

A Glen Riley

REP APPOINTMENTS

AR RF/Microwave Instrumentation has partnered with
three new companies to serve as sales representatives
throughout various regions of the U.S. The new compa-
nies that will be representing AR are PSI Solutions Inc.
who partners with leading manufacturers of test instru-
mentation, imaging and embedded products, ProTEQ
Solutions Inc. with headquarters in Nashua, N.H., who
represents some of the best in-class manufacturers of
electronic test equipment and Dytec/Midwest, an elec-
tronics manufacturers representative firm, with over 100
years of engineering and account management experi-
ence who has headquarters in the Chicago area and sat-
ellite offices in Minnesota and Indiana.

PLACES

NEC Corp. has opened an Open RAN laboratory in In-
dia to complement its Center of Excellence in the U.K.
The facility will accelerate the development of NEC's
5G open ecosystem by pre-integrating partner Open
RAN components to form end-to-end commercial-
ready solutions according to customer-specific needs.
The solutions will undergo end-to-end practical valida-
tions on functional/operational performance and qual-
ity assurance throughout all layers of the RAN, from
network and cloud to service layers. The lab will also be
responsible for post-deployment troubleshooting, life
cycle management as well as continuous integration
and continuous delivery of solutions.
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Holographic Radar Development

Stephen Harman

Aveillant Ltd., Cambridge, U.K.

Holographic radar system architectures are less complex than conventional surveillance array
radar architectures, yet holographic radars offer capabilities exceeding those of the most
sophisticated active electronically scanned array radars. Holographic radars can therefore
challenge conventional radars in both cost and performance.

A Fig. 1 Holographic radar antenna
patterns showing a broad transmit beam
(red) and mesh of narrow receive beams

(blue).
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olographicradaris not constrained

by the sampling nature of scan-

ning radar and so (loosely) has the

capability to provide information
with higher dimensionality. Fundamentally,
staring radars meet the requirements of the
Electromagnetic Uniqueness Theorem and
provide an analytical solution to all electro-
magnetic interactions within their coverage.
Conversely, scanning radars heavily under-
sample so they cannot meet the same crite-
ria. Some further benefits of staring radar are
1) the capability to provide very high Dop-
pler frequency resolution by observation
over dwell times unconstrained by the scan
pattern or surveillance constraints and 2)
contiguous measurement with high update
rates, so fleeting, rapidly varying or complex
returns can be sensed.

These characteristics enable
high-resolution clutter rejec-
tion (i.e., detection in the pres-
ence of complex background
environments of complex tar-
get returns) and optimized
recognition and tracking. The
efficacy of staring operation
has been demonstrated with
both modeled and real targets
and clutter, on both large and
small scales and in different
applications.

As a basic example, con-
sider detection of a complex

Google Earth

maneuvering target. A scanning radar with a
2-degree azimuth beamwidth might detect
and report its position every second, with a
Doppler frequency resolution of 200 Hz. A
holographic radar, however, can divide its
radar return into 2 Hz wide components, for
retaining and reporting a fine-grain Dop-
pler signature, and fully sample its varying
position and velocity, to rapidly determine
changes in trajectory for effective tracking
and threat assessment. As such, holograph-
ic radars provide both highly flexible radar
coverage and utility, offering a solution to
provide ubiquitous radar sensing—the ulti-
mate in flexibility.

HOLOGRAPHIC RADAR ARCHITECTURE

Fundamentally, the architecture of a ho-
lographic radar comprises a transmitter that
constantly transmits over the entire field of
view and an array receiver with a persistent
mesh of narrow beams that fill the field of
view, negating the need to scan to provide
accurate angular measurements (see Figure
1). As a design consequence, the transmit-
ter and the receiver units do not share a
common aperture or common RF modules,
since a broad transmit pattern is not effi-
ciently produced by the type of multibeam
array antenna required by the receiver. Such
separation of the transmit and receive cir-
cuitry reduces their respective complexities
(see Figure 2). The transmit antenna is usu-
ally a simple fixed planar array or a reflector
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antenna, and the receiver array is
significantly simplified, since it does
not contain high-power RF circuitry
or complex transmit-receive switch-
ing elements.

Although staring radars have
simplified RF, IF and control hard-
ware and contain no moving parts,
the consequence is increased pro-
cessing complexity. The number of
simultaneously processed beams
is significantly increased. For ex-
ample, a scanning radar typically
processes only one beam at a time,
while a staring radar processes
many beams simultaneously. Also,
the quantity of data processed in
a single dwell is generally higher,
to provide similar sensitivity to an
equivalent scanning radar—since a
scanning radar contains a high gain
antenna on both transmit and re-
ceive—and to realize the benefits of
a staring radar, such as high-resolu-
tion Doppler processing. Note, for
example, the processing load of a
fast Fourier transform, which is com-
monly used in radar signal proces-
sors, has an order greater than one
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A Fig. 2 Holographic radar system architecture.
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A Fig. 3 Hardware design approach enables multiple applications.
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with increasing length.

Staring radars tend to be smart,
adaptable and defined by software.
Furthermore, due to sensor per-
sistence, staring radars are ideally
suited to operate with multiple coin-
cident modes in multiple, software-
defined processing chains and/or
cognitive processes.

MODULAR ETHOS

The radar hardware is designed
to be re-used for multiple applica-

QATCAI
TRANSMITTER

SSEH s from Zmﬁowm |

tions and units that can be recon-

figured (see Figure 3). This design

ethos results in numerous atypical
radar design features, including:

* Antenna elements spaced at A/2,
allowing scanning and adaptive
processing over up to =90 de-
grees from boresight.

* Independently digitized receiver
elements to maximize flexibility,
allowing the creation of small to
large arrays.

e Signals digitized at IF to mini-

- Space”

Mailable

When you modernize an
older uplink systern with
an SSPA from Empower
-RF, what will you do with
ffee space? .

mize calibration problems, with
digital down-conversion local to
the element, in addition to other
rudimentary pulse-level, raw data
radar-processing functions.

* Use of a single low phase noise
oscillator reference distributed to
all transmit and receive modules,
each deriving its own RF frequen-
cies and clocks. Each receiver
module comprises just 2 x 2 ele-
ments, for high flexibility.

* Use of distributed simple timing
signals, processed locally within
each transmit and receive mod-
ule for detailed timing.

* Transmit power generated in a
single or small number of solid-
state power amplifiers and dis-
tributed to a small number of
transmitter elements, appropri-
ate to broad-beam transmission.

* Near linear mode transmit power
amplifier operation, with digi-
tally controlled pulse-shaping
technology to manage spectral
masks and sidelobes.

e A calibration network for moni-
toring the transmitted waveform,
so the smallest variations in per-
formance can be tracked and ac-
counted for.

e A flexible and expandable pro-
cessing architecture comprising
GPUs and general purpose serv-
er-class processors.

HOLOGRAPHIC RADAR
DEVELOPMENTS

The original concept for holo-
graphic radar was as a C-Band dem-

onstrator for a defense application.
Successful proof of that concept led

2X Improvement in SWaP '

Hl.gher EfflCle,ncy to the development of a long-range
Higher MTBF’s holographic radar for the civilian
Waveform Flexibility market, to address windfarm miti-

gation in air traffic management sys-
tems. Given existing air traffic con-
trol radar standards and long-range

Rugged for Mobile Deployment
Remote Monitorinz and Contrt)l

Active RF Device Redundancy requirements for this application, L-
— Graceful Degradation Band was selected for its frequency
of operation. From this early work,

Model 2176 the Theia radar family! was devel-
oped to address a range of appli-

1.75to 2.12 GHz cations, from land-based windfarm
4000 Watts mitigation to longer range systems

covering off-shore windfarms. With
operational systems in continuous
use for over five years, Theia is a
good example of the expandable
modular architecture in practice.
This modular architecture formed
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the foundation for developing a
new concept radar with a confor-

A Fig. 5 Radar family based on the reconfigurable design approach.

mal antenna, to investigate the ef-
ficient implementation of a staring
array comprising 12 interdependent
planar arrays for 360-degree azi-
muthal coverage. A demonstrator

radar system, developed to explore
this concept, contained four planar
arrays, each with 128 receiver ele-
ments and sufficient transmit power
to achieve 54 nautical mile detec-
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tion of passenger aircraft. This four
array demonstrator, nicknamed the
Quad, was the basis for develop-
ing further ubiquitous radar sensing
concepts and applications, includ-
ing detecting drones. The initial
investigations indicated the tech-
nology can support flight safety re-
quirements: long-range detection,
tracking and recognition of drones.
A new product, named Gamekeep-
er, was rapidly developed to meet
the needs of this emerging market,
marking the coming of age of holo-
graphic radar (see Figure 4).

COUNTER DRONE RADAR

Radar is the only sensor capable
of providing the essential sensing
requirements for a drone surveil-
lance and counter-UAV system: long-
range, all weather performance;
non-cooperative/autonomous drone
detection and recognition; and con-
sistent accuracy, coverage and per-
formance. Market requirements for
such a system are very demanding.
They include: a high power-aperture
product capable of detecting very
low radar cross section (RCS) objects
up to 7.5 km range; high dynamic
range for detecting very low RCS
objects in the presence of high clut-
ter; high elevation accuracy for effec-
tively discriminating air targets from
ground objects; and high confidence
tracking and recognition, to reduce
the burden on operators given “con-
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fuser” targets in environments of in-
terest. Normally, these requirements
can only be met by large, high cost
military radar systems, such as weap-
ons locating radars.

Aveillant has addressed these
market needs with a system more
compatible with the civilian mar-
ket. An initial operational capability
for early adopters was developed
for operational deployments in
100 days, by reconfiguring stan-
dard transmit and receive mod-

ules and commercial off-the-shelf
(COTS) components used across
Aveillant's product line (see Figure
5). Gamekeeper radar's capability
has continuously evolved since its
first operational deployment, with
performance, stability and opera-
tional improvements released regu-
larly, often multiple times per year,
predominantly through software
upgrades. These upgrades use a
combination of adaptive agile de-
velopment methodologies and the
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design features of holographic ra-
dar that make it a software-defined
radar. This enables rapid technol-
ogy insertion; in some cases, low
technology readiness level tech-
niques and technologies have been
matured and implemented in the
Gamekeeper radar to provide both
step changes and continual im-
provements in capabilities.

TECHNOLOGY ENABLERS

Key enablers for this adaptivity
include advanced pulsed waveform
control and state-of-the-art proces-
sors. Advanced pulsed waveform
control is essential, given that the
electromagnetic spectrum is con-
gested, particularly in areas around
airports and urban areas. Thus, ra-
dar transmissions, particularly those
providing new capabilities, are
highly controlled. This objective is
more easily achieved using a star-
ing radar architecture, versus other
array antenna architectures, as the
staring radar contains just one inde-
pendent, easily accessible transmit
channel. Transmitter and waveform
control properties include:

* Linear, solid-state power ampli-
fiers. At L-Band, COTS units us-
ing LDMOS transistors are read-
ily available. They provide sev-
eral kilowatts output power and
greater than 50 dB gain with gain
flatness less than 1 dB, which
simplifies interfacing.

® Programmable and adaptable,
high dynamic range pulse-
shaping circuits. Implementa-
tions include circuits based on
calibrated vector modulators
or combinations of controllable
phase shifters and attenuators.
Using FPGAs, these circuits ad-
just transmitted RF amplitudes
to accuracies less than 1 dB and
phase to within 2 degrees ap-
proximately every 10 ns.

e Calibration networks, with all re-
ceivers continuously evaluating
transmitted waveforms. These
passive networks split a coupled
version of the transmitted wave-
form and route it to the input of
each receiver element during des-
ignated calibrated periods. The
signal is analyzed real-time to en-
sure consistent performance. Pas-
sive splitter networks and cable
distribution networks have high
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stability in both phase and ampli-
tude over their lifetimes and oper-
ating temperature ranges.

* Full synchronization and adaptive
control of transmitted waveforms
and receiver modes. Program-
mable waveform generators and
processing in each receiver ele-
ment module (using FPGA and
Zynqg SoCs) enable rapid adap-
tivity. All processors are synchro-
nized to an accurate timing da-
tum generated at a single source.

Adaptivity includes changing the
transmitted waveforms and asso-
ciated matched filters and can in-
clude receiver processing modes
to adapt to changing require-
ments or environments.

High-order filtering of transmitted
and received signals, ensuring
low interference and susceptibil-
ity to adjacent spectrum users.
While accurately controlling the
transmitted waveforms ensures
transmissions are accurately con-

ISM

- o
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strained in frequency, to ensure
no unintentional transmission, the
transmitted RF signals and all lo-
cal oscillator frequencies require
high-order filtering, typically using
surface acoustic wave filters. Also,
due to high use of the electro-
magnetic spectrum, particularly
at L-Band, to operate in the pres-
ence of other users of adjacent
frequencies, multiple stages of
filtering are necessary to remove
interference. High-order receiver
filtering is required before the low
noise amplifier, to prevent satura-
tion, and at multiple stages within
the receiver, to minimize the like-
lihood of interference affecting
performance. Using this design

methodology, signals at just 40

MHz separation from the holo-

graphic radar's center frequency

are attenuated by 120 dB.

® | ow gain receiver antennas and IF
digitization, enabling adaptive in-
terference monitoring and cancel-
lation. A low gain receiver anten-
na reduces the risk that in-band
and adjacent frequency systems
will saturate the front-end of the
receiver. Antenna gain is provided
by digital beamformers which
can be configured to place deep
nulls in the directions of interfer-
ence sources. If moving, this is
performed adaptively. If digitiza-
tion is performed using digitizers
operating at sample rates many
times the radars bandwidth,
which enables perfect quadrature
down-conversion (i.e., no image
frequencies) and the ability to
sense returns over much greater
bandwidths. Digital decimating
filters are typically employed in
digital down-conversion; adap-
tive digital filters can be used to
minimize sources of interference
at any adjacent frequencies within
the digitized bandwidth.

The use of state-of-the-art pro-
cessors has enabled significant de-
velopments unbounded by the limi-
tations of processing performance.
Key aspects of the processing archi-
tecture include:
® Processors with supported, clear

development roadmaps, en-

abling future upgradability. Typi-
cally, these are supplied by the
market leaders, such as Intel for
general purpose processing,
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NVIDIA for GPUs and Xilinx for FPGA and SoCs.
Expandable processing architectures compatible
across the product line. Initially, range processing
is performed at the element level, which is then
followed by beamforming processing. Algorithms
are configured so that different bands of ranges or
angles can be processed in isolation by different
processors, enabling division of both processing re-
sources and data. This capability is facilitated using
a combination of high bandwidth network switches
and lossless data compression at key data communi-
cation interfaces.

Use of FPGAs and Xilinx Zyng SoCs to provide criti-
cal timing functionality and high rate element level
processing. For example, these devices perform
down-conversion of signals in approximately 100
MHz sample rate data streams with sub-ns timing;
they also provide flexibility to meet the needs of
multiple applications.

Use of GPUs for element, antenna array and raw array
signal processing. GPUs are ideal for common signal
processing tasks at high processing rates, so they are
effective performing the high data rate radar signal
processing for beamforming, Fourier transforms and
detection.

Server-class processors for conditional processing,
general purpose processing and interfacing to other
systems. These processors are used for operations
such as tracking and recognition.

Examples of further development include:
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* Innovations to reduce the radar’s overall phase noise,

to enable detection of smaller targets in the pres-
ence of high clutter. Ovenized crystal oscillators
(OCXO) provide cost-effective, low phase noise: the
latest devices have provided a 100 MHz reference
frequency to the radar with -160 dBc/Hz phase noise
at 1 kHz offset (see Figure 6). Further improvement is
achieved by developing filters in frequency multipli-
cation circuits to improve the phase noise at higher
frequency offsets.

Numerous improvements in tracking and target rec-
ognition, to use the benefits of operating in a staring
radar configuration. As an example, machine learning

-60
VCO
-80 VCXO |
= SPXO
o TCXO
S -100 -
s}
e
& -120
o
z
o
@ 140
=
o
-160 &
-180 L L Lo Lo
10 100 1,000 10,000 100,000
Frequency Offset (Hz)

N259

42 GHz

U Band
40-60 GHz

AL~ Y ey
; [ =
www.hasco-inc.com/5G @ (=§,= \ =

A Fig. 6 An OCXO enables low phase noise and improves
detection of small targets in high clutter.
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is used to determine the differ-
ence between a bird and a drone,
judging their respective track ki-
nematics and the properties of
their micro-Doppler signatures.

* Adaptive beamforming, to im-
prove the sensitivity in the pres-
ence of high static and dynamic
clutter. Holographic radars are
used in high clutter environ-
ments, such as airports and ur-
ban areas. Given the natural sid-
elobes of planar antenna arrays

N,

S

are high compared to a parabolic
antenna, static and dynamic clut-
ter (e.g., road vehicles) can ob-
fuscate targets across a radar's
entire field of view. Adaptive
techniques have been developed
to identify regions of high clutter
and generate beam patterns with
nulls in these regions, to reduce
the impact of clutter across the
entire field of view, significantly
improving detection sensitivity in
affected environments.
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* Techniques to enable multiple
radars to coexist using the same
frequency channel without in-
terference.  This  development
uses waveform and processing
schemes and implements synchro-
nization and frequency locking cir-
cuitry between radars to provide
a common pulse timing reference
and identical frequency reference.

THE FUTURE

Like the challenges offered by
the proliferation of windfarms and
drones in the medium- to long-term
future, concepts of modular staring
radar architectures will be adapt-
able to emerging sensor needs. In
the shorter term, the development
of variants with extended cover-
age, higher power and higher sen-
sitivity against drones are planned.
System developments will improve
discrimination and overall installed
performance, which are essential to
reducing the operator burden of se-
curity systems. Development plans
include implementing concepts
such as deep learning, adaptive
cognitive techniques and frequency
and polarization diversity.

Holographic radar is integral to
the development of non-coopera-
tive sensing concepts for unmanned
traffic management systems, which
will enable drones to operate safely
in the lower airspace environment,
unlocking their potential. Initial con-
cept development and experimenta-
tion has begun as part of the Nation-
al Beyond visual line of sight Experi-
mentation Corridor initiative. This
will grow to meet future needs for
ubiquitous sensing, broad area and
localized generic sensing for appli-
cations ranging from security to envi-
ronmental monitoring. This need to
improve coverage while maintaining
accuracy is unlikely to be met by in-
creased radar power and sensitivity,
rather by sensor proliferation. In the
near future, multi-site and multi-stat-
ic holographic radar (polygraphic)
operation is inevitable.l

References

1. "THEIA 16A Windfarm Tolerant Radar,”
AVEILLANT Ltd., Web: www.aveillant.
com/products/theial6a/.

2. "GAMEKEEPER 16U Counter-UAS Ra-
dar,” AVEILLANT Ltd., Web: www.aveil-
lant.com/products/gamekeeper;.
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Gamma Irradiation-Induced
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Degradation of the Collector-
Emitter Saturation Voltage
in InGaP/GaAs Single
Heterojunction Bipolar
Transistors

Jincan Zhang, Ligong Sun, Min Liu, Liwen Zhang and Bo Liu

Henan University of Science and Technology, Luoyang, China

We report the investigation of gamma irradiation effects on the collector-emitter saturation

voltage of InGaP/GaAs heterojunction bipolar transistors (HBTs). It is found that the saturation
voltage increases by more than 0.1V after exposure to gamma irradiation with a total dose of
10 Mrad(Si) and subsequent annealing at room temperature. Analysis shows the increase of

saturation voltage is mainly caused by irradiation-induced defects in the base-collector space

charge region, including its bulk and periphery.

70

he GaAs HBT is widely used in the

design of high speed integrated

circuits because of its superior per-

formance.’> The recent growth of
wireless and other high-end communication
applications continues to draw attention to
the long-term reliability of its performance
under irradiation. An important and undesir-
able problem is degradation of the collec-
tor-emitter saturation voltage, Vg, after
iradiation because it affects the operation
of analog and digital circuits. 6 |n analog cir-
cuits, an increase in Vg, can affect the
gain of an amplifier, dependlng on its qui-
escent point, and can cause output distor-
tion. In logic applications, the increase can
decrease noise margin significantly due to
an increase in the on-state voltage drop of
the output.”

This article reports experimental data
showing the Vcg(,y of InGaP/GaAs single
heterojunction blpofar transistors (SHBTSs) in-
creases significantly after exposure to gam-
ma irradiation and subsequent annealing.
The increase in Vg, is related to gamma
irradiation-induced defects in the base-col-
lector space charge region (SCR).

The InGaP/GaAs SHBTs used in this study
are commercial products from WIN Semi-
conductors (see Figure 1). The base-emitter
is an InGaP/GaAs heterojunction and the
emitter area of the transistor is 1.0 x 20 pm?,
IC is 8 MA maximum.

The SHBTs were irradiated without bias
in a gamma cell using a Co®0 source, with a
dose rate of about 50 rad(Si)/sec and irradia-
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tion times of 5.5, 16.5, 38.5 and 55
hours, equivalent to a gamma total
dose of 1, 3, 7 and 10 Mrad(Si), re-
spectively, for the test samples. For
reference, 1 rad(Si) = 0.94 rad(GaAs).
On-wafer DC measurements of the
samples were made at room tem-
perature (T = 300K) using a Keysight
Technologies 4142 semiconductor
analyzer before irradiation, after ir-
radiation and after annealing. The
delay between irradiation and re-

lector current. Figure 2(b) compares
the pre-irradiation, post-irradiation
and post-annealing characteristics,
showing notable changes in the col-

mote testing was approximately
45 minutes. The annealing test was
performed at room temperature,
following an annealing time of ap-
proximately 700 hours.

The DC common-emitter ICVCE
characteristics at 10 pA base cur-
rent for gamma total doses of 7 and
10 Mrad(Si) are shown in Figure 2.
Figure 2(a) compares the pre-irra-
diation and post-irradiation results,
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Semi-Insulating Substrate

A Fig. 1 GaAs HBT cross-section.
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A Fig. 2 CE IcV¢g characteristics
pre-irradiation and post-irradiation (a)
compared to pre-irradiation and post-
annealing (b).
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A Fig. 3 Vgg vs. V¢ for pre-irradiation
and post-annealing.
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lector current. One major effect of
post-annealing is evident from Fig-
ure 2(b): Vegeay increases with in-
creasing gamma total dose. Vgg ver-
sus V¢ at a fixed base current of 10
pA was measured before irradiation,
post-irradiation and post-annealing
(see Figure 3).

ANALYSIS

Why does Vg, increase after
annealing but not post-irradiation?

Gamma irradiation possibly induces
slow interface states at the interface
between the air and insulating pas-
sivation layer that exchange charges
with the semiconductor over a long
time, which causes Vg, to de-
grade as annealing time increases.
The increase in Veggay post—annegl-
ing may be understood by consid-
ering a modified Ebers-Moll model
of the transistor (see Figure 4). Ige
and Icc are the base and collec-
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tor currents, respectively, caused
by the forward injection across the
base-emitter junction. These two
components can be measured inde-
pendently using forward Gummel
measurements with Vg = 0. Simi-
larly, Igc and lgc are the base and
emitter currents, respectively, that
are reverse injected by the base-
collector junction. These can also
be measured using inverse Gummel
measurements with Vg = 0.

In the saturation region, where
both the base-emitter and the base-
collector are forward biased, the to-
tal collector current is given by

lc = lec = e = e (1)

The inverse Gummel measure-
ments show that lgc « Igc, so Ic is
approximately

lc =lec —lgc =

lecs quBEi/nBEkT _ 1) _

lcs ( o VBcimBckT _ 1] (2)

where Vg and Ve are the base-
emitter and base-collector junction
voltages, respectively, lccg and nge
are the saturation current and ideal-
ity factor of the collector current
from the forward Gummel measure-
ments. Similarly, lgcs and mpc are
the saturation current and ideality
factor of the base current from the
reverse  Gummel measurements.
The junction voltages may be differ-
ent than the terminal voltages be-
cause of the voltage drops across
the parasitic series resistances Rg,
Rg and R of the emitter, base and
collector, respectively.

Vaei = Vee — Rs — ERe (3)

and

Vaci = Vac - 1BRg + IcRc (4)
Ve

lsc

o3 Ok O

B ——

VE

A Fig. 4 Modified Ebers-Moll model of
a bipolar transistor.
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The collector-emitter saturation
voltage, Vegeay, is given by

Vee(sat) = VBE — VBC (5)
where Vg and Vg are obtained by

solving Equations 3 and 4, respec-
tively. This gives

lERE + IcRc + VBei = Vaci (6)

These equations provide physi-
cal insight for understanding the
gamma irradiation-induced increase
of Vegay: The measured values of
lcc versus Vgg and I versus Vg are
plotted in Figure 5. Two horizontal
lines, A and B, are drawn at the val-
ues of Vgg and Vg determined, re-
spectively, from Figures 2(b) and 3
and Equation 5 at Ic = 0.5 mA. In
this case, the HBT operates in the

saturation region, so Vg, IS sim-
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Post-Annealing of 10 Mrad(Si)
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VBC,VBE(V)

Inverse Gummel Igc and
forward Gummel I¢¢ characteristics pre-
irradiation and post-annealing.

ply the horizontal voltage separa-
tion between Vgg and Vpc.

Figure 5 shows that I increases
slightly after annealing, the increase
with gamma dose due to the in-
creased saturation current of the base-
emitter junction. This is caused by the
large number of radiation-induced
defects, causing amphoteric interface
states to serve as efficient generation/
recombination centers. On the other
hand, the base current, lgc, in the
inverse Gummel plots increases sig-
nificantly after annealing, the increase
in gamma dose is due to additional
recombination in the SCR and quasi-
neutral region. The increase of Vg
is caused by the increase in current in-
jected by the base-collector junction;
the physical mechanism is discussed
by Shatalov et al.8

The physical mechanism respon-
sible for the increase of base-collec-
tor junction saturation current can
be further understood by analyzing
the base current, lzc, in the inverse
Gummel measurements. For SHBTS,
lgc has two main components: 1) re-
combination of electron-hole pairs in
the bulk of the SCR and along its pe-
riphery and 2) recombination of in-
jected holes in the bulk of the neutral
collector region and at the surface.
In the Vertical Bipolar Inte-Company
(VBIC) model, Ig¢ is given by

lbc = lgci + lben = Isa (7)

NV

Ve —IgRg +IcR
lBCN[eXp[ BC BB Tlc CJ_1J

NCNVtv

lgc is the sum of two compo-
nents: lgc;, modeled with a satura-
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tion current, Iz, and ideality factor
Nc = 1 that comprises the neutral
collector region recombination; and
a non-ideal component for the SCR,
modeled with saturation current
lgcn and ideality factor Ny = 2 for
InGaP/GaAs SHBTs.

Using the data from the gamma
total dose of 10 Mrad(Si) and the
VBIC model in Advanced Design
System, the non-ideal base-collector
saturation current, Igcy, increases sig-
nificantly from 5.06 x 1014 A to 6.04

x 107" A, and the ideal base-collec-
tor saturation current, Iz, increases
relatively slightly from 1.49 x 1020 A
to 2.24 x 1017 A. The observed in-
crease in the saturation current of the
base-collector junction appears to be
mainly due to an increase of recombi-
nation current in the SCR.
Considering the effects of R-
and Rg in Equation 6 on the col-
lector current after annealing, the
first term, IgRg, is proportional to
Rg, assuming Ig is a fixed constant

NORDEN
MILLIMETER

Down Converters
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Power Amplifiers

in this analysis. The total emitter se-
ries resistance is measured with the
fly-back technique, where the emit-
ter is grounded, current is forced
into the base and the open circuit
collector voltage is measured. The
emitter resistance is the slope of the
linear segment of the curve. Figure
6 compares Rg from fly-back mea-
surements for the GaAs HBTs be-
fore irradiation and after annealing.
The figure shows almost no change
in slope after annealing with 10
Mrad(Si) gamma irradiation, which
means Rg has not contributed to an
increase in Vg gy The second term
of Equation 6 represents the contri-
bution from R¢, the total collector
series resistance, which includes the
extrinsic collector resistance, Rcy,
and the intrinsic collector resistance,
Rey. in the VBIC model. Figure 7
shows the Ry obtained from fly-
back measurements, similar to the
Rge measurements shown in Figure
6. The value of Rey equals the slope
of the linear segment of the curve,
which changes slightly after anneal-
ing. R¢y can be determined by op-
timizing the fit to the data from the
common-emitter |-Vg characteris-
tics of the quasi-saturation region.

Pre-Irradiation
130 — Post-Annealing of 7 Mrad(Si) |—
Post-Annealing of 10 Mrad(Si)

120 J/f/

110j/

100 1 1 1 1
10 11 12 13 14 15

lg(mA)

Ve(mV)

A Fig. 6 Fly-back measurement of V¢
vs. |z, showing emitter resistance, Rg.

Pre-Irradiation
Post-Annealing of 7 Mrad(Si)
80 —{ Post-Annealing of 10 Mrad(Si) —

. e
% / /
/

50

Ve(mV)

L=

40 | | | |
10 11 12 13 14 15

Ig(mA)

A Fig. 7 Fly-back measurement of
Vg vs. lg, showing extrinsic collector
resistance, Rcy.

tecte and provided for personal use only - not for reprgg&ﬁt' eEE%as issi
For reprints please contact the Publisher. OURNAL wFEBRDARY 2021



/Anokiwave

mmW Solutions. Enabling a new world

Enabling Small SWaP-C for
Active Electronically Steered RADARs

Complete Plug and Play IC Family
for X-Band RADAR

¢ 4 channel beamformer ICs with T/R duplex

¢ Front End IC with integrated PA/limiter/SW

¢ Single Rx for efficient DC power

* Dual Rx for dual polarity/monopulse capability

AWS-0101 for Low Noise Figure
AWS-0103 for High Input IP3
AWMF-0106 Front End IC

mmW Intelligent Array mmW Algorithms
Silicon ICs IC Solutions to Antennas

dueHOd or retransmission.

Content is copyright protedied Und s ded CokPethonk
For reprints plea



e

FEATURED

a4

The information you need, from industry experts

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™
Flying an Agile RF Transceiver in Space

ROHDE&SCHWARZ
Make ideas real

NewSpace Terminal Testing Challenges and
Considerations

Application Note: Improving R&S®FSWP
Measurement Speed

SKYWORKS'

LoRa® Connectivity Made Smarter with
Low-power, Front-end Modules

ese new online Technical Papers
ed at MWJournal.com

Journal

80

TechnicalFeature

Rc increases from 3.94 to 4.94 Q with the irradiation dose
of 10 Mrad(Si) due to an irradiation-induced carrier de-
crease in the neutral collector region. In the post-anneal-
ing following 10 Mrad(Si) gamma irradiation, the second
term increases by only 8 mV, even with |- = 8 mA, which
is the maximum I of the test samples. Thus, the contri-
bution of the parasitic series resistances to the increase
of Vegsay is negligible, even at the maximum Ic.

CONCLUSION

The collector-emitter voltage drop, Vcgay, across
the InGaP/GaAs SHBTs at saturation increases by more
than 0.1V after annealing gamma irradiation with a to-
tal dose of 10 Mrad(Si). From the analysis, the Vg
increase is caused by irradiation-induced defects in
the SCR and the neutral collector region. Experiments
and analysis show that the defects in the SCR play a
more important role increasing Vcg(,y than defects in
the neutral collector region. With an increase in maxi-
mum |, however, defects in the neutral collector re-
gion restrain the increase in Vg, in gamma radiation
environments.ll

sa
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On-Wafer, Large-Signal
Transistor Characterization from
70-110 GHz Using an Optimized

Load-Pull Technique

Jason Zhang, Jonas Urbonas and Giampiero Esposito
Maury Microwave, Ontario, Calif.

Andrea Arias-Purdue and Petra Rowell
Teledyne Technologies, Thousand Oaks, Calif.

The ability to benchmark the performance of semiconductor technologies using small periphery
devices, quickly and accurately, can reduce development cost and expedite time to market. This
can now be achieved using hybrid-active vector receiver load-pull measurements that enable

E- and W-Band device characterization up to gamma magnitudes of 1 at the device-under-test
(DUT) reference plane.

uch of the next generation of
wireless technologies for mo-
bile, satellite, automotive and
radiolocation are being de-
signed to operate in the upper mmWave
bands of 70 to 110 GHz. For mobile and
satellite, this means 10x to 100x more avail-
able unlicensed spectrum compared to the
sub-10 GHz bands, leading to increased
data bandwidth, transmission rate and data
throughput. For automotive applications

TABLE 1

TRANSISTOR TECHNOLOGY MMWAVE PERFORMANCE

Technology @ fmax  Frequency Power-Added Power Reference
(GHz) (GHz) Efficiency (%) (dBm)

InP HBT 580 76 26.9 26.4 1

SiGe HBT 360 76 124 27.3 2

CMOS SOl 410 77 18 19.6 B

GaN HEMT 400 76 10 324 4

82

and radiolocation, mmWave frequencies
provide higher imaging resolution and im-
proved intra- and inter-vehicle communica-
tions. This enables applications such as au-
tomotive radar, collision avoidance and traf-
fic information exchange between vehicles.

Designing solutions to work effectively
and efficiently in these frequency bands is
not a simple task. It is especially challenging
to design mmWave circuitry, such as trans-
mitters and receivers, which include amplifi-
ers to boost signal power levels. Active com-
ponents are critical to achieving the required
performance. Some of the biggest chal-
lenges to overcome are the low gain, output
power and efficiency of transistors at these
frequencies. To address these limitations,
multiple technologies have been developed
(see Table 1). While these semiconductor
technologies offer good performance for
applications in the 20 to 40 GHz range,® i.e.,
the 5G FR2 range, transistor performance
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A Fig. 1 Mechanical tuner (a) and active loop (b) load-pull measurement.

drops as frequency increases, limit-
ing their use for applications over 70
GHz. This is due to the device para-
sitics becoming significant at E- and
W-Bands. The cutoff frequency (f,)
of a device should ideally be about
10x the target operating frequency
for the device not to become one of
the major limiting factors in a high
efficiency power amplifier design.
So it is critical to optimize the circuit
design to squeeze out every last
tenth of a dB of gain, dBm of output
power and percent of efficiency.
Optimal circuit design can only
be realized with accurate device
models or fully characterized tran-
sistors. While a robust mmWave

device model is often available for
a mature device technology, newer
modeling approaches can use ac-
curate device reference plane mea-
surements to develop device mod-
els for less mature technologies.®
mmWave device models based on
neural networks, for example, may
offer an advantage compared to the
current modeling paradigm.
Load-pull, the technique of sys-
tematically varying the reflection
coefficient (I') at the output of a
DUT and measuring changes in its
performance, is a practical method
for extracting and validating mod-
els and for performing small- and
large-signal device characterization.
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A common consideration when per-
forming load-pull at E- and W-Band
is choosing the size of device to
characterize. Performing load-pull
on devices with small peripheries—
less than four fingers—results in
lower fabrication costs and time and
contributes to faster time to market
and higher profitability.” The small
periphery, however, usually has high
device Sq4 and S,,. This makes char-
acterization challenging because I'|
> 0.9 at the DUT reference plane
is required to fully characterize the
device. Conventional tuner-based
load-pull setups struggle to achieve
I’ = 0.7 at the DUT reference plane,
limited by high insertion loss of the
RF probes connecting the test sys-
tem to the DUT. As such, designers
tend to fabricate larger devices with
more than four fingers8 or include
pre-matching circuitry? to lower the
I', required to characterize DUTs.
This, however, increases fabrica-
tion cost and time, which can delay
technology development and time
to market.

Recent advances in measure-
ment technology and instrumen-
tation have enabled hybrid-active
vector receiver load-pull for high-
power, mmWave device character-
ization, including the 70 to 110 GHz
bands discussed here.

HYBRID-ACTIVE LOAD-PULL
Consider a two-port network
where the waves incident to and
reflected by the network are de-
noted as a, and b,, respectively,
where x denotes the network port.
This network has an input reflection
coefficient I, = by/a; and a load
reflection coefficient defined as I'|
= ay/b,. Load-pull characterization
enables the user to systematically
vary I'| presented to the DUT while
measuring a multitude of device pa-
rameters versus drive power at each
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impedance state. Passive load-
pull'0 uses mechanical impedance
tuners to change the magnitude
and phase of the reflected signal
a, and vary the I'| presented to the
DUT. This is accomplished by mov-
ing a probe up, down, left and right
along a 50 Q airline (see Figure 1a).
IT"| will always be < 1, since a, will
always be smaller due to losses be-
tween the output of the DUT and
the tuner. Ogen—loop active load-
pull systems'® do not rely on a me-
chanical tuner to reflect part of b,
back as a,. Instead, they use active
signal injection with magnitude and
phase control to create a new signal
a, (see Figure 1b). When amplified
by an external amplifier, any a, and
any I'| can be achieved.

Active tuning has several advan-
tages over passive tuning, including
faster speed and increased cover-
age of the Smith chart. This is be-
cause there are no mechanical mov-
ing parts, and the actively generat-
ed a, wave can be used to set |I'|| >
1. The challenge with active tuning
is the availability of driver amplifiers

Output

Input i | Amplitude and Phase Control Module | i

Input

. 000® 14
oe @QO o®

Output

P
Attenuator

p
Attenuator

A Fig. 2 W-Band hybrid-active load-pull measurement system.

to boost the a, signal. Typically, they
are required to have 5x to 10x high-
er output power than the DUT due
to the mismatch between the DUT
output impedance and the nominal
50 Q impedance of the driver ampli-
fier. A modified approach, hybrid-
active load-pull, overcomes this
challenge by pre-matching the DUT
impedance with a passive imped-
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ance tuner, which lowers the driver
amplifier output power required to
deliver the same signal a, to the
output of the DUT (see Figure 2).

To date, active and hybrid-active
load-pull have been limited to co-
axial measurements in commer-
cially available systems because of
the impracticality of measuring and
controlling the magnitudes and
phases of the a and b waves using
waveguide frequency extenders.
To overcome this limitation, Maury
Microwave has introduced custom
low-loss couplers with integrated
down-conversion (see block A in
Figure 2), which extend VNA-based
load-pull measurements to 110
GHz, and a source control unit (see
block B in Figure 2) enables accu-
rate amplitude and phase control to
110 GHz. The custom couplers en-
able direct a and b wave measure-
ments at the vector calibrated DUT
reference plane, increasing system
measurement accuracy and provid-
ing critical device performance—
output power, power gain, input I'
and power-added efficiency (PAE)
—for each input power level and
load impedance state. The ampli-
tude and phase controller with the
frequency multiplier and step atten-
uator on the load loop (see block C
in Figure 2) enable 0.01 dB magni-
tude and 0.1 degree phase control
of the a, wave.

This hybrid-active load-pull solu-
tion enables W-Band VNA-based
load-pull measurements, reaching
IT'| = 1 at the probe tip reference
plane for DUTs with output power
on the order of 1 to 2 W. These
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A Fig. 3 Device drain efficiency measured using a traditional
load-pull setup, showing a maximum drain efficiency of 31.5
percent at 75 GHz. The traditional setup can't obtain closed

contours.

capabilities enable measurements
of highly mismatched devices pre-
viously impossible to characterize
due to system limitations. The im-
plementation of active load-pull us-
ing waveguide frequency extenders
is possible up to 1.1 THz, frequen-
cies where commercial automated
impedance tuners are unavailable
or impractical.!!

75 GHz.

DEVICE MEASUREMENTS

To demonstrate this solution, a
small periphery, two finger, GaN
HEMT was characterized at 75 GHz
using passive and hybrid-active
load-pull systems. A traditional
waveguide passive load-pull system
could only achieve a maximum |I'||<
0.62. Without closed contours (see
Figure 3), the best device perfor-
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A Fig. 4 Device drain efficiency measured using a hybrid-
active load-pull setup, which provides closed contours. At 2 dB
compression, the maximum drain efficiency is 32.5 percent at

mance may be missed, leading to
incorrect conclusions about the opti-
mum DUT impedances. As noted,
this is problematic when charac-
terizing small periphery active de-
vices, where the output impedance
is typically close to the edge of the
Smith chart. The same device PAE
characterization using a hybrid-
active load-pull system is shown in
Figure 4. Much higher magnitude
I'| is achieved at the DUT reference
plane, enabling closed contours
and providing confidence the cor-
rect load impedances are identified
to maximize DUT performance.

Other benefits of hybrid-active
vector receiver load-pull include re-
al-time measurements of the a and
b waves at the input and output of
the DUT, which enable characteriz-
ing power gain variation and input
reflection coefficient versus avail-
able input power and load imped-
ance. Figure 5 shows the measured
gain variation with load impedance
of the GaN HEMT. The characteriza-
tion of input impedance variation
is important when optimizing the
power gain at a particular DUT input
power level, to optimize the design
of the input and output matching
networks. Due to the low device
gain at these frequencies, designers
must consider the tradeoffs among
power gain, drain efficiency, PAE
and output power.

CONCLUSION

During the initial stages of de-
vice technology development,
timely feedback to device develop-
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A Fig. 5 GaN HEMT power gain vs. load impedance
measured with the hybrid-active vector-receiver load-pull

system.

ment engineers is important to ac-
celerate the development process.
Quickly and accurately benchmark-
ing the performance of various
semiconductor technologies using
small periphery devices contributes

input power, out-
put power, power
gain and PAE that
are not normally
available from scalar measure-
ments. This enables higher device
characterization accuracy, facilitat-
ing more accurate device param-
eter extraction for better model
fidelity.l

& Cal Kits

g

w;vw.soon'rai.com www.soontai-tech.com
TEL: 886-6-2016969 E-mail: soontai@soontai.com

90

References

1.

Content is copyright protected and provided for personal use only - not for repr:
For reprints please contact the Publisher.

Z. Griffith, M. Urteaga, P. Rowell and R.
Pierson, “340-440 mW Broadband, High-
Efficiency E-Band PA's in InP HBT,” IEEE
Compound  Semiconductor  Integrated
Circuit Symposium, October 2015.

H. Lin and G. M. Rebeiz, “A 70-80-GHz
SiGe Amplifier with Peak Output Power
of 27.3 dBm,” IEEE Transactions on Mi-
crowave Theory and Techniques, Vol. 64,
No. 7, July 2016, pp. 2039-2049.

J. A. Jayamon, J. F. Buckwalter and P.
M. Asbeck, “A PMOS mm-Wave Power
Amplifier at 77 GHz with 90 mW Output
Power and 24% Efficiency,” IEEE Radio
Frequency Integrated Circuits Sympo-
sium, May 2016.

D. Xu, K. Chu, J. A. Diaz, M. D. Ashman,
J. J. Komiak, L. M. Mt. Pleasant, A. Vera, P.
Sekell, X. Yang, C. Creamer, K. B. Nichols,
K. H. G. Duh, P. M. Smith, P. C. Chao, L.
Dong and P. D. Ye, “0.1-um InAIN/GaN
High Electron-Mobility Transistors for
Power Amplifiers Operating at 71-76 and
81-86 GHz: Impact of Passivation and
Gate Recess,” IEEE Transactions on Elec-
tron Devices, Vol. 63, No. 8, August 2016,
pp. 3076-3083.

D. Lammers, “RF SOI Shines for 5G Pow-
er Amps,” Global Foundries, February
2019, www.globalfoundries.com/news-
events/press-releases/rf-soi-shines-5g-
power-amps.

D. M. M. -P. Schreurs, J. Verspecht, S. Van-
denberghe and E. Vandamme, “Straight-
forward and Accurate Nonlinear Device
Model Parameter-Estimation Method
Based on Vectorial Large-Signal Measure-
ments,” IEEE Transactions on Microwave
Theory and Techniques, Vol. 50, No. 10,
October 2002, pp. 2315-2319.

K. Makiyama, Y. Niida, S. Ozaki, T. Ohki, N.
Okamoto, Y. Minoura, M. Sato, Y. Kamada,
K. Joshin, K. Watanabe and Y. Miyamoto,
"High-Power-Density INAIGaN/GaN-HEMT
Technology for W-Band Amplifier,” IEEE
Compound Semiconductor Integrated Cir-
cuit Symposium, October 2016.

S. Taking, D. MacFarlane, A. Z. Khokhar,
A. M. Dabiran and E. Wasige, “DC and RF
Performance of AIN/GaN MOS-HEMTs,"”
Proceedings of the Asia-Pacific Micro-
wave Conference, December 2010, pp.
445-448.

J. M. Schellenberg, “A 2-W W-Band GaN
Traveling-Wave Amplifier With 25-GHz
Bandwidth,” IEEE Transactions on Micro-
wave Theory and Techniques, Vol. 63, No.
9, September 2015, pp. 2833-2840.

. S. Dudkiewicz and R. Hilton, “Overcom-

ing the Challenges of On-Wafer Load-Pull
Measurements at MillimeterWave Fre-
quencies for 5G Applications,” Maury Mi-
crowave Corporation, Application Note
5A-070, July 2018, www.maurymw.com/
pdf/datasheets/5A-070.pdf.

. C. De Martino, L. Galatro, R. Romano,

G. Parisi and M. Spirito, “Hardware and
Software Solutions for Active Frequency
Scalable (sub)mm-Wave Load Pull,” IEEE
Transactions on Microwave Theory and
Techniques, Vol. 68, No. 9, July 2020, pp.
3769-3775.

QA O QA SIS SR Ry 2021



mazingly Low Phase Noise

AW veo's

Features:
| Very Low Post Thermal Drift >
| Small Size Surface Mount* g RELoPRO®

Model Frequency Tuning Voltage DC Bias VDC Phase Noise @ 10 kHz
[MHz] [vDC] @ | [Max.] (dBc/Hz) [Typ.]
HFS0640-5 640 05-12 +5VDC @ 35 mA -151
I HFSO745R84-5 745.84 05-12 +5VDC @ 35 mA -147
: HFSO776R82-5 776.82 0.5-12 +5VDC @ 35 mA -146
‘ HFS0800-5 800 05-12 +5VDC @ 20 mA -146
HFS0800-5H 800 05-12 +5VDC @ 20 mA -150
HFSO0800-5L 800 05-12 +5VDC @ 20 mA -142
HFS0914R8-5 914.8 05-12 +5VDC @ 35 mA -139
- HFS01000-5 1000 0.5-12 +5VDC @ 35 mA -141
- HFS01000-5L 1000 05-12 +5VDC @ 35 mA -137
. MS01000-3 1000 05-14 +3VDC @ 35 mA -138
- HFS01200-5 1200 05-12 +5VDC @ 100 mA -140
. HFS01600-5 1600 0.5-12 +5VDC @ 100 mA =137
HFS01600-5L 1600 05-12 +5VDC @ 100 mA -133
HFS02000-5 2000 0.5-12 +5VDC @ 100 mA -137
HFS02000-5L 2000 05-12 +5VDC @ 100 mA -133

* Package dimension varies by model. ( 0.3” x 0.3” to 0.75” x 0.75”)

Talk To Us About Your Gustom Requirements.

MY IANAET AN Phone: (973) 881-8800 | Fax: (973) 881-8361

B = E-mail: sales@synergymwave.com

A A BNl AL Web: WWW.SYNERGYMWAVE.COM
MICROWAVE CORPORATION Mail: 201 McLean Boulevard, Paterson, NJ 07504

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



ProductFeature

92

Signal and

Spectrum
Analyzer With
8.3 GHz Analysis

Bandwidth

Rohde & Schwarz

Munich, Germany

egarded as a leading instrument for
ultra-wideband signal analysis, the
R&S FSW signal and spectrum ana-
lyzer offers an input frequency range
to 90 GHz and a recently introduced option
extending the analysis bandwidth to 8.3 GHz.

While already standard in radar and com-
munications, bandwidths of 4 GHz or more
are becoming common in multiple industries
with the trend to higher frequency applica-
tions. Traditionally, the approach for signal
analysis in these wideband systems has re-
sorted to workaround practices, since a user-
friendly, single box solution was not available.
Since the high speed analog-to-digital con-
verters needed to sample the modulated sig-
nal were only available in oscilloscopes, work-
around solutions used a signal and spectrum
analyzer as a wideband down-converter feed-
ing the signals to an oscilloscope.

While this approach produces good re-
sults, Rohde & Schwarz offers a more con-
venient alternative: a single box solution of-
fering ease of automation and full datasheet
capabilities for both signal and spectrum
analysis. The R&S FSW signal and spectrum
analyzer now includes options to extend the
internal signal analysis bandwidth to 4.4, 6.4
and 8.3 GHz. The R&S FSW enables users
to take advantage of the analyzer's wide dy-
namic range and high sensitivity in a single

instrument. With its precision measurement
and low error vector magnitude perfor-
mance supporting large modulation band-
width, the R&S FSW provides a future-proof
solution for the measurement challenges of
many applications.

SAFETY ON THE ROAD

In radar systems, wider bandwidth im-
proves range resolution. Applied to automo-
tive radar, frequency modulated continuous
wave radars are considered the state-of-the-
art architecture, as they provide extremely
good resolution at short range. Current au-
tomotive radar systems operate in E-Band
(76 to 77 or 77 to 81 GHz) with bandwidth
as high as 4 GHz (see Figure 1). This perfor-
mance imposes stringent requirements on
the signal processing chain, particularly the
analog components, which must have better
signal-to-noise ratio and frequency stability.
The R&S FSW signal and spectrum analyzer
offers the frequency coverage and band-
width to assess the performance of these
high performance systems.

With higher signal bandwidth and the
growing number of radar sensors on ve-
hicles, the risk of interference among sen-
sors is increasing. Signals from neighboring
vehicles can limit radar sensor functionality
and, worst case, cause driver assistance sys-
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A Fig. 1 Analysis of automotive radar FMCW signal at 77 GHz.

tems to make incorrect decisions.
To avoid this, precision measure-
ments are necessary to identify
potential faults. Validating compli-
ance with ETSI and FCC standards
requires both signal and spectrum
analysis to measure the occupied
bandwidth and detect spurious
emissions. The R&S FSW signal and
spectrum analyzer offers both signal
and spectrum analysis.

COMMUNICATIONS
In communications, increasing
frequency and modulation band-

width has a long history, as each
new generation of technology pro-
vides higher content. 5G introduced
the use of wideband channels at
mmWave frequencies in handsets.
Digital predistortion (DPD) is widely
used to correct the nonlinearities
of power amplifiers. To analyze the
performance of DPD systems, both
the user channel and adjacent chan-
nels must be measured. For an 800
MHz multicarrier 5G NR signal, this
requires up to 4 GHz analysis band-
width. The 802.11ay standard for
Wi-Fi supports channel bonding,

Precision Right Angle Adapters in Stock

C2563 $130 TNC
18 Ghz VSWR 1.25 |

C5540 $135 N
18 Ghz VSWR 1.25

-~
-ﬁ.
P L
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33 Ghz VSWR 1.25

C7035 $220 2.92
40 Ghz VSWR 1.25

C3435 $60 SMA
27 Ghz VSWR 1.15
———

Fast Delivery!
Low VSWRI!
Huge Inventory!

C7552 $297 24
50 Ghz VSWR 1.40
————t

C3239 $45 SMA
18 Ghz VSWR 1.25

C€3407 $60 SMA
27 Ghz VSWR 1.15 |

C7051 $220 2.92
40 Ghz VSWR 1.25 |

C3557 $150 N-SMA
18 Ghz VSWR 1.20 |

ﬁ

@en’rrlcRF  www.CentricRF.com 1-800-399-6891
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A Fig. 2 IEEE802.11ay channel bonded signal spanning 8 GHz.

which leads to signals with band-
widths greater than 8 GHz at 60
GHz (see Figure 2). To support the
data rates enabled by 5G, Gbps
point-to-point radio links are used
at E- and D-Band, and R&D is be-
ginning on communications links in
the sub-THz bands.

Future high throughput satellites,
being designed to support Tbps
capacity, will also move to higher
frequencies and wider bandwidths,
with bandwidths expected to reach
6 to 8 GHz at frequencies to 90 GHz.

DEFENSE

A radar system designed for mili-
tary applications will typically change
its modulation and frequency with
each pulse and hop across a wide fre-
quency range. These pulse-to-pulse
changes reduce the probability of
intercept by enemy reconnaissance
and subsequent jamming. Jammers
attempt to reduce the sensitivity of
the radar or render it completely
blind by using wideband noise or fre-
quency agile signals. The R&S FSW's
wideband acquisition capability can
analyze wideband frequency hops,
for testing both radar and jamming
systems.

With the expanded analysis band-
width options and dedicated mea-
surement applications tailored to
meet industry needs, the R&S FSW
is ready for whatever direction tech-
nology takes. As a testament to the
instrument, Rohde & Schwarz is rely-
ing on the wide analysis bandwidth
capabilities of the R&S FSW for its
own R&D on new wireless systems.

Y)VENDORVIEW

Rohde & Schwarz
Munich, Germany
www.rohde-schwarz.com
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Waveguide Straights, Bends, and Twists

Offered with either rectangular or circular waveguide interface. Standard straight lengths are 1” and

2” but can exceed 12” depending on waveguide size. Bends are offered in 90 degree E and H-Plane
configurations while LH/RH twists are offered at 90 and 45 degrees. Most models are copper and brass
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Custom Waveguides

A single section accommodating multiple bends and twists with arbitrary angles are offered
under custom model numbers. Detailed drawings and STEP files are encouraged while
submitting the RFQ. Note that waveguide bends and twists are only available for rectangular
waveguides. For circular waveguides, only machined straight sections are available.

Flexible Waveguides

Designed for system integration applications, flexible waveguides can be cost-effective alternatives to
rigid solutions. Lower frequency models have vulcanized silicone rubber jackets for robustness and
feature static twist functionality. Offered in lengths exceeding 35.4 inches. Higher frequency models are
offered in 1”7, 2”, and 4” lengths with a polysulfide jacket. Flexguides offered from 5.85 to 110 GHz.
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Managing Many
Devices and Multiple
Standards in the
Connected Home

Qorvo, Inc.
Greensboro, N.C.

he number of connected devices
in our homes and cars continues
to rise, and we increasingly rely on
them for convenience, comfort,
health and safety (see Figure 1). Although
connected, these devices communicate
using different standards depending on
the application. In addition to Wi-Fi, sev-
eral loT standards have been developed:
Bluetooth® Low Energy (LE), Zigbee® and
Thread®. More technologies are coming,
such as the Connected Home Over IP ini-
tiative, which combines several technolo-

5G LTE
Femtocell
Wi-Fi Gateway

Cable/DSL
Router

A Fig. 1 The “smart” home has an array of devices connected using various

wireless standards.

96

gies—802.15.4 and Bluetooth LE—into a
single standard.

These low-power, low data rate wireless
standards are commonly used in products
from door locks to LED lights to appliances.
The multiple wireless technologies force
product designers to decide, in advance,
which technology to use and that choice af-
fects the product’s design. The increasing
options make choosing among them and
future-proofing products more challeng-
ing. While communications devices do have
some form of dynamic multi-protocol (DMP)
support, it requires tradeoffs; DMP is not
sufficient to realize the full benefits of the
connected home. Truly seamless connectiv-
ity can only be achieved with the capability
to simultaneously listen and hear all the de-
vices on the network, not just a few.

To address this challenge, Qorvo has
developed ConcurrentConnect™ technol-
ogy, the next step in managing the multiple
wireless standards in the home. Concur-
rentConnect technology supports multiple
networks on different protocols, such as Zig-
bee + CHIP or Zigbee + Bluetooth LE to a
smartphone or CHIP + Bluetooth LE Mesh.
With ConcurrentConnect technology, the
consumer experiences seamless operation
of their devices without loss of performance,
regardless of the wireless protocol.
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Bluetooth®
Low Energy

(a)

Bluetooth® Low Energy Scan

Bluetooth® Low Energy Scan

Bluetooth®
Low Energy
and Zigbee

(b)

A Fig. 2 Separate Zigbee and Bluetooth LE nodes operating independently (a).
ConcurrentConnect support enables concurrent listening and faster switching between

standards (b).

Consider a network combining
ZigBee or Thread with Bluetooth
LE devices and without Concurrent-
Connect support. The wireless node
must switch back and forth between
standards, communicating with one
at a time, the other blocked until
the medium becomes free (see Fig-
ure 2a). In addition to inefficiency,
switching between the standards
can drop the link and increase la-
tency, limiting the data exchanged
through both networks. With Con-
currentConnect  technology, the
node has concurrent listening ca-
pability and near-instantaneous
switching from Bluetooth LE to Zig-

Traveling Wave Tube Amp

bee or Thread, with little dropped
communication, if any (see Figure
2b). Communication between de-
vices is faster, more efficient and
scalable, yielding more data pack-
ets exchanged. ConcurrentConnect
support improves the exchanges
among devices using different pro-
tocols to levels not achievable using
separate nodes, providing design-
ers the ability to support multiple
standards more easily.

Qorvo has integrated Concurrent-
Connect technology into a single IC,
single radio solution and software
development kit (SDK). In addition to
managing data traffic from multiple

ers

COMPACT COMMERCIAL SERIES

—— FEATURES:

Low Noise, High PRF

Available for Rugged applications
Increased durability

Improved control system

Optional touch-screen interface
High-powered for pulsed CW operations
Fully customizeable

Quarterwave provides top-notch
innovation, quality service and specializet
one-on-one approach by our team of expert
engineers. With over 30 years experience
in the industry, Quarterwave's Traveling
Wave Tube Amplifiers (TWTAs), High

Voltage Power Systems, and Microwave
Tube testing equipment has proven to b
unbeatably reliable and versatile.

Quarterwave Corporation, 1500 Valley House Dr. #100, Rohnert Park, CA 94928
Quarterwave.com | T.1(707)793-9105 | F.1(707)793-9245 | Sales@quarterwave.com
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standards at the same time, with no
detectable latency, ConcurrentCon-
nect technology reduces the part
content for a product design, which
enables smaller, sleeker form factors
and lower product cost.

Developing a single radio to sup-
port multiple protocols simultane-
ously posed major hardware and
software challenges. Each protocol
has unique specifications govern-
ing how and when devices listen
to incoming packets and transmit
outgoing packets. Some protocols
define fixed time intervals during
which the radio predicts when it
should switch to the appropriate
frequency. Most of the time—es-
pecially while listening, before the
connection phase, while detecting
candidates for connection—the ra-
dio must constantly detect incom-
ing packets asynchronously, without
prior knowledge of when it should
open its receive window for incom-
ing packets. Additionally, Qorvo’s
solution required a simple interface,
so developers could be agnostic to
the various protocols.

WHY IT WORKS BETTER

Qorvo's  concurrent  listening
technology shifts the paradigm. It
enables asynchronous interleaving
of packets from different protocols
on the hardware, the device virtually
listening to multiple protocols at the
same time, with no blind spots while
listening. This maximizes use of the
medium, as ConcurrentConnect
technology maintains a synchro-
nized connection, at the same time
listening to asynchronous events
from multiple protocols. It is ab-
stracted with a SDK, which provides
straightforward APls so the applica-
tion developer can easily integrate
the capability into new products.

The key differentiator of Concur-
rentConnect technology compared
to DMP is predictability versus un-
predictability. DMP is based on the
predictability of the packets received
and sent. It requires knowing the
times to switch to Bluetooth LE, then
back to Zigbee or Thread, for ex-
ample. ConcurrentConnect supports
unpredictability: simultaneous syn-
chronous and asynchronous opera-
tion. It uses the unique hardware fea-
tures in Qorvo's platform to detect
and identify packets efficiently. Once
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Application

Qorvo® Software Development Kit API

Thread ®
Bluetooth® Stack

802.15.4 MAC

Zigbee
Stack

Bluetooth® Low
Energy Link Layer

m—

Packet Detection and
Identification

Qorvo® Silicon

ProductfFeature

A Fig. 3 ConcurrentConnect technology
architecture with Zigbee and Bluetooth LE.

detected, each packet is identified,
real-time, by the hardware, which
sends the packet to the appropriate
protocol stack, eliminating the need
for additional, routing logic at the
higher software layers (see Figure 3).
The SDK enables combinations of
the preferred protocols for the appli-
cation, so the application “thinks” it
has its own radio. This simplifies ap-
plication development and enables
developers to focus on the differen-
tiators of their products.

BENEFITS

Supporting high frequency data
transfers among multiple devices,
ConcurrentConnect technology
enables new use cases across the
home network—gateways, hubs
and end devices. A gateway can
seamlessly switch among the stan-
dards and protocols on the home
network, enabling more devices
using different standards to be con-
nected and controlled. Device own-
ers are no longer locked into a prior
wireless technology when expand-
ing their home applications. With
gateways able to understand mul-
tiple protocols at the same time, en-
abling a mix of connected devices,
new loT use cases enabled by the
end devices themselves become
possible. For example, devices can
be connected to Bluetooth LE Mesh
and Zigbee or Thread networks at
the same time, or a Bluetooth LE-
based smartphone can be connect-
ed in a Zigbee or Thread network.

The ability to listen concurrently
also enables new uses by combin-
ing protocols. For example, a device
connected with Zigbee or Thread can
be aware of its location by scanning
for beacons from Bluetooth LE track-
ers. Connected lighting will benefit,
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ConcurrentConnect™
Technology
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and Translating
Communications from
All Network Devices

A Fig. 4 Benefits of ConcurrentConnect technology.

as ConcurrentConnect technology
enables a light to be controlled by
Zigbee, Thread and Bluetooth LE
switches simultaneously. Motion sen-
sors, thermostats and other sensors
and control devices have similar ca-
pabilities.

With multiple standards and new
devices developing quickly, Qorvo's
patented ConcurrentConnect tech-
nology provides the next step be-
yond DMP (see Figure 4). For loT

applications, it offers efficiency and
flexibility for greater concurrence and
interoperability among multiple wire-
less protocols and standards. It is no
longer necessary for consumers to be
locked to one standard and compro-
mise future connection options. Al-
most any use case becomes possible.

YVENDORVIEW
Qorvo, Inc.
Greensboro, N.C.
WWW.qorvo.com
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TechBrief

amagawa Electronics’

(TME) 45 GHz frequency
division duplexing trans-

ceiver was developed as

a mmWave radio communications
system and a platform for design
spins to meet custom applications.
The transceiver is a single con-
version design for both transmit
and receive. A 2 GHz input signal
drives a harmonic mixer, where it is
up-converted to 45 GHz. The signal
is then filtered and amplified before
feeding an isolator and duplexer.
The receive signal passes through
the duplexer and separate isolator
before being amplified and down-
converted to 2 GHz with an image
rejection mixer. The transceiver in-
cludes a 10 GHz phase-locked os-

45 GHz Transceiver
Platform Supports
Custom Design Spins

cillator which provides the local os-
cillator (LO) for the up- and down-
conversion mixers. The 10 GHz LO
directly drives the harmonic mixer
in the transmit path and a x4 mul-
tiplier feeding the image rejection
mixer in the receive path. An exter-
nal 10 MHz reference is required for
the phase-locked oscillator.

The transceiver's output power
is typically 27.5 dBm at 1 dB com-
pression and is guaranteed to be at
least 23 dBm. Typical gain is 47 dB,
and spurs below —65 dBc. The re-
ceiver has 25 dB typical gain with
12 dB noise figure and spurs below
—60 dBc. The 2 GHz ports use SMA
connectors, and the 45 GHz port
connects to the antenna with WR19
waveguide. The transceiver is com-

COST-EFFECTIVE

pact, with all circuitry on a single
printed circuit board, which makes
the unit half the size of a radio built
with discrete coaxial modules.

For more than 50 years, TME has
been providing high-quality, high
performance, cost effective com-
ponents and subsystems for wire-
less communications and broad-
casting. TME’s products comprise
attenuators, terminators, filters,
switches, power divider/combin-
ers, directional/hybrid couplers,
amplifiers, oscillators and frequen-
cy synthesizers.

Tamagawa Electronics
Kanagawa, Japan
www.tmeleus.com

HERMETIC MICRO D CONNECTORS

Standard 9 to 51 pin configurations available
or let us design to your custom requirements

S
Hp

Hi-Rel By Design

SPECIAL HERMETIC PRODUCTS, INC.

CONTACT US TODAY

(P) 603-654-2002 (F) 603-654-2533

www.shp-seals.com email: sales@shp-seals.com

CERTIFIED ISO 9001:2008

100

Content is copyright protected and pr0V1c.1ed for personal use only - not for reprodulc\:/}\lﬁjrlo%rR [ELLansIission. =\ vy 2021
For reprints please contact the Publisher.

LCOMm




anIMS

Connecting Minds. Exchanging ldeas.

6 _" " IEEE MTT-S
JUNE International

Microwave

2021 Symposium
Atlanta, Georgia

e ¢ Featuring the world’s largest gathering of industry
- leading companies with more than 600 exhibitors

¢ Connected Future Summit (formerly 5G Summit)
showcasing the next-generation wireless
technologies for mobility, V2X and loT

 Technical Program — Oral / Poster Sessions,
Workshops, Technical Lectures, and Panel and
Rump Sessions

¢ Project Connect for underrepresented minority
engineering students, and the Ph.D. Student
Initiative for new students

¢ Networking events for Amateur Radio (HAM)
enthusiasts, Women in Engineering (WIE)/Women
in Microwaves (WIM), and Young Professionals (YP)

_t;?ai*provided for personal use only - not for reproduction or retransmission.
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TechBrief

ivers  Semiconductors has
released a 2D beam steer-
ing module, comprising the
antenna and analog radio,
covering the full 57 to 71 GHz un-
licensed band. The BFM06009 was
developed for fixed wireless access
(FWA) applications and supports the
802.11ad and 5G NR-U, TDD stan-
dards and data rates to 10 Gbps.
The BFMO06009 combines the
performance of the TRX BF/01 RFIC
with an innovative antenna design
in a single module, which provides
2D beam steering and transmit
power of approximately +40 dBm.
Integrating the antenna and RFIC
simplifies radio design, reduces the

Catch up on the latest industry news with the bi-weekly

video update Frequency Matters from Microwave Journal
@ www.microwavejournal.com/frequencymatters

Sponsored By

Holographic Radar
Development
11
Managing Many Devices and
Multiple Standards in the
Connected Home

N\ &

v

102
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2D Beam Steering
Module Covers Full 57-
71 GHz Unlicensed Band

total cost of ownership and sup-
ports FWA systems for many appli-
cations.

The unique antenna design pro-
vides consistently flat performance
over the full 14 GHz frequency
band from 57 to 71 GHz. Antenna
gain is within 1.5 dB, with transmit
power between 39 and 40 dBm on
boresight. The antenna beam can
be steered to cover >100 degrees
in azimuth and >50 degrees in el-
evation, enabling a wide range of
placement options.

The RFIC module has a zero IF
baseband interface, integrated
analog baseband and autonomous
calibration. It is compatible with any

nokiwave

mmW Solutions. Enabling a new world

L

b

i B
Journal

v el

baseband solution that supports
zero |F and has been demonstrated
to work seamlessly with Renesas’
RWM6050/6051 modems.

To support volume manufactur-
ing, castellated vias provide the
physical and electrical interface be-
tween the beam steering module
and the printed circuit board of the
next higher assembly. For custom-
ers using earlier Sivers Semiconduc-
tors modules, an adapter board is
available to ensure backward com-
patibility.

Sivers Semiconductors AB
Kista, Sweden
www.sivers-semiconductors.
com/sivers-wireless

Mich_wave
Journal

Frequency Matters.

E-Band Radios for LEO
Satellite and HAPS Links

| |
On-Wafer, Large-Signal
Transistor Characterization
from 70-110 GHz Using an
Optimized Load-Pull Technique|
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SIX DAYS | THREE CONFERENCES | ONE EXHIBITION

EUROPE'S PREMIER &, .1 EUROPEAN
MICROWAVE, RF. WIRELESS X -R{fck MICROWAVE WEEK

AND RADAR EVENT ELt”(\ﬂn icro azve]; www.eumw2o21.com

THE EUROPEAN
MICROWAVE
EXHIBITION

(12TH - 14TH OCTOBER 2021)

» 10,000 sgm of gross exhibition space
* Around 5,000 attendees
e 1,700 - 2,000 Conference delegates

e |n 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.EUMW2021.COM
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How to Run COMSOL
Multiphysics® from
the Command Line

COMSOL
http:/ /bit.ly /3pSCZiS

You Have a Filtering Job
to Do—We Have the Right
Candidate for You

Knowles Precision Devices
knowlescapacitors.com

e ~—

One of the ways to protect components on a circuit board is
bydutilizing the dam-and-fill process. Watch it in action in this
video.

youtube.com /watch?v=teuuVNOyv_s

VIDEO HIGHLIGHT
Using the Dam & Fill
Method to Protect
s ELECTRONIC COMPONENTS

h
NN
J @ CLICK TO WATCH
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Simulate Early for
Better EW Results

Learn about the available technological
approaches for EW signal and environment
simulation, and the latest progress in flexible,
high-fidelity solutions. Get the application
note today.

Keysight Technologies, Inc.

https:/ /bit.ly /38hxsMU

=8 This short video is designed to
guide customers to the best RF

power sensors for their application, covers

True-RMS, peak and pulse sensors.

youtu.be /JKCSa-DSPulM

L

New App
=2 by MiIcable

MIcable Microwave Cable & Cable Assembly
Solution Tools is an easy app for engineers
to find the appropriate cable assembly for

their different applications!

MW]JOURNAL.COM m FEBRUARY 2021



Sim_mode =0 m‘%&

Titanic’s Wireless Officer S meseng Mool
and the Spark Gap el

Telegraph

e ~—

Sim_mode =2
Pad_mode = 0

@ PPLD402N_C2

Mini-Circuts

blog.minicircuits.com

The Modelithics’ video, Advanced Pad Configura-
tions, explains how to manage component solder
pads for models within the Modelithics COMPLETE

Library, enabling designers to perform effective
EM/circuit co-simulations.

bosaws e modelithics.com /Literature /Videos

PPI Announces C.A.P. Turnkey Microwave

Online Engineer Tool Switch Subsystems Service
Passive Plus, Inc’s (PPI) brand Pickering Test engineers can turn your high level
new online Capacitor Applica- requirements for a microwave switching subsystem
tion Program (C.A.P) helps into a fully integrated solution. Provide them with
engineers and designers select your unique configuration and
capacitors according to param- they will deliver a well-defined

eters such as cap value and supportable end product that

frequency. satisfies your microwave test-

Passive Plus, Inc. ing needs.

passiveplus.com Pickering Interfaces Inc.
pickeringtest.com/

turnkey

New website sections for OpenVPX chas-
sis managers and VITA 67 products for RF
interfaces across the COTS backplanes/
chassis are now available. Versions are
dqsigned with SOSA implementation in
mind.

el —

Southwest Microwave SuperMini Board-to-Board (SSBB)
solutions optimize interconnect performance for board-
to-board stacking applications. See a demonstration

of how these SSBB connectors can accommodate high
misalignment of +/-10 mils axial with no resonance.

mpd.southwestmicrowave.com
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NEW PRODUCTS

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

COMPONENTS

Solid-State Switch

Y)VENDORVIEW

SK4-7531148030-
- 1010-R1-M is a MMIC
based, solid-state
.7 single pole, four throw
(SPA4T), reflective type
switch with a TTL
driver that operates
between 75 and 110
GHz. This model offers a small form factor
by integrating the switch and driver into a
common housing and achieves a low
insertion loss by minimizing circuit loss
transmission losses. The SPAT switch offers
30 dB port-to-port isolation with a switching
speed of up to 100 nanoseconds. The input
and output connectors of the switch are
WR-10 waveguides with standard UG-387/U-
M anti-cocking flanges.
Eravant
www.eravant.com

“ r frd
Ty Ly
L

RF Circulators/Isolators

YVENDORVIEW

Fairview Microwave Inc. has extended its
selection of high performance circulators/
isolators that are ideal for 5G telecommuni-
cation, satellite communication, automotive
radars, aerospace applications and
point-to-point radios. Fairview Microwave’s

expanded line of RF circulators/isolators
includes 75 models that cover operating
frequency ranges up to 42.5 GHz. They
provide excellent isolation and low insertion
loss and are available with same-day
shipping and no minimum order quantity.
These circulators/isolators boast a
maximum power rating of up to 100 W and
are offered in SMA, N-type, 2.4 mm and
2.92 mm connectorized designs.

Fairview Microwave Inc.
www.fairviewmicrowave.com

6 to 18 GHz Bi-Directional Detector

Model SA-06-06 is a
37 dB bi-directional
detector. It has 1.2 +
0.2V (100 W CW)
forward detection
voltage, 15 percent
maximum detection
voltage flatness,

+ 2.5 percent maximum (-50 ~ +55°C)
temperature change rate, 1.4: 1 maximum
main line VSWR, 0.5 dB maximum insertion
loss, 37 + 1 dB Max. coupling, 10 dB
minimum directivity. The CW power is 200 W
average. The size is 50 x 40 x 20 mm.
Fujian Micable Electronic Technology
Group Co. Ltd.

www.micable.cn

30 W Loads

Y)VENDORVIEW

MECA's low PIM (-161 dBc typical) 30 W
loads feature industry leading PIM verified
at 1,900 MHz at -155 dBc minimum and

are thermally compen-
sated to handle full
rated power to 85°C,
covering 0.380 to
2.700 GHz.

MECA Electronics Inc.
www.e-meca.com

Limiter Passive

JVENDORVIEW

A . 10M62G-20DBM-1W-

PMI model: LM-

24FF is a limiter
passive that has
been designed for
minimal insertion loss that operates over
the 10 MHz to 62 GHz frequency range.
This model can handle an input power of 1
W CW and 4 W pulse peak with 1 pys PW, 1
percent duty cycle, this limiter uses 2.4 mm
female connectors.

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

Pickoff Tee

RLC Electronics has
recently launched a
DC to 26.5 GHz
pickoff tee with 15 dB
of pickoff loss. The
units provide
extremely broadband
signal monitoring in a
very small package (0.54” x 0.39” x 0.32").
Other/custom pickoff losses are available if
desired. Units are offered in standard

al-Xa)

—==jotalTemp

TECHNOLOGIES, INC.'

The New Leaders in Benchtop Thermal Test Equipment.

By Conduction, Convection or both. Accessible testing and
accessible support before and after the sale. Award win-
ning Synergy controller

888.712.2228 www.TotalTempTech.com

sales@TotalTempTech.com
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NewProducts

frequency ranges from DC to 18 GHz, DC to
26 GHz and DC to 40 GHz. RLC offers both
catalog options and customized options and
can provide form factor drop-in replacement/
obsolescence assistance as needed.

RLC Electronics Inc.
www.rlcelectronics.com

CABLES & CONNECTORS

Flexible Coaxial Cable

)VENDORVIEW
Mini-Circuits’ model
FLA7-6VM+ flexible
coaxial cable

. assemblies are
; available in a variety
)‘?” of lengths for low loss

interconnections in
commercial, industrial and military systems.
The RoHS-compliant cables can form tight
bends, with minimum static bend radius of 5
mm and minimum dynamic bend radius of 10
mm. The durable 50 Q) cables are constructed
with PTFE dielectric, silver-plated copper-clad
steel center conductor and tin-soaked copper
braid outer shield. They are supplied with 2.4
mm male coaxial connectors for sure,
broadband low loss connections.
Mini-Circuits
www.minicircuits.com

Waveguide-to-Coax Adapters

J)VENDORVIEW
Pasternack has
Wt expanded its line of
‘ euro-style flange,

» .7 waveguide-to-coax
W .3, | = adapters that are
‘{? ideal for satellite
communications,
radar, wireless
communications and test instrumentation
applications. These new waveguide-to-coax
adapters feature waveguide sizes that range
from WR-22 to WR-430, European IEC
standard flanges (including UBR square
cover, UDR and PDR types), right-angle and
end-launch coaxial connector options and
N-type, SMA, 2.92 mm and 2.4 mm
connector choices. These new waveguide-to-
coax adapters transform waveguide
transmission lines into 50 ohm coaxial lines.
Pasternack
www.pasternack.com

AMPLIFIERS

Low Noise MMIC Amplifier
)VENDORVIEW

The HMC8412 is a
self-biased low noise
MMIC amplifier that
operates from 0.4
GHz to 10 GHz. The
amplifier provides 15
dB gain, 1.2 dB noise
figure and a typical
output third-order intercept of 32 dBm. The
RF input and output are internally matched
to 50 Q. RF blocking caps and bias choke

HMC8412

MW]OUR(R&

are integrated on chip saving significant
board space. The HMC8412 is housed in a
2 x 2 mm surface-mount package and is
also available as die.

Analog Devices

www.analog.com

Solid-State Amplifier
J/)VENDORVIEW

Model 6000W1000 is
a self-contained,
air-cooled, broadband,
completely solid-state
amplifier designed for
applications where
instantaneous
bandwidth and high
gain are required.
Push-pull circuitry is utilized in all high-power
stages in the interest of lowering distortion
and improving stability. Model 6000W1000,
when used with an RF sweep generator,
nominally provides over 6,000 W of RF
power. Model 6000W1000 is equipped with
a digital control panel which provides both
local and remote control of the amplifier.

AR RF/Microwave Instrumentation
www.arworld.us

Solid-State PA System
J/)VENDORVIEW

1.0~ 18.0 GHz, 50 W S5PA
Fasuhes Brosad-Reird Ampitber
AMPI167ADE-2

Exodus AM-
P2107ADB-2 is a
superb 1 to 18 GHz,
50 W power amplifier
(PA) system. This
dual-band amplifier
features 47 dB minimum gain, Type N
female RF input, sample and RF output
ports. Built-in VVA circuits for gain control
local and remote functionality, designed for
high-reliability and ruggedness in a compact
4U chassis. This system is suitable for all
industry testing standards requiring high
power such as EMI/RFI General and
specialized test equipment requirements.
Exodus Advanced Communications
www.exoduscomm.com

GaN-on-SiC Transistor

Richardson RFPD Inc.
b4 announced the

availability and full

design support
capabilities for a new
s

RF power GaN
transistor from NXP
Semiconductors. The
MRF24G300HS is a 300 W CW GaN
transistor designed for industrial, scientific
and medical applications at 2,450 MHz. It
offers 73 percent drain efficiency at 2,450
MHz, and the high-power density of GaN
enables the device to reach high output
power in a small footprint.

Richardson RFPD Inc.
www.richardsonrfpd.com

High Efficiency PA Family

The SKY66317-11 is
a highly efficient, wide
instantaneous
N bandwidth, fully input/
) . output matched PA

o with high gain and
linearity. The compact 5 x 5 mm PA is
designed for FDD and TDD 4G LTE and 5G

ISplittern
it

K-band and
Ka-band
128-way or

— T8 0 T T snens )
N— 3£ 1S CR O F 03 T P O B

d4-to-b64 way
1-to-64 way,
8-to-128 way,
2-to-128 way,

or any combination

Thermal Vacuum
High Isolation

Dptional Integrated
Bias-T, LNA, LNB,
Filters, Switches

Parameter it Value
Uplink Frequency Band 261032

Dowlink Frequency Band 18t024

Max Insertion Loss 4 Downlink
5 Uplink

/P &0/PVSWR 1611

Gain Flatness

Port to Port Variation

Port to Port Isolation

MADE IN USA

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

www.etiworld.com
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systems operating from 2,496 to 2,690
MHz. The active biasing circuitry is
integrated to compensate PA performance
over temperature, voltage and process
variation. The SKY66317-11 is part of high
efficiency, pin-to-pin compatible PA family
supporting major 3GPP bands.

Skyworks

www.skyworksinc.com

SYSTEMS

OpenVPX Chassis Platform

Pixus Technologies
has provided the
fastest known
customized OpenVPX
backplane/chassis

design in the market. The system was
utilized in a military data center installation.
The 9U RiCool chassis platform for 6U
OpenVPX boards features dual hot-swappa-
ble 191 CFM fans for cooling up to 2,500
W. The design allows the use of rear
transition modules in all slots. Rear-plugga-
ble PSU’s provide power for the VPX and
custom rails, available in various wattage
and output options.

Pixus Technologies
www.pixustechnologies.com

SOURCES

Ultra-Low Phase Noise Signal
Generator

The APLCXX is an agile ultra-low phase
noise signal generator from 100 kHz to

12.75 (APLC12), 20 (APLC20) or 40 GHz
(APLC40) with excellent harmonic and

MICRO-ADS

100 to 1000 Volt Lab Pulsers

Avtech offers a full

r—t—— line of 100, 200, 500,
700 and 1000 Volt
T.=42ns user-friendly
I pulsers capable of
200 V/DIV driving impedances
400 ns/IDIV 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

ELECTRICALLY CONDUCTIVE
COATINGS

Ideal for EMI/RFI Shielding

. MB600G
Graphite filler
. MB600S
Silver filler
MB600SCN

‘ Silver coated nickel filler

@MASTERBONW

ADHESIVES | SEALANTS | COATINGS
www.masterbond.com
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Fak 732.636.1982

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

S
W

> Super low noise RF
amplifiers

> Broadband low noise
amplifiers

» Input PIN diode protected low
noise amplifiers

> General purpose gain block
amplifiers

> High power RF amplifiers
and broadband power
amplifiers

> RF isolators and
circulators

> High power coaxial and
waveguide terminations

> High power coaxial
attenuators

> PIN diode power limiters

» Active up and down
converters

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

spurious performance. The signal source

is available as
mountable module or
in a compact
enclosure with display
and front panel
control. Using the
FCP—fast control
port, frequency and
amplitude, the unit can be switched within
less than 10 ps.

AnaPico

www.anapico.com

Low Cost CRO VCO
)VENDORVIEW

The new CRO6550X2-
LF utilizes a doubled
= CRO oscillator design
to cover 6550 MHz
\.Q\\L#“‘ within a tuning
- window of 0.3 to 4.7
VDC. This ceramic
resonator VCO features exceptionally low
phase noise of -102 dBc/Hz at 10 kHz and
better than -125 dBc/Hz at 100 kHz offset.
Besides the spectral purity, making the
CRO6550X2-LF even more remarkable is
that it is available in Z-COMM’s standard
MINI-16-SM package measuring 0.5 x 0.5 x
0.22 in. The CRO6550X2-LF is well suited
for satellite communication systems
requiring unmatched performance levels.
Z-Communications Inc.
www.zcomm.com

SOFTWARE

Microwave Global Models™

YJVENDORVIEW

Modelithics Inc.
announced the
availability of new
broadband Microwave
Global Models™ for
2 &% Vishay
Intertechnology’s CH02016, CHO402 and
CHO603 surface-mount chip resistor
families. The new models are available
within the Modelithics COMPLETE Library™
as well as the Modelithics mmWave & 5G
Library. For Vishay’s CH02016, CHO402 and
CHO603 surface-mount chip resistor
families, each model offers part value-,
substrate- and solder-pad-scalability and is
validated to 67 GHz, making them well
suited for mmWave applications such as
next-generation 5G networks.

Modelithics Inc.
www.modelithics.com

Trace Width Calculator

Sierra Circuits Inc., a
é

premier manufacturer
S a———

of prototype PCBs,
has launched the
Trace Width Calcula-
tor. This tool incorporates a unique
three-in-one feature to calculate the trace
width, maximum current capacity and
temperature rise above the ambient for both
internal and external layers. This calculator
abides by the latest IPC-2152 standard.
Sierra Circuits Inc.
www.protoexpress.com
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Modeling Transmission Lines ,
2 1 O and Board Design Using a 2 2 4 The ABC's of
Unified Simulation Approach SmallSatTelemetry

Sponsored by: Sponsored by:

Avishtech e 8

How to Efficiently Run Electromagnetic
Simulation of Full Circuit Blocks

microwavejournal.com/events/2025

RF/Microwave Design in the Era of
Connected Cars

microwavejournal.com/events/2021
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Meeting the Component and Test
Challenges of Wi-Fi 6E
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BookEnd

PCB Design
Guide to Via
and Trace
Currents and
Temperatures

Douglas Brooks
Johannes Adam

very important part of printed
circuit board (PCB) design in-

volves sizing traces and vias to
carry the required current. This excit-
ing new book explores how hot traces
and vias will be and what board, circuit,
design and environmental parameters
are the most important. PCB materials
(copper and dielectrics) and the role
they play in the heating and cooling
of traces are covered. The IPC curves
found in IPC 2152, the equations that fit
those curves and computer simulations
that fit those curves and equations are
detailed.

“Thls book provides a good introduction to the complex field of reliability en-
gineering as well as a useful reference for more experienced professionals. |
found the examples given throughout the text to be practical and relevant to
real-world problems that are often encountered in the field. The examples also
provide support to understanding the material and applying the various analyti-

cal methods.”

—Francesco Palmeri,

Reliability Engineering and Asset Management Professional

Sensitivity analyses that show what
happens when environments are varied,
including adjacent traces and planes,
changing trace lengths and thermal
gradients are presented. Voltage drops
across traces and vias, the thermal ef-
fects going around right-angle corners
and frequency effects are covered. Read-
ers learn how to measure the thermal
conductivity of dielectrics and how to
measure the resistivity of copper traces
and why many prior attempts to do so
have been doomed to failure. Industrial
CT scanning, and whether they might re-
place microsections for measuring trace
parameters, are also considered.

BOSTON | LONDON

To order this book, contact:

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

ISBN: 978-1-63081-860-9
246 pages
$159 £138

https://us.artechhouse.com/PCB-Design-
Guide-to-Via-and-Trace-Currents-and-
Temperatures-P2191.aspx

Use code PCB25 to receive
25% discount on this title!
(expires 02/28/2021)

ARTECH HOUSE

THE BEST BOOKS FOR ENGINEERING
PROFESSIONALS AND STUDENTS

WORKING REMOTELY

VISIT WWW.ARTECHHOUSE.COM
MWJ] SUBSCRIBERS SAVE 30% NOW ON ANY PRINT BOOK

USE PROMO CODE MWJ30
CANNOT BE USED FOR EBOOKS

202]
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I E E E Boston Section

Advancing Technology
for Humanity

Professional Development & Education for

Advancing Your Career

Upcoming WEBINARS

Artificial _1ntél—ligé1i(':e Series—What's in it for me?
- Webinar Series

With the experts in Al

http://ieeeboston.org/artificial-
intelligence-webinar-series/

Vinton G. Cerf Steve Wozniack Helen Greiner

Goole ATTe ConiDieer iRobot Full-time students attend for free!

Polar Codes - Encoding & Decoding Aspects
on March 4, 2021 with Orhan Gazi, Cankaya
University, Ankara-Turkey

" | | Register Now at http://ieeeboston.org/event/polar-codes-
encoding-and-decoding-aspects-live-webinar/

] _ ¥ &
Registration for our Self-Paced q@e‘{:@@
_ SRy
On-Demand Courses available S
>0

ieeeboston.org &°

—!!r-r—-—--—___‘ — —
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koustis Technologies is building a new genera-

tion of RF filter technology, adding a phase

to the history of upstate New York's original
technology companies: Corning, Xerox and Kodak. In 2017,
Akoustis acquired a MEMS manufacturing facility in
Canandaigua, not far from Rochester, to manufacture its
XBAW® filters for the Wi-Fi and mobile wireless markets.
Xerox had developed the site in the late 1980s as a cen-
ter for microtechnology. In 2003, after Xerox departed,
the Research Foundation for the State of New York made
the site a center of excellence to support economic devel-
opment in the region.

XBAW—Akoustis' patented, high purity piezoelectric
bulk acoustic wave (BAW) filter technology—is actually
a MEMS device, which made the fab perfect for Akoustis’
production manufacturing. Formed in 20714, Akoustis’
first years were spent developing the piezoelectric tech-
nology underlying the XBAW process. By 2017, company
executives were assessing strategic alternatives for
volume manufacturing and learned of the Canandaigua
operation. Acquiring an existing capability was far faster
and less expensive than building a green field operation:
Akoustis paid less than $ 3 million for the building, equip-
ment and 57 acres of land—capitalizing on an invest-
ment of $ &8 million by the previous owners. The fab was
already staffed with an experienced technical and opera-
tions team, who joined Akoustis and began transferring
and optimizing the XBAW process for production, which
was qualified in July 2018.
Akoustis uses high purity piezoelectric material for

its XBAW filters, which improves performance compared
to BAW filters fabricated with poly-crystalline mate-
rial. XBAW filters offer lower insertion loss, higher power
handling and tighter k * coupling, which extends bandwidth

and upper frequency coverage and increases the steep-
ness of the skirts. The higher power handling of XBAW
meets the requirements of Wi-Fi access points, small cells
and 5G mMIMO base stations, and the XBAW filters are
significantly smaller than dielectric resonator filters, which
have historically been used.

The number of mask levels for the MEMS-based process
is comparable to other BAW processes, so there's no
added complexity. Akoustis uses in-process RF testing
and high accuracy trimming to tune filter performance and
increase yields. The process is compatible with SMT pack-
aging and wafer-level packaging. and wafer-level packaging
for mobile applications is currently being qualified.

To support an ambitious production ramp from mul-
tiple design wins, the fab is running two shifts while in the
middle of a 500 percent equipment capacity expansion,
scheduled to be completed by mid-year. With three clean
rooms in the 120,000 square foot building, capacity is
not constrained by space: the 150 mm fab's capacity is
ultimately scalable to 150,000 wafer starts per year,
which will support up to 5 billion XBAW filters per year.

Upstate New York's technology base includes well-known
semiconductor companies—IBM, GlobalFoundries, ON Semi-
conductor, Cree—ensuring a pool of experienced technical
talent to support Akoustis growth, and nearby community
colleges and universities—Rochester Institute of Technol-
ogy and Cornell—are sources for recruiting new graduates.

The Akoustis team in Canandaigua is diverse and driven
by an innovative, tight-knit culture. They see the impact of
their work, the opportunity to make a difference in a small
cap company aiming to penetrate a multi-billion dollar mar-
ket at the center of society’s desire to be connected at all
times, anywhere on the globe.

www.akoustis.com
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WERLATONE DIGITAL IN-LINE POWER METERS

Optimal Accuracy + 40 dB Dynamic Range + No Calibration Required

Simultaneously Monitor:
Forward Power, Reverse Power, Load VSWR, & Temperature

ACCURACY

* 42 Preset Calibration Points provide accuracy
within + 2% of a Customer Lab Standard.

* Multi-Octave Solutions provide accuracy within

+ 5% of a Customer Lab Standard. W wertatone
* Preset Calibration Points can be specified by the 2t
customer. “
CALIBRATION

* No On-Site Calibration Required.

+ Calibration Routine completed internally to each
Power Sensor.

* Traceable to National Institute of Standards &
Technology (NIST).

ALARMS & RELAYS

* Set Alarm Thresholds of Forward Power &
Reverse Power.

* Full VSWR Monitoring/Alarm Capability.

* Full Temperature Monitoring/Alarm Capability.

* Six General Purpose Inputs/Relays to serve

multiple functions. WERLATONE JIEZT e —
Frequency:| 100000  |MHz (ser
FI RMWARE Pulse Width (uSec) 0.001 Pulse Rep Rote (4Sec) [0.001 SET
* Windows Application includes an ergonomic Forward Power Reflected Power  VSWR
tab-based access system for easy setup and 25.0KW oMW 1531
; 25 Pulse 511 Pulse
Oper.atl.on of the Power Meter. . Internal Temp 78'F  External Temp1 -58'F External Temp 2 -58'F
* Multi-Window Display for access to up to five setpoints T Nopistatus  Bcontok
Meters on screen. ¥ Internal Temperature »= 150°F | | £ INPUT 1 N Transmitter
. . . v External Temperature 1= 150°F | |65 INPUT 2
* VSWR Indication & Reflected Power on main FodaraTamnscurge sorl e NUTs
Power Sensor display. ¥ Forward Poer »= 132w || 6 INPUT 4 TR
R . . ¥ Forward Power ¢ 0000W [ 85 INPUT 5
Updated MIB SNMP File available for P Y| Ty

functionality and use with SNMP software.
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