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

testing instruments.

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

Through unique design

GGB INDUSTRIES, INC. -

lephone (239) 643-440

Picoprobe elevates pi';)

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

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

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

b.com

110 GHz to be exact.)

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

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

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

NAPLES, FL 34101

www.picoprobe.com
reproductlon or P a%smlssmn



MILLIMETER WAVE

MMIC

PRODUCTS

MULTI-OCTAVE BANDWIDTHS
UPTO43.5 GHz

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

Now over 90 MMIC models In Stock
covering applications above 20 GHz
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Availlable in Plastic SMT & Unpackaged Die

[ Mini-Circuits’

(718) 934-4500 sales@minicircuits.com www.minicircuits.com 598 Rev B_P
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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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®

KOGL

MICROWAVE

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

= Equals =

Cost Effective
Custom Test Solutions

Low PIM
Termination

ENABLING COMMUNICATION AND SIGNAL CONTROL
www . kimicrowave.com = www kifilterwizard.com « 410-749-2424 » sales@kimicrowave.com + [ ] &
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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
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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
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Cover Feature

22 Semiconductor Trends in Sub-6 GHz
5G Networks

Eric Higham, Strategy Analytics

Application Note

52  ABetter Approach to Measuring GaN
PA Linearity

Walt Strickler, Boonton Electronics, Paulo Correa
and George Bollendorf, Empower RF Systems
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Technical Feature

64 A Microelectromechanical Switch
with Metamaterial Contacts:
Concepts and Technology Part Ii
Shiban K. Koul and Chaitanya Mahajan,
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Look for this month’s exclusive article online at mwjournal.com

Fully Integrated RF/Microwave Power Sensors Improve Accuracy, Provide Flexibility
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Has Amplifier Performance or
Delivery Stalled Your Program?
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Next-Generation RF Solutions
for Mission Critical Systems

O

Part Frequency Pa PAE Gain
Number Range (GHz) (dBm) (%) (dB)

QPA2213D
QPA1022D
TGA2222

TGA2224
CMD299K4
CMD304
CMD242K4

Qorvo’ offers customers the most advanced combination of power and performance with its industry leading GaN
power amplifiers and its new portfolio of high-performance GaAs MMICs that cover the entire RF signal chain.
Qorvo’'s RF solutions set the standard for reliability, efficiency and design flexibility, and is a trusted and preferred
supplier to the DoD and leading defense contractors around the globe. As the industry’s only MRL 10 GaN supplier,
customers can depend on Qorvo solutions to support mission critical applications that operate in the harshest
environments on land, sea, air and space. At Qorvo we deliver RF and mmWave products to Connect, Protect and
Power™ RF systems All Around You’.

To learn more, visit qorvo.com or connect with our distribution partner RFMW at rfmw.com/qorvo.
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Founder and president,
Agoston Agoston, and
executive VP, Brian Doxey,
discuss the history and
growth of HYPERLABS
and the capabilities of its
instrument, component and
software products.
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Qorvo

Time Domain Analysis with a YNA

720 Hrs Salt Spray Corrosion
Resistance Platings for RF Connectors

Why Spectrum Coexistence in Autonomous
Vehicles Requires Band Pass and Notch Filtering

Improving T/R Module Test Accuracy and
Throughput

Jitter Analysis with the R&S@RTO Digital
Oscilloscope
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This spiral antenna was
optimized with EM simulation.

Visualization of the log-scaled norm of the
electrical field on the slotted surface and far-
field radiation pattern of a spiral slot antenna.

Wireless communication, sensing, positioning, and tracking.
All of these technologies can take advantage of the spiral slot
antenna’s consistent radiation pattern and impedance over

a large bandwidth. To optimize spiral slot antenna designs
for particular applications, engineers can turn to EM analysis
software that calculates S-parameters and far-field patterns.

The COMSOL Multiphysics® software is used for simulating
designs, devices, and processes in all fields of engineering,
manufacturing, and scientific research. See how you can apply
it to designing spiral slot antennas.

comsol.blog/spiral-antennas

COMSOL

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



MMIC

SPLITTER/COMBINERS

NOW

THE WIDEST SURFACE MOUNT
BANDWIDTHS IN THE INDUSTRY!

New Resistive/Reactive Designs Extend
Coverage down to DC

2 and 4-way Models Available
Power Handling up to 2.5W
Insertion Loss, 1.1dB typ.
Isolation, 20 dB

[=] £ =]

- L} - - ® -*

[ JMini-Circuits GEEE
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MARK YOUR CALENPAR

[ ]

JULY CALL FOR PAPERS

15 17

IEEE IMaRC 2020

2020 IEEE BiCMOS
and BCICTS

31

AOC International
Symposium &
Convention

SEMICON’ WEST

July 20-23, 2020 | Virtual Event

20-23

SEMI Americas will host the 50th edition of SEMICON West as

a virtual event. The digital platform will gather microelectronics
manufacturing and design professionals from around the globe

and offer the full-featured experiences you've come to expect.

Visit SMART technology pavilions, explore virtual exhibit booths

and network just like on the physical show floor. Experience live-
streamed keynotes from thought leaders, get answers in real-time,
attend technical sessions and interact with colleagues and partners.

onimMs

Cornecting Mings. Exchanging ideas.

§E§ August
LoS AN S

LES> VIRTUAL

CONNECTIVITY MATTERS O

The IMS2020 and Microwave Week, scheduled for 21-26 June 2020 in
Los Angeles, Calif., USA, is transitioning to a virtual event in August.
The virtual event will continue with the theme of “Connectivity
Matters,” built on five pillars that link the world: 5G & 6G networks,
aerospace and defense programs, autonomous vehicles, the

digital economy and ensuring the connection of under-represented
communities. Events featured include the technical sessions,
technical lectures, panel sessions, 5G Summit, industry workshops,
MicroApps, virtual exhibition and several notable keynote speakers.
https://ims-ieee.org

ol

www.semiconwest.org
hprco v g

2131 =

The 2020 IEEE International Symposium on EMC+SIPl is the leading
of EMC and Signal & Power Integrity techniques to engineers

of all backgrounds. The Symposium features five full days of
training, innovative sessions, interactive workshops and tutorials,
experiments, demonstrations and social networking events.
www.emc2020.emcss.org

- ook £OF our -
webi“a

xs on

Frequency Matters.
PODCASTS

—
5G + loT * AZD

This month look for...

5G Update with Andreas Roessler of R&S:

Episode 1, Current Status of 5G Rollouts and Testing Challenges
Interview with author David B. Cruickshank about his new book,
“Implementing Full Duplexing for 5G”

Marketing in the Age of COVID-19:

Episode 2, Crafting Messaging in Uncertain and Sensitive Times
Frequency Matters: May Issue Products, News and Interview with
Walt Strickler of WTG

FOR PETAILS, VISIT MAJOURMAL COM/EVENTS

MW] OUIg\?/{{[%I\IIF .cmﬁlgtg &)rotected and provided for personal use only - not for reproduction or retransmission.
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‘ 5 Z~Communications, Inc.
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Very Low Power L-Band VCO
Vtune: 0.5 to 2.5V
soicapmace Phase Noise: -90dBc/Hz @ 10kHz

The Leader in VCO and
PLL Technology
USSP1570-LF
Frequency: 1540 to 1560MHz
& ! ’ Supply Voltage: 2.7V
Similar i size to Supply Current: 7mA
Size: 0.2 in x 0.2 in x 0.04 in
508 mm x 5.08 mm x 1.016 mm

Dohoe s 100008 Ref 2 00dach

-« 3 g

Ultra Small Packaged VCO for 2.4GHz ISM
USSP2400-LF

Frequency: 2400 to 2485MHz
Vtune: 0.5 to 2.5V

Canier a5
Eraay .
Do eddisy decilz
100 Wi 004 5800 decz

“\\

=
Applications
Tactical Rad PS « Handheld Analyzer
-

A\

Can't find what you need?
Contact us for your custom requirements.

Call: +1 858-621-2700
Email: sales@zcomm.com
Website: zcomm.com

Ly Z~Communications, Inc.
( ]
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ComingEvents

IEEE IMaRC 2020
July 15

2020 IEEE BiCMOS and
BCICTS
July 17

AOC International
Symposium & Convention
July 31

IEEE Women in Engineering
Forum USA East
September 1

mwjournal.com

JUNE

Sensors Expo & Conference
June 22-24 o San Jose, Calif.
WWW.SENsorsexpo.com

SEMICON WEST 2020
July 20-23  Virtual
www.semiconwest.org

IEEE EMC+SIPI 2020
July 27-31 « Reno, Nev.
www.emc2020.emcss.org

I M“é Q SPACE TECH EXPD USA

AUGUST

IEEE MTT-S IMS 2020
August « Virtual
https://ims-ieee.org

RFIC 2020
August ¢ Virtual
https:/rfic-ieee.org

95th ARFTG Microwave Measurement
Symposium

August ¢ Virtual

www.arftg.org

Space Tech Expo USA 2020
August 10-12 « Long Beach, Calif.
www.spacetechexpo.com

Expo Electronica
August 11-13 « Moscow, Russia
www.expoelectronica.ru

5G Antenna Systems
August 26 « Virtual
www.antennasonline.com

SEPTEMBER

IEEE RFIT 2020
September 2-4 © Hiroshima, Japan
www.rfit2020.0rg

GNU Radio Conference

September 14-18 « Virtual
www.gnuradio.org

= Electronic Design
=) Innovation Conference
=l BFRIT AR

OCTOBER

AUVSI’s Xponential
October 5-8 e Dallas, Texas
www.xponential.org

EDICON Online

October 6,13,20 & 27 » Virtual
www.edicononline.com

Comsol Conference 2020
October 7-8 e Virtual
www.comsol.com/conference/boston
EDI CON China 2020

October 13-14 « Beijing, China
www.ediconchina.com

ITC 2020
October 26-29 « Glendale, Ariz.
www.telemetry.org

MW(G Los Angeles
October 28-30 « Los Angeles, Calif.
www.mwclosangeles.com

sl

B Ehde
NOVEMBER
AMTA 2020

November 1-6 « Newport, R.I.
www.amta2020.0rg

Global MilSatCom
November 3-5 « London, U.K.
www.globalmilsatcom.com

2020 IEEE BiCMOS and BCICTS
November 8-11 « Monterey, Calif.
www.bcicts.org

APMC 2020
November 10-13 « Hong Kong, China
http://www.apmc2020.0rg

IEEE Women in Engineering Forum USA
East 2020

November 12-14 « Providence, R.I.
https://attend.ieee.org/wie-forum-usa-east-2020/

Space Tech Expo Europe 2020
November 17-19 « Bremen, Germany
www.spacetechexpo.eu

DECEMBER

WAMICON 2020
December 1-3 « Clearwater Beach, Fla.
www.wamicon.org

AOC International Symposium & Convention
December 8-10 « Washington D.C.
www.crows.org/mpage/2020HOME
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Leverage our global team of engineers and technical resources to bring your 5G
product to market on time and under budget. Whether you are looking for assistance
in the radio system, beamforming or RF front end, Richardson RFPD has the products,
suppliers and capabilities for you to migrate to the new 5G system architecture.

&k tam  Amphenol® i gpitech Anaren

CERAMICS T B e

E.IE
 § ERYSTEK Cts EMPOWER ERErENS L (@)
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Partners from RF to Light Signal Solutigns
mixcomm
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Everywhereyoulook
Semiconductors A CREE COMPANY

WE ARE ENGINEERS, TOO. WE GET IT. LET'S DRIVE YOUR PROJECT TO MARKET FASTER.

See us online at the IMS2020 virtual event in August

New Products: 99 newly-released, leading-edge RF products
Live Demos: transceivers, 5G PAs, converters and more

Check for COVID19-related event updates at richardsonrfpd.com

R i c h a rd s 0 n R F P D SEE FEATURED 5G PRODUCTS AT E l.-'#"L@
% An Arrow Company RICHARDSONRFPD.COM/5G-SPOTLIGHT E_"ﬁ

Your Global Source for RF, Wireless, loT & Power Technologies

www.richardsontfpclcorn | 8007275837 | 620.262.6800




NEXT GENERATION MILLIMETERWAVE COMPONENTS

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 respond to the next
generation of RF engineers.

As we continue to grow into an industry leader, we want a new identity
that reflects our vision for enabling tomorrow's technology.

Check out our new website and customer portal at www.eravant.com
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ERAVANT

FORMERLY SAGE MILLIMETER

WWW.ERAVANT.COM
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CoVER FEATURE

INVITED PAPER

Semiconductor Trends in
Sub-6 GHz 5G Networks

Eric Higham
Strategy Analytics, Boston, Mass.

ven before the COVID-19

virus emerged to challenge

global supply chains, the

RF and microwave semicon-
ductor industry was facing signifi-
cant headwinds. The cellular mar-
ket, particularly mobile handsets,
enables more than 50 percent of
compound semiconductor revenue.
This application has been a strong
driver for the industry for more than
a decade, but the engine is running
out of steam. RF GaAs device rev-
enue declined in 2019 and the cul-
prit was a reduction in smartphone
shipments. Despite this stumble,
the future looks brighter for the
compound semiconductor industry.
The reason for this optimism is 5G
networks and devices and this new
standard is poised to become the
growth engine for the entire semi-
conductor industry.

5G MARKET

Wireless operators have been
deploying 5G networks and devices
since 2019, so the three pillars of the
5G vision should be familiar. Figure
1 shows a simple representation of

22

the main tenets of the 5G vision,
along with the features promised by
these pillars. The challenge for op-
erators and equipment manufactur-
ers will be the timing and extent of
the implementation of these pillars.

5G is an imprecise term in general
usage. 5G can refer to the stand-
alone or non-standalone version that
makes use of the existing LTE core
and signaling network. There are
also the mmWave frequencies (also
known as “FR2" or “high band"”) or
sub-6 GHz frequencies (also known
as “FR1” and comprised of “low
band” and “mid-band”). The 3GPP
industry standards body is working
to codify 5G with ongoing work on
Release 15 with Releases 16 and 17
scheduled for approval by the end of
2022 to address other aspects of 5G.

In addition to the ongoing devel-
opment of technical standards, fun-
damental questions for the industry
concern the business model for 5G.
How will operators differentiate 5G
networks from LTE networks? Will
the 5G network address all or just a
subset of the pillars and goals of the
5G vision?

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

SUB-6 GHZ 5G NETWORKS

Deploying a new generation of
wireless networks is an expensive
proposition and operators are work-
ing to identify and monetize 5G
applications. While there is a sub-
stantial development effort aimed
at addressing all three pillars of the
5G vision, the early 5G marketing
messages focus more on the en-
hanced mobile broadband (eMBB)
feature of 5G. Operators are com-
peting based on network coverage
and speed and this has implications
for the sub-6 GHz network architec-
tures and technologies.

eMMB
¢ Faster Data Rates
* Higher Spectral Efficiency

mMTC
e Device Density
¢ Long Battery Life

uRLLC
® Low Latency
¢ High Reliability

A Fig. 1 The 5G Vision.
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ELECTRONIC
WARFARE
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A Fig. 2 A Hybrid Network Evolution to 5G. Source: Ericsson.
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A Fig. 3 Analog beamforming transceiver block diagram (source: Analog Devices,
"Bits to Beams: RF Technology Evolution for 5G Millimeter Wave Radios").

CHALLENGES

If the criterion is speed, or capac-
ity, sub-6 GHz 5G networks are at
an immediate disadvantage. This is
a byproduct of the Shannon-Hartley
theorem, which describes the theo-
retical maximum data rate transmit-
ted in a specific channel bandwidth:

C = B*log, (1+SNR)

where: C = channel capacity limit
(bits/s), B = channel bandwidth (Hz)
and SNR = signal to noise ratio.

Even as new sub-6 GHz fre-
quency bands are being assigned
globally, bandwidth is measured
in the tens or hundreds of MHz in
these bands. At mmWave frequen-
cies, bandwidth is easily in the
GHz range. This is a fundamental
disadvantage for the sub-6 GHz
networks compared to mmWave.
Figure 2 shows Ericsson’s view of
how to evolve an existing LTE net-
work to 5G with best-in-class cov-
erage, capacity and performance.
This hybrid network incorporates
existing 2G/3G/4G standards and
bands, along with 5G sub-6 GHz
and mmWave bands. The evolution
starts with carrier aggregation (CA)
at different LTE bands. The evolved

network incorporates dual connec-
tivity, where the downlink operates
in a 5G sub-6 GHz band containing
more channel bandwidth, while the
uplink signal remains on the LTE
network. Ultimately, the network
evolves to incorporate various com-
binations of CA and dual connectiv-
ity in the sub-6 GHz and mmWave
bands.

ADVANTAGES

Figure 2 shows a migration vision
for an operator to upgrade their LTE
networks to a full feature 5G net-
work. This evolution involves mul-
tiple bands and standards, CA and
dual connectivity, making imple-
mentation complex and costly. The
sub-6 GHz portion of the network
has channel bandwidth deficiencies
and it increases the complexity of
the hybrid network, but it provides
many benefits for the 5G network.

A big benefit of the lower fre-
quency bands is the signal propa-
gation characteristics. The path loss
for a transmitted signal increases
with frequency by a factor 20log(f).
At the same distance, a signal at 28
GHz incurs 32 dB more loss than a
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signal at 700 MHz. With fixed maximum transmit pow-
ers for the base station; this increased path loss at high
frequency dramatically reduces the coverage area for
the 28 GHz equipment. The sub-6 GHz signals also
have lower building penetration losses than mmWave
signals. This becomes an important consideration for a
5G network deploying in large urban areas.

Sub-6 GHz networks also provide a clear advantage
in multiple input, multiple output (MIMO) techniques
and massive MIMO antennas. MIMO relies on multiple
transmitters and receivers at the base station and user
terminal. Because the radiators are physically separate,
transmitted signals follow different paths to the receiv-
ers. Using spatial diversity and multiplexing techniques,
coupled with multiple data streams on a channel and
multipath propagation allows for more robust (better
signal to noise performance) signals and/or higher sig-
nal data rates.

This MIMO antenna architecture will be a mainstay

Digital
Beamforming

Digital beamforming transceiver block diagram
(source: Analog Devices, "Bits to Beams: RF Technology
Evolution for 5G Millimeter Wave Radios”).

of most 5G networks, because to a first approximation,
a MIMO antenna increases the channel capacity shown
in Equation 1 by a factor of n, where n equals the num-
ber of antenna radiator pairs. In earlier 3GPP releases,
antenna structures were limited to an 8T/8R configu-
ration, meaning eight transmitters and eight receivers.
The term “massive MIMO” (mMIMO) is also imprecise,
but it has come to mean a number of transceivers much
greater than eight. In current 5G deployments, we are
seeing mMMIMO base stations and access points with up
to 1,024 radiators per antenna.

The reality of mMIMO s different for sub-6 GHz and
mmWave implementations and this leads to subtle dif-
ferences in the architectures and design criteria. Because
of longer wavelengths, the sub-6 GHz signals undergo
more transmission reflection than mmWave signals. This
means a richer multipath propagation environment to
enable the advantages of MIMO. In addition, establish-
ing and maintaining an optimized wireless link relies on
knowing the channel state information. This involves
processing and updating information on parameters like
scattering, fading, path loss, blocking, etc. These quan-
tities are more repeatable at the sub-6 GHz frequency
range, providing a more favorable environment for signal
propagation.

These mMIMO antennas allow beamforming and
beam steering and this is another key enabler. LTE an-
tennas are typically static, providing energy through-
out a sector, but 5G antennas form beams that can be
steered in azimuth and elevation. Driving multiple ra-
diators with signals of the appropriate amplitude and
phase will form a beam. Changing the phase and am-
plitude to that group of radiators enables the beam to
be steered off antenna boresight.

There are three distinct methods of beamforming/
beam steering, each having advantages and disadvan-
tages. Figure 3 is a representative block diagram for the
RF front-end in an analog beamforming architecture.
The advantage of this approach is simplicity, especially

Digital Mixed IF-RF RF Beamformer Front-Ends
Processing Signal Conversion
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Hybrid beamforming transceiver block diagram (Source: Qorvo).
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in the digital section. The antenna
beam can be steered by adjusting
the phase shifters and attenuators.
The disadvantage is that only one
data stream feeds the antenna el-
ements, limiting the data rate and
flexibility of this architecture.

Figure 4 shows the other end of
the capability spectrum. This sim-
plified block diagram represents a
digital beamforming architecture.
In this approach, each antenna has
a dedicated RF chain and depend-
ing on the system requirements,
silicon processes can fabricate this
entire RF chain. In this architecture,
all the precoding, multiplexing, sig-
nal weighting, phase shifting, etc.
happens in the digital domain. The
number of beams from the antenna
is variable, as is the number of el-
ements making up a beam. These
beams are all steerable and algo-
rithms can synthesize a drive signal
to get most any beam characteris-
tic. This architecture is easily the
most flexible with the highest capa-
bility. This architecture increases the
digital chip content, and this may
increase cost and power consump-
tion. Despite these challenges, digi-
tal beamforming architectures are
currently in use in sub-6 GHz bands.
Because of the substantial increase
in performance and capability, ex-
pect to see more digital beamform-
ing in the future in both sub-6 GHz
and mmWave frequency ranges.

In response to these challenges,
wireless equipment manufactur-
ers have developed the hybrid
beamforming architecture shown
in Figure 5 as a compromise. This
architecture incorporates the ana-

log RF beamformer and front-end
approach of the analog technique,
along with the digital processing
and independent data channels of
the digital approach. The hybrid ar-
ray will generate multiple beams,
determined by the number of chan-
nels, but an RF chain drives a num-
ber of subarray “tiles,” rather than
a single radiator. This compromise
solution provides functionality clos-
er to the digital architecture and
complexity and power consumption
closer to the analog architecture.
The hybrid and digital beamform-
ing transceiver block diagrams illus-
trate why 5G deployments will be-
come the new growth driver for the
semiconductor market. More bands
and mMIMO in the base station and
more importantly, the handset im-
plies a large increase in functional
quantity. Each beam of the antenna
requires a separate RF channel. The
number of beams from an antenna
depends on a variety of factors like
the frequency range, the spatial
multiplexing scheme, the number of
users, etc., but we are seeing eight
beams as a typical value in the early
5G deployments. This multiplicative
effect of more beams and more RF
content per sector times millions of
5G sectors has the semiconductor
industry excited about the future.

BASE STATION SECTOR
FORECASTS

Figure 5 illuminates another im-
portant topic for the semiconduc-
tor industry. As the diagram shows,
there are several technology alterna-
tives for this implementation. With
cellular terminal sales flattening, 5G
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A Fig. 6 Wireless base station sector forecast (Source: Strategy Analytics).
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networks and devices are poised to
become the most significant driver
for the compound semiconductor
market. The mix of sub-6 GHz and
mmWave networks and devices,
along with the relative shares of dig-
ital and beamforming architectures,
will determine the growth trajectory
for the various device technologies.

Figure 6 shows our forecast for
new wireless base station sectors.
Trends like remote radio heads,
re-farming frequency ranges, add-
ing capacity at existing sites, tower
sharing, etc. make defining a “base
station” increasingly difficult. To try
to normalize these factors, we seg-
ment the base station market by
sectors, where a sector contains all
the electronics required to provide
service to a pre-determined cover-
age area. With this definition, a con-
ventional omni-directional macro
cell will have three (or more) sec-
tors, while a low power indoor cell
may have only one sector. The other
very important disclaimer is that we
assembled these forecasts based
on 2019 year-end data, without fac-
toring in the effects of COVID-19
on global demand and the supply
chain. Since this is an unfolding sto-
ry, we are monitoring the effects of
COVID-19 and we will update fore-
casts as trends become clearer.

The forecast shows some inter-
esting trends, including the impor-
tance of the sub-6 GHz 5G seg-
ment to the wireless infrastructure
market. The emergence of 5G does
not foretell the end of 4G. The NSA
versions of 5G will use existing 4G
core infrastructure. Since it will take
some time for 5G to become ubig-
uitous, the 4G network will evolve
to provide 5G users with a robust
experience during times when 5G
coverage is not available. The first
5G network deployments were in
the mmWave bands in the U.S.
These deployments were primarily
fixed wireless access applications,
using a proprietary Verizon speci-
fication. These networks provided
high speed “last mile” access to ex-
pand FiOS network coverage. We
are forecasting that mmWave 5G
networks will soon support mobility.

mmWave base station sectors
will increase, but more slowly than
the sub-6 GHz base station sec-
tors. mmWave signals present many

challenges, but for this forecast, the
most important one is the smaller
coverage footprint. With the small
coverage area, it is very unlikely
that operators will be able to ap-
proach ubiquitous coverage within
the forecast period. As shown in
the diagram of Figure 2, the most
likely 5G network will be a hybrid
of mmWave cells for high data rate
capability, coupled with sub-6 GHz
cells to maximize coverage area.

Growth of sub-6 GHz base sta-
tion sectors tells a different story.
The sub-6 GHz 5G bands are close
to existing cellular bands. Incorpo-
rating these bands into networks
and devices has not been a daunt-
ing challenge and initial network
deployments accommodate mobil-
ity. Operators are deploying macro
cells to establish coverage and then
adding lower power small cells to
improve coverage and capacity.
This deployment model will drive
fast growth in the sub-6 GHz seg-
ment, although the number of new
sectors deployed in 2024 will be less
than the number of new 4G sectors
deployed. Our pre-COVID-19 sec-
tor estimate has the total market
reaching nearly 10 million new sec-
tors per year in 2024.

TECHNOLOGY SHARE
FORECASTS

The estimated growth trajectory
of 5G base stations sectors, coupled
with the architectures discussed

QUALITATIVE COMPARISON OF
LDMOS AND GAAS

LDMOS GaN

Characteristic
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earlier influence the technology share. As wireless net-
works have evolved to 4G, the transceiver functional
technologies have changed. Silicon IC technology has
moved out toward the antenna, capturing share from
compound semiconductor technologies. The increas-
ing functional share of silicon in the block diagram rel-
egates compound semiconductors to the beamformer
and front-end functions.

Within the front-end, the power technology transi-
tion is a major development that 5G will accelerate.
Historically, Si-based laterally diffused metal oxide
semiconductor (LDMOS) has been the dominant power
technology. However, fueled by China’s massive LTE de-
ployments, GaN has become the fastest growing base
station power technology. This trend will speed up as
5G networks with mMIMO antennas, wider bandwidths,
higher operating frequencies, reduced DC power dissi-
pation, etc. deploy more widely. Table 1 shows a com-
parison of important performance characteristics.

The indications in Table 1 are anecdotal, qualitative
and some comparisons may be a bit controversial, but
the table gives a good visual indication of why GaN is
quickly capturing share. Most of the green performance
advantages result from GaN's wide bandgap device
characteristics. Reliability was an early disadvantage of
GaN, but the supply chain has done a very good job at
improving GaN design and manufacturing processes to
eliminate these reliability concerns. The rapid adoption
of GaN in defense and base station applications is an-
other testimonial to reliability.

Perhaps the most controversial entry in the table is
cost. This has been the topic of many discussions with
the industry and the picture is still not clear. LDMOS
proponents maintain that equivalent GaN devices re-
main substantially higher in price. Proponents of GaN
may dispute that, but even if they agree, they point
to total cost of ownership advantages with GaN tech-
nology. The broad acceptance of GaN in base station
applications indicates that there is a compelling price
argument for GaN.

Silicon-based LDMOS has been an extraordinarily
resilient technology. That ecosystem has introduced
several new generations, each with incrementally bet-
ter performance and price to delay the loss of market
share. While the latest generation of LDMOS performs
to 4 GHz to capture opportunities in the 3.5 GHz band
that is becoming a global de-facto standard, LDMOS
devices will not operate in mmWave bands. The growth
of the mmWave base station segment will hasten the
overall market share decline of LDMOS.

We estimate that GaN revenue in all base stations
exceeded LDMOS revenue for the first time in 2019.
However, LDMOS will continue to account for a signifi-
cant share of the sub-6 GHz power revenue. Figure 7
shows an estimate of the power device revenue for the
sub-6 GHz portion of the base station market. Despite
the interest in the mmWave portion of 5G, revenue in
the sub-6 GHz segment is non-trivial. We estimate that
this revenue will reach nearly $300 million by 2024.
Silicon (CMOS, SiGe) has the fastest revenue growth
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Sub-6 GHz base station power revenue by
technology (Source: Strategy Analytics).

as sub-6 GHz base stations move to larger massive
MIMO arrays that reduce the power amplifier trans-
mit power. As operators seek to improve spectral effi-
ciency to increase data rates with their limited channel
bandwidths, the integration capabilities of silicon will
be compelling.

4, ok,
| S LT

_‘_‘_‘_‘_'_‘—‘—-—._
r SR

Despite the integration benefits of silicon, GaN will
account for the largest revenue in this segment. While
the integration capability of silicon is compelling, the
performance of GaN and the implications to operators
for total cost of ownership are compelling. The advan-
tages of GaN will allow this technology to capture a sig-
nificant portion of the power revenue in the sub-6 GHz
band. This revenue analysis includes driver ampilifiers,
largely the domain of GaAs devices in those applica-
tions where the entire RF chain is not integrated. The
graph clearly shows that LDMOS revenue and share in
this segment is shrinking. We do not expect it to disap-
pear, but the technology is likely to find more use in
niche applications in the future.

Even before the COVID-19 outbreak, the com-
pound semiconductor market was in the doldrums.
Fortunately, 5G network and device deployments
look to be the force that gets the market moving to-
ward growth again. While mmWave frequencies offer
some distinct advantages, the sub-6 GHz band of-
fers the timeliest opportunities. The mix of frequen-
cy ranges and network architectures will determine
the trajectory for compound semiconductor revenue
growth, but we anticipate sub-6 GHz and mmWave
5G deployments will drive revenue in silicon IC, GaN,
GaAs and LDMOS technologies.ll
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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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New DARPA Contract to Disrupt the
Future of Space

ARPA recently awarded Lockheed Martin a
$5.8 million contract for the first phase of sat-
ellite integration on the Blackjack program.

National Security Space (NSS) assets, critical to U.S.
warfighting capabilities, traditionally reside in geosyn-
chronous orbit to deliver persistent overhead access to
any point on the globe. In the increasingly contested
space environment, these exquisite, costly and mono-
lithic systems have become vulnerable targets that
would take years to replace if degraded or destroyed.
DARPA's Blackjack program aims to develop and dem-
onstrate the critical elements for a global high-speed
network in low Earth orbit (LEO) that provides the De-
partment of Defense with highly connected, resilient
and persistent coverage.

Blackjack seeks to incorporate commercial sector
advances in LEO, including design of LEO constella-
tions intended for broadband internet service, of which
the design and manufacturing could offer economies
of scale previously unavailable. DARPA is interested in
capitalizing on these advances to demonstrate military
utility, emphasizing a commoditized bus and low-cost
interchangeable payloads with short design cycles and
frequent technology upgrades.

The key program objectives are:

* Develop payload and mission-level autonomy soft-
ware and demonstrate autonomous orbital operations
including on-orbit distributed decision processors.

* Develop and implement advanced commercial man-
ufacturing for military payloads and the spacecraft
bus.

* Demonstrate payloads in LEO to augment NSS as-
sets. The driver will be to show LEO performance
that is on par with current systems in geosynchronous
orbit with the spacecraft combined bus, payload(s)
and launch costs under $6 million per orbital node
while the payloads meet size, weight and power con-
straints of the commercial bus.

Future phases of Blackjack are expected to include
build, test and launch of a demonstration constellation
in 2021-2022.

(Source: DARPA)

For More
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Electronic Shield for Air Forces

ENSOLDT has developed a modular air-

borne electronic combat system, Kaleetron

Attack. By neutralizing enemy fire control
radars at different distances, it preserves freedom of
movement for the air forces that deploy it and their al-
lies, even when faced with state-of-the-art air defense
systems. Kaleetron Attack is a new addition to the
Kalaetron electronic warfare product family, which uses
fully digitized hardware and artificial intelligence (Al) to
detect radar-based threats to air forces in record time
and neutralize them with targeted electronic counter-
measures (ECM).

Due to its fully digital design, Kaleetron Attack detects
and identifies
air defense
positions very
quickly over a
wide frequen-
cy range. The
unit uses Al
techniques to
recognize new
threat patterns
from a huge
amount of col-

lected  pulses.
This is especially important for identifying the latest air
defense radar systems which cover an extremely wide
frequency range or hop between frequencies in frac-
tions of a second.

Kaleetron Attack can be flexibly adjusted to chang-
ing threats using innovative antenna designs with ac-
tive electronically scanned array technology, fully digi-
tal signal processing and Al algorithms. The Kaleetron
product family thus forms the basis for enabling fighter
aircraft to not only take on an electronic combat role
and perform escort jamming for aircraft units, but also
to protect them from a great distance away through
stand-off jamming. Experience from recent conflicts
has shown that such equipment designed to counter
the threat posed by the latest air defense systems will
be essential for aircraft deployed in the future. With
‘Kalaetron Attack’ HENSOLDT as the German Sensor
House provides a national answer to the LUWES pro-
gram and contributes substantially to European de-
fense cooperation programs such as Future Combat
Air System. The German Air Force LUWES program
stands for airborne action in the electromagnetic spec-
trum and includes three main elements—a stand-off
jamming attack platform, an escort jamming platform
and stand-in jamming system in the form of an un-
manned airborne launched decoy.

(Source: Hensoldt)

Visit mwjournal.com for more defense news.
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Navy Accepts Delivery of USS Zumwalt

he Navy recently accepted delivery of USS

Zumwalt (DDG 1000), the lead ship of the

Navy's next-generation of multi-mission sur-
face combatants.

Following this delivery, the ship will transition from
Combat Systems Activation to the next phase of de-
velopmental and integrated at-sea testing. This event
marks a major milestone of the dual delivery approach
for USS Zumwalt, which achieved Hull Mechanical &
Electrical delivery from shipbuilder General Dynamics’
Bath Iron Works in May 2016. Raytheon Integrated De-
fense Systems was the prime contractor for the Zumwalt
Combat System and has lead activation and integration
for Zumwalt class ships both in Bath, Maine, and San
Diego, Calif.

With delivery, USS Zumwalt joins the U.S. Pacific Fleet
battle force and remains assigned to Surface Develop-
ment Squadron One. In addition to at-sea testing of the
Zumwalt combat system, DDG 1000 will also operate
as a key enabler in the acceleration of new warfighting
capabilities and rapid development and validation of
operational tactics, techniques and procedures.

The 610 foot wave-piercing tumblehome ship design

provides a wide array of advancements. Employing an
innovative and highly survivable Integrated Power Sys-
tem, DDG 1000 has the capacity to distribute 1,000 V
of direct current across the ships’ entirety, allowing for
enhanced power capability for various operational re-
quirements. Additionally, the shape of the superstruc-
ture and the arrangement of its antennas significantly
reduce radar cross section, making the ship less visible
to enemy radars.

“Every day the ship is at sea, the officers and crew
learn more about her capability and can immediately in-
form the continued development of tactics, techniques
and procedures to not only integrate Zumwalt into the
fleet, but to advance the Navy’s understanding of op-
erations with a stealth destroyer,” remarked the Com-
manding Officer of USS Zumwalt, Capt. Andrew Carlson.
" After sailing over 9,000 miles and 100 days at sea in
2019, we are absolutely looking forward to more aggres-
sive at-sea testing and validation of the combat systems
leading to achievement of initial operational capability.”

The USS Zumwalt is the first ship of the Zumwalt class
destroyers. The USS Michael Monsoor (DDG 1001) is
homeported in San Diego and is undergoing combat
systems activation. The third and final ship of the class,
the future USS Lyndon B. Johnson (DDG 1002), is under
construction at BIW's shipyard in Bath, Maine.

WEST-BOND’S Model 4KE: ONE HEAD; wedge

Bond both 45 and 90 degree Al, Au Cu/ Au and Cu Ball Bonder

Virtual Semicon West Show, July 21-23, 2020

1551 S. Harris Court Anaheim, CA 92806

Our exclusive triple convertible semi-automatic ultrasonic wire bonding machine:
The 4KE wedge-wedge and ball-wedge wire bonding machine, with
convertibility for either 45° or 90° feed, and ball bonding, all in ONE HEAD!.

See our Model 4KE and the 7372E in the

UWEST - BOND, Nc.

e 45° and 90° Wire Feed Convertibility
e Wire or Ribbon Bonding
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e Throatless Chassis

e ESD Protection

e Adjustable Work Platform

e Orthogonal X, Y, and Z Axes
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COVID-19 to Accelerate Adoption of New
Technology

ity governments are adjusting to a new real-
ity, with COVID-19 driving urban resilience
and digital transformation strategy agendas,
according to ABI Research. This is reflected in the de-
ployment of a range of technologies for new use cases
during the current emergency:
e Drones—Communication and enforcement of social
distancing rules; delivery of medical supplies
* New types of surveillance-Al-based remote tem-
perature sensing (Kogniz Health)
e Autonomous freight-Autonomous last mile delivery

(Beep, Navya, Nuro, Waymo, Postmates)
¢ Digital Twins—Holistic, transversal, real-time visibility

for resources, assets and services (Siradel)
® Real-time dashboards (City of Boston) and data

sharing including the use of smartphone data
crowdsourcing for location tracking

“While many of the measures taken by city govern-
ments during COVID-19 are decided on the fly requir-
ing high levels of improvisation, it has resulted in a rich
laboratory type learning experience in terms of how to
take advantage of the inherent flexibility of technolo-
gies to address emergency situations and challenges
linked to demand-response management of assets
and services,” said Dominique Bonte, vice president of
end markets at ABl Research. “This will have a lasting
impact, coming out of COVID-19 during and after the
drawn-out recovery period, in the form of a step change
in how resilience is approached and generalized, allow-
ing to prepare better for future calamities, a distinct sil-
ver lining on a very dark COVID-19 cloud.”

At the same time cities are reaping the benefits of a
digital only lifestyle in the form of the sudden adoption
of e-Government services, e-Health and teleconsulta-
tion, remote work, online education and e-Commerce
resulting in huge drops in traffic levels. These, in turn,
are dramatically decreasing congestion, fatalities and
air pollution. Importantly, post-COVID-19 traffic levels
are expected to only reach between 80 and 90 percent
of the pre-COVID-19 levels, as digital lifestyles take
hold more permanently, driven by both public and pri-
vate initiatives and incentives. The result will have last-
ing positive effects on the environment.

5G mmWave and Massive MIMO Market

t is expected that 5G will deliver more data
to more devices with lower latency and
higher consistency than previous-genera-
tion technologies. To adequately accommodate us-
ers, however, there is a need for larger bandwidth.
Bandwidth is limited in the mobile frequency spec-

For More
Information
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trum, hence, mmWave bands are being leveraged.
mmWave technology offers several advantages such
as high-speed data transfer, high resolution, low in-
terference, small form factors, increased security and
cost-effectiveness. Wavelengths are short, allowing
many antenna elements to be placed in a compact,
highly directive aperture. According to Associate
Vice President of Semiconductor and Electronics at
MarketsandMarkets, Sachin Garg, “mmWave is likely
to play a key role to support burgeoning mobile data
traffic growth. High data transfer rates offered by this
spectrum, the growing involvement of various telecom
service providers and favorable federal mandates are
driving market growth.”

5G mmWave is focused on deployments in existing
dense urban markets. Indoor venues such as conven-
tion centers, concerts, malls, stadiums and indoor en-
terprises such as offices, shop floors and meeting rooms
are challenged with limited network capacity. This pres-
ents a huge opportunity for mmWave in providing fixed
wireless access in such crowded areas. mmWave's wider
bandwidth and high spatial multiplexing gains allow
mobile operators to provide gigabit, low latency con-
nectivity to a large number of users.

Advancements have been made in RF silicon that al-
low a large number of RF chains to be supported in
large antenna arrays. RFICs play an important role in
network infrastructure, mainly in small cells and mac-
rocells. They are also used for enabling radio-based
communication. Companies such as Qualcomm, Intel,
Huawei, Samsung, Anokiwave, Qorvo, Broadcom and
Analog Devices are developing chipsets and chipset-
based products for the 5G network infrastructure. The
5G mmWave chipset market is estimated at USD 0.4
billion in 2020 and is expected to reach USD 8.6 bil-
lion by 2026, at a CAGR of 53.1 percent between 2020
and 2026. The market includes RFICs, mmWave ICs
and baseband ICs used in 5G devices and network in-
frastructure.

Massive MIMO will be a key enabler and foundational
component of the fully functional 5G network. One of
the key roles of the 5G network is to handle a huge in-

5G Chipset Market By Frequency (USD Millions)
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crease in data usage, and MIMO can help address this
requirement. Densely packed 5G mmWave antenna ar-
rays enable massive MIMO in small form factors. Large
array gain overcomes low per-antenna SNR and shadow-
ing. Joint capabilities of bandwidth at mmWave frequen-
cies and high multiplexing gain achievable with massive
antenna arrays can significantly raise user throughput,
enhance spectral and energy efficiencies and increase
mobile network capacity. The Massive MIMO market is
estimated to be valued at USD 1.7 billion in 2020 and is
projected to reach USD 20.9 billion by 2026, at a CAGR
of 41.6 percent between 2020 and 2026.

6 GHz Will Provide Faster, Lower Latency
and More Reliable Wi-Fi

he need for faster, more reliable, more ef-

ficient and more widespread Wi-Fi cover-

age is becoming increasingly vital in a world
filled with more Wi-Fi devices at both ends of the per-
formance spectrum, from high-throughput and low la-
tency applications to battery-constrained loT devices.
ABI Research forecasts that Wi-Fi-enabled devices are
set to increase from 3.3 billion annual unit shipments
in 2019 to more than 4.6 billion by 2024, a growth that
underscores the need for a more robust Wi-Fi network.

-
Wolfspeed.

A CREE COMPANY

In its new whitepaper, The Future of Wi-Fi, ABI Re-
search highlights that while the growing reach of Wi-Fi
will be driven by several advancements, such as Wi-
Fi 6 and Wi-Fi's expansion into the 60 GHz and sub-1
GHz bands through WiGig and Halow, the most excit-
ing and potentially transformative, change to the Wi-Fi
landscape is the anticipated availability of 6 GHz spec-
trum over the next few years.

Currently, Wi-Fi faces several difficult challenges. Key
among them are the growing demands being placed on
Wi-Fi networks, leading to increased congestion, perfor-
mance limitations, and reduced quality of service. Most
Wi-Fi devices are using increasing amounts of data per
device, including streaming high resolution music and
videos, video calling, application and firmware updates,
digital downloads, social networking, data-heavy web
content and online gaming, among others.

“6 GHz not only brings about additional spectrum
and higher throughputs, but essentially guarantees
access to channels with no legacy, resulting in a cor-
responding improvement in latency and simplifying
channel access. Wi-Fi 6E takes full advantage of what
Wi-Fi 6 has to offer and can open new opportunities for
Wi-Fi to better support 5G-class services reliant on high
multi-gigabit throughput, low latency, high efficiency,
broader coverage, and better mobility,” said Andrew
Zignani, principal analyst for Wi-Fi, Bluetooth and Wire-
less Connectivity at ABI Research.
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Another Breakthrough

18 To 40 GHz Solid State Field Generation

Field Strengths Up To 50 V/m

Tired of using fraditional low Mean Time Between Failures (MTBF), long delivery and short
warranty Traveling Wave Tube Amplifiers TWTA’s) to generate these field strengths at
frequencies to 40 GHz?

AR now offers a state of the art amplifier/antenna solution in one package. These new
systems have much higher MTBF, provide better performance, increased reliability, quick
delivery, a 3-year warranty AND at a fraction of the cost of TWTA approaches.

“AA” systems are available to cover the 18 - 26.5 GHz or 26.5 - 40 GHz frequency bands
with two different field strengths and spot sizes and come with a separate rack mounted
unit which includes the power supply and control circuitry. For a complete turnkey field
generation system a separate signal generator can also be included.

Ideal applications include EMC Radiated Susceptibility for MIL-STD-461 Testing, Radar
Systems, Communications and TWT Replacements.

To learn more, visit www.arworld.us/AASeries or call us at 215-723-8181.
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Aroundthe Circuit
. Barbara Walsh, Multimedia Staff Editor

MERGERS & ACQUISITIONS

After reaching a definitive agreement in January, BAE
Systems has completed the acquisition of Raytheon
Technologies’ airborne tactical radios (ATR) business,
based in Fort Wayne, Ind. and Largo, Fla. The ATR busi-
ness designs, manufactures and supplies mission-criti-
cal communications systems to the U.S. Department of
Defense, allied governments and large defense aircraft
manufacturers, with secure, battle-proven communica-
tions solutions installed on a broad range of airborne
platforms. The acquisition augments BAE Systems’
portfolio in airborne communications with broad spec-
trum, multi-band and multi-channel radios featuring an-
ti-jamming and encryption capabilities. The ATR busi-
ness also brings complementary waveform expertise to
BAE Systems’ Electronic Systems Command, Control,
Communications, Computers, Intelligence, Surveillance
and Reconnaissance organization.

PCTEST Engineering Laboratory LLC, which recently
became part of the Element Materials Technology
Group, has acquired the latest 5G test solutions from
Rohde & Schwarz for RF and RRM testing in the FR1
and FR2 frequency ranges. This acquisition includes
the R&S TS8980 RF conformance test system, plus the
R&S ATS1800C CATR based OTA test chamber. This in-
vestment will be instrumental in supporting Element’s
new Connected Technologies sector, with PCTEST's ca-
pabilities offering comprehensive wireless testing and
certification services to device manufacturers. The R&S
TS8980 provides the maximum test case coverage and
Global Certification Forum (GCF)/PTRCB validation
status for LTE RF and RRM 3GPP conformance and net-
work operator supplemental tests.

COLLABORATIONS

Modelithics Inc. and Mini-Circuits have expanded their
partnership by developing new high accuracy simula-
tion models for several packaged Mini-Circuits ampli-
fiers. In total, 14 new substrate amplifier models have
been developed. These data-based models were ex-
tracted by performing broadband S-parameter and
noise parameter measurements with a Keysight PNA-X
vector network analyzer, as part of a Maury Microwave
ultra-fast noise parameter measurement setup. Mod-
elithics now offers over 68 models, representing over
130 individual Mini-Circuits components, that include
amplifiers, filters and splitters, among others. All of the
new amplifiers models are currently available for FREE
for use within Keysight Technologies’ PathWave Ad-
vanced Design System.

Test and measurement specialist Rohde & Schwarz

and connectivity and sensor component manufactur-
er TE Connectivity cooperate on testing automotive

For More
Information
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Ethernet cables and connectors. The two companies
have successfully tested a communication link, utilizing
shielded twisted pair (STP) cables and TE's MATEnet
data connector system, for compliance with the One-
Pair Ethernet Alliance Technical Committee group 9 test
specification for T000BASE-T1. Automotive Ethernet is
becoming the preferred solution for in-vehicle commu-
nications, offering to date speeds up to 10 Gbps.

ZTE Corporation announced that in partnership with
China Unicom, ZTE has implemented the industry’s first
Tri-RAT dynamic spectrum sharing solution, SuperDSS,
in the live network of the Henan Branch of China Uni-
com. The average throughput of SuperDSS in the same
bandwidth has increased by 35 percent compared with
that of LTE/NR DSS. SuperDSS can maintain 3G voice
experience while greatly improving spectrum utilization
efficiency. Therefore, SuperDSS offers an ideal solution
to those operators who are eager to roll out 5G with
limited spectrum resources.

COMSAT Inc. has ratified an agreement with ABS to
enhance and strengthen the COMSAT global network.
The addition of the ABS-3A satellite to the COMSAT
Southbury, Conn. teleport services bolsters its reach
throughout the Americas, Europe, North Africa and
the Middle East to provide more resilient and robust
connectivity solutions through its terrestrial fiber path-
ways. A 14.2M antenna delivering C-Band services and
a 9M antenna, providing Ku-Band services, have been
allocated to support the new partnership. As demand
for data transmission increases globally the agreement
focuses on providing multiple service options and
strengthened satellite connectivity to deliver increased
amounts of data, video, mobility and government ap-
plications between the U.S. and international markets.

GCF and 450 MHz Alliance formalized a new partner-
ship with the official signing of a Memorandum of Un-
derstanding that will see a GCF certification initiative
extend to users of the 450 MHz band. The new collabo-
ration means that global wireless carriers, equipment
manufacturers and other device manufacturers in the
loT and machine-to-machine vertical markets can even-
tually have access to a program that provides a level
of confidence in interoperability in this spectrum. 450
MHz Alliance works with members to grow momentum
across the 450 MHz ecosystem, providing a simple en-
try for operators and manufacturers and unleashing the
potential of the spectrum for cellular loT applications
on LTE networks.

NEW STARTS

RFMW announced a micro-site for customers and sup-
pliers supporting solid-state RF energy technology.
Magnetron tubes have dominated this market but have
drawbacks with regards to degradation, reliability and
power control. Solid-state RF solutions can be used to
replace existing magnetron-based systems. Generally,
magnetron replacement systems are made up of 1 KW

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

Content is copyright protected and provided for personal use only - not for reproduction ?r Lot nsmission.
X . MW]JOU
For reprints please contact the Publisher.

L.COM m JUNE 2020



DUAL or SINGLE LOOP
SYNTHESIZER & PLO MODULES

* Proprietary digital integer and Fractional PLL technology

« Lowest digital noise floor available -237 dBc/Hz figure of merit

 Output frequencies from 100 MHz locked crystal to 30 GHz

« Rvailable with reference clean up dual loop, or single loop for
very low noise reference

= Parallel fixed band stepping or SPI interface synthesized up to
octave bandwiidths @

» Reference input range 1 MHz to 1.5 GHz

 Dual RF output or reference sample output available

» +12 dBm standard output power +16 dBm available

« Standard module size 2.25 X 2.25 X 0.5 Inches [LxWxH)

« Standard operating temperature -10 to 60 °C, -40 to +85 °C
available

Applications: .
« SATCOM, RADAR, MICROWAVE RADIO .

*
16 - 30 GHz with added x2 module < 1” in height.

12.8 GHz Phase Noise

-100

fin
o
15}

Phase Noise (dBc/Hz)
W N
[=) o

-140 -

-150

-160 -+

100 1000 10000 100000 1000000 10000000
Offset Frequency (Hz)

Talk To Us About Your Custom Requirements.



Aroundthe Circuit

modules, some systems can reach 50-60 KW at their fi-
nal output. Solid-state RF energy offers a number of ad-
vantages including precise power/frequency/phase and
PWM control, high-speed arc detection and shutdown,
stability at all power levels, no degradation of power
with age, improved reliability and the use of lower volt-
age power supplies.

ACHIEVEMENTS

Raytheon has recognized G.T. Microwave Inc. with an
EPIC Supplier Excellence Award for their outstanding
performance. EPIC Awards recognize a supplier's over-
all excellence in performance, innovation and collabo-
ration for one or more Raytheon businesses. Only the
highest performing suppliers are awarded this honor.
G.T. Microwave is a veteran-owned, small business that
designs and manufactures microwave integrated con-
trol components.

Infinite Electronics Inc. announced that it has received
the 2019 Supplier Excellence Award from Raytheon
Missiles and Defense for superior supplier perfor-
mance. Raytheon Technologies’ Legacy Integrated
Defense Systems business (now Raytheon Missiles
and Defense) instituted the annual Supplier Excellence
Awards program to recognize suppliers who have pro-
vided outstanding service and partnership in exceeding
customer requirements. Award candidates are judged
on certain criteria, including overall quality and on-time
delivery. Infinite Electronics was one of 36 companies
recognized by Raytheon’s legacy Integrated Defense
Systems business for 3-Star honors.

Maury Microwave is excited to announce that it has
been recognized by Raytheon Integrated Defense
Systems as a recipient of its prestigious 3-Star award
for supplier excellence. This award is proof of the dedi-
cation of their employees and their commitment to the
company’s value system with an emphasis on service
mindset towards its customers.

Raytheon'’s Integrated Defense Systems business insti-
tuted the annual Supplier Excellence Awards program to
recognize suppliers who have provided outstanding ser-
vice and partnership in exceeding customer requirements.
Award candidates are judged on certain criteria, including
overall quality and on-time delivery. RLC Electronics was
one of 86 companies recognized by Raytheon’s Integrated
Defense Systems business for 4-Star honors. This most re-
cent recognition is the fifth time in the past six years that
RLC has been awarded as a Top Supplier to Raytheon’s
Integrated Defense Systems business.

Anritsu Corp. President Hirokazu Hamada announced
that Anritsu’s New Radio RF Conformance Test System
ME7873NR has achieved an industry-first validation for
GCEF certification of FR2 spurious emissions tests based
on 3GPP specifications. The ME7873NR earned the
world’s first validation approval for spurious testing on
GCF 5G NR FR2 non-standalone mode at the CAG#62
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meeting in April. To attain this achievement and enable
GCEF certification for spurious emissions testing, Anritsu
made numerous technical contributions to RANS5 to ac-
celerate the development of test specifications defined
in 3GPP TS 38.521.

Experts in wireless connectivity testing, Microwave Vi-
sion Group, has announced substantial interest in its
innovative new StarWave system, with the first sale
confirmed just a few weeks after launching the technol-
ogy to market. Despite challenging global conditions
caused by the coronavirus pandemic, the launch of this
new era 5G mmWave OTA testing technology has been
particularly well received by the telecommunications in-
dustry. The first system was sold post-launch in the U.S.
and will be used to test 5G connected handsets, tablets
and laptops.

ThinKom Solutions Inc. recently completed a series of
interoperability tests that demonstrated the compatibil-
ity of its core antenna technology with a low-Earth orbit
(LEO) satellite network. The tests took place during the
first quarter of 2020, using commercially available air-
borne-certified hardware, including a ThinKom Ku3030
phased-array antenna subsystem and a Gogo radome,
adaptor plate and power amplifier that together com-
prise the “2Ku” aero satcom terminal. The 2Ku termi-
nal demonstrated rapid acquisition and tracking of LEO
satellites and provided continuous connectivity over all
operationally relevant elevation angles.

T-Mobile U.S. Inc. announced several important mile-
stones for standalone architecture (SA) 5G. These achieve-
ments, using the Un-carrier's newly built 5G core, bring T-
Mobile closer to taking its nationwide 5G network to the
next level. In tech terms, SA 5G will eliminate the need
for a mid-band LTE anchor, cutting out some of the limita-
tions experienced today. Simply stated, it is the future of
5@G. SA will allow 5G to reach its full potential by increas-
ing coverage and laying a foundation for game-changing
applications that can utilize blazing fast speeds, real-time
responses and massive connectivity.

Rohde & Schwarz has announced the installation of an
Al-based RF test system for digital TV compliance test
in Vietnam. The system consists of the R&S BTC Broad-
cast Test Center and RFSpark AutoTester. The R&S BTC
Broadcast Test Center is a reference signal generator
featuring analysis functions and automated tests for au-
dio, video and multimedia applications. It is a unique
combination of outstanding technical features and a
modular, flexible design to meet the highest demands
and latest transmission technologies.

CONTRACTS

Science Applications International Corp. (SAIC) has
been awarded a multiple award, indefinite delivery,
indefinite quantity contract from the U.S. Naval Sea
Systems Command with a ceiling value of $982 million
to provide products and services within the unmanned
surface vehicle family of systems. The contract carries a
five-year period of performance and may extend to 10
years, if all options are exercised.
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Aroundthe Circuit

Elbit Systems Ltd. announced that it was awarded a
contract valued at approximately $103 million to sup-
ply comprehensive electronic warfare (EW) suites for
an Air Force of an Asian country. The contract will be
performed over a three-year period and includes long-
term integrated logistic support. Under the contract,
Elbit Systems will fit the customer’s helicopters with
complete EW suites, including countermeasure sys-
tems. The EW suites will provide the helicopters with
advanced protection to achieve the customer’s opera-
tional requirements.

L3Harris Technologies has received a third low-rate
initial production (LRIP) order valued at $95 million by
the U.S. Army under the handheld, manpack and small
form-fit (HMS) IDIQ contract to bring AN/PRC-158
multi-channel radios to the battlefield. This LRIP will be
followed by an operational test that will inform a full
rate production decision for the AN/PRC-158 and other
HMS products. The IDIQ contract includes a five-year
base and an additional five-year option with a ceiling
of $12.7 billion. The Army expects to purchase approxi-
mately 65,000 HMS manpack radios under the IDIQ.

CACI International Inc. announced that it has been
awarded a five-year task order, with a ceiling value of
$63 million, to upgrade U.S. Army infrastructure across
the U.S. Indo-Pacific Command, including providing
continued enterprise support for the relocation of the
Army’s garrison at Yongsan, Seoul, South Korea, to
Camp Humphreys.

Teledyne Brown Engineering Inc., a division of Tele-
dyne Technologies Inc., was recently awarded a con-
tract with a $40 million ceiling for production of auto-
mated radioxenon concentrator and spectrometer pro-
duction units and spares for the U.S. Air Force. This
sole source hybrid indefinite-delivery/indefinite quan-
tity contract will provide multiple radioxenon sampler
systems for nuclear test monitoring requirements of the
U.S. Atomic Energy Detection System network for the
verification of international treaties.

FLIR Systems Inc. announced it has won an additional
$20.6 million contract from the U.S. Army to deliver its
FLIR Black Hornet® 3 Personal Reconnaissance Sys-
tems. The advanced nano-unmanned aerial vehicles
will support platoon- and small unit-level surveillance
and reconnaissance capabilities as part of the Army’s
Soldier Borne Sensor (SBS) program. In January 2019,
the U.S. Army awarded FLIR an initial $39.7 million con-
tract for Black Hornet 3's to support the SBS program.
The company is currently delivering those systems for
fielding across the force.

Comtech Telecommunications Corp. announced
that during its second quarter of fiscal 2020, its Santa
Clara, Calif.-based subsidiary, Comtech Xicom Tech-
nology Inc., which is part of Comtech’s Commercial
Solutions segment, received a contract valued at
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Aroundthe Circuit

$1.2 million for Ka-Band high-power traveling wave
tube amplifiers for a military satellite communications
ground system.

PEOPLE

Anokiwave Inc. announced the ap-
pointment of William “Bill” Nevius as
vice president and general manager
of its Aerospace and Defense Portfo-
lio. In this role, Nevius will lead the
y| company’s strategic defense accounts
and build upon the long history of
successful partnerships in the commu-
nity to expand its reach into the
market with enabling technology for
SATCOM, RADAR, EW, COMMS and space applica-
tions. This appointment comes at a strategic time for
Anokiwave with tremendous opportunities for growth in
this market by leveraging the advances of mmWave
commercial off the shelf Silicon commercial technolo-
gies into aerospace and defense systems.

A William Nevius

REP APPOINTMENTS

RFMW announced a Global distribution agreement
with KCB Solutions effective immediately. Under the
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agreement, RFMW will support KCB's product offering
with a focus on their standard RF and microwave com-
ponents portfolio including attenuators, switches and
amplifiers.

Richardson RFPD, an Arrow Electronics company, an-
nounced that it has entered into a distribution agree-
ment with Cartesiam SAS. Cartesiam is the market
leader in artificial intelligence solutions for standard
Cortex-M microcontrollers and has recently announced
the availability of NanoEdge Al Studio, the first inte-
grated development environment that enables rapid
and easy creation of machine learning algorithms for
Arm Cortex-M microcontrollers.

PLACES

Keysight Technologies Inc. has opened a new Regu-
latory Test Laboratory in Penang, Malaysia, to deliver
accredited electromagnetic compatibility testing ser-
vices for manufacturers of electronic devices and mis-
sion-critical industries across wireless communications,
loT, automotive, healthcare and medical applications.
The Penang facility is the next world-class compliance
and testing facility established by Keysight to offer
expertise, knowledge, efficiency, capacity and excep-
tional customer service including calibration and test-
ing services.
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A Better Approach to Measuring
GaN PA Linearity

Walt Strickler

Boonton Electronics, Parsippany, N.J.

Paulo Correa and George Bollendorf
Empower RF Systems, Inglewood, Calif.

GaN amplifier linearity is measured using three techniques: intermodulation distortion, noise
power ratio and crest factor (CF). The CF method proves to be more relevant to actual operating
conditions, while demonstrating the advantages of greater accuracy, simplicity and lower cost.
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aN devices continue to be key el-
ements in many radar, electronic
warfare, satellite and terrestrial
communication systems. They of-
fer several advantages.! For example, GaN
has a high breakdown field due to a large
bandgap that enables GaN devices to op-
erate at higher voltages. Combined with a
high saturation velocity and correspondingly
large charge capability, GaN devices are
ideal for high power applications. Add to
this excellent thermal conductivity, and it is
easy to see why applications for GaN devic-
es continue to grow. In a recent study, Yole
Développement expects the GaN industry
to grow with a 23 percent compound annual
growth rate between 2017 and 2023, driven
by telecom and defense applications.2
Some of the most popular GaN devices
are wideband RF power ampilifiers (PA). Am-
plifiers are described by multiple charac-
teristics including gain, frequency response
or bandwidth, power output, linearity, ef-
ficiency and noise figure. Two key charac-
teristics often used to describe the quality
of an amplifier are linearity and efficiency.
The relative importance of these two attri-
butes depends on the application. For ex-
ample, in a satellite-based system, efficiency
may be more important, as limited power is
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available. In terrestrial wireless communica-
tions, the relative importance may be more
balanced. Communication systems, such as
those based on 5G standards, use wideband
modulation with significant linearity require-
ments. In addition, because of the amount
of base stations needed to support these
systems, attention to power efficiency is re-
quired to manage operating expenses. Un-
fortunately, the output power levels to main-
tain amplifier linearity are often well below
the levels needed for maximum efficiency.

MEASURING LINEARITY

This article focuses on the applications
where amplifier linearity is the critical attri-
bute. Figure 1 illustrates typical amplifier
behavior. Linearity is measured by increas-
ing input power and observing output pow-
er until the amplifier enters compression.
Often, amplifier linearity is specified as the
input power level where the corresponding
output power is 1 dB lower than the theo-
retical linear response, often designated as
P,gs- Historically, this has been considered
the point where amplifiers operate most ef-
ficiently.

With the simultaneous need for linearity
and efficiency, it is crucial to optimize the in-
put back-off. Too much back-off sacrifices ef-
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ficiency and causes the amplifier to
be oversized to reach the required
output power and more expensive;
too little causes increasing compres-
sion and signal degradation. There-
fore, measuring amplifier linearity
accurately under realistic operating
conditions is important to GaN am-
plifier designers.

Of the ways to measure and ex-
press amplifier linearity, three com-
mon methods are: 1) intermodu-
lation distortion (IMD), 2) noise
power ratio (NPR) and 3) CF or
peak-to-average power ratio. Table
1 compares measurements made
with the three approaches. Using a

Noisecom noise source or a two-
tone source, a signal is applied to
the amplifier, with the input power
starting at -25 dBm and increasing
in 1 dB steps until reaching -15 dBm.
Reductions in gain, CF, NPR and the
difference between the intermodu-
lation products and carrier signals
all indicate an amplifier is nonlinear.
All three measurements show that
as the input power increases, the
amplifier compresses the signal and
operates nonlinearly; however, only
the CF method clearly reveals the
amount of compression. The three
measurements show the amplifier
starts compressing when the aver-
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age input power is

Theoretical Response
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TABLE 1
COMPARISON OF LINEARITY MEASUREMENT METHODS

e, Cupa  Gan PekOuPt il e
(dBm) e 212 (dBm) ;”c‘,’;‘)”

25 197 5.3 88 109 | 384 60
24 186 54 78 108 | 393 | 585
23 178 5.2 = 108 | 399 | 572
22 168 5.2 %5 103 | 401 55
21 158 5.2 58 10 39.2 54
20 147 53 53 94 36.2 53
219 141 49 52 8.9 38 50
18 13 5 4.9 8.1 298 47
17 121 49 4.6 7.5 26.1 45
216 111 49 43 68 29 42
15 104 46 43 6.1 208 34
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with high CFs, such as the OFDM

signals used in 5G and Wi-Fi com-

munication. Comparing the three
linearity measurements shows clear
advantages to the CF approach:

e Clearer indication of meaning-
ful signal compression—Con-
ventional, average power com-
pression measurements do not
reflect the signal impairment oc-
curring in wideband communica-
tion signals.

* Lower cost—The CF approach
uses low-cost noise sources and
wideband USB peak power sen-
sors. Test systems using spec-
trum analyzers can cost multiples
of the price of a USB sensor, and
an analog signal generator adds
expense.

e Simpler, less error prone—
Spectrum analyzers can be com-
plex to configure and the results
may be difficult to interpret.

e Higher accuracy—The uncer-
tainty of a power sensor mea-
surement is usually in the tenths
of a dB, while spectrum analyzers
and signal generators are typi-
cally 1 to 2 dB.

Using the complementary cumu-
lative distribution function (CCDF)
of the CF adds the probability of
occurrence to the measurement. CF
measurements provide a single val-
ue based on a calculation from the
highest single peak power value in
a population of measurement sam-
ples. However, if this peak only oc-
curs once out of a million samples,
it may not present a problem during
actual use. Quantifying the degree
of peak impairment using CCDF
can provide the value of CF that oc-
curs with a specific probability—0.1
percent or one in 1,000 samples,
for example—which is helpful when
considering the effects of amplifier
compression on bit-error-rate or er-
ror vector magnitude.

The following sections examine
these three methods for measuring
amplifier linearity.

IMD or Third-Order Intercept

When an amplifier goes into
compression, it becomes nonlin-
ear and produces signal harmonics
which can mix and generate inter-
modulation products. The second-,
third- and higher-order harmonics
are usually outside of the amplifier’s
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the third-order products is plotted
as shown in Figure 3. The third-
order products increase at a rate of
3x the desired signal, and the inter-
section of the theoretical extensions
of the fundamental and third-order
power levels is called the third-or-
der intercept point, denoted as TOI
or IP3. The higher the IP3 value, the
better the linearity and the lower
the IMD. To determine the TOI, a
signal generator provides the two
tones, and a spectrum analyzer or
vector network analyzer (VNA) mea-
sures the desired signal and third-
order products.

A disadvantage of this approach
is the measurement uses only two
tones, while, in practice, the signal
provided to the amplifier often has
significantly more tones. For exam-
ple, an LTE-A signal with five com-
ponent carriers has 6,000 effective
subcarriers or tones; a 5G NR signal
may have 3,300. Two CW tones do
not represent the dynamic load-
ing that an amplifier experiences in
operation. The CF is only 3 dB for a
two-tone signal, yet can approach 15
dB for a 5G signal; the power supply
and thermal effects would be much
different with just two tones versus
a high count multi-tone or noise-like
signal. Another consideration is the
phase coherency between tones. If
the relative phase among tones is
random, the measurement may be
different than with phase coherent
tones. This is further complicated
with LTE or 5G signals, where the
physical layer is based on the or-

thogonality of the carriers.

NPR

Another measurement for quanti-
fying amplifier linearity is NPR. Here,
white noise is used to simulate a
multi-tone carrier signal. An additive
white Gaussian noise generator has
a high CF and represents a wide-
band communication signal much
better than a two-tone IMD stimulus.
The noise is band-limited by a filter,
to either the useful bandwidth of the
amplifier or the bandwidth of the ex-
pected signal. The resulting signal is
passed through a notch filter with a
notch typically greater than 50 dB
below the passband amplitude and
a width of approximately 1 percent
or less of the filtered noise band-
width (see Figure 4a).3
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per MIL-DTL-3928.

B Low Insertion Loss
B High Power
B Low Passive Intermodulation

B Surface Mount Options

For more detailed information on coaxial and waveguide switches, visit our web site.
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ApplicationNote

This signal is applied to the in-
put of the amplifier, and the am-
plitude is increased to the point of
nonlinearly. As discussed above, in
the nonlinear region, the multiple
tones mix to create intermodula-
tion products. Because the noise

signal is equivalent to many tones,
the individual IMD products cannot
be measured easily. Instead the ag-
gregate power of the IMD products
at the notch frequency is measured;
as the products increase, the effec-
tive depth of the notch decreases.

T —— v—y o e
| | |

d N

the input signal to
the amplifier has
a notch depth of
38.4 dB, and the
depth of the notch
in  the amplified
signal decreased to

i Figure 4b shows
4N

Spectrum
Analyzer

10 NPROut | 36.2 dB, indicating

NPR In 36248 | the amplifier is in
_384d8  © compression.  Like
& 10 two-tone IMD test-

2 20 ing, NPR is typically

£ 3 I measured with a

o spectrum analyzer

& —40 or VNA. An added

750 ¥ expense is a high
60— ‘ ‘ ‘ ‘ quality filter with

1.90 1.95 2.00 2.05 2.10 sufficient notch

(b) Frequency (GHz) depth to observe

the IMD products

A Fig. 4 NPR test setup (a) and measurement (b).

Authorized Franchised Distributor for

INNOVATIVE
SOLUTIONS

Passive Microwave Components
Diamond RF Resistives™
Fixed Attenuators — High Power
Hi-Rel Components
Resistors and Terminations
Coupler and Signal Distribution
Thermopad™
Test Cable Assemblies
Tunable Filters

Micro Lambda, LLC
g Trenton Lakewood Rd.
Uarksburg, NJ 08510

bda distributes
s in the telecorm

supporting
military, aerospace,
surement markets.

58

of interest.

N
U

.
. \

r

«

)

SMA Connectors,
Pins & Accessory Beads

i)

L1 V

. .
ee

— —

£

TO PLACE AN ORDER

800.952.6232

kristin@microlambda.com

CF

The third approach for character-
izing an amplifier's linearity is with
a CF measurement. CF is the ratio
of peak-to-average power. Like the
NPR measurement, the amplifier in-
put is band-limited noise to drive it
with a signal approximating what an
amplifier would see in actual use.

Using a directional coupler or
signal splitter, the incident signal
is measured with a wideband peak
power sensor. The video bandwidth
of the sensor, as well as the coupler
or splitter, should be at least as wide
as the bandwidth of the noise sig-
nal; otherwise, the measurement
will be distorted (see Figure 5). A
second measurement is made at the
output of the ampilifier, including
any attenuation needed to keep the
signal in the measurement range of
the sensor, and the CFs of the input
and output signals are compared. If
the output CF is less, the amplifier
is compressing the signal’s highest
peaks. For the most accurate mea-
surement, a third sensor can be
used to determine if a portion of the
input signal is reflected rather than
amplified. By comparing the input
and output average power, the am-
plifier's gain can be determined.
Figure 6 shows the test setup.

As previously noted, just moni-
toring gain changes with average
power measurements does not give
an accurate indication of amplifier
linearity in operation. An average
power gain reduction can be signifi-
cantly smaller than the compression
observed with a multi-tone signal.

BENEFITS OF CCDF

The CCDF can provide addi-
tional insight into amplifier perfor-
mance. For each power level, the
CCDF curve shows the amount of
time the signal spends above the
average power level. Equivalently,
the CCDF curve displays the prob-
ability that the signal power will be

’g, <«—— Actual Signal
o
o
& Measurement with
Insufficient VBW
—
Time

A Fig. 5 Incorrect peak power
measurement from a sensor with
insufficient bandwidth.
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P32T-0R5G18G-60-T-SFF SP32T, Absorptive
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ApplicationNote

above the average power. To illus-
trate, Figure 7 shows the CCDFs for
an amplifier with an average input
power of -12.7 dBm, comparing the
input (channel 1), output (channel 2)
and ideal Gaussian signals. Approxi-

mately 0.01 percent of the time, the
signal will have a CF of approxi-
mately 9 dB, and the input and out-
put CFs match within 0.2 dB. When
the input power is increased to -2.5
dBm, the CF at the output degrades

Noise
Source

Forward In

significantly to 5.4
dB, indicating a

“— || substantial degree
Forward | of  compression
Out

(see Figure 8).

The additional
information provid-
ed by using the CF

and CCDF sheds
light on the appli-

cability of classes
of ampilifiers previ-
ously thought to
be unacceptable

Avg Power

| Crestfactor | 8.531d8 |
| -12.726 dBm

A Fig. 7 Amplifier CCDF for —12.7 dBm average input power.

for ~ communica-
tions applications.
For example, the
Empower RF Sys-
tems model 2223
PA uses GaN on
SiC in a class AB
broadband amplifi-
er. It has a wide fre-
quency response

1788 dBm
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from 500 MHz to 6 GHz, 53 dB gain
and 150 W minimum output power.
Its class AB design has very high ef-
ficiency, given its bandwidth, and is
compact. This amplifier exemplifies
a multi-mode amplifier, one capable
of efficient “brute force” power and
linear performance for communica-
tions or test applications. Traditional
methods for measuring linearity will
incorrectly characterize its linearity
and suitability for transmitting digi-
tally modulated waveforms.

Two linearity test methods were
performed on the PA to determine
P,qs- The first used a CW signal,
where the input power level was
increased until 1 dB compression
was measured and repeated at mul-
tiple frequencies across the band.
The second method used CF for
determining Pg4g, with a 64 QAM
signal having a CF of 6.3 dB. To
determine the 1 dB compression
point using CF and CCDF, at each
test frequency, the input power was
increased until the measured out-
put CF decreased 1 dB to 5.3 dB.
Table 2 compares the results of
the two methods, showing the CW
method gives a P,y compression
point about 2 dB below the P4z
measured with the CF method. The
difference is because of transistor
gain variation versus temperature.
In most GaN HPAs, the gain per
stage varies -0.012 dB/°C of junc-
tion temperature.

In a class AB amplifier, the tran-
sistor consumes more power as
the output power increases, and as
the junction temperature increases,
transistor gain decreases. With a
class A amplifier, one sees the op-
posite. For example, consider a
class A amplifier with a CW input
signal. When the output power is
low, the transistor consumes the
most power and junction tempera-
tures are near maximum for the
operating condition. As the output
power increases, the junction tem-
perature of the transistors reduces,
resulting in gain expansion which
extends the “apparent” compres-
sion point. However, when the same
amplifier input is a modulated sig-
nal with a high CF, the device does
not exhibit gain expansion since the
transistor junction temperature cor-
relates to the average power and
remains high. This underscores the
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ApplicationNote

best practice of stimulating an am-
plifier with a signal representing the
actual signal it will see.

Examining the theory behind this
phenomenon, the output power in
a linear PA can be described by the
equation:

Pout (0t) = o + Gf (ot) (1)

where f(wt) is the input signal, o is a
constant and G is the gain of the
amplifier. For a GaN amplifier, G
varies with temperature as de-
scribed by:

AG =-0.012dB/°C x (2)
Junction Thermal Resistance
(°C/W) x Dissipated Power (W)

For a class AB amplifier, if the
thermal resistance is 1°C/W and the
power dissipation from small-signal
to large-signal increases by 50 W,
Equation 2 yields a gain reduction
of 0.6 dB solely due to the increase
in junction temperature. Conversely,
when the same device operates in
class A, the power dissipated de-
creases since a por-

Parameter

CHL CH2

tion of the power
goes into the load.
Using the same
gain equation, the

Crest Factor

9.2414d8 5424dB

resulting gain in-

Crest Factor of
i Output 5

TAIYO YUDEN

for = 0.01% of the time

Avg Power -2.529dBm | 10.883 dBm creases because
the power dissipa-
Crest Factor of Input Signal t| on is re d u Ced

In both cases, this
gain variation is not
indicative of the
true linearity of the
PA, i.e., the linear-
ity that changes the

Need Your Components Rescued?
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TABLE 2
CW vs. CF LINEARITY TEST
METHODS FOR DETERMINING P, 45
Frequency P45 CW P48 CF
(MHz) (dBm) (dBm)
500 48.5 50.5
1000 49.0 51.6
1500 49.0 517
2000 47.9 51.8
2500 48.2 51.6
3000 46.5 49.1
3500 448 47.8
4000 46.0 47.2
4500 46.4 47.7
5000 47.0 48.4
5500 45.5 457
6000 45.8 45.1

fidelity of the input signal. True lin-
earity is assessed by measuring the
compression of signal peaks relative
to the average power.

CONCLUSION

Use of GaN technology will ac-
celerate in the coming years, driven
primarily by advances in commercial
and military radar and the build-out
of 5G networks. 5G has very de-
manding linearity requirements.
Traditional tools for assessing ampli-
fier linearity are no longer sufficient
to predict real world performance.
Compared to traditional tools, ana-
lyzing amplifier compression by
measuring CF reduction combined
with the statistical analysis offered
by CCDFs provides a clearer and
more accurate indication of signal
compression. It is simpler, more ac-
curate, less prone to errors and low-
er cost. This tool also provides in-
sight into how ampilifiers previously
considered unsuitable for communi-
cations can be good alternatives to
the amplifiers traditionally used.l
I
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Editor's Note: In Part ll, the authors look at a new way to reduce stiction effects in the Resistive MEMS switch
(metal-to-metal contact) using an artificial engineered structure (metamaterial). As described in Part | (May issue),
the combination of a primary shunt switch, DGS structures and secondary shunt switches, is shown to behave
like a metamaterial. In addition to this design, metamaterial layers within the design of the switch contacts are
proposed to reduce stiction issues in the MEMS switch. Part lll of this series will be published in July.

A Microelectromechanical
Switch with Metamaterial
Contacts: Concepts and

Technology Part II

Shiban K. Koul and Chaitanya Mahajan
C.A.R.E, Indian Institute of Technology, Delhi, India

Ajay K. Poddar and Ulrich L. Rohde
Synergy Microwave, N.J., U.S.
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EMS switches offer inexpensive,

high performance solutions but

reliability issues arising from

stiction in MEMS switching de-
vices can exclude the technology for high
frequency applications.’? In this article, a
new MEMS Switch is reported using an ar-
tificial composite structure (or metamaterial)
which can produce a repulsive Casimir force
between metal and metamaterial structure
realized by a high conductivity material.2->
This approach can resolve the stickiness
problem, leading to new fabrication meth-
ods in next generation electro-mechanics
linked to 5G and loT applications.

CASIMIR EFFECT

The Casimir force originates from the in-
teraction of surfaces with the surrounding
electromagnetic spectrum and exhibits a
dependence on the dielectric properties of
the surfaces and the medium between the
surfaces. Casimir forces between macro-
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scopic surfaces have the same physical ori-
gin as atomic surface interactions and those
between two atoms or molecules (van de
Waals forces) because they originate from
quantum fluctuations. In the case of two un-
charged metal plates positioned closely to
one another and in parallel, a force causing
the two plates to move towards one another
has been observed.3 Figure 1 shows the
Casimir force 'F’ on parallel plates kept in

.
NAVAVAYAY! LYAVAVAVAV
AN VWV AN
VN AAAAA RYAVAVAVAY
AN VYV AANNNA
ANV annnn
=

A Fig. 1 Casimir force ‘F’ on parallel plate kept
in vacuum.3
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Total Casimir Force
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of metal plates.3'4 A Fig. 3 Demonstration of the Casimir force in metamaterial

Therefore, by de- structure.25
creasing the ef-

fective permittivity on the metal
planes, the Casimir force can be de-
creased. This can result in reduced
forces preventing the plates from
separating from one another, thus at
least partially mitigating the stiction
problem observed in MEMS switch-
es.? Figure 2 shows the polaritonic
characteristics of the Casimir force
of interaction that includes attrac-
tion and repulsion.

It is possible to reduce the like-
lihood of stiction by increasing the
bias voltage applied to the switch
as discussed in Part | of this article
series (May issue). Alternatively, the
electric field of the switch can be in-
creased by distancing the top elec-
trode from ground.® This can be ac-
complished, for example, by sand-
wiching the conductive layer (e.g.,
gold) between two dielectric layers
(e.g., silicon oxynitride). Another al-
ternative is to modify the beam to
maximize its restoring force without
having to increase the bias voltage.
Increased restoring force is influ-
enced by parameters such as in-

creased plate size, shortened beam
length or increased dielectric thick-
ness. In addition to controlling the
distance between the electrode and
ground, and controlling the struc-
tural parameters of the switch con-
tacts, it is also proposed in this ar-
ticle to weaken or reverse the forces
applied to the switch contacts due
to their proximity.

APPLICATION OF CASIMIR
EFFECT IN MEMS SWITCHES

By reducing permittivity between
plates, a repulsive force can be
produced if the effective permittiv-
ity is sufficiently decreased, such as
by engineered materials known as
metamaterials.” Thus, generating a
repulsive Casimir force can result in
even less of a liability for the contacts
to become "welded” together due
to stiction. Figures 3 and 4 illustrate
the repulsive force, described as
Casimir effect.’8 Figure 3 is a force
diagram of an experimental setup,
in which a plane of metal (2910) is
positioned in parallel to a metama-
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TechnicalFeature

Thin Metal Plate
d

Metal Plate

Thin Metal Plate 3040

(a) (b) Metal Plate 3020 3010

A Fig. 4 Demonstration of the Casimir force in metal plates (a) and in metamaterial structure (b).2.5
31¢15 3202 3201 3212 3240 3204
3110 L 1
<3120
3130—> L !
f
3135

A Fig. 5 Shows the metamaterial cell (a) 3214
(three-layers composite structure): a
first layer 3110 having permittivity €1, 3270 260
a second layer 3120 having permittivity sy \3233220 3210 B 3208
€2 and a third layer 3130 having 202 3112)

permittivity £3.2

terial (2920). The metal and meta-
material are positioned apart from
one another at a distance “d.” The
forces illustrated in the setup in Fig-
ure 3 are shown using arrows (2930).
A force applied to the metal and
metamaterial bring the two planes
closer to one another. However, ap-
plication of this force has been ob-
served under the specific conditions
of the experimental setup illustrated
in Figure 4 to result in a second and
opposite force “F” that causes the
two planes to separate from one
another. Figure 4 shows a typical
example of a levitating mirror.> The
repulsive Casimir force of the meta-
material may balance the weight of
one of the mirrors, letting it levitate
on the zero-point fluctuation.

Figure 4a shows a first metal
plate (3010) or mirror separated
from a second metal plate (3040)
or mirror by a distance “d.” The
two metal plates may be thought
of as opposing contacts in a MEMS
switch, and may be liable to be-
come permanently stuck to one an-
other at distances “d” that are suffi-
ciently small. By contrast, Figure 4b
shows a thin layer of metamaterial
(3020) affixed to a surface of the first
metal plate (3010) and positioned
in between the metal plates (3010,
3040). A Casimir force (3030) is pro-
duced at the boundary between the

68

(d)

3205

A Fig. 6 An example MEMS switch incorporating metamaterial cells in order to
provide a repulsive Casimir force between contacts of switch: (a) top-down view of the
switch, (b) perspective view of the switch, (c) bisected cross-sectional perspective view
of the switch and (d) side view of the switch in a closed position.

metamaterial (3020) and the second
metal plate (3040), thereby causing
the second metal plate to further
separate from the first metal plate
by a distance “d.” This additional
separation may even counteract
gravitational forces, and thus cause
the second metal plate to levitate.
As an example, the metamaterial
could be made by split ring struc-

ture using gold foil .47

In the application of a MEMS
switch structure, the switch may in-
clude a deflectable beam having a
shorting bar positioned on a surface
of the beam and aligned with the
contact of the signal line. The short-
ing bar may be made of metal, such
as a thin layer of gold foil. When
the shorting bar touches the signal
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TechnicalFeature

line, the metal-to-metal contact sur-
faces may stick to one another in
the form of strong adhesion. This
adhesion causes undesirable stic-
tion problems, which in turn may
cause the switch to be electrically
shorted, and it may take a consid-
erable amount of force to separate
the shorting bar from the signal line.
The MEMS switch generally relies on
stresses accumulating in the beam
as a result of the beam’s deflection

ANALOG
DEVICES

AHEAD OF WHAT’S POSSIBLE™

in order to counteract the adhesive
forces and to return the beam back
to its at-rest or equilibrium position.
This counteractive force, which is
the sum of the stresses in the beam,
is referred to as the restoring force
that “restores” the beam to its at-
rest position. However, this force is
not always enough to counteract
adhesive forces between the metal
contacts. By providing a metama-
terial structure between the metal
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contacts, the restoring force of the
beam can be supplemented using
the repulsive Casimir force gener-
ated when the shorting bar touches
or comes within proximity to the sig-
nal line.

The Casimir force can be con-
trolled by providing a permittivity
gradient in the contact of the de-
flectable beam. The permittivity
gradient can be provided by inter-
facing three layers of media in either
decreasing or increasing order of
permittivity. In Figure 5, three layers
of media are provided: a first layer
(3110) having permittivity &, a sec-
ond layer (3120) having permittivity
€, and a third layer (3130) having
permittivity e3. The first and third
layers may be metal layers, and the
second layer may be a dielectric
layer. The layers may be interfaced
such that either g1< &,< &3 or &>
€,> &3. This may be possible by
providing one metal layer with posi-
tive permittivity and another metal
layer with negative permittivity.
For instance, the first layer may be
made of gold and have an infinite
permittivity, the second layer may
be made of a dielectric (e.g., silicon
mononitrate-SiN) having small but
positive permittivity (e.g., 7) and the
third layer may include a metamate-
rial unit cell (3135) and may have a
zero or even negative permittivity.
In other examples, the first layer can
also include a metamaterial unit cell
(3115) in order to acquire the de-
sired permittivity.

EXAMPLE REPULSIVE CASIMIR
FORCE INSPIRED RESISTIVE
CONTACT MEMS SWITCH

Figure 6 shows an example
MEMS switch incorporating meta-
material cells to provide a repulsive
Casimir force between contacts of
the switch. This metamaterial in-
spired MEMS switch is formed in a
coplanar waveguide (3201) having
two ground planes (3202 and 3204)
formed above a substrate (3205).
The ground planes are separated
by a channel and a signal line (3210)
that is formed lengthwise in the
channel. The signal line includes an
input port (3212) through which a
signal is received (arrow in) and an
output port through which the sig-
nal is transmitted (arrow out).
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TechnicalFeature

This MEMS switch includes a
cantilevered beam that moves in
and out of the plane of the coplanar
waveguide in order to move in and
out of contact with the signal line.
The beam includes multiple layers.
In Figure 6, from top to bottom, the
layers include: a top layer (3420) of
dielectric material, a first metal layer
(3210), a dielectric layer (3220) and
a second metal layer (3230). Each
of the first and second metal layers

may include a metamaterial device
(3215 and 3235) encased within, as
shown in the cross-sectional view of
Figure 6c.

The top layer (3210) and first ma-
ter layer (3220) may be adapted to
extend across the entire length of
the beam, whereas the length of the
sandwiched dielectric layer (3220)
and second metal layer (3230) may
be limited to the area above the sig-
nal line. Alternatively, the dielectric
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layer may extend the entire length
of the beam while only the second
metal layer may be limited to the
area above the signal line (3210).
The ground planes (3202 and 3204)
and signal line ports (3212 and
3214) may be separated from the
substrate (3205) by a thin layer of di-
electric (3250), such as SiN or SiO,.

Operation of the switch may be
controlled by moving an anchor
(3270) to which the beam is at-
tached in and out of the plane of the
coplanar waveguide (3201). In this
case, the ground line (3202) may in-
clude a hole (3260) though which a
post or anchor (3270) of the beam is
positioned. Moving the post up and
down can result in the contacts of
the switch separating or contacting
one another, respectively. Figure 6d
shows the switch closed, with the
contacts contacting one another.

In the example of Figure 6, the
section of the coplanar waveguide
shown may be about 100 pm, and
the beam may have a width of
about 75 pym. The anchor to which
the beam is attached may have a
length (in the direction of the beam
length) of about 11.25 pm and a
width of about 75 pm. The opening
into which the beam is anchored
may have a greater length and
width, such as about 80 x 30 pm.
The overall length of the waveguide
(in the direction of the beam length)
may be about 330 um, whereby the
ground planes and the signal lines
may each have a width (also in the
direction of the beam length) of
about 75 pm, with 38 pm channels
in between. The beam may have a
length of about 140 pm (not includ-
ing the length of the anchor).

The overall height of the beam
when in the closed position may be
about 5 pm, relative to the dielectric
surface on which the ground planes
and signal line are formed. Each of
the ground planes and signal line
may be 2 uym thick. The beam may
then contribute an additional 3 um
to the height of the switch, where-
by each of the metal layers (3210
and 3230) is about 1 pm thick and
the dielectric layer sandwiched in
between may also be about 1 pm.
The top layer (3440) may add about
0.2 um to the height of the switch.
The metamaterial unit cells made of
split rings?’ included in the second
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TechnicalFeature

metal layer (3230) and optionally in the first metal layer
(3210).

Figure 7 illustrates an example, the metal layer
(3310) with a first split ring (3322) having width L, and
a second split ring (3324), formed in the layer (form-
ing the rings may involve cutting out the rings from the
layer). Each of the rings may be concentric and aligned
so that the splits (3330) in the respective rings are po-
sitioned on opposing sides of the layer (3310). Each of
the rings may have a uniform width W, and the splits
may have a uniform width G. The rings may further be
separated from one another by a uniform separation

3330 G
=

e

F
3332

L

A Fig. 7 The split ring configuration.
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A Fig. 8 The transmission and reflection characteristics of
composite structure example #1.
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A Fig. 9 The transmission and reflection characteristics of
composite structure example #2.

74

(3332) having width S. Different engineered structures
may provide different metamaterial unit cells that can
exhibit characteristics at the relevant band of frequen-
cies for MEMS switch.1-2

Figures 8-10 show test results for transmission and
reflection characteristics for a respective unit cell struc-
ture. The metamaterial cell shown in Figure 8 is includ-
ed in a metal layer having a width equal to the width
of the beam (3402). In this example, the unit cell is of
transmission type at low frequencies, at about 300 GHz
and again at about 470 GHz. The unit cell is of reflec-
tion type, with attenuation of the transmission exceed-
ing that of the reflection, at about 150 GHz and again at
about 300 GHz. Thus, the composite structure of Figure
8 is shown to exhibit metamaterial properties.

The composite structure (3501) shown in Figure 9 is

o i
2 T
S 1
(%) 1
> i
T
65 735061 |
_75 ! N Ly ! ! !
0 50 1100 150/ 200 250 300 350

: Frequ{-:tncy (GHz)

[80.2901 163.1643]
[82.8741]

A Fig. 10 The transmission and reflection characteristics of
composite structure example #3.

0
-12.5
-25.0
UE
— =375
o
e
-50.0
-62.5
_75 0 L L L
0 50 100 150 200
Frequency (GHz)
dB (S(1,1)), Setup 1: Sweep dB (S(1,1)), Setup 1: Sweep
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dB (5(1,1)), Setup 1: Sweep dB (S(1,1)), Setup 1: Sweep
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dB (5(1,1)), Setup 1: Sweep dB (5(1,1)), Setup 1: Sweep
G="2pm'S="25um' W="95um’ G="25pm'S="25pum’' W ="8.5 ym’
dB (S(1,1)), Setup 1: Sweep dB (5(1,1)), Setup 1: Sweep
G="2pm'S="25um'W="10pm’ G ="25pm’'S="25pm’' W =9 ym’

A Fig. 11 Shows plots of reflection characteristics for a
metamaterial cell with varying parameters G, S and W, given in
Figure 7.
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TechnicalFeature

included in a metal layer having a length equal to the
width of the signal line, and further attached to a beam
(3502) having a width much smaller than the width of
the metal layer. In this example, the unit cell is shown
to have transmission properties at about 54 GHz and
reflection properties at about 150 GHz. Therefore, the
composite structure of Figure 9 is also shown to exhibit
metamaterial properties.

The composite structure (3601) of Figure 10 is in-
cluded in a metal layer having a length equal to the
width of the signal line, and further attached to a U-
shaped beam (3602) having two branches each having
width much smaller than the width of the metal layer. In
this example, the unit cell is shown to have transmission
properties at about 80 GHz and reflection properties at

B
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A Fig. 12 Shows plots of transmission and reflection
characteristics of a switch for which the thickness of the second
metal layer “d"” (e.g., 3230 of Figure 6 varies between 0.5 pm

about 163 GHz. Therefore, the structure of Figure 10
is also shown to exhibit metamaterial properties, and
these properties can be exhibited over a relatively nar-
row bandwidth of about 80 GHz.

Additionally, the parameters of the metamaterial cell
structures can be varied to produce different transmis-
sion and reflection characteristics. For example, Figure
11 provides a graph plotting reflection characteristic
for a metamaterial cell having different parameters G,
S and W (as defined in Figure 7). In Figure 11, it can
be seen that the frequency at which reflection is most
greatly attenuated, varied from about 80 to 90 GHz de-
pending on G, S and W. For instance, where G is 2 pm,
Sis 3 ym and W is 9 um, insertion loss drops to about
74 dB at 80 GHz. By comparison, other parameters of
G, S and W yield a reflection of about -60 dB at about
90 GHz.

In addition to the use of variation of composite struc-
ture for the realization of metamaterial cell and cell
structure parameters, the metal layers of the MEMS
switch may also be formed with different parameters
and dimensions as compared to those parameters and
dimensions.
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A Fig. 14 Shows the plot of transmission and reflection
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A Fig. 13 Shows plots of transmission and reflection
characteristics of a switch for which the thickness of the second
metal layer “d"” (e.g., 3230 of Figure 6 varies between 1.5 pm

through 5 pm).

76

properties of a switch for which the thickness of the first metal
layer "d1" (e.g., 3210 of Figs. 6 varies between 0.5 ym through
2 pm).

Real Part of Extracted Permeability and
Permittivity from S-Parameters
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A Fig. 15 Shows the plot of permittivity extracted from the
S-parameters of the composite structure in Figure 6.
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AMO009024WM-QN5-R
is an ultra-broadband GaAs
MMIC power amplifier. It has
22dB gain, and 24dBm output
power over the 0.05 to 9GHz .

New Driver Amplifiers

AMO009530WM-QN5-R
is an ultra-broadband GaAs
MMIC power amplifier. It has
20dB gain, and 30dBm output
power over the 0.05 t0 9.5GHz .

AMO06013033WM-QN5-R
is a broadband GaAs MMIC
which operates between 6 and
13 GHz with 28 dB gain and
33 dBm output power.

AMO02018026WM-QN5-R
Broadband GaAs MMIC Distributed
Power Amplifier which operates
between 2 and 18 GHz with 23
dB gain, and 26 dBm output power.

AMO00020026WM-QN5-R
Broadband GaAs MMIC Distributed
Power Amplifier which operates
between DC and 20 Ghz with 13
dB gain, and 26 dBm output power.

GaAs MMIC PAs
Custom MMIC Circuit Design and Production
Model Freq(GHz) Gain(dB) P1dB(dBm) Psat(dBm) Eff(%) Vd(V)
. . . . XX 0.01-3.5 23 35 36 20 20
We offer custom design of MMIC circuits with output power from s oo2s 2w w s
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AM183030WM-XX-R 1.6-3.3 30.5 30.5 315 20 8
AM183031WM-XX-R 1.6-3.3 31.5 31.5 325 25 8
GaN MMIC PAs
Model Freq(GHz) Gain(db) Psat(dBm) Eff(%) Vd(V)
AM00010037WN-00-R DC-10 13 37 25 28
AMO00010037WN-SN-R DC-10 13 37 23 28
V' H V' " AMO003042WN-00-R 0.05:3 % 2 B 4
ISIt us Irtua y AM003042WN-XX-R 0.05-3 2 42 33 40
AM206041WN-00-R 1.86.5 32 2 27 28
; i ; ; AM206041WN-SN-R 1.86.5 30 4 2 2
We are gxated t'o participate in thls years V40804 TWN 00 R e h v
International Microwave Symposium (IMS) ~ AMA408041WN-SN-R 375825 3 #t B »
. . AM07512041WN-00-R 7.7512.25 28 42 27 28
show that will be held virtually due to the AMO7512041WN-SN-R e sy m »  ®
. . . _ ; i i AM08012041WN-00-R 7.5-12 22 2 20 28
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<« Fig. 16 Response of the MEMS switch.

Figure 12 is a plot of both trans-
mission and reflection properties of
a switch where the thickness of the
second metal layer “d"” (e.g., 3230
of Figure 6) varies between 0.5 um
and 2 pm. Figure 13 is a plot of
transmission and reflection proper-
ties of a switch where the thickness of
the sandwiched dielectric layer (e.g.,
3220 of Fig. 6) varies between 1.5 ym
and 5 pm. Figure 14 s a plot of trans-
mission and reflection properties of a
switch where the thickness of the first
metal layer “d1” (e.g., 3210 of Fig. 6)
varies between 0.5 pm and 2 um. The
transmission properties of the various
MEMS switches are largely similar in
each of these conditions, although
the frequency at which the transmis-
sion attenuates varies between about
160 and 180 GHz, and the reflection
properties of the switch vary mainly
between 60 and 150 GHz.

Using the transmission and re-
flection data, permeability and per-
mittivity of the metamaterial cells
can be extracted using parameter
extraction procedures.® The param-
eter extraction is shown in Figure
15. The composite structure exhib-
its near zero permittivity and per-
meability at a band of frequencies
centered around 85 GHz. Therefore,
these structures would produce a
repulsive Casimir force around the
band of frequencies ranging from
about 60 to 130 GHz.

Figures 16 and 17 further dem-
onstrate the overall response of the
MEMS switch in each of its ON and
OFF states, respectively. In Figure
16, when the switch is OFF, and thus
not passing the transmitted signal
between input and output ports,
the reflection characteristics are
shown to be just slightly less than 0
dB even at frequencies of up to 130
GHz, the transmission characteris-
tics are between about -20 dB and
-15 dB between operating frequen-
cies of about 60 to 130 GHz. In Fig-
ure 17, when the switch is ON, and
thus passing the transmitted signal
between input and output ports,
the reflection characteristics are as
low as about -73.5 dB at 80 GHz
with the transmission characteristics
as high as -0.33 dB while the reflec-
tion and transmission characteristics
at 163 GHz are both about -6.75 dB.
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<Fig. 17 Response of the MEMS switch.

The examples of Figures 6
through 17 demonstrate the possi-
bility of incorporating metamaterial
structures into a high frequency re-
sistive MEMS switch in order to re-
duce the effects of stiction.’-2

CONCLUSION

In this article (Part Il), the prin-
ciple of repulsive Casimir force is
applied to improve stiction of the
resistive contact MEMS switch.
This approach can be similarly ap-
plied to capacitive contact MEMS
switches. As with the resistive
switch, a sandwich of metal and di-
electric layers used to achieve the
desired permittivity interface, such
as having a gold layer with infinite
permittivity, a dielectric layer with
positive but low permittivity and a
metamaterial layer with a permit-
tivity in the range of about zero or
less. Unlike the example switches
here, in the capacitive switch, the
metamaterial layer can be used as
part of the signal line contact in-
stead of as part of the beam con-
tact and will be covered in Part llI
(coming in the July issue).l

I
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Eight-Channel
Front-End RFIC

Claims New Record
for 28 GHz Powetr,
Efficiency and

Integration

MixComm, Inc.
Chatham, N.J.

mWave 5G networks have

great potential and are need-
ed to provide capacity beyond
the existing LTE and sub-6 GHz

networks. The substantial investments made
by carriers to license the mmWave spectrum
in recent auctions is evidence of this need
and carriers’ intentions. However, the effec-
tive use of this spectrum is not straightfor-
ward. At these frequencies, obstacles in the
signal path—trees, rainfall and even a user’s
hand—can cause significant attenuation. In
addition, initial mmWave deployments have

underdelivered due to insufficient output
power, resulting in limited range and high
thermal budgets, reducing reliability and in-
creasing system costs.

RF-SOI based mmWave phased array sys-
tems can help address these challenges, es-
pecially compared to existing complemen-
tary metal-oxide semiconductor (CMQOS) or
SiGe solutions. RF-SOI process technology
has three key advantages:

1. Transistors, substrate and the back-end
provide improved RF performance.
2. SOI's n-FET has lower parasitics than

|
Y 28 GHz TX/RX Frontend 28 GHz TX/RX Frontend |-
O—D— - Passive Combine/ - —4—0 V
1 Variable At Variable
1 C . q Gain/Phase DlsifloLie Gain/Phase D \O_l: T
Power Digital Digital Power
o PO
28 GHz TX/RX Frontend 28 GHz TX/RX Frontend <_7
L © > Variable Variable < ® I
Y' Gain/Phase Gain/Phase O 1
O < RF > O
Power Digital Drivers Digital Power
Bearlngl'l'gble Bean?TabIe Sensor
) f germp] [ 571 ] [Bandoer

A Fig. 1 MixComm SUMMIT 2629 block diagram.
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- 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.
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N
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CPE Uplink
Throughput (Mbps)

o

A Fig. 2 Median CPE uplink throughput
for a baseline bulk CMOS CPE array vs.

a MixComm CPE array fabricated with
GlobalFoundries’ 45 nm RF-SOI.

bulk CMOS, enabling higher
performance: GlobalFoundries’
45RFSOI achieves approximate-
ly 40 percent higher f_,. than
bulk CMOS.

3. Stacked RF-SOI transistors en-
able 10x higher output power
and 2x to 5x higher efficiency.
In March, MixComm announced

its first production IC, the SUMMIT

2629™, an eight-channel RF front-
end for 28 GHz, 5G phased array an-

NORDEN
MILLIMETER

GET AHEAD OF THE FUTURE

5G IS HERE. WITH OUR FREQUENCY MULTIPLIERS,
LNAS, TRANCEIVERS, AND CONVERTERS,
WE CAN HELP YOU STAY AHEAD OF YOUR
COMPETITORS WITH THE HIGHEST
QUALITY 5G COMPONENTS

W 1) -NQRDENGROU,P,:(::O;M«._,
30-642-9123 - SALES@NORDENGROUP.COM
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D,
&

tenna systems fabricated in RF-SOI.

The SUMMIT 2629 was designed to

address the challenges constraining

5G mmWave performance by:

e Extending the link range to de-
crease infrastructure costs and
improve customer satisfaction.

® Reducing power consumption
and thermal dissipation.

® Reducing antenna array com-
plexity and overall RF front-end
cost.

Operating from 26.5 to 29.5 GHz,
the SUMMIT 2629 RFIC integrates
power amplifiers (PA), low noise am-
plifiers, T/R switching, beamformers
with beam table memory, calibra-
tion, gain control and temperature
and power telemetry with a high
speed system peripheral interface
(SPI) for control. A single SUMMIT
2629 provides two sets of four chan-
nels for two antenna polarizations—
a total of eight channels per RFIC
(see Figure 1).

Combining MixComm's unique
circuit architecture with the RF-SOI
process capabilities, the SUMMIT
2629 on-chip PAs achieve high
power and high efficiency, more
than twice the efficiency of compet-
ing CMOS solutions. To maintain
efficiency and dynamic range, the
T/R switches are very low loss, and
the receive amplifier has a low noise
figure. Beam steering is accom-
plished using six-bit phase shifters
with 360-degree coverage and 16
dB gain adjustment in 0.5 dB steps.

The SUMMIT 2629 offers addi-
tional capabilities to enhance per-
formance, control and reliability:

e Fully calibrated for gain and
phase matching among multiple
RFICs.

* Extensive on-chip temperature

A Fig. 3 Taoglas smart antenna
subsystem using four MixComm Summit
2629 ICs.
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and power sensing.

e On-chip gain control for temper-
ature compensation.

* High speed SPlwith large on-chip
beam table storage memory.
With its high output power and

excellent efficiency, the SUMMIT

2629 is well suited for 5G infrastruc-

ture applications, such as gNodeB,

customer premises equipment

(CPE) and repeaters. The higher

output power per PA enables sig-

nificantly superior link budgets, en-

\_\‘l ”r

abling a 2.7x increase in through-
put rate (see Figure 2). The figure
compares the median CPE uplink
throughput of a CPE array using a
bulk CMOS-based front-end with an
array using MixComm’s 45 nm RF-
SOI RFICs, both with equal numbers
of antennas.

The SUMMIT 2629 is fabricated
on GlobalFoundries’ 45RFSOI pro-
cess, a 45 nm, partially-depleted
SOI technology codeveloped with
DARPA to enable mmWave innova-

MilliBox

. \
L/ MMWAVE ANTENNA TEST CHAMBERS

Modular construction
Fits on lab bench

Cost effective

18GHz to 95GHz
Far-field 70cm to 200cm

3D positioner 360° x 360°
Resolution < 1°
Laser-guided alignment
Tangle-free wiring
Open-source controller

Made in USA
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Milliwave Silicon Solutions
millibox@milliwavess.com
+1 408 892 9595

millibox.org
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tion and commercial applications.
Since 2008, the 45RFSOI process
has been running in high volume
at multiple GlobalFoundries’ fabs,
evolving to incorporate enhance-
ments improving RF performance.
GlobalFoundries is providing turn-
key manufacturing of the SUMMIT
2629, from wafer fab through wafer-
level chip-scale packaging (WLCSP)
and RF testing at the mmWave op-
erating frequencies. SUMMIT 2629’s
WLCSP is compatible with assembly
onto low-cost PCBs, which are used
for 5G antenna arrays.

The first antenna array to use
the SUMMIT 2629 is the Taoglas
KHA16.23C smart antenna subsys-
tem (see Figure 3). The KHA16.23C
is a proprietary 2D antenna array with
16 elements integrated into a multi-
layer PCB that contains four Summit
2629 ICs. The PCB has several layers
for power optimization and thermal
control, digital control and the RF
feed—all in footprint of 53 mm x 84
mm. The antenna subsystem is scal-
able up to 1024 element arrays, de-
pending on device implementation.

Although a relatively new compa-
ny, founded in 2017, MixComm has
a substantial legacy and head-start
in RF-SOI and mmWave solutions.
The company’s expertise leverages
the pioneering work of Harish Krish-
naswamy at Columbia University's
COSMIC lab, who cofounded Mix-
Comm and serves as chief technol-
ogy officer. For more than 10 years,
members of the COSMIC lab team
were key performers on programs
such as DARPA's Efficient Linearized
All-Silicon Transmitter ICs, which
proved the unique modeling, cir-
cuit design and architectures that
MixComm is using to optimize RF-
SOI for mmWave applications. The
SUMMIT 2629 is the first family of
mmWave devices which will cover
the 5G mmWave bands.

Sample quantities of Mix-
Comm’'s SUMMIT 2629 and Tao-
glas KHA16.23C will be available
through Richardson RFPD.

MixComm, Inc.,

Chatham, N.]J.,
www.mixcomm-inc.com,
www.richardsonrfpd.com/
Supplier/Index/Mixcomm,
info@mixcomm-inc.com
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Web&VideoUpdate

SENCITY® Occhio
DAS Antenna Video

The HUBER+SUHNER SEN-
CITY Occhio DAS (Distribut- ¥ A&
ed Antenna System) or small |
cell antenna for indoor use, .,
offers the operator 5G cov-
erage, a simple, time-saving
installation process and an attractive industry preferred design
with a small form factor. Thanks to its multiband capability be-
tween 1.7 to 6 GHz and 2 x 2/4 x 4 MIMO configurations it
supports today’s and future wireless applications. Watch how
the awarded antenna has been designed and get in touch if
you are interested in learning more.

HUBER+SUHNER
www.youtube.com/watch?v=DKTSv7QGVuw
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New Product Catalog |2 —T
and Space Brochure

K&L Microwave's website
provides information and
tools, such as the Filter
Wizard® web application,
to speed the identification
of custom design solutions
from a full range of com-
pany products. The latest
web update features a new look, mobile device support and
social media links. Research capabilities, access data sheets,
submit quote requests, read the latest news and download
our New Product Catalog and New Space Brochure! Visit
www.klmicrowave.com today.

K&L Microwave
www.klmicrowave.com

OUR TEAM

New Website
Launched
\T/VEN DORVIEW

L-com has recently launched
a new and improved ecom-
merce website that includes
an improved look and feel
(Ul & UX), new and improved :

site navigation and search capabilities to help customers find
the right products faster and mobile optimization to make
finding and buying products easy on any device. Other en-
hancements including a quick one page checkout, custom ca-
ble configurators and a library of helpful technical resources.
L-com’s new website features thousands of wired and wireless
connectivity products that are in-stock and available for same-
day shipping.

L-com

www.l-com.com
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Modelithics®
Launches New
Product Line

JVENDORVIEW

Modelithics® recently ac-
quired the ProbePoints™ -
substrate fixture assets from > |
Jmicro Technology. This ac-
quisition includes test fixtures and probing accessory prod-
ucts for the RF/microwave and electrical test of advanced
semiconductor devices and packaging products. Also includ-
ed is the popular ProbePoint alumina substrate fixtures that
allow devices without ground-signal-ground probe pads to
be tested with RF wafer probes. Modelithics now also offers
its own standard and custom microwave and mmWave test
fixtures and calibration standards alongside the Jmicro Probe-
Point fixture products.

Modelithics, Inc.
www.modelithics.com/home/fixtures

TEsT

ACCESSORIES

[

RFMW Creates
Resource for RF
Energy Technology
@VENDORVIEW

RFMW announces a micro-
site for customers and sup-
pliers supporting solid-state
RF energy technology in
popular frequency bands
of 433 MHz, 915 MHz, 2.45
GHz and 5.8 GHz. Solutions include signal generators, phase
shifters, splitters, combiners, power amplifiers, circulators/
isolators, terminations, cables and connectors. The site offers
different entry levels including components, pallets and mod-
ules depending on customer preference.

RFMW
https://bit.ly/3beUSRA

Spectratime mRO-50-
New Low SWaP-C
Miniaturized Rb
Oscillator

The new Spectratime mRO-
50 meets core telecom, mili-
tary and critical infrastruc-
ture requirements to provide
better holdover and higher stability than standard oscillators
with same level of power consumption and volume. The clock
design, based on the “classical” rubidium clock heritage at
Orolia, has been adapted for low power (0.36 W at 3.3 V) and
size (51 cc). The atomic clock provides a signal at the conve-
nient frequency of 10 MHz meeting the performances of the
atomic transition.

Orolia
https://www.orolia.com/
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Web&VideoUpdate

New 10GbE-based
Spectrum Analyzer
From Signal Hound
This new video highlights the
SM200C—Signal ~ Hound's
third-generation 20 GHz
spectrum analyzer. This device maintains the dynamic range,
phase noise, 1 THz/s sweep speed and 100 kHz to 20 GHz
tuning range that made the SM200B so popular, but now in-
cludes a full 160 MHz IBW available for calibrated 1/Q data
streaming, plus device control via 10 GbE SFP+ connection.
No longer limited by the length of a cable, the SM200C is
perfect for secure environments where USB is prohibited.
Signal Hound

https://youtu.be/Xp87XagAGG8

TowerJazz Announces
New Brand Identity

TowerJazz has announced a owerlazz ANNCUNoes

new brand identity that will Brandidentl _,3'/
include updates to the com- / '
pany’s brand name, vision,
mission, values, logo, tagline, website and graphic design
approach. The rebranding process is aligned with a strategic
roadmap to provide the highest value analog semiconductor
solutions, supported by a focus on being a long-term trusted
partner with a positive and sustainable impact on the world
through innovative analog technologies and manufacturing
solutions.

TowerJazz
www.towerjazz.com

Gore Launches New
Online Microwave/RF
Assembly Builder

W. L. Gore & Associates
has launched its updated
GORE® Microwave/RF As-
sembly Builder, a step-by-
step tool that allows the user
to configure and request a quote for an assembly with a va-
riety of connector and cable options, assembly lengths and
frequencies. The updated online tool features enhancements
that allow users to design a cable from their desktop, tablet
or mobile phone. In today’s predominantly remote-work en-
vironment, these added features make it possible to design
GORE® Microwave/RF Assemblies with ease, from anywhere,
anytime and from any device.

W. L. Gore & Associates
https://www.gore.com
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Time Domain Analysis with a VNA
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720 Hrs Salt Spray Corrosion
Resistance Platings for RF Connectors

Qorvo

Why Spectrum Coexistence in Autonomous
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NEW PRODUCTS

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

COMPONENTS

2.4 GHz Front End Module

The 8TR8201 is an RFIC for 802.15.4
ZigBee™ /Thread, BLE and proprietary ISM
wireless systems for Bluetooth and ZigBee
Applications. It consists of an integrated
power amplifier, low noise amplifier, SPDT
Tx/Rx switch and an SPDT antenna switch.
Berex

www.berex.com

Waveguide Shorts and Shims
)VENDORVIEW
Fairview Microwave
Inc. has launched a
new series of
waveguide shorts and
shims that are ideal
for use in test and
instrumentation,
wireless
communication, satellite communication
and radar applications. Fairview’s new line
of waveguide shorts and shims includes 36
models offered in waveguide sizes ranging
from WR-430 to WR-10. This new line is
ideal for use in RF test and measurement
applications and provides superior RF
performance. Waveguide shims and shorts,
or shorting plates, are commonly included in
calibration kits and they are used in
calibration applications.
Fairview Microwave Inc.
www.fairviewmicrowave.com
23-45 GHz Four Way Power

Divider/Combiner
N P04N230450 is a
— four-way power
.....'!'c:lﬂ = divid_er/combiner
. specially developed to
o S cover whole 5G
4 W W 'R mmWave bands. It

has 2.4 dB max

=== insertion loss, 20 dB
min isolation, 1.7: 1 max VSWR, +0.5 dB
max amplitude balance and +6° max phase
balance. The input power as the power
divider is 20 W average. As combiner, it can
stand for 5 W average input power. The size
is 51.7 x 25.4 x 12.7 mm, the operating
temperatures -54 to +85°C.
Fuzhou Micable Electronic
Technology Co., Ltd.
www.micable.cn
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10-50 GHz Dual-Directional Coupler
J/)VENDORVIEW

KRYTAR’s Model
510050010 dual-
directional coupler
lends itself to designs
and test and
measurement
applications in mmWave and 5G markets.
Within a broadband frequency range of 10
to 50 GHz performance ratings include
nominal coupling of 10 dB, £1.8 dB,
frequency sensitivity is +1 dB, insertion loss
less than 3 dB, Directivity greater than 10
dB, maximum VSWR is 1.8. The coupler
comes with 2.4 mm female connectors and
measures just 2.24 in. (L) x 0.40 in. (W) x
0.62 in. (H).

KRYTAR
https://krytar.com/products/couplers/
dual-directional-couplers/dual-directional-
coupler-510050010/

Direct Replacement Coaxial
Switches

Logus Microwave now
offers the SPDT SEM

P Series to their list of
=, direct replacement
T coaxial switches. The

form, fit and function
of this Logus series is
your solution to
replacing the legacy manufacturers series.
DC to 18 GHz VSWR 1.5:1 max, insertion
loss 0.5 max and isolation 60 dB min.
Logus Microwave

www.logus.com

;

Low-Loss Coupler

Maury Microwave
P o T announced the
- expansion of its low

loss coupler product
offering with new 3 to
67 GHz models. The
LLC67-series of
bidirectional couplers

offer best-in-class unmatched performance

including the industry’s lowest insertion loss

of 0.2 dB maximum at 20 GHz and 0.4 dB

maximum at 67 GHz with high CW and

pulsed power handling and excellent directiv-

ity over a broadband frequency range of 3 to

67 GHz with 1.85 mm connectors.

Maury Microwave

www.maurymw.com

Broadband Two-Way DC Blocking
Power Divider

YJVENDORVIEW

MECA Electronics’
latest new product
offering is a two-way
broadband DC
blocking weatherproof
divider. Blocking DC
on all ports covering
0.600 to 6 GHz
(DC802-2-3.300WWP)
encompassing public safety through ISM
bands. With typical performance of VSWR’s
of 1.25:1, isolation of 22 dB, insertion loss
of 0.6 dB and exceptional amplitude and
phase balance of 0.3 dB and 5° max. This
is in addition to the family of two, four, eight
and 16 way splitters in various connector
styles and IP60 and 67/68 ratings. Made in
the U.S., 36 month warranty.

MECA Electronics, Inc.

www.e-meca.com

Tiny LTCC Dual/Differential Low
)VENDORVIEW
Mini-Circuits’
p— DLFCV-1600+ i; a
- dual low pass filter
- , with a passband from
i DC to 1,600 MHz
i designed into a single
package. This design
allows customers to
use a single unit in systems where two
filters of the same passband are required,
saving board space. The dual filter can also
be used as a differential filter in differential
circuits where interference and noise must
passband insertion loss, 50 dB stopband
rejection and RF input power handling up to
3 W (each filter). It supports a wide range of
applications and is ideal for minimizing
interference at amplifier inputs and ADC
outputs.
Mini-Circuits

Pass Filter

1210 ceramic
be minimized. This model provides 1.5 dB
www.minicircuits.com
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NEW

Multimedia eBook
Now Available

ERIC BOGATIN

Bogatin’s Practical Guide to
Transmission Line Design and Characterization
for Signal Integrity Applications
Eric Bogatin
e Explores principles of how signals systems interact
with transmission lines;

e Discusses how the physical design of interconnects affects
transmission line properties;

e Explains how to interpret time domain reflectometer transmission
line design (TDR) measurements to extract important figures
of merits and avoid common misinterpretations;

e Presents an intuitive understanding of transmission lines.

ISBN: 978-1-63081-692-6 (eBook only available)

Sneak DEEI( into the eBook here nhitps:/us.artechhouse.com/Assets/Email/05_20/bogatin/promo.mp4
Order now and SAVE 25% off eBook at www.artechhouse.com
enter promo code B0OG25 at checkout

PRACTICAL BOOKS FOR ENGINEERING PROFESSIONALS

Order direct from our website at ARTECH HOUSE

ArtechHouse.com BOSTON | LONDON

Cannot be combined with any other discount offers.




DC-24 GHz
Power MMIC

D> Ideal for broadband
driver amplifier designs

» Typ. +23dBm Psat
D> Typ. +22dBm P1dB
P High power efficiency

P> Ultra small 4mm?
plastic package

In stock, ready to ship

A plug-and-play evaluation
board is available

4mm? QFN Package

FROM THE EXPERTS IN
BROADBAND MMICs

micro

www.eclipseMDIl.com
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NewProducts

Double Ridge Waveguide
Electromechanical Relay Switches

Y)VENDORVIEW

Pasternack, an Infinite
Electronics brand, has
just launched a new
series of double ridge
waveguide electrome-
chanical relay
switches which
perform over broader
frequency bands,
making them ideal for applications involved
with electronic warfare, electronic counter-
measures, microwave radio, VSAT, radar, test
instrumentation and research and develop-
ment. This comprehensive selection of 12
new double ridge waveguide electromechani-
cal switch models is now available featuring
broadband multi-octave frequency coverage
spanning 6.5 to 40 GHz in SPDT and
optional DPDT configurations.

Pasternack

www.pasternack.com

10-Bit Programmable Attenuator
)VENDORVIEW

PMI Model No. DTA-2G18G-60-CD-1-
OPT618-2 is a 6.0 to 18.0 GHz, 10-Bit
programmable attenuator. Specifications
include mean attenuation range: 60 dB;
minimum attenuation
step: 0.06 dB;
maximum insertion
loss of 4.5 dB;
flatness up to 20 dB:
+1.0 dB typ, 40 dB:
+1.25 dB typ, 60 dB:
+3.0 dB typ; ccuracy
of attenuation of O to 20 dB: 1.0 dB typ,
20 to 40 dB: +1.5 dB typ, 40 to 60 dB:
+2.0 dB typ; and DC power supply +15 V at
100 mA max, -15 V at 100 mA max.
Housing measures 2 x 1.81 x 0.88 in. with
SMA female connectors and a 15-pin D-sub
connector.

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

3 dB Quad Hybrid

Response Microwave
Inc. is pleased to
announce the
availability of its new
. broadband 3 dB
hybrid for use in
telecom applications.
The new
RMHY3.1000-6000Sf
covers the 1 to 6 GHz
band offering typical electrical performance
of 0.7 dB max insertion loss, VSWR of
1.25:1 max and minimum isolation of 20
dB. Unit is phase stable at +5° and power
handling is 50 W CW. Unit is operational
over the -55° to +105° C range.

Response Microwave Inc.
www.responsemicrowave.com

Pickoff Tees
RLC Electronics manu-
- . factures Pickoff Tees,
? which offer excellent
2 through-line insertion
loss and pickoff
stability rise times of
<10 Pico-seconds (at
40 GHz). Units are
offered in standard frequency ranges from
DC-18 GHz, DC-26 GHz and DC-40 GHz, with
the option to customize the Pickoff Insertion
Loss value to meet customer specific
requirements. The units provide extremely
broadband signal monitoring in a very small
package (0.54 x 0.39 x 0.32in.). 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

Planar X Series of RF Filters
)VENDORVIEW

Smiths Interconnect
announced the new
Planar X Series of RF
filter solutions with
bandpass, bandstop,
lowpass and highpass
configurations up to
18 GHz (Ku-Band). It
is part of an
overarching initiative that entails the
creation of first-class board level ceramic
based thick film RF filters, designed and
tested to support various application
markets. The small footprint, light weight
and surface mountable configuration allows
for high volume pick and place applications
and make Planar X Series ideal for SATCOM,
radar and broadcasting industries.

Smiths Interconnect
www.smithsinterconnect.com

CABLES & CONNECTORS
PSM Connectors

The power sub-minia-
ture (PSM) interface
meets the increasing
demand of cost
effective, power
demanding and
weight sensitive aerospace applications.
Especially developed for space flight, high
altitude platforms and TVAC environments.
Space qualified per MIL-PRF-39012 and
ESCC 3402/08. The HUBER+SUHNER PSM
connector system enables maximized
performance on power handling while
minimizing overall system weight and size.
Multipaction breakdown and corona
withstanding meet or exceed TNC interface
level.
HUBER-+SUHNER AG
www.hubersuhner.com
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Amplitude Balance <.3dB

521 TRANS  LOO mAG.

»-4.500 dB 1.000 dB/DIV

.M

6.000000000 GOHz  65.000000000

Phase Variation <1°

521 TRANS PHASE
»0.00" 5.99°/01Y

6.000000000 GHz  65.000000000

VSWR <1.6:1

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

“'""-.’.d
M
MADE IN Usa IS0 9001

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

www.etiworld.com

NewProducts

50 GHz SUCOFLEX®550S Test
Cables

Richardson RFPD Inc.
£y wunan-summen announced the
availability and full
design support
capabilities for a new
- family of test cables
S HUBER+SUHNER.

With a lifetime of
more than 100,000 flex cycles, SUCOFLEX
5508 is the latest addition to
HUBER+SUHNER’s SUCOFLEX 500 family
and provides a range of benefits, including a
high electrical performance with an
enhanced mechanical design for durability.
The longer service life also results in less
testing downtime and improved cost
efficiency.

Richardson RFPD Inc.
www.richardsonrfpd.com

Cable Assembly

e Samtec announced a
new flexible low loss
cable assembly with

| performance up to 67
! 4 GHz. The RFO47-A
" i ] cable assembly, using
u 1.85 mm male and
female connectors,
operates to 67 GHz
with a maximum VSWR of 1.4:1 or better.
The connectors are solder clamp designs
with fully captivated center contacts. The
body components are passivated stainless
steel with gold plated brass solder ferrule
and beryllium copper contact. Other
connector options offered include male and
female 2.92 mm series, as well as male
and female SMPM series.
Samtec Inc.
www.samtec.com

Precision Right Angle Adapters

s P PN

»

4

BNy PN G

Withwave’s precision test adapters with right
angle types are designed based on precision
microwave interconnection technologies.
These adapters are manufactured to precise
microwave specifications and constructed
with male and female gender on both sides.
The precision microwave connector interfaces
ensure an excellent microwave performance
up to 40 GHz

Withwave Co. Ltd.

www.with-wave.com

AMPLIFIERS

1,000 W Amplifier
)VENDORVIEW

Increased EMC test
level requirements
equate to two words:
More. Power. AR RF’s
newest 1,000 W
amplifier, the
1000A400, is used
for radiated and
conducted susceptibil-
ity testing, specifically
for the increased test
levels of composite aircraft in the frequency
range of 10 kHz to 400 MHz. When utilized
in conjunction with AR’s accessories and
antennas, the required conducted and
radiated susceptibility test levels are easily
reached.

AR RF/Microwave Instrumentation
www.arworld.us

Solid-State Power Amplifier Module

COMTECH PST
introduced its latest
development for the
TWT replacement mar-
ket covering the full
2,000 to 6,000 MHz
band providing 75 W linear power in a small,
compact, lightweight, ruggedized form factor,
ideally suited for UAV, fixed wing, rotary wing
applications. This SSPA features built in
protection and monitoring circuits, low
voltage prime power input, high efficiency
and reliable solid-state technology. Unit will
self-protect under fault conditions and
automatically return to normal operation
when fault conditions are removed. The
SSPA module withstands and operates
reliably in rugged and hostile environments.
COMTECH PST

www.comtechpst.com

X- & Ku-Band Solid-State Power
Amplifiers

_ Kratos General
o Microwave’s cutting-
> edge, field proven
SSPAs are designed
and built for the
| harshest environment
conditions, including
hostile temperatures, shock, vibration,
moisture, altitudes and G-forces. The
custom and off-the-shelf SSPAs in X-Band
and Ku-Bands utilize the latest GaN and
GaAs technologies and provide high power
density in a compact footprint to meet
critical space and weight requirements in
high frequencies. All of our SSPAs can be
supplied to meet the most stringent
environmental requirements.
Kratos General Microwave
www.kratosmed.com

F
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NewProducts

Power Transistor for Accelerator
Applications

The IE13550D is a
550 W, CW, GaN SiC
power transistor
operating in the
frequency range of
1,295 to 1,305 MHz.
This transistor is
designed for
commercial scale laser, linear and particle
accelerator applications. The IE13550D
achieves an exceptional drain efficiency of
80 percent, at a power gain of 15 dB with
low power dissipation. This device is
internally matched and has a compact size
of 20.6 x 9.8 x 3.77 mm. Other product
features include excellent thermal stability
and ruggedness enabling longer mean time
between failure.

RFHIC Corp.

www.rfhic.com

SOURCES
Ultra-Agile Signal Source
The APUASYN20 is a
very compact and
- agile signal source up
to 20 GHz. It
combines fast
switching speeds with good phase noise
and signal quality. The single-channel unit is
available as a mountable module or in a
compact enclosure with display and front
panel control. The multi-channel version
APUASYN20-X is available in one to four
channel configurations in a standard 1U 19”
rack-mountable enclosure. For high phase
coherence, RF channels are locked to a
single reference source.
AnaPico Ltd.
www.anapico.com

4,512 MHz VCO

Crystek’s CV-
C055CC-4512-4512
voltage controlled
oscillator (VCO)
operates at 4,512
MHz with a control
voltage range of 0.3
to 4.7 V. This VCO features a typical phase
noise of -105 dBc/Hz at 10 KHz offset and
has excellent linearity. Output power is
typically +4 dBm. Engineered and manufac-
tured in the U.S., the model CV-
C0O55CC4512-4512 is packaged in the
industry-standard 0.5 in. x 0.5 in. SMD
package. Input voltage is 5 V, with a typ.
current consumption of 28 mA. Pulling and
pushing are minimized to 1 MHz and 1
MHz/V, respectively.

Crystek Corp.

www.crystek.com

96

HSM Series RF Synthesizer
Modules

)VENDORVIEW

The HSM Series RF
Synthesizer Modules
are high performance,
non-PLL based CW
sources that exhibit
exceptional frequen-
cy/phase stability.
The intentional lack of
a PLL supports
frequency switching
speeds of as fast as <10 ps (fully settled)
while offering phenomenal pulse generation
waveforms. These compact, broadband
signal sources have a field proven MTBF of
>200k hours and are available in seven
models covering 10 MHz to 1 GHz, 2 GHz, 3
GHz, 4 GHz, 6.7 GHz, 12.5 GHz and 20 GHz.
HOLZWORTH

www.holzworth.com

World’s Smallest 0CXO0
)VENDORVIEW

RFMW announced
design and sales
support for the
world’s smallest ASIC
based oven controlled
crystal oscillator
(OCXO0) from Rakon.
The Rakon U8176LF
10MHz OCXO meets the stringent require-
ments of 5G remote radio head (RRH), small
cell, optical network and microwave
transmission system applications. Com-
bined with Rakon’s renowned, patented
Mercury+™ ASIC with advanced SC-cut strip
crystal technology, this device delivers
excellent frequency stability (<+20 ppb) in a
miniature, 7x 5 mm package. Supporting
frequencies from 10 to 50 MHz, phase
noise is as low as -160 dBc/Hz.

RFMW

www.rfmw.com

40 GHz CW Signal Source

The SC5520A and
SC5521A are part of
A 33 our ultra-high

e ﬂ’._;i: frequency synthesizer

o series (UHFS) of
signal sources. They

boast a frequency tuning range of 160 MHz
to 40 GHz stepping at 1 Hz resolution, and
an amplitude range of -10 to +15 dBm typ
with phase noise among the lowest in the
market. These compact modules are ideal for
system integration and appropriate for
applications in communication transceivers,
automotive radar and optics and as clocks in
modern day digital data converters.
SignalCore
www.signalcore.com

SOFTWARE

Microwave Global Model

YJVENDORVIEW

Frequency Swe

ATT-I MS-0895-001

o ] w15 d  3s M
Frusuancy (Ghz)

z=Modelithics®

Modelithics has introduced a new equivalent
circuit-based scalable microwave Global
Model for International Manufacturing
Services, Inc.’s IA3-0805WA thick film 400
mW surface mount attenuator family. The
model is validated up to 30 GHz and
features substrate, pad and part value
scaling over the full range of the attenuator
series, 1 to 30 dB. IMS is a sponsoring
Modelithics Vendor Partner (MVP) and is
sponsoring free 90-day trials of all available
Modelithics IMS models by request and with
approval.

Modelithics

www.Modelithics.com

XFdtd®
Y)VENDORVIEW

Remcom has announced superposition
simulation in the latest release of
XFdtd®3D EM Simulation Software, enabling
users to analyze antenna arrays and other
multi-port devices. Leveraging the electro-
magnetic principle of superposition, XF can
quickly analyze hundreds or thousands of
port phase combinations when determining
beam states for a 5G-enabled device
design. This post-processing option provides
interactive manipulation of the input signals
that compute near fields, far fields,
efficiencies and other results in real time.
Remcom

www.remcom.com

Content is copyright protected and provided for personal use only - not for reproductm&,%lgﬁg\rﬁlisggﬁi.oi'hNE 2020
For reprints please contact the Publisher. '



m I M S The 2020 IEEE MTT-S
International Microwave Symposium MDD
LS ANGELES

i :

eWeé‘
A e Gomg |rtua|l RusUet 2020|

The program will contain the following activities and will feature
both pre-recorded and live events:

IMS, RFIC and ARFTG Panel Sessions
Technical Sessions
Three Minute Thesis
IMS, RFIC and ARFTG
Plenary Sessions MicroApps
Technical Lectures Industry Workshops
5G Summit Virtual Exhibition

Visit ims-ieee.org to learn more!

l rotovss o (1B MDD O o
° C!\ﬁlgtgight protected and provided #i MSQOIQ Qﬂy - not for reproduction or retransmissidAT T-S

For reprints please contact the Publisher.




W. L. Gore & Associates has launched its
updated GORE®Microwave/RF Assembly
Builder, a step-by-step tool that allows the
user to configure and request a quote for an
assembly with a variety of connector and
cable options, assembly lengths and
frequencies. The updated online tool
features enhancements that allow users to
design a cable from their desktop, tablet or
mobile phone. In today’s predominantly
remote-work environment, these added
features make it possible to design
GORE®Microwave/RF Assemblies with
ease, from anywhere, anytime and from any
device.

W. L. Gore & Associates

www.gore.com

NewProducts

Microwave/RF Assembly Builder
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ANTENNAS

Choke Flange Feed Horn Antenna

SAH-7531141060-110-S1-100-DP is a dual
polarized, WR-10 choke flange feed horn
antenna assembly that operates from 75 to
110 GHz. The assembly features an
integrated orthomode transducer (OMT) that
provides high port isolation and cross-polar-
ization cancellation and a broadband scalar
horn that provides low sidelobe levels. The
OMT enables the antenna to separate a
circular or elliptical polarized waveform into
two linear, orthogonal waveforms or vice
versa.

Eravant

www.eravant.com

SENCITY Occhio Distributed
Antenna System

/

The HUBER+SUHNER SENCITY Occhio DAS
(distributed antenna system) or small cell
antenna for indoor use, offers the operator
5G coverage, a simple, time-saving
installation process and an attractive
industry preferred design with a small form
factor. Thanks to its multiband capability
between 1.7 to 6 GHzand 2 x 2/4 x 4
MIMO configurations it supports today’s and
future wireless applications. See how the
awarded antenna has been designed and
get in touch if you are interested.
HUBER+SUHNER
www.hubersuhner.com/en/products/
radio-frequency/antennas/das-ibc/sencity-
occhio

TEST & MEASUREMENT

R&S FSW With Up to 8.3 GHz
Internal Analysis Bandwidth

Y/VENDORVIEW

Rohde & Schwarz offers the R&S FSW
high-end signal and spectrum analyzers
with optional internal 4 GHz, 6.4 GHz and
8.3 GHz analysis bandwidth, providing
unmatched dynamic range and sensitivity.
Along with dedicated measurement applica-
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SIXDAYS B THREE CONFERENCES B TWO FORUMS m ONE EXHIBITION

T
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RADAR EVENT

The European Microwave Exhibition
(12th - 14th January 2021)

¢ 10,000 sgm of gross exhibition space

e Around 5,000 attendees

e 1,700 - 2,000 Conference delegates

¢ |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
Tel: +44 20 7596 8742

or visit www.eumweek.com
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The information you need, from industry experts.
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Circuit Material Design Guide for
Radar and mmWave Applications
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5 Ways to Address 5G
Interference Issues
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Measurements
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Micr@wave
Journal eBook

End-To-End 5G Test
Solutions

January 2020
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Journal eBook
Automotive Radar Technologies

November 2019

Check out our featured eBooks, online at
Riwjsuinal.comi/ eDooks




tions, the instruments meet current and
future T&M requirements for ultra-wideband
signal analysis across different industries.
Applications include pulse measurements of
A&D radar systems, satellite payload testing
and amplifier predistortion tests. It also cov-
ers chirp analysis for automotive radar and
research on the next generation of wireless
communication.

Rohde & Schwarz
www.rohde-schwarz.com/_252786.html

20 GHz SM200C Spectrum
Analyzer

$16,000

Signal Hound’s new spectrum analyzer, the
SM200C, maintains the dynamic range,
phase noise, 1 THz/s sweep speed and
100 kHz to 20 GHz tuning range that made
the SM200B so popular, but now includes
a full 160 MHz IBW available for calibrated
1/Q data streaming, plus device control via
10 GbE SFP+ connection. No longer limited
by the length of a cable, the SM200C is
perfect for secure environments where USB
is prohibited.

Signal Hound

www.signalhound.com

Larger Thermal Platforms Now
Available

The new SD450-N thermal platform offers
450 square inches of even, wide range,
precise thermal testing from 200°C to
-100°C. Extended range options, safety
features and alternate cooling methods are
available. The new design allows more
accessibility, custom fixturing and clamping
choices. Great for MPUs, amplifiers, radios
and other large devices with a flat thermally
conductive surface. Advanced program-
mable Synergy Nano temperature controller
can monitor and log one or many points on
the device(s) allowing advanced tempera-
ture control optimization.

TotalTemp Technologies
www.TotalTempTech.com
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MICRO-ADS

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

» Super low noise RF
amplifiers

» Broadband low noise
amplifiers

> Input PIN diode protected low
noise amplifiers

» General purpose gain block
amplifiers

» High power RF amplifiers
and broadband power
amplifiers

> RF isolators and
circulators

> High power coaxial and
waveguide terminations

> High power coaxial
attenuators

» PIN diode power limiters

» Active up and down
converters

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

SECTOR MICROWAVE
INDUSTRIES, INC.

ELECTRICALLY CONDUCTIVE
ADHESIVE SYSTEMS

w‘%\‘s 7

® Epoxies

® Silicones

® Sodium silicate
compounds

+1.201. 343 8983 o WWW. masterbond com
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For reprints please contact the Publisher.

REVOLUTIONARY
HERMETIC SMP CONNECTORS

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

For use with Aluminum, Kovar
and other package materials

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

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

Laser Diode Drivers
with Butterfly Sockets

i Each of the 19

1 models in the Avtech
AVO-9 series of
pulsed laser diode
drivers includes a
replaceable output

Model AVO- 9A-

40 mA/ DIV module with an ultra-
1ns/DIV high-speed socket

suitable for use with
sub-nanosecond rise time pulses. Models with
maximum currents of 0.1A to 10A are available
with pulse widths from 400 ps to 1 us. GPIB,
RS-232, and Ethernet control available.

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

Nanosecond Electronics
Since 1975

101



BookEnd

MIMO RADAR

Application

his comprehensive resource pro-

I vides in-depth and timely cover-
age of the underpinnings and lat-

est advances of MIMO radar. This book
provides an introduction to MIMO radar
and demonstrates its utility in real-world
applications, then culminates with the
latest advances in optimal and adap-
tive MIMO radar for enhanced detection
and target ID in challenging environ-
ments. Signal processing prerequisites
are explained, including radar signals,
orthogonal waveforms, matched filter-
ing, multichannel beam forming and
Doppler processing. This book discusses
the MIMO radar signal model, antenna
properties, system modeling and wave-

102

MIMO Radar: Theory and

Jamie Bergin and Joseph R. Guerci

form alternatives. MIMO implementation
challenges are covered, including com-
putational complexity, adaptive clutter
mitigation, calibration and equalization
and hardware constraints.

Applications for GMTI radar, OTH
radar, maritime radar and automotive
radar are explained. The book offers
an introduction to optimum MIMO ra-
dar and includes details about detec-
tion, clutter and target ID. Insight into
adaptive MIMO radar and MIMO chan-
nel estimation is presented with tech-
niques and illustrative examples. Read-
ers find exclusive flight-testing data
from DARPA. The breadth of coverage
in this all-inclusive resource makes it

Packages include:
Communications Network Engineering (75 titles) ¢ Antennas & Electromagnetics (65 titles)
Mobile/Satellite Communications & GNSS (114 titles) ® Microwave Engineering (92 titles)
Defense Engineering (105 titles) ¢ Computing & Security (72 titles) e Power & Sensors (67 titles)
Full Collection (includes all subjects and additional titles in related areas)

- ~~
.- ~

,/'Use code BER25 to receive\\‘
1t 25% discount on this title !

‘.. (expires 07/31/2020) .

~~~~~~
______

suitable for both practicing engineers
and advanced researchers. The book
concludes with discussions on areas for
future research.

To order this book, contact:

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

ISBN: 978-1-63081-342-0
280 pages
$159
£127

!

—

Annual Subscription eBook Packages
in Your Subject Areas
Now priced for Individual Users Starting at $449/£310

The books you need for your projects now available in one convenient place.
Easy-to-use for finding essential facts, theorems, and practical examples in minutes, not hours.

Go to www.ArtechHouse.com to order now
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2020 Asia-Pacific Microwave Conference

APMC 2020

November 10-13, 2020, Hong Kong Science Park, Hong Kong SAR, PRC

http://www.apmc2020.org

CALL FOR PAPERS

The 2020 Asia-Pacific Microwave Conference (APMC 2020) will be held at Hong Kong Science Park, Hong Kong SAR, P.R. China
from 10 to 13 November, 2020. It is organized by the IEEE AP/MTT Hong Kong Chapter, technically co-sponsored by the State Key

Laboratory of Terahertz and Millimeter Waves (City University of Hong Kong),

the Department of Electrical Engineering (City

University of Hong Kong), the Department of Electronic Engineering (The Chinese University of Hong Kong), the IEEE AP-S, the
IEEE MTT-S and the European Microwave Association. It is also supported by the Hong Kong Science and Technology Parks
Corporation, IEEE Hong Kong Section, IEEE CES and IEEE OES. A broad forum will be provided for participants from both academia
and industry to exchange research results and discuss collaborations in the fields of microwaves, millimeter waves, terahertz
waves, infrared and optical waves during APMC 2020; such exchanges are key to accelerating the technology development in the
Asia Pacific region. Prospective authors are invited to submit original papers on their recent works. Proposals for special sessions,
workshops and short courses are also solicited.

General Chair

Kwai Man Luk

City University of Hong Kong

General Co-Chairs

Hang Wong

City University of Hong Kong

Quan Xue

South China University of Technology
Honorary Chairs

Edward Kai Ning Yung

City University of Hong Kong

Peter Tin Chung Yeung

Hong Kong Science and Technology Parks Corporation
Stella W. Pang

City University of Hong Kong
International Steering Committee Chair
Chi Hou Chan

City University of Hong Kong

Technical Program Committee
Ming Yu (Chair)

The Chinese University of Hong Kong

Lijun Jiang (Co-Chair)

The University of Hong Kong

Alex Man Hon Wong (Vice-Chair)
City University of Hong Kong

Shao Yong Zheng (Vice-Chair)

Sun Yat-Sen University

Best Paper Award Committee
Kwok Wa Leung (Chair)

City University of Hong Kong

Yong Mei Pan (Vice-Chair)

South China University of Technology

Best Student Paper Award Committee
Kin-Fai (Kenneth) Tong (Chair)
University College London

Convened Session Committee
Xiu Yin Zhang (Chair)

South China University of Technology

Yejun He (Co-Chair)

Shenzhen University

Ying Liu (Co-Chair)

Xidian University

Yujian Li (Vice-Chair)

Beijing Jiaotong University
Workshop/Tutorial

Xin Gai (Chair)

City University of Hong Kong

Lei Ge (Vice-Chair)

Shenzhen University

Finance Chair

Kwok Kan So

City University of Hong Kong
Publication Co-Chairs

Jie Sun

City University of Hong Kong

Wai Ho Yu

City University of Hong Kong

Publicity Chair

Ka Fai Chan

City University of Hong Kong

Exhibition & Sponsorship Chair
Kam Man Shum

City University of Hong Kong

Local Arrangement Chair
Wing Chi Mok
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CONFERENCE TOPICS

Active Devices and Circuits

Low-noise devices and circuits, high-power devices and circuits, wide band-gap devices, microwave tubes,
control circuits (mixer, oscillator, switch, etc.), MMICs, RFICs, millimeter and THz wave devices and circuits,
graphene devices, rectennas, and others.

Passive Components

Multi-band, broadband, tunable, and reconfigurable filters, resonators, directional couplers and hybrids,
waveguides and transmission lines, ferrite and SAW devices, RF MEMS, LTCC devices, packaging,
metamaterials and EBG structures, plasmonic and optical components, nanomaterials, and others.
Antennas and Wireless

Scattering and propagation, EM field theory, DOA estimation, antenna theory and design, millimeter-
wave/THz and optical antennas, small antennas, broadband and multi-band antennas, MIMO antennas,
active adaptive and smart antennas, antenna measurements, reconfigurable antennas, and others.
Systems

5G systems, wireless and cellular communication systems, high-speed and broadband millimeter and THz
wave systems, MIMO systems, microwave photonics, radar and sensor systems, autonomous driving
systems, 10T/M2M/RFID systems, wearable devices and systems, security and health monitoring systems,
wireless power transfer system, energy harvesting devices and systems, microwave medical and
biomedical applications systems, digital broadcasting systems, whitespace systems, software
defined/cognitive/smart radio systems, satellite systems, near/far field OTA measurement systems,
measurement techniques, EMC, and others.

Emerging Technologies

Millimeter-wave and THz biomedical applications, millimeter-wave and THz nano-electronic devices, new
materials (graphene, CNT, nanowires etc.), nanostructured devices, circuits and antennas.

APMC 2020 Prizes
Papers presented will be judged by Prize Award Committees, and the authors of selected
best papers will be awarded APMC 2020 Prizes and APMC 2020 Student Paper Prizes.
Paper Submission Guidelines
The recommended paper length is two (2) pages, with three (3) pages as a maximum.
Submitted papers should be formatted for printing on Letter Sized (8.5”x11”) paper, and
camera-ready including figures. Related information and templates will be available on the
conference website. .
1o =

Important Dates u
Proposal Deadline (Workshops/Short Courses/Special Sessions) May 15, 2020
Paper Submission Deadline Jun 30, 2020
Notification of Acceptance Aug 07, 2020
Final Manuscript Submission Deadline Aug 31, 2020

Contact: apmc2020@ee.cityu.edu.hk

Technical Sponsors
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NOW
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Choose from 6, 20 and 45 GHz models
Slope Values from 0 to 12 dB
2x2mm QFN and Bare Die
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aving invested over U.S. $ 1.2 million in new

equipment at the end of last year, and at the

same time expanded its workforce, Filtronic has
recently overseen a significant increase in the capacity of
its manufacturing facility in Sedgefield, in the North-East
of England. The 20,000-square-foot design and manu-
facturing center produces Filtronic's integrated E-Band
transceiver modules in high volumes for mobile backhaul,
products that are now seeing accelerating demand due
to the roll-out of 5G globally. Over 500,000 trans-
ceiver modules and 700,000 filter products have been
successfully deployed in the field. Of these, more than
40,000 have been E-band modules, including the com-
pany's flagship Orpheus and Morpheus Il transceivers.

Filtronic is also seeing a significant increase in demand
for its custom design and microelectronics assembly ser-
vices, particularly at microwave and mmWave frequencies.
These services enable clients around the world to com-
mission their own product designs to be prototyped and
manufactured in an automated factory in the UK., with a
world-class reputation for product quality and reliability.
The company’s expertise has been accumulated during

a heritage spanning more than four decades since it was
first founded in 1977. Filtronic fosters a culture with
a commitment to quality supported by Six Sigma, high
levels of production automation, strict traceability and
adherence to military standards. The Filtronic team is
highly qualified, experienced and enjoys enviable levels
of retention with an average length of service of over
14 years. Filtronic’s aim is to provide a unique path to a
low-risk, secure service to make products for applications
including point-to-point radio links, phased array radars
and security applications such as imaging.

106

The manufacturing and test area at Sedgefield includes
2,500 square feet of Class 100,000 clean rooms, and
another 2,500 square feet of engineering development
labs. Its production capability includes microwave and
mmWave device packaging. sub-assembly manufactur-
ing and test, specializing in mmWave projects up to 90
GHz and beyond. Filtronic also offers design services to
fit customer's needs. The company’s expertise is taking a
project from concept to implementation. In all cases, from
rapid prototyping to volume production, the appropriate
design expertise and production engineering advice is read-
ily available.

Filtronic’s hybrid microelectronics assembly and test
portfolio includes low-void die attach and precision compo-
nent placement; fully automated wire and ribbon bonding
with deep-access multi-level capability; skilled manual as-
sembly; hermetic sealing; and automated test to 90 GHz.
Proprietary air cavity packages can include mixed GaAs,
GaN and Si die within a single package, and can perform
at frequencies higher than 90 GHz. Particular attention
is given to optimizing die attachment and heatsinking for
power devices, and in minimizing wire-bond parasitics for
products that operate at higher frequencies.

The precision hybrid microelectronics assembly facil-
ity has received significant positive feedback from its
clients, including a major European defense manufacturer
who singled out Filtronic’s manufacturing expertise for a
special commendation. The award cites Filtronic's effort
and commitment in successfully delivering a large produc-
tion run of transmit/receive modules as providing an
‘outstanding contribution” to its state-of-the-art radar
system.
www.filtronic.com
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ARE HIGH'POWER

500 - 8000 MHz COUPLERS, COMBINERS, & HYBRIDS

In-Phase & Hybrid Designs + Mismatch Tolerant’ Designs + Lowest Loss & Smallest Size

Directional Couplers
Model Type Frequency (MHz) Power (W CW) Coupling (dB) Insertion Loss (dB) Mounting Style Size (inches)

C8000 Bi 600-6000 100 30 0.40 SMA-Female 1.8x1.0x0.56
C10799  Dual 700-6000 100 40 0.20 N-Female 2.0x2.0x1.06
C10117  Dual 700-6000 250 40 0.20 N-Female 2.0x2.0x1.06
C10526  Dual 700-6000 300 40 0.20 N Female 2.0x2.0x1.06
C10364 Dual 700-6000 500 50 0.20 7/16-Female 2.15x2.0x1.36
C10614  Dual 700-6000 500 60 0.20 7/16-Female 2.15x2.0x1.36
C10996 Dual 700-6000 700 50 0.20 7/16-Female 2.15x2.0x1.36
C11555  Dual 700-6000 1,000 50 0.20 7/16-Female 2.15x2.0x1.36
C10695 Dual 700-6500 500 50 0.20 7/16-Female 2.15x2.0x1.36

0° (In-Phase) Combiners/Dividers
Model Type Frequency (MHz) Power (W CW) Isolation (dB) Insertion Loss (dB) Mounting Style Size (inches)

D11911 2-Way 600-6000 100 15 0.60 N-F / SMA-F 2.00x2.0x 1.00
D11959 2-Way 600-6000 100 Non-Isolated  0.40 N-F / SMA-F 2.00x2.0x 1.00
D11958 4-Way 600-6000 100 18 (PI*) 0.60 N-F / SMA-F 4.00x 2.0x 1.00
D11149 4-Way 700-6000 300 Non-Isolated  0.60 N-Female 435x3.9x1.15
D11832 2-Way 700-6000 500 Non-Isolated  0.60 7/16-Female 5.50x 2.4 x 1.06
D10803 2-Way 700-6500 300 Non-Isolated  0.60 N-Female 5.50x2.4x1.06

(P1*) references Partial Isolation
90° Hybrid Couplers
Model Type Frequency (MHz) Power (W CW) Amp. Bal. (+dB) Insertion Loss (dB) Mounting Style Size (inches)

QH11687 90°  500-6000 150 0.7 0.75 SMT 1.28x1.08x0.13
QH11443 90°  600-6000 150 0.8 0.70 SMT 1.30x1.30x0.13
QH10756 90°  700-6000 100 0.6 0.55 SMT 0.74 x 0.45x 0.09
QH10541 90°  700-6000 150 0.6 0.50 SMT 0.86 x 0.66 x 0.09
QH10827 90°  1000-7500 100 0.7 0.65 SMT 0.86 x 0.61 x 0.09
QH10828 90°  1000-8000 100 0.7 0.90 SMT 0.65 x 0.50 x 0.07
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Ka-Band AESA Technology
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Cobham Advanced Electronic Solutions
leverages decades of aerospace and defense system
design expertise by introducing an integrated
high-power Ka-Band Active Electronically Scanned
Array (AESA) Antenna system:

256-Element Tx/Rx Ka-Band Array in a Small Package
» Small form factor, high power Ka-band array

e Aperture to data capability for mmWave arrays

» Flexible and scalable low cost systems

« Built for rugged defense environments

« Very fast beam steering and control

» Broadcast a single steering vector for the entire array C DBHnm
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The confluence of advances in supporting
technologies, such as processors and memories — as well
as developments in UAVs — coupled with geopolitical
demands for increased homeland security and greater
intelligence gathering has pushed SAR (synthetic aperture
radar) into the ISR (intelligence, surveillance and
reconnaissance) spotlight.

SAR's unique combination of capabilities including
all-weather, wide-area and high-resolution imaging is
unmatched by other technologies.

This broad application specirum is reflected in the
wide variety of new SAR systems being developed
and produced for a number of platforms to meet these
unique requirements.

(TT is well positioned to offer engineering and
production technology solutions — including high-rel
manufacturing — in support of your SAR requirements.

More than 39 years ago CTT, Inc. made a strong
commitment to serve the defense electronics market with
a simple goal: quality, performance, reliability,
service and on-time delivery of our products.

Give us a call to find out how our commitment can
support your SAR success. It's that simple.
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mmWave AESA Phased
Arrays and MIMO Radar
Trends: Aperture to Data

Mark Walker

Cobham Advanced Electronic Solutions, Arlington, Va.

A Fig. 1 Evolving role of AESA arrays and radar.

adar plays an expanding role with wide-ranging

applications in the world today. Many defense

contractors are developing active electronically
scanned array (AESA) technologies for mission-critical systems
in support of radar, EW, missile/munitions, space, communi-
cation, navigation and IFF (CNI) applications. These technolo-
gies can be found on major platforms in diverse environments:
from destroyers and missile defense radar systems to space
deployments in GPS, AEHF, Iridium Next, Orion, the Mars rov-
er and the International Space Station (see Figure 1). Through
advanced ICs and packaging, miniature multi-mode custom
arrays can offer customers a new set of capabilities with “ap-
erture to data” to support the U.S. military in today's environ-
ment of evolving threats to enable enhanced performance at
lower cost and simple implementation.

The U.S. DoD must leverage historical technology and em-
brace new commercial technologies against advancing secu-
rity threats. Investments in phased array and multiple inputs
multiple outputs (MIMO) radar technologies—along with un-
derlying IC and packaging technology—are required to meet
demanding threat detection requirements. Today's solutions
must be affordable and capable of rapid deployment. Solu-
tions for these radar products are built upon highly integrated
system-on-a-chip (SoC) custom ICs and MMICs along with
advanced packaging and integrated subsystem products for
applications in the aerospace and defense market. Unique
combinations of differentiated technology aggregated with ad-
vanced packaging and automation is making it possible to build
small lightweight integrated AESA solutions.

Advanced technology integration is required to be an inte-
grated solution provider from aperture to data. New technol-
ogy roadmaps coupled with close relationships with fielded
applications offer a fresh new look at the AESA technologies. It
is critical to offer cutting-edge sensor technologies in partner
ship with system providers to deliver solutions aligned with
program needs and the needs of our warfighters. Advanced
packaging of SoC solutions with fully integrated subsystems
widens opportunities to deliver a strategically important supply
to defense primes and key subsystem providers (see Figure
2).

Circuit loss and performance come at a premium when op-
erating in the mmWave frequency range. Recent FCC news
regarding the multi-billion dollar bids for mmWave frequency
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High Performance, Rugged Packaging, Small Size and Weight

Great things can come in small packages. Reactel filters
are ideally suited for the demanding environments
that unmanned vehicles encounter.

Many manufacturers rely on Reactel to provide units which are:
* High performance
* Lightweight
* Low profile

Contact a Reactel engineer with your filter or multiplexer requirements.
We can create a unit which will be the perfect fit for your applications.
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bands along with expansive 5G rollout
indicate long term technology develop-
ment. Connector and waveguide tech-
nologies are improving to support the
growing need for and uses of mm\Wave
frequency expansion. Leveraging long-
standing RF expertise, defense con-
tractors can now offer broad solutions

COVER FEATURE

and capabilities including antenna sys-
tems, transmit/receive (T/R) electronics
and beam-formers, up/down convert-
ers, digitizers, interconnects and posi-
tioners. Utilizing advanced packaging
technologies, digital and direct conver
sion technologies have become part of
the signal chain. The result is a unique

RF Flip Chip Assembly
GaN/GaAs Solder Reflow

Adv. Package Process Assembly
Underfill/Staking

Optimized Reliability D

Auto Handling & Test: Electrical and Env.

MMIC Design Wafer Bump, Test, Dice, Inspect, Pick, Pack

- Adv. Packaging Assy Process & Materials

_ Auto Test: Electrical and Env.

A Fig. 2 Vertical integration needed for small mmWave AESA.
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Pins & Accessory Beads

TO PLACE AN ORDER

800.952.6232

kristin@microlambda.com

integration of the complete signal chain
into an integrated mmWave solution
with higher power, wider bandwidth
and high reliability in austere environ-
ments. Integration lowers size, weight,
power and cost while meeting stringent
application requirements for highly sen-
sitive solutions with optimum probabil-
ity of detection.

Several years ago, development
on mmWave AESA started with coop-
erative research with AFRL. Cobham
Advanced Electronic Solutions (CAES)
has enjoyed many years of successful
technology development transitions into
multiple DoD programs for MMICs and
phased array programs. Going forward,
constant independent research and de-
velopment (IRaD) funding has been ap-
plied toward developing this critical new
technology. When CAES acquired Aero-
flex Corporation in 2014, the CAES tech-
nology portfolio expanded to include
many new, reliable, advanced packaging
and assembly options, including flip-
chip, bumped die and packages. Among
those technologies, the incumbent
semiconductor business with broad
and deep experience for the high reli-
ability space and medical semiconduc-
tor industry—including LEAN Rel™—is
enabling small integrated AESA arrays
for DoD applications. With ongoing de-
velopment, these advanced process op-
tions are constantly upgrading.

A tailored approach to building AESA
systems utilizing new technology offers
cost, size, reliability and performance
advantages. AESA markets under con-
sideration include—but are not limited
to—air surveillance including airborne
early warning radar, intercept or acqui-
sition control, ballistic missile warning
and acquisition, surveillance, mapping
and missile tracking and guidance. Fre-
quencies under consideration include
Ka-Band and W-Band. These mmWave
steerable systems track target range,
position and velocity vectors. Target
detections must be resolvable from
each other even when targets are
substantially contrasting in reflection
cross-sections at variable range. Key
performance criteria include simplifying
the array control and system interfaces
with higher levels of integration.

TECHNOLOGY APPLICATION

mmWave phased array dimensions
with typical \/2 element spacings are
very small (approximately 5 mm at
30 GHz to 1.9 mm at 80 GHz). There-
fore, placing transmit and receive ele-
ments at the aperture is feasible and is
nearly ideal for T/R electronics at lower
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TYPE MODEL FREQUENCY RANGE SWITCHING SPEED
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Signal Generator 8558 300 kHz to 6, 12, 20, 33 or 40 GHz 25 us
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mmWave frequencies using quad-chan-
nel MMICs and Silicon ICs. Communi-
cation arrays are well suited for these
form factors with transmit power at less
than 0.2 W/element where silicon tech-
nologies match the application. Phased
array with transmit powers greater
than 0.75 W/element require more so-
phistication in TR electronics and often
require active cooling within the array.
Fortunately, exotic cooling substrate
materials and techniques are not re-
quired for power densities lower than
10 W/element. The total transmit power
for small arrays is primarily limited by
available prime power and the dissi-
pated power in the form of heat gener
ated from each element’s T/R amplifiers
RF conversion efficiency. At mmWave
frequencies, the factor limiting opera-
tion is typically heat dissipation. Power
added efficiency at mm\Wave—estab-
lished by semiconductor technology
and circuit implementation—should be
5 percent or higher for a multi-stage
MMIC amplifier.

There are many mechanical concerns
in constructing mmWave arrays. Key
concerns include—but are not limited
to—supply voltage current density on

COVER FEATURE

voltage supply lines, location of the RF,
DC and control lines. In the case of high-
er transmit power, active cooling may be
required for long term operation.

Higher operating drain voltages of
GaN MMICs help lower current den-
sity in connectors and distribution net-
works. GaN on SiC MMICs offer the
thermal advantages of SiC to spread
the heat from the transistor and pas-
sive heat sources within the MMIC. DC
and RF connectors and interconnects
present problems as they are a nota-
ble source of RF losses and increased
product cost.

Likewise, space-consuming inter
connects have a direct impact on ar
ray scalability and overall cost. It is
challenging to build scalable mmWave
phased arrays with \/2 spacing while
using the smallest available RF con-
nectors, in addition to being cost-pro-
hibitive. While there have been many
advances in mmWave and RF connec-
tors over the past few years, the best
way to leverage their impact is through
higher levels of integration within the
array aperture. Further, the implemen-
tation of these arrays into application
platforms demands as much simplifi-
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cation as possible to optimize size and
performance, and for electrical and
thermal interconnects. When building
arrays within the Ka-Band frequency
range, it has become increasingly ob-
vious that higher levels of integration
with customized SoC and automated
assembly processes drive performance
and affordability toward planar phased
array architectures.

KA-BAND PHASED ARRAYS

Since 2016, core building blocks
built from custom ICs and packaging
technology have been specifically cre-
ated for Ka-Band AESA hardware. Key
pieces of the development include, 1)
multi-channel Silicon-Germanium (SiGe)
beam-former ICs, 2) multi-channel GaN
T/R MMIC with PA, LNA, switches, et.
al., 3) chip-scale flip-chip packaging (K-
CSP) for both die on organic substrate,
4) integrated heat sink and 5) I/O RF, DC
and control signals. The silicon die uti-
lizes solder bump flip-chip technology,
and the GaN MMIC die utilizes Cu pillar
flip-chip technology. The K-CSP configu-
ration leverages production flip-chip pro-
cesses developed and qualified to QML
Class-Y. These are automated processes
for environmentally extreme rugged use
conditions. The MMIC and mmWave
SoC combination was designed a few
years ago with specific features needed
for phase array operations.

Currently, the GaN T/R MMIC is a
multi-channel mmWave RFIC with ap-
proximately 15 percent bandwidth and
electrical channel-to-channel symmetry.
The T/R MMIC has > 1 W/channel trans-
mit output power and < 5.5 dB receive
noise figure as integrated with low in-
sertion loss T/R switches. PA efficiency,
LNA noise figure and T/R switch power
handling and loss were optimized to
near performance limits offered by
short gate length GaN technology. The
SiGe SoC was set up for an analog
beamforming to work specifically with
the GaN T/R MMIC in a 3D stack. The
SiGe SoC has 30 dB amplitude control,
and near six-bit phase control. The 1/Q
performance plane is corrected with
built-in coefficients for small and simple
calibration stored within on-chip regis-
ter space. Calibration tables are very
small and allow a single 64-bit serial
beam-steering command to repoint the
entire array with potentially many hun-
dreds or thousands of elements.

Figure 3 pictures the SiGe/GaN test
boards used to characterize the channel
characteristics, RF and thermal perfor
mance and is the basis of the ongoing 8
x 8 phased array modules optimized for
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The Competitive Advantage of Specialty Materials

Resonators, Filters, and other RF to mmWave Passives

The microwave and millimeter-wave (mmWave) industries are in a period of rapid flux. The increasingly cluttered sub-6 GHz spectrum
is causing many emerging and evolving applications to transition to higher frequencies, including satellite communications, terrestrial
wireless communications, aerospace communications, and military/defense communications and sensing. This transition is now leading
to unforeseen interference and cosite issues that are, in turn, pushing radar and radionavigation system manufacturers to either move
to even higher frequencies or to use more complex modulation techniques to mitigate the growth in spectrum congestion from new
wireless technologies and services of interference.

All the while, there are a greater number of applications that rely ever more heavily on radionavigation, communication, and sensing
technologies including unmanned, naval, land mobile, and commercial/military aerospace systems. High performance resonator
technology is now becoming increasingly valuable for virtually every application including bandpass filtering, notch filtering, electromagnetic
compliance (EMC), passive intermodulation (PIM) filtering, and broadband duplexing/multiplexing.

The key considerations for high quality filters are the resonator technology and overall filter design and manufacturing expertise. Though
clever filter design can overcome some of the limitations of low quality resonator materials, inferior resonator materials can lead to other
detrimental factors, especially at microwave and mmWave frequencies. Many of the applications that employ microwave and mmWave
filters also require these devices to be thermally, and otherwise, environmentally stable. High quality resonator materials and design are
necessary to ensure that a filter performs as designed in all environments. Filter complexity is also significantly reduced through the use
of high quality resonators, directly reducing the size and cost of a filter relative to filters designed with low quality resonators.

For these reasons, and many others, it is even more crucial for systems integrators and microwave/mmWave system manufacturers to
have access to a supplier that leverages the use of both high quality dielectric resonators/substrates as well as the filter and passive
component design expertise necessary to realize the benefits of such high quality materials. This is why MCV Microwave has made
addressing the customer’s microwave and mmWave resonator, filter, and other passive components challenges it's mission since 1995.
With truly vertically integrated filter and component manufacturing, MCV is the ideal supplier to support quick-turn high-
reliability (Hi-Rel) defense/aerospace and 5G/loT commercial wireless communication applications.

About MCV

MCV Technologies, Inc. DBA MCV Microwave (ITAR registered) is one of the few companies to earn ISO Standard 9001:2015 certification
for the design and manufacture of Advanced Dielectric Resonators, RF/Microwave Fliters, connector assemblies and adaptors as well
as having been successfully audited and certified to AS9100 Rev. D standard for the aerospace industry to meet the International
Aerospace Quality Group (IAQG) quality initiatives.

To learn how MCV Microwave’s products and designs can solve
your filtering challenges, please contact MCV Microwave at:
+1 858-450-0468 | sales@mcv-microwave.com.
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organic substrates. With nearly six bits of phase resolution
channel performance, the test demonstrated RMS error of
2.4 degrees mid-band phase error and 0.36 dB of mid-band
gain error.

Figure 4 illustrates a 64-element sub-array and vertically
integrated assembly. Extensive reliability analysis (including
solder stress and mechanical stress predictions) and environ-
mental test verification offer a path to reliable automated as-
sembly processes for IC integration. These small integrated
arrays (38.1 x 38.1 x 20.3 mm) are assembled to withstand
austere environments with reliable operation both mechani-
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cally and thermally. The use of commonly available organic
substrates provides the opportunity to tailor array pattern
variation with custom printed circuit board shapes (i.e. round,
rectangular, octagonal, etc.). The GaN MMIC has fractional-
power modes and may be scaled up in output transmit power
to 8 W/element or more for array architectures with a limited
number of elements.

The array has a 120-degree field of view with 3 dB beam
width of + 5 degrees and less than 3 dB of scan loss at + 60
degrees. The effective isotropic radiating power for a 256-ele-
ment array is approximately 83.3 dBm (2200 kW) with beam
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< Fig. 5 AESA topology scalable from
a few elements to 1,000s of elements
with LRU building blocks.

state switching speed of less than 2.5
ps. The radiating elements are circularly
polarized, and the current demonstra-
tion array is half-duplex. Dual polarization
configurations are also under develop-
ment. The arrays are liquid cooled—with
PAQ or other suitable cooling liquids—to
maintain a uniform temperature and low
thermal gradients across the array. Inte-
gration of the Ka-Band AESA architecture
is scalable into large arrays, or scalable
down into arrays with fewer elements as
shown in Figure 5.

Fully scalable arrays require all sig-
nals to be routed through the backside
of the array (including thermal) and re-
quire a blind-mate interconnect solution
for both electrical (RF control and DC)
and mechanical (fluid). Each sub-array
has a single RF port to be used with a
sum and difference mono-pulse com-
parator for direction finding and tracking.
This technology is manufacturable and
reliable, with field-replaceable upgrades
and improvements. It is also adaptable
to changing requirements and technolo-
gy upgrades, including polarization diver
sity and other advancing technologies.
The applied technologies are quickly ad-
vancing manufacturing readiness levels
toward production capability.

MMWAVE AESA TECHNOLOGY
EVOLUTION—APERTURE TO
DATA

Performance advancements in re-
cent years in small geometry Si CMOS
technology (including RF CMOS), have
allowed higher levels of integration to
become a reality. Work extending the
multi-channel planar approach of the
Ka-Band array to include other key
pieces of the radar is underway with
architecture studies and demonstra-
tions. This new integration will make
ultra-small advanced capability arrays
with digital conversion a reality in the
coming months and can be shown us-
ing mmWave radar demonstrations.

IRaD is currently underway to evolve
the up/down converters, transmit signal
synthesis (DAC) and receive digitization
(ADC) at rates exceeding 1 GS/s and to
include radar detection and digital-sig-
nal-processed datasets directly in the
aperture electronics. This architecture
enables multi-beam software-defined
digital beamforming (or mixing of digi-
tal and analog beamforming). This capa-
bility enables digitally modulated radar
sensor operation utilizing beamforming
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and code division multiplexed MIMO
radar capabilities. The MIMO feature of-
fers extended virtual receive channels,
improved angular resolution and inter
ference immunity associated with digi-
tally coded channels. These extended
capabilities also offer improved range
resolution, better signal to noise ratio at
similar frame rates and faster updates
with short system cycles. The system

COVER FEATURE

can also switch between phase array
modes and massive MIMO process-
ing mode or a combination thereof.
Advance digital processing ICs utilizing
these capabilities result in 4D detection
datasets with spatial position and ve-
locity for many targets. This is the new
world of aperture to data.

This architecture offers other ad-
vantages. The integration of the RF
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converter, ADC/DAC and radar data pro-
cessor into the aperture electronics will
drastically simplify interconnect solu-
tions. Traditionally, the direct digital con-
version and processing functions have
been powerhungry; now these capabil-
ities may be included more efficiently,
with less prime power and lower heat
generation. mmWave RF connections
(coax or wave guide) are no longer
needed to route signals throughout the
application platform. Interconnect sim-
plicity is achieved by way of high-speed
data uplinks (10/100 Gbit/s) through
Ethernet or proprietary vehicles—along
with simple DC supply line distribu-
tion—making radar and sensor aperture
deployment easier and faster. Further,
widely used production processes for
fully automated assembly processes
are utilized to minimize human touches,
improve reliability, eliminate tuning and
ruggedize the platform for austere en-
vironments and challenging operating
conditions. Improved system perfor
mance (associated with RF signal loss),
simpler interconnects, faster integra-
tion, smaller size and weight and lower
cost offer overall system value.

SUMMARY

The extended capabilities and value
proposition associated with integrated
and multi-mode mmWave array tech-
nology include:

e Advanced packaged 3D electrical
and thermal integration at the aper
ture

e SiGe beam-formers and advanced
custom CMOS ICs for advanced
functionality

e Higher transmit power and rugged
assemblies for integrated multi-
channel GaNT/R MMICs

e Multi-channel digitally coded phased

array, MIMO sensor capabilities

Mono-pulse direction finding

Advanced angular resolution

Improved Doppler

Multiplicity of scans in compressed

scanned times

Fast uplink

Simpler integration and deployment

Smaller packages (size and weight)

No tuning automated assembly

Lower cost

Scaled solutions (from a few ele-

ments to 1,000s of elements)

e |Integrated “aperture to data” archi-
tecture
It is a great time to be involved in to-

day’s battlefield, which is simplified by

the value proposition of advanced tech-
nology solutions for broad deployment
to the warfighter. Bl
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Editor’s Note: In this year's Aerospace & Defense Electronics supplement, we are fortunate to have two perspectives from senior members of the
defense industry, who discuss challenges faced by the U.S. in maintaining technical superiority amidst the explosion in low-cost commercial technology.

Bill Conley, the chief technology officer at Mercury Systems and former director for electronic warfare (EW) in the Office of the Secretary of Defense,
examines the imbalance between Department of Defense (DoD) and commercial R&D. To counter China’s growing power, he argues the U.S. must leverage
commercial technology with targeted funding for unique defense capabilities.

Ben McMahon, a technology development manager at BAE Systems’ FAST Labs, describes how the adoption of mm\Wave spectrum by commercial
systems and the underlying technology are challenging the capabilities of EW systems. He writes the future of electromagnetic spectrum operations will
require multifunction systems designed for rapid upgrades, blending commercial and defense technologies.

An R&D Investment Strategy
to Maintain Aerospace &

Defense Leadership

William Conley

Mercury Systems, Andover, Mass.

ur RF/microwave indus-

try is unique in the larger

aerospace and defense
(A&D) marketplace. Fundamental tech-
nical and economic reasons drive our
industry to have distinct and innovative
processes to meet our national security
needs. Frequently, we are the trailblaz-
ers, pushing ahead for our customers,
exploring advanced new technical ap-
proaches and processes, all the while
providing amazingly complex compo-
nents, modules and assemblies. For
that reason, it doesn't surprise me that
over the past century, we have histori-
cally been early adopters of key innova-
tions in response to evolutions in the
global marketplace. This article provides
context for the continuing changes in
the A&D landscape and how we can
lead in implementing these changes to
meet our national security objectives.

NEW GLOBAL LANDSCAPE

From my experience in the Pentagon,
seven different methods of international
power are commonly discussed: diplo-
macy, information, military, economic,
financial, intelligence and legal. These
are commonly referred to by the acro-
nym DIMEFIL (pronounced dime-phil).
Prior to the foundation of global commu-
nications, diplomacy was paramount.
Through the two world wars, military
power was vital and supported through
economic power. The Cold War was
largely based on information and eco-

20

nomic power, with military taking a back
seat. As more financial transactions
become electronic in the global market-
place, sanctions became an effective
method for deploying financial power.
The ratios among the methods are con-
stantly evolving; but together, they un-
derpin how innovation occurs and how
technology is adopted by governments.

Several of these methods of interna-
tional power can be directly measured
with common metrics. Economic pow-
er can be approximated by a nation's
gross domestic product (GDP). Figure
1 shows the growth of the U.S. GDP
since 1980. Figure 2 shows defense
spending, a proxy for military power,
and R&D investment—the implications
of the latter will be discussed later in
this article—over that same period. All
the values are in constant-year dollars
to provide a fair comparison. In the sec-
ond graph, both the Cold War buildup
and the Global War on Terror following
9/11 are readily observable by upticks
in defense spending. Unlike the peaks
and troughs in military spending, R&D
investment has steadily increased and
is an increasingly important part of in-
ternational power, as it underpins both
military investments as well as eco-
nomic growth. These macroscopic met-
rics can be compared among countries
using well-established data sets. All the
data uses purchase power parity (PPP)
conversation rates, which is a fairer
comparison, not only of the exchange

For reprints please contact the Publisher

rate but also the cost of goods.

Figure 3 shows the relative size of
the economy, military spending and
nationwide R&D of the Chinese state
compared to the U.S. The direct com-
parisons are not exact but do show
important trends. For example, this
analysis assumes the published U.S.
and China budgets show the full invest-
ment; in both cases, the values shown
are likely lower bounds. Note that a
PPP comparison shows the Chinese
state with a larger economy than the
U.S., largely due to the lower cost of
materials and goods in China. The data
also shows a much faster growth rate
for China’s economy, and China has
prioritized increasing R&D spending
faster than they have increased military
spending. While the U.S. still invests
more in R&D, the 60 percent mismatch
with China today drives us to a very dif-
ferent strategy than we pursued during
the Cold War. The size of the American
economy supported substantially more
military and R&D spending in the U.S.
than the Soviet Union could match. The
data presented here reveals we can-

25
20
15
10

5

US GDP ($T)

0
1980 1990 2000 2010 2020

A Fig 1 U.S. GDP in constant-year
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not out-innovate in today’s era of Great
Power competition.

SHIFTING INVESTMENT

The source of innovation across the
U.S. economy has shifted dramatically
over the past several decades. While
total R&D spending has increased con-
tinuously, Figure 4 shows the relative
ratio of federal to commercial R&D in-
vestment. For most of the Cold War,

g
I'\..I

~

the federal R&D investment was ap-
proximately double commercial R&D.
This began to shift around 1970, lead-
ing to parity in 1980. Over the past two
decades, commercial R&D investment
has been at least 2x federal investment
and is rapidly approaching 3x.

While investments in hypersonic
weapons are exclusively pursued with
federal R&D investment, RF/micro-
wave R&D blends commercial and
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federal investment, with commercial
dominating. Military systems use less
than one percent of all microelectronic
components produced, according to
estimates. The dominance of commer
cial investment means that the A&D
market for RF/microwave components
is largely built on commercial invest-
ments and, thus, commercial require-
ments. This generalization is not uni-
versal: some specialty components are
exclusive A&D opportunities, where
governments can gain sustained tech-
nical advantages. However, these op-
portunities are declining as multi-func-
tion, broadband, reconfigurable and
software-defined RF/microwave sys-
tems are being developed to increase
scale for commercial applications.
While the RF/microwave industrial
base has experienced these invest-
ment mismatches for decades, emerg-
ing technologies such as artificial intelli-
gence will accelerate the mismatch. It's
estimated the training capability of neu-
ral nets is doubling every 3.4 months,
which makes Moore's Law—a doubling
of transistor density every 18 months—
appear as a relaxed speed of adopting
new technology. The military impacts
from this rate of change are profound. It
means that a system is only 10 percent
as capable a year after fielding and only
one percent as capable after two years.
Many military systems operate for a de-
cade; at the end of this typical life, they
would only have a billionth the capabil-
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A Fig. 2 U.S. defense and R&D
spending in constant-year dollars.
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A Fig 3 China vs. U.S. GDP, R&D and
defense investment (PPP comparison).
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ity of a new system.

As the technical ad-
vantage of a newer

system will translate
into an operational

military  advantage,

we should expect to
see military systems

3 Commercial Funding
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continue to drive to-

A Fig. 4 U.S. commercial vs. federal R&D investment.
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rapid upgradability. Military systems
lacking these traits for electronics will
be obsolete very quickly.

Another example of commercial in-
vestment outpacing federal investment
relates to 5G. Earlier in my career, |
personally reverse engineered a variety
of improvised explosive device (IED)
detonators using commercial devices.
A commonly shared photo at the time
(see Figure 5) reminds us of our former
threat zeitgeist. As a result of those ex-
periences, |I'm skeptical that 5G devic-
es will be broadly adopted by militaries
because of the mission vulnerabilities
introduced. However, the expanded
frequency range of 5G devices into Ka-
Band is developing new modeling and
simulation capabilities, analog compo-
nents and broadband transceiver tech-
nology. All these advances will substan-
tially impact A&D systems operating at
Ka-Band. The lower price and globally
democratized design capabilities mean
we should expect a proliferation of Ka-
Band systems in the next few years,
due to commercial investment being
transferred back into military systems.

CULTURAL INFLUENCES

I've focused so far on the technical
aspects of investments, which are un-
derpinned by company cultures. Most
A&D companies are valued largely on
the return on invested capital. Technol-
ogy companies are valued on growth.
The need to sustain growth will drive
technology companies to adopt new in-
novative approaches, even faster in the
future. However, A&D companies may
view capital investments as being pro-
hibitively high when measured by the
return. The impedance mismatch be-
tween the nation’s industrial base and
the self-identified defense industrial
base (DIB) will continue to grow.

This is not the first time that the
DIB and national industrial base have
been intertwined, however. The sto-
ries during World War II (WWII) of auto
manufactures responding to defense
needs is well known. Perhaps less well
known, the original investment in Sili-

y i)

A Fig. 5 Cellular phone used to trigger
an IED.
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con Valley largely came from the needs
for electronic warfare systems during
WWII. Steve Blank's “Secret History
of Silicon Valley” does an excellent job
telling the full story of how investments
during the 1940s shaped the culture
of responding quickly and developing
amazingly complicated technical solu-
tions. Even during WWII, a typical elec-
tronic countermeasure was only useful
for about four months, when it was
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POWER SYSTEMS TECHNOLOGY | | | |1

PERSPECTIVE

countered by the adversary. The opera-
tions analysis book “U-Boats in the Bay
of Biscay"” discusses this in detail.

As we've seen again this year, the
entire country’s industrial base is ca-
pable of mobilizing to meet our security
needs, evident in the global response
to the coronavirus. Manufacturers from
defense to fashion to consumer goods
to automotive have pivoted to make per
sonal protective equipment and medi-
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cal devices. The pivot occurred within a
month to respond to a rapidly emerging
threat to our health and livelihoods.

MODEL FOR FUTURE SUCCESS

The examples cited demonstrate
how the entire industrial base can be
pivoted to solve our national security
needs. | am hopeful the nation’s in-
dustrial base considers itself part of
the national security community. While
the traditional members of the DIB can
meet the nation’s needs during times of
relative peace, we must all be prepared
to surge if a major conflict occurs.

Quoting the late Deputy Assistant
Secretary of Defense for Tactical War
fare Systems, Jimmy MacStravic, “We
move at the speed of trust.” Returning
to the development of open systems,
fully sharing interface documentation
is critical. Most standards need to be
formed in collaboration among purely
commercial companies and those serv-
ing the A&D market. As we've seen,
commercial investments will drive
many important advances in the future;
however, physics is application agnos-
tic. | am hopeful the design tools and
fundamental understanding will be fully
and quickly used in both commercial
pursuits and A&D applications. Critical
capital investments will be required to
align these ecosystems.

Many of today’s defense challenges
involve the integration of advanced
technologies onto platforms. Similar
challenges drove the automotive and
aerospace markets during past de-
cades. As we look to an loT future, |
am hopeful that more of the commer
cial composability will be applicable to
managing the complexity of future mili-
tary systems. It's obviously quixotic to
assume that all the challenges of multi-
domain operations will be addressed
by commercial advancements, but best
practices need to be broadly shared to
realize—and afford—the future operat-
ing concepts of the DoD.

In summary, it's an exciting time
to work in a business on the techno-
logical seam between commercial and
defense applications. We'll see this
continue to be critically important: The
strategies from the Cold \War are based
upon substantially different assump-
tions, so new processes, new policies
and adopting new solutions faster will
be increasingly important. | fully expect
the rate of change will continue to ac-
celerate in the RF/microwave portion of
the A&D ecosystem. As a community,
we are well positioned to lead the na-
tion's defense into the future.ll
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ridging Commercial and
efense Technology to

aintain EW Innovation

Benjamin McMahon
BAE Systems, Nashua, N.H.

rom an electronic warfare

(EW) perspective, offensive

or defensive, in most engage-
ments we do not control the pace or
band of the electromagnetic spectrum
operations. Rather, our systems react
to the emitters or target systems’ ca-
pabilities, operations and locations. We
must address as many of the emitters
as possible to maximize the benefit to
the warfighter, both effectiveness and
lifecycle cost. Emitters of interest for
our EW systems span communica-
tions, radars and unintended radiation
sources; a subset are passive sensors,
with no intended radiation at all. In many
cases, radar and communications sys-
tems have moved higher in frequency
over the decades, while legacy systems
maintain persistence in the lower fre-
qguency bands. Our EW systems must
detect, identify, locate, intercept, report
and sometimes engage these sources
of intended and unintended emissions,
regardless of frequency.

The limiting factor for our adversaries
is the efficiency and cost of the electron-
ics. This, ultimately, controls the growth
of emitters to higher frequencies. This
growth necessitates a wideband EW
system, or series of systems, that
must address threats from VHF through
mmWWave, sometimes in the same mis-
sion. The proliferation of 5G high-band
communication systems and automo-
tive radar drives the efficiency and cost
of high frequency electronics at a com-
mercial scale. This creates a dilemma
for EW systems: the volume driving this

commercial scale generates tremen-
dous increases in radar and communica-
tions network performance at mm\WWave
frequencies on an almost annual basis.
EW systems must operate in extreme
environmental conditions, where auto-
motive radar and 5G communications
operate in comparably moderate con-
ditions. Further, our adversaries have
access to the same commercial elec-
tronics we do, with the ability to lever
age the commercial scale to build and
deploy high performance systems that
threaten our warfighters' ability to domi-
nate the electromagnetic spectrum.
Higher band radars have better per
formance because they provide bet-
ter range and Doppler resolution and
require tightly integrated electronics.
Radar systems will operate in higher
bands when possible, where less con-
gestion and noise impact the ambient
noise floor. For a “threat radar,” these
parameters translate to more accurate
“weapons quality” tracks on aircraft,
projectiles and UAVs. Radars with ad-
vanced high frequency electronics and
apertures are becoming land mobile,
meaning they can be moved rapidly and
do not require hardened installations.
The uncertainty of the location of these
threat radars at any given time necessi-
tates the effectiveness of EW systems
to protect our assets from engagement.
From an electronic support mea-
sures (ESM and often referred to as
ISR) perspective, we see the density of
higher frequency emitters growing. Our
adversaries can now develop radar and

communications systems using com-
mercial scale electronics to proliferate
emitter density to the point where ev-
ery platform must be equipped with a
high performing EW system to main-
tain persistent awareness of the emit-
ters on the battlefield. This awareness
maximizes opportunities for electronic
attack (EA) engagements or self-pro-
tection. Without addressing the higher
frequency bands in this environment,
our ability to maintain spectrum domi-
nance erodes. This uncertain future ne-
cessitates investment in DoD-quality,
high frequency electronics.

Since the end of World War I, the
United States has maintained tech-
nological advantage over our adver
saries as a deterrence and to provide
technological overmatch when conflict
arises. That technological advantage
has waned in recent decades, partly
because of the massive influx of com-
mercial investment in electronics,
manufactured mostly outside the Unit-
ed States, and the relative decline of
investments in DoD electronics. High
performance electronics designed and
fabricated at scale offshore further in-
tensifies the dilemma for EW systems.
In 2019, Intel’s R&D investments alone
were nearly 40x DARPAs investment
in the Electronics Technology program
element of the DoD Budget Estimates,
which makes pivotal investments in
breakthrough technologies for national
security. Today, our adversaries have
open and commercial access to these
technologies. Among the top 10 found-

28 Content is copyright protected and provided for personal use only - not R%ﬁ 63?&89Rﬁﬁlﬂﬁﬁs?§miméﬁ'r%umE 2020

For reprints please contact the Publisher.



STRENGTH @ NUMBERS

Qorvo’ GaN technology enables the systems all around you

= V/
FIRST WITH @
5G GaN FEMs for
28 GHz & 39 GHz GaN-on-SiC

supplierin
DEFENSE
& CATV
GaN devices with 4 GaN process nodes at MRL 10

UPTO 1.8 KW using USAF MRA tool
POWER OPERATION .

A

gCompliant

A=A
SPACE QUALIFIED
Highest level of reliability

Demonstrated O p\,o
MTTF reliability with ®

200°C all around you
107 hrs.

For more information, visit Qorvo.com/GaN



ries by revenue in the world, a small
percentage can produce International
Traffic in Arms (ITAR) regulated parts
for use in DoD systems. Recent efforts,
such as DARPAs Electronics Resur
gence and OSD’s MINSEC initiatives,
are addressing part of the dilemma.

DIVERGENT MILITARY AND
COMMERCIAL REQUIREMENTS

There will always be divergence be-
tween DoD and commercial electron-
ics requirements. In some cases, DoD
electronics will require non-commercial
sources, while continuing to use com-
mercial off-the-shelf (COTS) electron-
ics where possible. Certainly, the DoD
will not be able to drive its unique re-
guirements into commercial nodes and
foundries at the volumes of commercial
production. The primary differences be-
tween the two sets of requirements are:

Operating thermal environment—
Broadly known temperature grades for
active electronics are 0°C to 45°C for
commercial, -20°C to 85°C for industrial
and -565°C to 125°C for military. Some
DoD applications exceed the military
operational range, making commercial
parts far out of reach for most DoD en-
vironments, with the exception of very
few high grade automotive compo-
nents. Due to the economies of scale
in commercial electronics, the relatively
small quantities of DoD systems pre-
vent commercial investment and con-
tinued attention.

Bandwidth—International regulatory
agencies control the spectrum used
by 5G and automotive radar, for good

PERSPECTIVE

reason. Next-generation EW systems
ideally operate over all these bands to
counter as many emitters as possible
with a single system. The alternative of
employing multiple banded systems,
each intended for a different band or
emitter type, applies pressure on the
size, weight and power consumed
by the solution. Figure 1 illustrates
the challenge, showing current and
planned frequency allocations for 5G,
including the recent FCC auctions allo-
cating spectrum at mmWave (i.e., auc-
tions 101, 102 and 103). A future ideal
radar warning receiver must cover low
frequency radars through 5G frequen-
cies. All components, from the front-
end electronics to the transceiver and
digital processing, contribute to the
identification of signals, either instanta-
neously over a wide band or by tuning
across a wide band. Current 5G and au-

DoD supply chain. One of the few ca-
pable on-shore, advanced node CMOS
foundries made a cost-driven decision
to discontinue development, leaving
DoD with no on-shore trusted source.
This event blunted hopes of a small ge-
ometry CMOS, on-shore capability with
the potential for trusted production.
While relying on non-trusted and off-
shore foundries for high frequency DoD
electronics will reduce cost, it leaves
our ability to maintain critical supply
chains to foreign corporate profit and
loss decisions, political circumstances
and, in case of a military or “trade war”
conflict, the possibility of a complete
embargo or shutdown in supply.
Secure supply chain and counterfeit
parts—ITAR and Export Administration
Regulations, while preventing the ex-
port of DoD technology, also help pre-
vent malicious actors from participating

tomotive applications
are standardized by
the spectral regula-
tory framework and
are optimized for nar

30 MHz

rower  bandwidths,
preventing these
electronic compo-
nents from being
used in broadband
EW systems.
Assured  supply

chain—GlobalFound-
ries’ recent decision
to stop development
of a 7 nm CMOS pro-
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A Fig. 1 A future ideal radar warning receiver will cover all
radar bands, to include the new 5G mmWave bands.
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in the fabrication of hardware going into
DoD systems. In 2015, Bloomberg re-
ported malicious hardware was found
on Supermicro motherboards in DoD
data centers, CIA drones and Navy war-
ships. The chips were allegedly inserted
at factories in China, though the story
has not reached any conclusion. This
scenario highlights the risk of not only
board-level malicious hardware trojans,
but also chip-level trojans even more

PERSPECTIVE

difficult, if not impossible, to discover.
Obsolescence—The upgrade cycle of
high volume commercial products, such
as mobile smartphones and personal
computers, is high. DoD systems will
use the same component for decades
beyond the day the manufacturer discon-
tinues it, forcing “lifetime buys” and cost-
ly redesigns to prevent obsolescence,
even when a redesign cycle is not neces-
sary for any other reason. A commercial

ANALOG
DEVICES
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of applications, including
industrial instrumentation,
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'P
-
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aerospace and defense
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infrastructure, automotive
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offers full backend wafer
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but not limited to, wafer dicing,
wafer probe, temperature
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inspection, long-term storage
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For more information, please visit
www.SemiDice.com

and/or
www.Analog.com

A Fig. 2 The F-22 Raptor development
began in 1986 and is expected to fly for
another decade or more. Source: BAE
Systems.

foundry will not continue manufacturing
electronics nodes only used in decades
old, low volume systems.

As an example of the obsolescence
challenge, the F22 Raptor’s develop-
ment began in 1986, and the AN/ALR-
94 EW suite, one of the most techno-
logically advanced systems on the F-22,
was first delivered in 1999 (see Figure
2" Now, 21 years later, with 183 F-22s
in service, the Air Force continuously
faces the need for modernization to
keep pace with adversary capabilities.
As part of its mid-life upgrade, F22
sensor modernization is due in the
middle part of this decade. The F22 is
expected to be superseded by a sixth-
generation tactical fighter sometime
within the next two decades, under
scoring that the fighter's electronics are
required to operate between two and
four decades.

ASSURING MISSION SUCCESS

How do we solve the EW system
dilemma? There is no single answer. To
start, there are areas of common tech-
nical ground where development will
benefit both DoD and COTS systems.

Modern mixed-signal nodes, such as
7 to 14 nm CMOS, 90 nm SiGe and the
DARPA T-MUSIC 45 nm SiGe on-shore
foundry, are driving higher frequency per
formance and higher computing capabil-
ity for less size and power. However, hav-
ing higher power densities, these nodes
in the extreme temperature environment
of DoD systems require exquisite cool-
ing approaches, further increasing overall
power consumption. We need continued
advancement of high operating tempera-
ture electronics requiring less cooling,
such as mixed-signal SiC that can operate
at very high junction temperatures, re-
ducing the need for active cooling. Future
military operating temperatures may ex-
ceed 225°C, for which there are currently
no mature solutions. If your organization
has technology to offer, the DoD wants
to see it.
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The tighter integration of electronics enables the realiza-
tion of high channel count, element-level digital phased ar
rays, adding low probability of intercept communications,
massive MIMO, directional EA and multiband ESM to the
radar functions. High input/output, reconfigurable logic de-
vices, such as the Xilinx VU13F may aggregate hundreds
of channels to form beams; however, they have grossly
oversized logic and IP cores that go unused, unnecessarily
increasing size, weight and power (SWaP). Reconfigurable
beamforming ASICs are needed to reduce the SWaP of mul-
tifunction digital phased arrays.

ASICs are driving down the cost, size and power consump-
tion of commercial systems. The rapid upgrade cycle of com-
- - - - mercial electronics will require modification of these ASICs
A Fig. 3 A mid-frequency phased array using connectorized over time and occasional redesign into new nodes when the
electronics becomes intractable as arrays move to mmWave benefit outweighs the cost. Similarly, on DoD systems, in-

and higher frequencies. cremental upgrades are costly but less frequent. A standing

The rapid growth of multichannel phased arrays and exten- capability to rapidly upgrade and modify ASICs for incremen-
sion into mmWave bands drives the integration of electronics tal improvements is favorable for both DoD and commercial
into smaller packages. Heterogeneous packaging enables in- markets.
terconnects between ICs of different nodes, with each node Attention to these areas of common ground among com-
optimized for its function, eliminating transmission lines on the mercial and DoD markets will benefit both. With careful atten-
carrier circuit board. As we push to higher frequency bands, the tion to detail and prudent design decisions, the innovators of
loss between die within the package becomes more critical. DoD electronics will be able to leverage some, although not
DoD systems require higher yield, lower loss heterogeneous all, of the technologies being developed at commercial scale.ll
packages to minimize the footprint of high frequency transceiv-
ers. As phased arrays move to mmWave and higher bands, Reference
circuit board and cable connections between the antenna ele- 1. Military Periscope, "AN/ALR-94 Electronic Warfare Suite,” www.militaryperi-
ments and front-end electronics will be a non-starter to achieve scope.com/weapons/sensorselectronics/electronic-support-measureselectronic-
the required electrical performance and size (see Figure 3). warfare/analr-94-electronic.

Wide range of high-spec, stainless steel connectors,
In-Series and Between-Series Adapters

Used where signal integrity and quality are important
and a high level of reliability is required

Precision products include high frequency and can
run to 18, 40 or 50 GHz

Interfaces include K-Type, N, SMA, TNC, 2.9mm,
2.4mm, BMA, SSMA and many others

Solderless connectors for semi-rigid cable also available

For more information, please contact one of our sales teams at:
USA: +1(931)707-1005 info@intelliconnectusa.com
UK: +44(0) 1245 347145 sales@intelliconnect.co.uk

A different kind of Interconnect Solutions Provider

www.intelliconnectusa.com | www.intelliconnect.co.uk

34 Content is copyright protected and provic.led for personal use only - not R%ﬁ Egpxggkﬁﬁlsﬁgﬁs?émfméﬁpg‘m"E 2020
For reprints please contact the Publisher.



1744

FILTERS

Largest Selection
in the Industry!

Now over 340 Models in Stock!
Case Styles as small as 0202
Rejection up to 54 dB

Steep Skirts

- "- pe .i.' o
o QI ::l"/ ';:-

v W
0202 0402 0603 0805 1206 1210

[IEE

[ JMini-Circuits ik

. . .minicircuits. 599.Rev A_P
Content is copyrlght({)}g teaad prsc?vl?ac(e@ﬂgr'cﬁ%%%g%ﬁo&e St RoT R ?é'ﬁ%g(fu%?fon or retransmission. -

For reprints please contact the Publisher.



36

AEROSP

TECHNICAL FEATURE

Cognitive

EFENSE

Countermeasures
Determine Mission

Success

Nancy Friedrich
Keysight Technologies, Santa Rosa, Callf.

As electromagnetic spectrum operations dominate the modern electronic
warfare (EW) environment, countermeasure approaches increasingly leverage

software and machine learning to win.

he global fight for EW dominance

often plays out in smaller incidents.

If one fighter jet faces off against a
rival, they may do small maneuvers to see which
can outperform the other. While such exhibits
used to rely on the pilot's prowess, today’s sce-
narios reveal much more about a country's tech-
nology. Forces want to know if other militaries
can detect, identify and locate their assets—as
well as what they can do to counter those ca-
pabilities. Beyond the physical presence of war-
fighters, a larger conflict rages for dominance of
the electromagnetic (EM) spectrum. With the
rise of adaptive threats and countermeasures,
the winner’s system is the one that outwits its
opponent. As threats grow more sophisticated,
countermeasures must evolve at or beyond that
pace. With radar, for example, every evolution
brings more complexity. Yet countermeasures
must achieve the same complexity and, poten-
tially, move beyond it. Techniques continue to
evolve, often relying on some standard jamming
approaches.

JAMMING TECHNIQUES

A simple way to undermine a radar is by jam-
ming it with broadband noise. The radar sends
out a pulse, which reflects off objects in the en-
vironment and returns to the radar receiver. If a
pulse is sent where an F-35 is flying, for exam-
ple, the RF energy bounces off the aircraft and
returns. At the exact time when the skin or echo
return hits the receiver, a noise jammer sends
broadband RF noise into the receiver, obscuring
the skin return because the receiver can only
see the huge amount of noise energy.

Jamming techniques like range gate and
velocity gate pull-off advance this approach by
sending a pulse that looks like the skin return
—yet slightly altered. As a result, the target ap-
pears to be moving in a different direction, so the
radar loses track. With this approach, the aircraft
seems like it is flying in a different direction than
its true course.

Another well-known jamming method, digital
radio frequency memory, receives a radar's RF
signal, digitizes it and creates new RF signals
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based on the received pulse. Because
this approach has very fast processing,
it can create many pulses or false tar
gets, tricking the radar into “thinking”
there are a thousand aircraft instead of
just one.

Stealth has been the leading edge
in countermeasures for years. Like the
other jamming approaches, it confuses
the radar about the target: creating
uncertainty about whether a target is
present or, if it is detected, misconstru-
ing its location or the number of targets.
The radar sends out a pulse but cannot
get a good skin return. Stealth relies on
the design of the fighter's surfaces and
the materials comprising it—which do
not reflect RF energy well—so the radar
return is very low. However, the stealth
code has been somewhat cracked in re-
cent years, and stealth has lost its lead
position, unless new countermeasures
can be employed to combat successful
detection.

THE NEW STATE-OF-THE-ART

While adaptive threats and counter
measures are not new to EW, cogni-
tive EW integrates advanced technolo-
gies such as artificial intelligence (Al),
and the resulting countermeasures
gain speed and efficiency to boost the
identification and tracking of threats.
Because cognitive EW implements
more of an Al or machine learning ap-
proach, it surpasses adaptive counter-
measures. When a threat wins against
a cognitive countermeasure, the coun-
termeasure learns from the experience
and becomes more effective.

With Al, machines can perform
smarter tasks using capabilities like
signals recognition. Machine learning
takes Al one step further, allowing ma-
chines to continuously learn from new
data and adapt. As these computers
learn rapidly, threats
using machine learn-
ing will learn from
every conflict, de-
termining ways to
be more effective
to prevail against
future countermea-
sures. In the cat and
mouse game of EW,
countermeasures
must leverage ma- |
chine learning to stay
ahead of the threats.

This evolution in
capability does not
need human inter

how to alter its behaviors. \When tested
or engaged, cognitive systems learn
from the experience and modify future
behavior—the computer decides the
next steps. As these systems advance,
they will adapt and alter their courses
of action increasingly rapidly. For exam-
ple, if a radar is trying to track a jet, the
adversary’s countermeasures may first
stop it from succeeding; with machine
learning, the radar would repeatedly try
new approaches to successfully track
future targets.

Modern machine learning tech-
niques to increase cognitive ability in-
clude target recognition, intelligent de-
cision making and autonomous learn-
ing. Complex and congested signal
environments make it challenging to lo-
cate, identify, jam and confuse enemy
communications systems, especially if
they are adaptive. Adaptive radars make
it challenging for countermeasures to
isolate pulses from threatening radars,
understand threats from hostile radars
and provide adequate responses.

Military technology is increasingly
turning to machine learning to cre-
ate cognitive EW countermeasures to
successfully operate in these complex
electromagnetic environments. These
systems use software-defined capabili-
ties to gain operational flexibility in con-
gested and contested environments,
quicker upgrades and greater afford-
ability (see Figure 1). Software-defined
systems can alter parameters such as
waveforms, frequencies, techniques
and timing. This rapid pace of change
will be faster than most system devel-
opment lifecycles.

Combining cognitive approaches,
increased capabilities and lower cost
leads to threats evolving more quickly
than the responding countermeasures
can be built. The issue of congestion

action because the capabilities to alter parameters such as waveform,

computer

decides frequency, technique and timing. Source: Getty Images
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further complicates
the effectiveness of
countermeasures, gl
as the crowded
EM spectrum often
yields an overwhelm-
ing noise floor, so
some signals of in-
terest get lost in
the noise. With the
trend of more afford-
able and sophisti-
cated technologies,
some adversaries
can create systems
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that hide within the 4\ Fig.2 Signal generator output with two chirped radar

noise—the challenge
is like finding the pro-
verbial needle in a haystack. Even if the
system does pick out the right signal
and identifies it, the signal can change
in a moment. Nonetheless, the sys-
tem must separate the relevant from
the irrelevant data to yield actual intel-
ligence, so the signals of interest are
detected and located.

ELECTRONIC
COUNTERMEASURES ANALYSIS

A hindrance to success is that EW
systems traditionally work off legacy,
fixed information about the EM envi-
ronment. Such systems identify radars
by characteristics such as appearance
and emitted RF energy and usually em-
ploy these steps:

e The threat becomes known.

e |dentifying parameters are added to
a database, such as the radar type,
frequency band where the threat
operates, bandwidth and country of
origin.

e |f the system sees this threat again,
it will respond with the appropriate
countermeasures.

With the rapid evolution of cognitive
EW threats, this database approach
becomes unwieldy, especially when
interacting with unknown threats from
unknown origins demanding a quick
response. If a threat radiates on one
frequency, then changes frequency
moments later, it poses a problem for
militaries using such databases. If the
data is constantly changing, the data-
base will not be current or useful.

As a result, militaries are mov-
ing away from legacy systems and
adopting approaches that respond to
new threats with machine learning.
Rather than rely on a fixed database,
newer systems learn and adjust as
the threats do. They can better detect
and analyze advanced threats, adjust-
ing and keeping pace as those threats

emitters, 1.5 GHz wide and 7 GHz apart.

A Fig. 3 Responding to technology
advancements in the threat
environment, EW systems must be
flexible, scalable and meet program
and test requirements.

change, based on observed behaviors
(see Figure 2). Advances in counter-
measure analysis also test and stress
the system’'s response to a dense
threat environment, as real world sce-
narios have large numbers of simulta-
neous threats.

In contrast, newer systems emu-
late real world threats, generating and
sending signals (see Figure 3). They
help the military detect and analyze
these signals more quickly, providing
the knowledge and opportunity to re-
spond with the optimal countermea-
sures. As threats augment their capa-
bilities, electronic countermeasures
must also boost capability. Even with
these newer methodologies, challeng-
es arise analyzing modern electronic
countermeasures. lronically, counter
measure analysis will prevail by lever
aging much of the same advancements
used by the threats: cognitive capabili-
ties, software-defined radios and highly
increased processing power.ll
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operation even at high switching frequencies.

“Silent Switcher 2” denotes a 2nd generation Silent Switcher.
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Simulating Real
World Radar

42

Scenarios with
Vector Signal

Generators

Rohde & Schwarz

Munich, Germany

esting radar warning equipment

in realistic scenarios is crucial to

reliable performance in the field.
Traditionally, dedicated instruments or test sys-
tems have been used for this. Now, commer
cial vector signal generators (VSG), such as the
R&S®SMW200A from Rohde & Schwarz, of-
fer an attractive alternative because of their in-
creased bandwidth and processing power.

REALISTIC SCENARIOS

Modern VSGs can generate a realistic, dense
RF environment, with the capability to play back
a nearly unlimited range of signals from simple
unmodulated pulses to radar signals with mod-
ulation on pulse (MOP). The high modulation
bandwidth of these VSGs enables modern fre-
quency-agile radars to be simulated. The signal
source can be shared among different applica-
tions, from simple VSG to high-end radar simula-

R&S Pulse Sequencer

Software Receiver

R&S SMW200A VSG Radar Warning

A Fig. 1 The R&S SMW?200A VSG with R&S Pulse Sequencer

tion—all benefiting from outstanding RF perfor
mance. Using a single source for many applica-
tions reduces test and measurement costs and
provides users with flexibility.

With the SMW200A VSG, Rohde & Schwarz
offers a solution for testing radar warning equip-
ment with realistic scenarios. Combining the
generator with the PC-based R&S Pulse Se-
quencer software creates a powerful simulator
with everything needed for testing (see Figure
1). The simulator can generate current and future
radar signals, creating scenarios with multiple
complex, high-resolution signals, and it can be
used for all phases in the equipment lifecycle,
from early design in the lab, integrated system
testing in production, testing in the field and
maintenance. The heart of the solution is the
VSG, which supports all typical radar bands to 44
GHz. The flexibility of the digital hardware with 2
GHz internal 1/Q bandwidth enables simulation
of pulse-on-pulse scenarios with up to six over
lapping pulses in an instrument with one RF port
and a maximum pulse density of 6x 3.3 million
pulses per second.

Radar warning receivers use input signals
from multiple antennas to determine the direc-
tion of arrival of the signal from an emitter. This
functionality can also be tested in the lab with
coupled instruments that provide multiple syn-

PC software provides a compact, powerful radar simulator

for the lab.

chronous signals.
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CPI Beverly Microwave Division

Our Tough-as-nails New X-Band
Solid State Power Amplifiers

Our X-band SSPAs are designed
for use in the most extreme
conditions and environments.
Power levels up to 50 kW.

Contact the radar experts at
CPI regarding all your SSPA needs
at BMDMarketing@cpii.com

Y
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A Fig 2 3D flight scenario with the emitter and receiver moving.

Radar with Radar with Radar with
FMCW 20 MHz LFMOP 3 MHz LFMOP 3.5 MHz
Multi-Mode Radar with .

Radar LFMOP 4 MHz Simple Radar Simple Radar

Hz [50 MHz I |H++Iz

1 [

3320 3350 3370 3390 5200 5300 5700 8800 9212 9310  Frequency

R&S SGT100A1  R&S SGT100A 41 T ] L I I (MHz)

R&S SGT100A 2 R&S SGT100A 3 R&S SMW200A RF A R&S SMW200A RF B

A Fig. 3 At an OTA demonstration
at Tartu Airport in Estonia, the
signal generators and amplifier were
mounted in a small rack, with the R&S
Pulse Sequencer software running on a
commercial laptop.

SCENARIO EDITOR

In all stages of development, from
initial functional testing to final op-
erational simulation testing, engineers
want realistic test cases reflecting what
the radar warning receiver will see in op-
eration. To support realistic simulation,
the R&S Pulse Sequencer software can
define a wide range of radar scenarios,
from simple pulses to dense multi-emit-
ter environments. As a standard feature,
the software has smart pulse interleav-
ing algorithms with an optimized, user
defined priority scheme. This feature
enables lowest drop rates.

Alternatively, users can simulate ac-
tual pulse-on-pulse situations as they
occur, without any pulse dropping.
The user can configure all typical ra-
dar types: CW, frequency modulated
continuous wave (FMCW) or pulsed,
including wide bandwidth, frequency-
agile radars with complex interpulse
modulation (IPM) or MOP For maxi-
mum realism, emitters and the receiver
can “move” along predefined or im-
ported trajectories with six degrees of
freedom, making the simulation as re-
alistic as possible. As usability is a core
requirement for the software, the R&S
Pulse Sequencer software has 3D pre-
views and graphical live visualization of

A Fig. 4 Example signal plan used at the Tartu Airport demonstration. One dual-
g P gnal p p
path R&S SMW200A and four R&S SGT100A VSGs generated 10 simultaneous radar

emitters between 3 and 9.5 GHz.

configured scenarios to quickly familiar
ize users with the software (see Figure
2). Calculation of complex multi-emitter
scenarios is fast, minimizing the wait-
ing time for results and enabling users
to conveniently optimize test cases.

HIGH SPEED PDW STREAMING

Ultra-long scenario playtime and real-
time changes to the simulation can be
achieved by streaming Pulse Descriptor
Words (PDW) using a network connec-
tion to the VSG, which serves the role
of an agile RF signal source. It supports
classical unmodulated radar pulses,
Barker coded pulses, FMCW signals
and any I/Q modulation on the pulse, en-
abling the most modern, low probability
of intercept radars to be simulated. The
R&S SMW200A supports PDW rates up
to 12 million PDWs per second.

FIELD DEMONSTRATION

During a live demonstration at the
2019 EW Live event in Tartu, Estonia, a
radar simulator from Rohde & Schwarz
was operated overthe-air (OTA) with
a free-space distance of 1.3 km to the
ELINT and radar warning receivers.
An R&S SMW200A VSG with two, 20
GHz RF paths controlled by the R&S
Pulse Sequencer software served as
the signal source (see Figure 3). The
SMW200A VSG's large internal modu-
lation bandwidth of 2 GHz enabled
generating radar signals from multiple
emitters in a single RF path. Four com-
pact R&S SGT100A RF sources were
also integrated into the system to sim-
ulate additional radars operating below
6 GHz. This setup supported OTA test

scenarios with 10 simultaneous radar
emitters between 3 and 9.5 GHz.

Figure 4 shows a signal plan for one
simulation. In this scenario, the R&S
SMW200A generated six radar signals
simultaneously, three in RF path A and
three in path B. Splitting radar signal
generation between two paths makes
it possible to create very realistic sce-
narios, including those with colliding
pulses and highest dynamic range. In
RF path A, signals from radar systems
with operating frequencies between 5
and 6 GHz were simulated, while path
B had signals in the 9 GHz range. Each
R&S SGT100A generated one additional
radar. The signal plan defined different
radar signals, from simple, unmodulated
pulses to complex I/Q modulated puls-
es (e.g., AMOR FMOR PMORP chirps
and Barker code pulses). Diverse IPM
profiles, such as pulse repetition inter
val staggering and frequency hopping,
were used. A complex, multi-mode ra-
dar featuring frequency and time agile
operation, as well as diverse antenna
patterns and scans, was included.

For the EW Live demonstration, the
flexibility and powerful performance of
the R&S SMW200A and R&S SGT100A
VSGs created a full-featured radar simu-
lator. The VSGs demonstrated high per-
formance field testing for relatively low
cost and effort using standard compo-
nents. Added benefits were quick in-
stallation of the setup at a remote loca-
tion and verification of the performance
of the systems to be tested.

JVENDORVIEW

Rohde & Schwarz
Munich, Germany
www.rohde-schwarz.com
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'PRECISION PASSIVE COMPONENTS & ELECTRONIC PACKAGES

PROVEN RELIABILITY.
TRUSTED PERFORMANCE.

Thick & Thin Film Resistor Products

¢ Faithful scheduled deliveries under 2 weeks

e Values from 0.1 Ohm to 100G Ohm

e Abs. tolerance to +0.005%, matching to =0.0025%
¢ TCR’s to +2ppm/°C, tracking to =1ppm/°C

e Operating frequencies to 40GHz

¢ High performance at cryogenic temperatures

e Case sizes to 0101

e Space level QPL’s, F.R.-“S”, per MIL-PRF-55342

e Zero failures with over 200 million life test hours
* IS0 9001:2000 certified

¢ Full line of RoHS compliant products .')’:. 4
® 24-hour quote turnaround ‘tw -~ \

Electronic Package Products
o Hi Reliability Hermetic Packages:
» Lightweight glass sidewall flatpacks, S0-8, and S0-14 packages
« Surface mount and plug-in packages
« Metal flatpacks, leadless chip carriers (LCC), ceramic quad flatpacks (CQFP)
¢ Hermeticity per MIL-STD-883, Method 1014, Condition A4 (less than 10+'° atm cc/sec)
¢ Plating per MIL-DTL-45204 and QQ-N-290 for standard packages
(unless otherwise specified)
e Custom design available
* RoHS and DFARS compliant

When it comes to today’s military, aerospace, and medical
applications, the reliability and performance requirements of
electronic components have never been so demanding. By delivering
superior-quality products for over forty five years, it's easy to see why
Mini-Systems is a supplier of choice among design engineers.

mini-systemsinc.com
208-695-0203 info@mini-systemsinc.com

MINSYSTEMSg NG ected and provided for personal use only - not for reprodudtiozn paviceriad SoaisaieBoro MA 02761-0069
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4 & 5 kW GaN
Pulsed Transmitters
for C- and X-Band

RFHIC Corp.
Anyang, South Korea

FHIC Corporation has developed

solid-state  pulsed transmitters

for C- and X-Band radar, providing
4 kW output power at C-Band and 5 kW at X-
Band. The transmitters use RFHIC's own GaN
power devices in a redundant power amplifier
(PA) architecture, which provides long lifetimes
with “soft” failure. The systems are cooled using
forced air.

C-BAND TRANSMITTER

The C-Band transmitter, model RRT54594K0-66,
was designed for maritime, surveillance and
weather radar applications between 5.4 and
5.9 GHz. The transmitter delivers a minimum of
4 kW peak pulsed power with 31 percent power
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A Fig 1 Output power and power consumption efficiency

of the C-Band transmitter.
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consumption efficiency (see Figure 1). It han-
dles pulse widths of 1 to 100 ps and up to 10 per-
cent duty cycle, with typical pulse drop of 0.5 dB
or less and rise and fall times less than 100 ns.
The transmitter has excellent pulse fidelity, with
pulse stability of 55 dB and spurious signals no
greater than 40 dBc in the operating band. An
input power of at least 15 dBm is sufficient to
drive the transmitter to rated power.

The RRT54594K0-66 integrates four, 1.2 kW
pulsed modules (RRP54591K2-42), which
use RFHIC's 240 W GaN on SiC transistors
(IR56240NN). The GaN modules provide high
power with high efficiency and an MTBF of ap-
proximately 80,000 to 100,000 hours. The trans-
mitter is designed with an expandable hardware
architecture, enabling users to add modules to
achieve higher power without manually phase
matching the modules.

The C-Band transmitter has embedded
monitoring capabilities to detect abnormal sys-
tem conditions, such as low power, excessive
temperature, high voltage standing wave ratio
(VSWR) or DC failure. An RS232 interface pro-
vides warning alarms or automatic shutdown to
safeguard the system.

The RRT54594K0-66's RF input connector
is SMA, and the output is WR-159 waveguide,
which has an insertion loss no greater than
0.2 dB and VSWR below 1.5:1. Weighing 88 Ibs.,
the transmitter is packaged in a compact 47.4 cm
x42.1 cm x 25.1 cm "“box,” which supports easy
and stable installation on an antenna mast. The
housing can be modified to fit in a standard 19
in. rack, an option if required by the application.



The Right RF Parts.
Right Away.

Having the correct RF parts shipped to you the same
day can mean the difference between project success
and failure. We’re certain we’ve got the parts you need,
with more than one million components in-stock

and available to ship today.
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A Fig. 2 Output power vs. frequency of the X-Band
transmitter with a 50 ps pulse at 10 percent duty cycle.

A Fig. 3 Redundant architecture of the X-Band transmitter.
A similar approach is used with the C-Band transmitter,

X-BAND TRANSMITTER

The X-Band pulsed transmitter,
model RRT901005K0-57, was designed
for radar applications operating be-
tween 9 and 10 GHz with an instan-
taneous bandwidth up to 500 MHz.
The transmitter delivers at least 5 kW
peak pulsed power (see Figure 2), with
pulse widths to 100 us and 10 percent
duty cycle. Pulse droop is no greater
than 1.0 dB, and pulse rise and fall
times are less than 100 ns. Spurious

M PI METROPOLE PRODUCTS, INC . o

signals are no greater than 60 dBc from
9 to 10 GHz. With 6 kW output power
and 10 percent duty cycle, the power
consumption is 4 kW maximum.

The transmitter combines eight,
800 W GaN PAs using RFHIC’s GaN on
SiC transistors and achieves approxi-
mately 80,000 hour MTBF (see Figure
3). As with the C-Band transmitter, the
RRT901005K0-57 is expandable. Users
can add power modules to increase
the output power without manually
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which integrates four PA modules.

matching the phase of the new mod-
ules.

The transmitter has an RS-422 con-
trol interface to provide warning alarms
and automatic shutdown to safeguard
the system from damage. Should a
PA module fail, the RRT901005K0-57's
control system will automatically iden-
tify and report it to the user through the
upper management system. A liquid
crystal display monitor on the front of
the system shows the real-time status
of operation, such as output power—
with an accuracy of £0.5 dB.

The RF input connector is SMA and
the output has a WR-90 waveguide. The
unit has a small form factor: 6 U x 19 in. for
rack mounting, enabling straightforward
system integration, and it weighs 117 Ibs.

MODULAR DESIGN

With both the C- and X-Band trans-
mitter designs, if one of the PAs fails,
the output power drops by the power
of the failed module. Unlike TWTAs or
other tube amplifiers, the transmitters
do not require full redundancy; even
with multiple PA failures, the system
gracefully degrades. Due to its scalable
architecture, it allows the user to build
higher power systems when needed.

RFHIC has an extensive PA portfolio
to support customized design for unique
customer requirements, from output
power to frequency bands. RFHIC is
the first and only commercial company
whose portfolio spans GaN devices to
systems. This high quality capability of-
fers customers both off-the-shelf prod-
ucts and custom solutions, which help
reduce capital expenses and shorten
project development time.

RFHIC Corp.
Anyang, South Korea
MetropoleProducts.com www.rfhic.com
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We understand what’s
at stake at the end of a
radar signal

At Integra, we've spent decades
building a vast RF power library with
breakthrough products for radar
delivering up to 85% efficiency with
best in class power and efficiency. We
know the challenges you are facing and
we're here to help. Integra can rapidly
optimize a cost-effective semicustom or
custom RF pallet solution for your exact
system needs.

Learn more @ Integratech.com
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ilesTek now stocks a

complete line of high

temperature, low
smoke, zero halogen (LSZH) cable as-
semblies for military and aerospace
applications. With an operating tem-
perature range from -30°C to +80°C,
the MSAQO5 series cables have LSZH
jackets, using a compound that re-
duces the amount of toxic and corro-
sive gases emitted during combustion.
This makes the cable assemblies well
suited for enclosed areas where PVC's
toxic properties are restricted, such as
military vehicles, aircraft, ships, control
centers or other enclosed buildings.

Low Smoke, Zero
Halogen, Twinax
Cable Assemblies

These MIL-STD-1553 cables satisfy
the multiple requirements of many mili-
tary installations, including use of LSZH
jackets, lead-free solder, high tempera-
ture rating and RoHS and REACH com-
pliance.

Connector options include two- and
three-slot TRB and TRS plugs and jacks,
bulkhead jacks, insulated and non-in-
sulated connectors and versions with
blunt cut ends. Some models have a
metal spring bend relief to reduce the
stress on the cable where it exits from
the connector. Off-the-shelf lengths
range from 0.03 to 6 m, depending on
the model, and each cable assembly is

constructed with 0.155 in. outside di-
ameter, 78 Q, LSZH twinaxial cable.
Unlike suppliers with six to eight
week lead times for these assemblies,
MilesTek stocks all versions of the
MSAOQQ5 series in multiple lengths,
available  for same-day shipping.
MilesTek also offers the option for cus-
tom orders with special labeling and
different connector types and lengths.

Y)VENDORVIEW

MilesTek
Lewisville, Texas
www.milestek.com

airview Microwave has re-

leased a new series of 18,
broadband, class AB power

amplifier modules covering various fre-
quency bands from 1.5 MHz to 18 GHz
with 10 to 200 W saturated output pow-
er, power-added efficiency to 40 percent
and power gain to 53 dB. Designed for
50 Q systems and unconditional stabil-
ity, the amplifiers use GaN, LDMOS or
VDMOQOS transistors to obtain optimum
performance; the lower frequency am-
plifiers use VDMOS or LDMOS, while
the higher frequency designs use GaN.
To minimize baseplate temperature
and ensure the best performance, the
amplifiers can be mated to an optional

High-Power

Class AB

Amplifier Modules

heatsink with DC-controlled cooling
fans. Designed to be rugged, the high-
power amplifier modules operate over
a temperature range from -20°C to
+60°C and withstand relative humidity
to 95 percent.

The compact coaxial packages have
Type N or SMA connectors and D-submin-
iature connectors for DC bias, TTL control
and temperature and current sense.

This new power amplifier family of-
fers many options for designers seek-
ing high efficiency, linearity and dynam-
ic range in a small form factor. All of the
products in the series are in stock and
available for immediate shipment with
no minimum order quantity.

Since 1992, Fairview Microwave has
been providing high-quality RF/micro-
wave components, including adapters,
connectors, attenuators, coaxial cables
and terminations. Specializing in im-
mediate product needs, Fairview offers
same-day shipping on thousands of in
stock items with no minimum purchase
required. Fairview has over 5,000 RF/
microwave products, most of which are
in stock and ready to ship.

JVENDORVIEW

Fairview Microwave
Lewisville, Texas
www.fairviewmicrowave.com
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ADI Power by Linear
)VENDORVIEW

With Analog Devices Power
by Linear™ products, avail-
able from Richardson RFPD,
you can depend on consis-
tent quality, proven reliabil-
ity, high performance, long
life cycles and customer and
factory support. Analog Devices’ power management offer-
ing includes Silent Switcher® DC/DC converters and uMod-
ule regulators. ADI'’s portfolio of compact, ultra low emission,
high speed synchronous monolithic stepdown Silent Switch-
er® regulators are perfect for noise sensitive and space criti-
cal applications. These regulators minimize EMI/EMC emis-
sions while delivering highly efficient operation even at high
switching frequencies.

Analog Devices Inc.
https://apps.richardsonrfpd.com/mktg/Analog-Devic-

es-Power-by-linear.html
bines fast switching speeds

with good phase noise and

signal quality. The single-channel unit is available as mount-
able module or in a compact enclosure with display and front
panel control. The multi-channel version APUASYN20-X is
available in one to four channel configurations in a standard
1U 19" rack-mountable enclosure. For high phase coher
ence, RF channels are locked to a single reference source.

AnaPico Ltd.
www.anapico.com

uANALOG
DEVICES

LT8650S

Ultra-Agile Signal Source

The APUASYN20 is a very
compact and agile signal
source up to 20 GHz. It com-

Low Phase Noise
Amplifiers for
Surveillance Radars

Phase noise is a critical
characteristic in high perfor-
mance radar and commu-
nication systems, affecting
the ability of the surveillance
system to lock on its intended target. Degrading residual
phase noise is one of the most difficult signal-processing
challenges to overcome, but it can be addressed by using
low phase noise amplifiers which improve the signal-to-noise
ratio. APITech guarantees high quality, ultra low phase noise
performance across its amplifier product line.

APITech
www.apitech.com/products/rf-solutions/amplifiers/

RF and Microwave
Semiconductors

Founded in 2003, BeRex is a
fabless semiconductor com-
! pany that markets, designs
.+ | and supports innovative RF
o and microwave semiconduc-
“| tors worldwide. BeRex Cor
| poration specializes in the
development, marketing and
support of semiconductors
in support of the current and
next generation wireless com-
munications and cellular infra-
structure applications world-
wide. Product segments served include 5G, loT, military/
satellite and wireless infrastructure.

5G Revolution =3
and BeRex
Solution

BeRex Corporation
www.berex.com

SMT Isolators
and Circulators
\‘D\/EN DORVIEW

Cernexwave's CSC and CSlI
series SMT isolators and
circulators are offered to
cover the frequency range of UHF to 40 GHz. These isola-
tors and circulators are designed and manufactured to pro-
vide low insertion loss and high isolation for SMT component
and module integrations. The 50Q) input and output SMT line
configuration is immediately ready for circuit insertion. While
the isolator is an important device where port isolation or
VSWR is concerned, the circulator offers duplexing functions
in many radar and communication systems.

Cernex
WWW.cernex.com

Introducing New
Ka-Band AESA
Technology
)VENDORVIEW

Leveraging decades of aero-
space and defense system
design expertise, Cobham
Advanced Electronic Solu-
tions’ new 256-Element Tx/
Rx Ka-Band array features small form factor, high power, ap-
erture to data capability for mmWave arrays, flexible and low
cost systems, built for rugged defense environments, very
fast beam steering and control and the ability to broadcast a
single steering vector for the entire array.

Cobham Advanced Electronic Solutions
www.cobhamaes.com/KaBandArray
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4 to 18 GHz Ultra-
Wideband High Power
Solid-State GaN RF
Amplifier Module

Comtech introduces the
Model BME49189-50, the
latest in GaN-based 4 to
18 GHz RF amplifiers. The
small amplifier module delivers greater than 50 W of power
over the full frequency range of 4 to 18 GHz. The BME49189-
50 amplifier operates from +28 VDC and meets all specifica-
tions over -40° to +55°C. This highly integrated design is ideal
for communication, electronic warfare and radar transmitter
systems where space, cooling and power are limited. This
unit is ideal for UAV/airborne, ground mobile, surface and
shipboard applications.

Comtech Power Systems Technology
www.comtechpst.com

Communications and Power
Industries
Y)VENDORVIEW

CPl is the world’s largest manu-
facturer of receiver protectors.
CPI designs and manufactures
a broad range of RF and mi-
crowave products for radar,
communications, electronic
warfare, medical and scientific
applications. They also manu-
facture a broad range of pres-
sure windows and pressure
bypass windows. Their prod-
ucts are found in numerous radar systems operated by the
U.S. military and militaries around the world. Contact CPI at
www.CPIl.com or ElectronDevices@CPIl.com for high pow-
er microwave components.

CPI
https://www.cpii.com/

2 to 18 GHz, 8 W GaN
Power Amplifier

SWaP solutions for many
applications including EW,
radar, missile guidance and
SATCOM. CTT's new solid-
state GaN-based power
amplifier, Model NGX/0218-
3946, covers 2 to 18 GHz
with 8 W (+39 dBm) of CW
power output. The compact
size of 4.25 in. (L) x 3.25 in. (W) x 0.88 in. (H) offers RF/mi-
crowave designers an excellent choice for SWaP solutions in
many S- through Ku-Band applications, including EW, radar
and SATCOM.

CTT Inc.
www.cttinc.com
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Custom MMIC is Now
Qorvo

JVENDORVIEW
Qorvo and Custom MMIC
have joined forces to deliver

<’ Custom

. ‘MM'C Is Now
the industry’s most innova-
tive high performance GaN

Qorvo

dustry. By merging these two best-in-class RF and mmWave
product portfolios, we can now provide our valued custom-
ers with the industry’s most innovative products—from a sin-
gle discrete component to a fully integrated module solution.
Qorvo's industry-leading portfolio includes high performance
GaN and GaAs power amplifiers, LNAs, mixers, switches and
other products to tackle the toughest design challenges and
to push the limits of technology.

Custom MMIC
https://www.custommmic.com

RF Receivers and
Sources for Radar
Simulation

dB Control introduced a line
of radar simulation systems
to test the field-worthiness
of EW systems. This new
line of RF sources and re-
ceivers includes frequency
locked oscillators, instanta-
neous frequency measure-
ment units, digital control units, antenna control units and
integrated digital control units. These products can be cus-
tomized even for the most rigid SWaP requirements and can
remain effective across a range of temperature extremes.

dB Control

High Performance
Passive Components

JVENDORVIEW
Exceed Microwave provides
custom high performance

www.dBControl.com
passive microwave compo-
nent designs up to 67 GHz

%
for defense, space and com-

mercial applications. Exceed Microwave is AS9100 certified
and ITAR registered, providing high quality, high performance
passive components. The company provides various types of
designs, each with its own unique values and are designed
and made in U.S. Many of its designs offer extremely high Q
factor, allowing very low insertion loss and high power han-
dling.

Exceed Microwave

www.exceedmicrowave.com
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RF and Microwave Class
AB High Power Amplifiers
with Available Heatsinks

Y)VENDORVIEW

Fairview Microwave, a lead-
ing provider of RF micro-
wave and mmWave com-
ponents available for same
day shipping, now offers a comprehensive line of class AB
broadband high power amplifiers spanning 20 MHz to 18
GHz frequencies. These designs are unconditionally stable
and operate in a 50 Ohm environment, providing power gain
up to 53 dB and saturated output power from 10 to 200 W.
The line offers optional heatsink modules with DC controlled
cooling fans to ensure optimal baseplate temperature.

Fairview Microwave

fairviewmicrowave.com

Stable Reference Sources
for Aerospace and
Defense

Serving the military and
aerospace industries since
1961, Greenray Industries
provides high performance
oscillators that offer low
phase noise, tight stability and low g-sensitivity and func-
tion as high precision reference sources for smart munitions,
missile guidance, mobile receivers, radar systems and much
more. The company’s products include TCXOs, OCXOs,
VCXOs and clock oscillators. For more information, visit on-
line or call 717.766.0223 and talk to a frequency control ex-
pert today.

Greenray Industries, Inc.
www.greenrayindustries.com

HSM Series RF
Synthesizer Modules

Y)VENDORVIEW

The HSM Series RF Synthe-
sizer Modules are high per
formance, non-PLL based
CW sources that exhibit ex-
ceptional frequency/phase
stability. The intentional lack
of a PLL supports frequency
switching speeds of as fast
as <10 ps (fully settled) while offering phenomenal pulse
generation waveforms. These compact, broadband signal
sources have a field proven MTBF of >200k hours and are
available in seven models covering 10 MHz to 1 GHz, 2 GHz,
3 GHz, 4 GHz, 6.7 GHz, 12.5 GHz and 20 GHz.

HOLZWORTH
www.holzworth.com

SENCITY Occhio
Distributed Antenna

System
: _ The HUBER+SUHNER
~ . SENCITY Occhio DAS (dis-

Tm—

tributed antenna system) or
small cell antenna for indoor
use, offers the operator 5G
coverage, a simple, time-saving installation process and an
attractive industry preferred design with a small form factor.
Thanks to its multiband capability between 1.7 to 6 GHz and
2 x 2/4 x 4 MIMO configurations it supports today's and fu-
ture wireless applications. Watch how the awarded antenna
has been designed and get in touch if you are interested.

HUBER+SUHNER
www.hubersuhner.com/en/products/radio-frequency/
antennas/das-ibc/sencity-occhio

Pallet Solutions

Integra Technologies Inc.,
a provider of RF and micro-
wave power semiconduc-
tor and pallet solutions for
state-of-the-art radar, EW
and advanced communica-
tions systems, announced
a new family of -Band pal-
let and transistor products
based on Integra’s patented Thermally Enhanced GaN/SiC
for multi-mode radar applications. Integra’s IGN1214CW425
provides best-in-class performance delivering 425 W of CW
power with an efficiency of 70 percent. Integra offers a full
selection of RF power solutions ranging from UHF through
X-Band.

Integra Technologies Inc.
www.integratech.com

10-50 GHz Dual-
Directional Coupler for
Military and Commercial
Applications

Y)VENDORVIEW

KRYTAR's Model 510050010
dual-directional coupler
lends itself to designs and
test and measurement applications in mmWave and 5G
markets. Within a broadband frequency range of 10 to 50
GHz performance ratings include nominal coupling of 10 dB,
+1.8 dB, frequency sensitivity is =1 dB, insertion loss less
than 3 dB, Directivity greater than 10 dB, maximum VSWR is
1.8. The coupler comes with 2.4 mm female connectors and
measures just 2.24 in. (L) x 0.40 in. (W) x 0.62 in. (H).
KRYTAR
https://krytar.com/products/couplers/dual-direction-
al-couplers/dual-directional-coupler-510050010/
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Latest Microwave
Technology Folder by Kuhne

The heart of Kuhne electronic
beats in its own, experienced
and constantly growing devel-
opment department for mi-
crowave technology from 100
MHz to 50 GHz. In the compa-
ny's new folder they introduce
its latest developed products
like microwave generators,
S-Band power amplifiers and
broadband preamplifiers. All
key specifications and features
of its new products are listed in
16 pages. Kuhne also gives a short forecast from its develop-
ment pipeline in 2020/2021.

Kuhne electronic
www.kuhne-electronic.com

KUNNE glectronic

Latest microwave technology
Made in Germany

. A RF Power Meters
{8 )VENDORVIEW

. LadyBug Technologies has
added four new power
sensor models to its di-
verse portfolio of sensors.
The new line includes the
LB5944A 1 MHz to 44 GHz True-RMS USB RF Power Sen-
sor. The sensor features optional capability to 50 GHz. The
composite USB device utilizes both USBTMC and USB HID,
allowing flexible programmatic access. Several advanced op-
tions are available including, calibrated Analog Recorder Out
that can be used autonomously, unattended autonomous
measurements and storage, SPI and I12C interfaces that al-
low direct connection to a microprocessor, FPGA or other
small form factor system.

LadyBug Technologies
www.LadyBug-Tech.com

iEw N =|
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LB5944A

\ USE Power Sensor
1 MKz to 44 GHz

b .

Now Offering mmWave
Ceramic Filters 30 to
70 GHz

YVENDORVIEW

MCV Microwave, a provider
in high quality/low loss di-
electric resonator, ceramic substrate and filters is now of-
fering mmWave filters to 5G communications, satellite inter-
net/network services, space, aerospace defense and military
industries. These miniature surface mount bandpass filters
exhibit excellent passband insertion loss and rejection. A
typical 29 GHz filter has less than 2 dB insertion loss over
15 percent bandwidth with 20 to 30 dB near band rejection.
Contact MCV Engineering and sales for materials, design
and processing quote.

MCV Microwave
WWW.mcv-microwave.com
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Newly Designed MUQS/
UHF Products

For 50 vyears, Metropole
Products has consistently
introduced new solutions
to markets that enable military, government and commer
cial clients to achieve success. Metropole Products expert
engineers offer decades of proven experience in design, de-
velopment, manufacturing and testing of microwave and RF
components. The company's state-of-the-art technologies
are critical components to the satellite, radar, communica-
tions and electronic warfare systems of our military. Contact
Metropole Products today to discuss its newly designed
MUOS/UHF products.

Metropole Products
www.metropoleproducts.com

M P oo sscoucrs e

+ 1 VEQUENTY OF INNOWATION

26 to 50 GHz Down-
Converter

YJVENDORVIEW

Norden Millimeter is a lead-
ing developer of microwave
and mmWave products, cre-
ating standard and custom
RF amplifiers, frequency
multipliers, frequency converters, transceivers and custom
assemblies for airborne military, commercial and test appli-
cations. Through state-of-the art prototyping and engineer-
ing, Norden's skilled team develops and manufactures prod-
ucts across frequencies of 500 MHz to 110 GHz, with both
standard and custom designs available. Pictured is its 26 to
50 GHz down-converter which provides an IF of 3 to 18 GHz.

Norden Millimeter
www.NordenGroup.com

MMIC Fixed Equalizers
o 0 Flatten DC to 45 GHz
JVENDORVIEW

Mini-Circuits has expanded
its popular EQY-family of MMIC fixed equalizers with new
models covering the entire DC to 45 GHz frequency range.
The EQY-xx-453+ series of equalizers features attenuation
slope values of 3, 4, 5, 6, 7 8, 9 and 10 dB. All models fea-
ture excellent VSWR (1.17:1 — 1.29:1) with good RF power
handling (+27 to +30 dBm). These equalizers are ideal for
flattening negative gain slope in test instrumentation and
other ultra-wideband systems. They come enclosed in 2 x 2
mm QFN packaging and are available in bare die format on
request.

Mini-Circuits

https://www.minicircuits.com
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Mini-Circuits New Product
Guide—Q2 2020

J/)VENDORVIEW

Mini-Circuits is keeping up the
momentum to support your
needs with more products,
wider bandwidths and higher
frequencies. Stay up to date
with the hundreds of new prod-
ucts in Mini-Circuits’ catalog
this quarter from wideband
amplifiers up to 43.5 GHz to
connectorized passives up to
65 GHz, new MMIC designs,

NEW
PRODUCT

designer’s kits and more!
Mini-Circuits
https://www.minicircuits.com

Pole/Zero Introduces its
New Integrated
Microwave Filters (IMF)

Digitally tunable bandpass
and notch filters with ac-
celerated tuning speeds
packed in a very small, light-
weight size, cleansing the
EMS environment for maximum sensitivity and improved
system performance. Designed for the military radar market,
specifically active electronically steered array and phased
array radars. IMF frequency hopping filters are available in
multiple bands for 4 to 24 GHz coverage, with tune times
<100 ns. Contact Pole/Zero for more information or email
support@polezero.com.

Pole/Zero
www.dovermpg.com/polezero

UusA

FOREVER

Filters, Multiplexers and
Multifunction Assemblies

JVENDORVIEW

Reactel manufactures a line
of filters, multiplexers and
multifunction  assemblies
covering up to 50 GHz. From
small, lightweight units suit-
able for flight or portable
systems to high power units capable of handling up to 25
kW, connectorized or surface mount—Reactel's talented
engineers can design a unit specifically for your application.
Visit Reactel online at www.reactel.com.

Reactel
www.reactel.com

2020 RF Product Guide
Y)VENDORVIEW

Pasternack, a leading global
supplier of in-stock, ready-
to-ship RF  microwave and
mmWWave components, assem-
blies and devices offers over
40,000 popular and hard-to-find
items across 107 categories of
interconnect, passives, actives
and antennas. Pasternack’s
99.4 percent in-stock availability
allows them to ship your prod-
ucts the same day they are or
dered, with no minimum order size required. Its product en-
gineers and experts are also on-hand to assist with technical
issues and deliver creative solutions for your specific project.

Pasternack
pasternack.com

Aerospace and Defense
Semiconductor Solutions

Microchip has the largest
portfolio of aerospace and
defense semiconductor so-
lutions in the market. These products include FPGAs and
SoCs, high reliability power discretes, analog mixed-signal
ASICs and ASSPs, EEPROMSs, high performance oscillators,
RF SAW filters, MMICs, diodes and transistors. SemiDice is
franchised to deliver these solutions in wafer and bare die
form. The company also offers wafer dicing, wafer probe, up
screen and testing, visual inspection and long term storage.
Please visit www.semidice.com for more information and its
line card.

SemiDice
www.semidice.com

& Microsemi

a @ MicrocHIR company

20 GHz SM200C
Spectrum Analyzer

Signal Hound's new spec-
trum analyzer, the SM200C,
maintains  the  dynamic
range, phase noise, 1 THz/s
sweep speed and 100 kHz
to 20 GHz tuning range that
made the SM200B so popular, but now includes a full 160
MHz IBW available for calibrated I/Q data streaming, plus de-
vice control via 10 GbE SFP+ connection. No longer limited
by the length of a cable, the SM200C is perfect for secure
environments where USB is prohibited.

Signal Hound
www.signalhound.com

e i
$16,000

56 Content is copyright protected and provic.led for personal use only - not R%ﬁ EQPK&’QRﬁB‘B&Eﬁsﬁ{ﬁRﬁEHEﬁPPJUNE 2020
For reprints please contact the Publisher.



IMS

Connecting Minds. Exchanging ldeas.

e ﬁ-“-"a:v"*."".i
b £ 5 5
_:'.“,ﬂ- - ] "
21_",’ S | '
L5 HLE ) r -
i oy v H
(g 2 (0 w . ’
- . ‘ i . :. "
d i ¥ IE "
£ am 2—
kol I} ' =
sull | g
" . E | k
il | ] L
fa B b !
" W -
- o ; ; b
v ‘3“_ i " 7

o
| ®

g

= 71

Iy B

W =

RS

: &

o
m——

6-11 June 2021
MTT-S" ; : ) *
#iii“%g%ﬁ?;; Hggpyright protMM§?&%§%%%lmﬁ%Q%1duction or retrasilrE E E

For reprints please contact the Publisher.



Analog Devices .....ccceveunee. cov4
AnaPico AG.......ccoovermernnrireirenene 9
API Technologies .....ccccveueererrrenen. 33
BeRex, INC....oooeeeerreeeceeesie 25
Cernex, INC...oeveveeeeeeereeeceeeeerene 38
Cobham Advanced Electronic
SOIULIONS .o cov2
Coilcraft CPS.....coeeeeerererecrenene 21
Comtech PST Corp....cccomrnnee 18, 26
Comtech PST Corp. (Control
Components Division,.......... 18, 26
CPI Beverly Microwave
DiVISION w.cooveercecereeieeeeeis 43
(O I8 I L T 5
Cuming Microwave
Corporation......ccceeeeeeneeneerneennes 15
dB Control Corp...ccoeeeverrecerereernnes 24
EDI CON ONLINE 2020........... cov3
Exceed Microwave.........ccccoueeeee. 30
Fairview Microwave..................... 47
Greenray Industries, Inc.............. 40
Holzworth Instrumentation.......... 14
Huber + Suhner AG.......cccceneeen. 23

SALES REPRESENTATIVES

Eastern and

Central Time Zones

Carl Sheffres

Publisher

(New England, New York,
Eastern Canada)

Tel: (781) 619-1949
csheffres@mwjournal.com

Michael Hallman

Associate Publisher

(NJ, Mid-Atlantic, Southeast,
Midwest, TX)

Tel: (301) 371-8830
mhallman@mwijournal.com

Pacific and

Mountain Time Zones

Brian Landy

Western Reg. Sales Mgr.

(CA, AZ, OR, WA, ID, NV, UT, NM,
CO, WY, MT, ND, SD, NE & Western
Canada)

Tel: (831) 426-4143
blandy@mwijournal.com

International Sales

Richard Vaughan

International Sales Manager
Tel: +44 207 596 8742
rvaughan@horizonhouse.co.uk

Germany, Austria,

and Switzerland
(German-speaking)
WMS.Werbe- und Media Service
Brigitte Beranek

Tel: +49 7125 407 31 18
bberanek@horizonhouse.com

France

Gaston Traboulsi

Tel: 44 207 596 8742
gtraboulsi@horizonhouse.com

IEEE MTT-S International
Microwave Symposium 2021 ...57

Integra Technologies, Inc............ 49
Intelliconnect Ltd. ......c.ccocuevrrennee. 34
KRYTAR .oooeerereeeereseeseeenseeeenns 16
LadyBug Technologies LLC ......... 10
MCV Microwave ........cooeeevreeeenn. 1"
Metropole Products, Inc.............. 43
Micro Lambda, LLC........oevvverevrernnne 8
Microwave Journal.........cccoeeuuuee 51
Mini-Circuits ........cccovuvrneee. 19,27, 35

Mini-Systems, INC......cccvervrrrrrrnee 45

Norden Millimeter Inc.................. 22
Pasternack ... 17
Pole/Zero Corporation.........c........ 39
(16 RV T 3,29
Reactel, Incorporated ........ccooeeen. 7
Richardson RFPD ... 4
Rohde & Schwarz GmbH ............. 12
SemiDice, INC..cvererecrereccreee, 32
Signal Hound........coooevverericennnnnes 31
Smiths Interconnect........cccce.... 13
Spinner GmbH.........coovvineinnine 37

Israel

Dan Aronovic

Tel: 97250 799 1121
aronovic@actcom.co.il

Korea

Young-Seoh Chinn

JES Media International
Tel: +82 2 481-3411
yschinn@horizonhouse.com

China

Shenzhen

Michael Tsui

ACT International

Tel: 86-755-25988571
michaelt@actintl.com.hk

Shanghai

Linda Li

ACT International

Tel: 86-021-62511200
lindal@actintl.com.hk

Beijing

Cecily Bian

ACT International

Tel: +86 1355262 1310
cecilyb@actintl.com.hk

Hong Kong, Taiwan, Singapore
Mark Mak

ACT International

Tel: 852-28386298
markm®@actintl.com.hk

Japan

Katsuhiro Ishii

Ace Media Service Inc.
Nishiiko, Adachi-Ku
Tokyo 121-0824, Japan
Tel:'+81 3 5691 3335
amskatsu@dream.com

Ed Kiessling ® Traffic Manager ® Tel: (781) 619-1963 ¢ ekiessling@mwijournal.com

58 Content is copyright protected and provided for personal use only - not R%ﬁ Egmgélkﬁﬁlgﬁgﬁﬁeémimémoﬁm"E 2020
For reprints please contact the Publisher.

COMPANY SHOWCASE

R&S FSW With Up to 8.3
GHz Internal Analysis
Bandwidth
JVENDORVIEW

Rohde & Schwarz offers
the R&S FSW high-end sig-
nal and spectrum analyzers

with optional internal 4 GHz, 6.4 GHz and 8.3 GHz analysis
bandwidth, providing unmatched dynamic range and sensi-
tivity. Along with dedicated measurement applications, the
instruments meet current and future T&M requirements for
ultra-wideband signal analysis across different industries.
Applications include pulse measurements of A&D radar sys-
tems, satellite payload testing and amplifier predistortion
tests. It also covers chirp analysis for automotive radar and
research on the next generation of wireless communication.

Rohde & Schwarz

www.rohde-schwarz.com/_252786.html

New CEX Series

)VENDORVIEW

The new CEX Series is de-
signed to offer customers
a configurable design ap-
proach to get the right solu-
tion for specific frequency
range and slope, fitting a

wide range of requirements up to 40 GHz with a maximum
slope of 4 dB to support multiple markets and applications.
The series also offers typical voltage standing wave ratio at
1.5:1, low insertion loss at 1 to 1.25 dB max and proven thin
and thick film process technology.

Smiths Interconnect

www.smithsinterconnect.com

First 20:4 Multiband
Combining System for 5G
)VENDORVIEW

You don't need to worry
about power or network
management: passive in-
building systems ensure ex-
cellent cellular connections,

also in large, sprawling building complexes, without any op-
erating costs at all. You can install the new 19" shelf from
SPINNER today and use it tomorrow for 5G or loT applica-
tions. You no longer need to touch the devices themselves.
This adds up to maximum readiness for the future in the
uncompromisingly high quality that SPINNER is known for.
Conventional equipment processes frequencies between

694 and 2700 MHz.
Spinner GmbH

WWW. spinner- group.com
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