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WEB | www.EmpowerRF.com

EMAIL | sales@empowerrf.com

TEL | 310-412-8100

SYSTEMS INC T e
° 316 West Florence Ave.

Inglewood, CA 90301

NEXT GENERATION POWER AMPLIFIERS

ABOUT EMPOWER

mpower RF Systems has established itself as the technologically superior global supplier of broadband and band-

specific solid state power amplifier modules and intelligent rack mount systems for radar, electronic warfare,

communications and RF product testing applications. Our customer base includes market leading OEMs, government
agencies, and academic institutions with an array of demanding RF and environmental performance requirements.
Our lineup of products range from basic-function PA modules to complete,
multifunction PA assemblies with embedded software functions, user GUI and
remote monitoring and control. Power levels range from tens of watts to multi
kilowatts in both CW and pulse configurations. The company is headquartered
in Southern California, ITAR registered, and ISO certified. In addition to our
Inglewood facility, Empower has a fully equipped design center in Holbrook,

NY and additional design / manufacturing partnerships in the US and South
Korea.

SCALABILITY: TECHNOLOGICALLY ADVANCED AMPLIFIERS

When it comes to delivering big power reliably, efficiently, and at lower LIG]Uh cooled
cost, Empower RF has developed a scalable liquid cooled architecture.
The SSPA architecture is the same regardless of frequency and the power

| 'Hot Swdppable PA's

configurations are driven by the number of 2U chassis integrated into the rack. SCoicblc FoWer

When providing custom power and bandwidth combinations, this scalable No Single Pointof RF Failure
architecture transfor.ms cgs?omlzed .requlrements into a standard hardware/ CW & Long Duty Cycle Pulsed
software platform with minimal design effort.

COST EFFECTIVE MODULE SOLUTIONS

Customers who integrate power amplifier stages
in their products are supported with our full line
of standard COTS modules and quick turn custom
designs. These modules are used in a variety of
applications as either a standalone PA or as an integral
part of a customer’s higher level system. Designed for RF
and mechanical “ease of integration’, these products are
gain adjustable, self-contained amplifiers with control
{ 7: ! and protection features that insure over temperature
SKU 1219 600-6000 MHz performance and reliable operation. Broadband and
> band specific variations of these products are available
up to 10GHz and in various gain / output power
configurations.

— | EMPOWER
=) RF SYSTEMS, INC.
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HIGH performance
POWER AMPLIFIERS
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Empower RF provides the most modern, sophisticated,
8 W\ Pursed flexible and technologically advanced COTS

2 kw cw amplifier systems in the world.

41 kWcw
n8us |

CHESSIS

500 W cw HF to X-band
CW & Pulse

in>Y COTS & Custom

arEtasts

Rack Mount System Amplifiers

Best in Class Power Density (SWaP)

RF and Microwave Modules

Inherently Rugged Design Includes Internal “Connector-less” RF Path New 48V Modules Available!
Liquid Cooling Available Analog or Digital Control
CW, Pulse, and Long Duty Cycle Pulse Feature Rich

User Selectable

System control and monitoring via
front panel touchscreen or PC web browser

No software install required

Real time power amplifier

control & diagnostics

Ability to pull the HPA into a
“network” of end user system
components (LXI compatible)

Output Power Management

Automatic Gain Control (AGC) with peak power detection
AGC with RMS power detection

Automatic Level Control (ALC) with peak power detection
ALC with RMS power detection

Manual Gain Control (MGC)

Input Signal Modulation

FM, AM, Pulsed, CW
CDMA, FSK, QPSK, OFDM

XXX KX X

1 www.EmpowerRF.com

Multi-tone 1(310)412-8100
Frequency Hopping
Input and Output Detectors EM P O W ER

i RF SYSTEMS, INC.
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WEB | www.pasternack.com

EMAIL | sales@pasternack.com
TEL | 866-PASTERNACK (866-727-8376)

*-': or 949-261-1920
— PASTERNACK w5

17802 Fitch

Irvine, CA 92614

THE ENGINEER'S IMMEDIATE RF SOURCE

ince 1972, Pasternack has been meeting the needs of engineers around the world by offering the largest in-stock,

ready-to-ship selection of RE, microwave, and mmWave components, assemblies and devices, including over 40,000

popular and hard-to-find items across 107 categories of interconnect, passives, actives, antennas, and test and
measurement. In addition, our 99.4% in-stock availability allows us to ship your products the same day they’re ordered, with
no minimum order size required.

To ensure you receive the support you need when you need it, our product line engineers and experts are on-hand, ready
to help troubleshoot your technical issues and deliver creative solutions for your specific project. We are also available 24/7 by
phone, email or chat, and an extensive network of international distribution partners ensures you receive the same high level
of service no matter where you are across the globe. Online, you will find detailed datasheets, CAD drawings, and a host of
additional resources including calculators, conversion tables, selection guides, and continuing RF education in partnership
with industry’s training leader, Besser Associates. Whether your need is products, resources, or education, Pasternack has the
solution.

THE CABLE CREATOR™: CONFIGURE YOUR CUSTOM ASSEMBLY, AND HAVE IT SHIPPED TODAY!

The Cable Creator allows you to design cable assemblies online to meet your exact requirements and have them shipped
same day. Over 250,000 possible customized RF cable assemblies can be configured from a large inventory of compatible
connectors and cables, including rugged, low loss, high-reliability and low PIM assembly options.

From DC to mmWave, PasternacK’s vast offering of in-stock waveguide products makes our portfolio the largest in
the industry. Our waveguide lines are comprised of large families of bandpass filters, bends, sections, couplers, detectors,
terminations, attenuators, adapters, and also antennas, including standard gain horns, conical horns, scalar feed horns, lens
horns, and omni-directional. A broad spectrum of waveguide sizes from WR-430 to WR-5 and multiple body styles ensure you
will find the waveguide components you need. All of our waveguide products are in-stock and ready to ship.

PE PASTERNACK

an INFINIT® brand

2 MICROWAVES & RF


http://www.pasternack.com
mailto:sales@pasternack.com

You Engineer the Future.
We'll Supply the Components... Today!

Largest Selection 4/ Same-Day Shipping + Expert Technical Support

Armed with the world’s largest selection of in-stock, ready to ship RF components, and the brains to back them up,
Pasternack Applications Engineers stand ready to troubleshoot your technical issues and think creatively to deliver
solutions for all your RF project needs. Whether you’ve hit a design snag, you're looking for a hard to find part or simply
need it by tomorrow, our Applications Engineers are at your service. Call or visit us at pasternack.com to learn more.

866.727.8376 PA STERNACK"
Pasternack.com an INFINIT® brand
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Is Wireless Killing our Wired Networks?

While wireless grabs all of the headlines, wired networks continue to
reliably do their jobs. But, despite their reliability and relative ubiquity,
some foresee the demise of the wired side.

Enabling the Internet of Wireless Things

Almost all electronic devices now have the ability to be part of a
network, and beyond that a network of networks. This is the vision for
the loT and wireless connectivity is making it a reality.

11 Myths About LiDAR Technology

Cepton CEO and co-founder Dr. Jung Pei tackles the myths around
LiDAR technology amid its rising popularity in helping with
autonomous-vehicle navigation.

11 Myths About OpenVPX and the SOSA Initiative

Can 5G Really Live Up to Its Hype, and Why Should
You Care?

As the electronics industry gears up for the eventual massive 5G roll
out, questions abound regarding everything from small-cell
infrastructure to available spectrum to handset development.

Is 5G Four Times More Power Dense—or Even More?
The drive to achieve 5G network speeds creates an extremely
challenging hardware environment from a power- and space-density
perspective.

A Practical Design Approach to Custom mmWave
SMT Packages
What are the key ingredients for developing customized surface-mount

packages that will ultimately achieve good electrical performance from
dc to 50 GHz?

Identify Modulation for Communications and Radar
Using Deep Learning

Signals can be extracted automatically using available frameworks and
tools, or via alternate approaches, which can then be used to perform
modulation classification with a deep-learning network.

Path to Systems: Opportunities and Challenges for
Next-Gen Semiconductor Integration

This article explores challenges and solutions to the pace of integration
and increased performance needed for tomorrow's embedded

applications, and how system-inpackage fits into it all. NEWS & COLUMNS
5 EDITORIAL

The Winds of Change at
Microwaves & RF

Comparing Narrowband and Wideband Channels
Narrowband and wideband communications channels make use of

available bandwidth in different ways—so employ them according to
the requirements of a particular application. 96 ADVERTISERS INDEX
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Editorial

BILL WONG | Senior Content Director | bill.wong@informa.com

The Winds of Chohge
at Microwaves & RF

Senior Content Director Bill Wong bids
a fond farewell to outgoing editor
Chris DeMartino.

usiness is tough everywhere, but especially in

our arena where technology and journalism

meet. One of the reasons Microwaves & RF has

been successful is because we have a technical
staff that understands the material we cover, including the lat-
est products and tools.

Chris DeMartino has been with us for almost five years as
editor after getting his Bachelor of Science in Electrical Engi-
neering from Binghamton University and then Master’s in
Electrical Engineering from New York University - Polytechnic
School of Engineering. He also held positions at major electron-
ics firms like MITEQ, U.S. Dynamics, and Mercury Systems.

He’s one of the few who can master the technology as well
as be able to write articles that are both informative as well
as understandable. Being an engineer turned journalist is no
easy task and Chris excelled at it. He has hosted a plethora of
webinars and written more technical articles than most writ-
ers. He will be sorely missed, and we wish him the best in his
new position.

We may wind up reporting on his work—Chris will be mov-
ing back into the engineering side of things, where the fun is.
His tenure with Microwaves & RF has raised the bar in terms
quality and quantity, which is apparent from reading our web-
site. We will have a new editor for the magazine in the near
future, but he or she will have some big shoes to fill.

Just to give you a preview of things to come, we will be a part
of Endeavor Business Media in the new year. This migration
includes a range of publications that were part of Informa,
including Electronic Design, Machine Design, Source Today,
and Hydraulics & Pneumatics, just to mention a few. We're
looking to continue our growth and coverage.

In the meantime, you may see me in the pages of Microwaves
& RF in addition to my usual haunts on Electronic Design. Il


mailto:bill.wong@informa.com
mailto:bill.wong@informa.com
mailto:james.morra@informa.com
mailto:jack.browne@informa.com
mailto:roger.engelke@informa.com
mailto:tony.vitolo@informa.com
mailto:jocelyn.hartzog@informa.com
mailto:greg.araujo@informa.com
mailto:vicki.mccarty@informa.com
mailto:debbie.brady@informa.com
mailto:tracy.smith@informa.com
mailto:gregory.montgomery@informa.com
mailto:stuart.bowen@informa.com
mailto:jamie.allen@informa.com
mailto:elizabeth.eldridge@informa.com
mailto:christian.hoelscher@husonmedia.com
mailto:james.rhoadesbrown@husonmedia.co.uk
mailto:diego@casiraghi-adv.com
mailto:helen@twoway-com.com
mailto:liu@twoway-com.com
mailto:orders@informa.com
mailto:mary.ralicki@informa.com
mailto:ryan.malec@informa.com
mailto:jacquie.niemiec@informa.com
http://mwrf.com

2020 LEADERS PROFILE

Microwaves&RF

HOLZWORTH

INSTRUMENTATION

ULTRA LOW PHASE NOISE
IS OUR BUSINESS

olzworth Instrumentation was founded in

2004 during a time when making phase noise

measurements was still considered a slow,
expensive and complex process. Phase noise was test
parameter that was once best placed in the defense radar
industry was expanding into commercial electronics test
with the onset of higher speed communications systems.
Holzworth emerged as a provider of highly accurate phase
noise analyzers that were easy to operate while being cost
effective. The demand for phase noise analysis products
quickly lent to additional requirements for highly stable,
spectrally pure signal sources. More than a decade later,
Holzworth is now a well known global provider of ultra low
phase noise RF Synthesizers and Phase Noise Analyzers that
can accurately measure to the theoretical limits.

PHASE COHERENCY IS KING

Holzworth’s RF Synthesis products are innovative, broad-
band designs that exhibit industry leading phase noise per-
formance and fast switching speeds in compact form factors.
A key characteristic is the phase coherent relationship that is
maintained across multiple synthesizer modules. The unique
phase coherent nature of the various Holzworth synthesizer
architectures supports precise LO-LO, clock-clock, tone-tone,
etc. synchronization, which is critical for many high end
applications. Holzworth’s synthesizer products are available
in modular form for systems integrators as well as a 1U rack
mount chassis that is popular for ATE applications.

PAASE CORERENT

WEB | www.holzworth.com
EMAIL | sales@holzworth.com
TEL | 303-325-3473

2540 Frontier Ave, Ste. 200
Boulder CO, 80301

HSM6001B

GHz RF Synthesizer

“:.n«'PH.tSE -

| ULTRA

SPECTRAL PURITY

HSM Series Modules & HS9000 Series Multi-Channel:
« Digital/Analog Hybrid (non-PLL)
« Bandwidths: 10MHzto 1, 2, 3, 4, 6.4, 12.5 and 20GHz
o 1GHz Phase Noise: -134dBc/Hz (10kHz offset)
o Spurious: <-70dBc
« Output Dynamic Range: -70dBm to +18dBm
o Switching Speed: 6ps to 100us (0s settling time)

HSX Series Multi-Channel:
« Digital/Analog Hybrid (PLL)
« Bandwidths: 10MHz to 3, 6, 12, 24 and 40GHz
o 1GHz Phase Noise: -142dBc/Hz (10kHz offset)
o Spurious: < -85dbc
« Output Dynamic Range: -110dBm to +20dBm

Visit Holzworth Instrumentation on the web for more

product information, including a broad library of application
notes, articles and product videos.

holzworth

instrumentation

MICROWAVES & RF
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ULTRA LOW PHASE NOISE IS OUR BUSINESS

Holzworth Instrumentation was founded in 2004 to be a leading provider of signal
generators and phase noise analyzers that offer industry leading performance. Our
success story is a result of not only unique, high performance products; but also
customer service that is unrivaled in the marketplace. Holzworth’s PHASE COHERENT
RF SYNTHESIZERS and Z540 CALIBRATED PHASE NOISE ANALYZERS are integrated
worldwide into commercial / defense: ATE, OEM systems, and benchtop applications.

RF SYNTHESIZERS

PHASE COHERENT Synthesizer Modules and Multi-channel Systems
BROADBAND : 10MHz to 40GHz

-40

-100

(dBciHz)

=120

=140

-160

SSB Phase Noise

-180

100 1k 10k 100k M 10M 40M Offset (Hz)

PHASE NOISE ANALYZERS

BROADBAND : 10MHz to 40GHz DUT Input Range
ACCURATE : 0.1Hz to 100MHz Offsets - ANSI z540 Calibrated

FLEXIBLE : Absolute / Residual / Baseband / Jitter /| AM / Pulse
REAL TIME : Industry Leading Data Acquisition Speeds

Al ,holzworth phone: +1.303.325.3473 j

UV instrumentation www.holzworth.com
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MINI-CIRCUITS s | s con

TEL | 718-934-4500

Twitter | @MiniCircuits LinkedIn 1 www.linkedin.com/company/mini-circuits/ P.O. Box 350166
Facebook | @MiniCircuits Instagram I minicircuits Brooklyn, NY 11235-0003

THE WORLD'S PREFERRED SUPPLIER OF RF/MICROWAVE PRODUCTS

ini-Circuits is a global leader in the design, manufacture, and distribution of RF and microwave components and

integrated assemblies. With design, manufacturing, and sales locations in over 30 countries, Mini-Circuits offers

27 product lines comprising over 10,000 active models. Mini-Circuits products are used widely in commercial,
industrial, and military applications including: cellular wireless, aerospace, satellite, Mil-Spec, CATV/Broadband, RFID, test
instrumentation, diagnostic imaging, and many more. Over the last 50 years, demanding quality standards, innovative design
capabilities, world-class customer service, and long-term stability have made Mini-Circuits the preferred supplier to over
20,000 customers worldwide.

QUALITY

We measure success on our ability to meet your requirements, exceed your expectations,
and continuously improve every day. That goes beyond the performance and reliability
of our products to the values that define our culture and keep us aligned with your
evolving needs. That’s why Mini-Circuits is consistently recognized as a top supplier by
the world’s leading technology companies.

SERVICE

Our commitment to you means building strong
relationships on mutual success and working
together as partners. Whether you need support
with product selection, custom designs, logistics, or other special requirements, Mini-
Circuits puts over 50 years of experience and design expertise to work for you, so you
can have peace of mind that you’re choosing the right part for your system and right
partner for your success.

INNOVATION

As the industry has evolved, Mini-Circuits has grown by embracing change, adapting to
your needs, and innovating new solutions to keep pushing the wireless world forward.
Looking ahead, we will continue our relentless pursuit of advanced technology, finding
new opportunities for creative collaboration with customers and blazing new paths to
create value and solve tomorrow’s problems together.

STABILITY

More than ever, we understand the impact of
supply chain changes and product obsolescence

on customers. That’s why we treat product longevity as an integral part of our
commitment to you. In fact, we're still manufacturing models that were introduced
over 40 years ago! Our policy to maintain product support through the life of your
system has earned the industry’s trust for the last 50 years, and we remain committed
to reinforcing that trust with continued stability for the next 50 years and beyond.

[JMini-Circuits’
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TAKING VALUE TO
NEW HEIGH TS...

From 80 MHz to 80 GHz and beyond, you can count on
Mini-Circuits for the world-class performance, quality and
service that have earned the industry's trust for over 50 years.

[ Mini-Circuits’

(718) 934-4500 sales@minicircuits.com www.minicircuits.com 618 Rev Orig_P
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LOU FRENZEL | Contribufing Editor

10

Is Wireless Killing Our
WIRED

NETWORKSY

While wireless grabs all of the headlines, wired networks continue to
reliably do their jobs. But, despite their reliability and relative ubiquity,
some foresee the demise of the wired side.

oes the relentless
expansion of wire-

less technologies
and services sig-
of wired networks?

Does the growth of the Internet of
Things, forthcoming 5G, and ever-
faster Wi-Fi foretell the eventual
death of copper cabling? Some are
predicting just this. Here are my
thoughts.

THE WIRED WORLD

How many times have we wired
the world? The first wired network
was the telegraph, circa 1850. 'm
not making this up. Telegraph lines
actually came before the telephone
and electrical power transmission.
These didn’t show up until the late
1870s through the early 1900s. All
three—telegraph, telephone and
electrical power businesses—even-

tually created massive networks
and grids that remain today. The
telephone system grew into a mas-
sive enterprise including fiber and
DSL wiring.

But that’s not all. In the 1960s,
we got community TV antenna
systems that morphed into the
huge cable TV networks. Today
these hybrid-fiber-cable (HFC)
systems cover most of the U.S. In

MICROWAVES & RF



the 1970s and later, local-area networks
(LANS) began connecting millions of
PCs with twisted pair.

Somewhere along the way, factories,
process plants, and other industrial
facilities got wired with fieldbuses like
HART, Modbus, PROFINET, Ethernet,
and others. Office buildings, homes and
even complete cities were wired with
twisted-pair Ethernet. And let’s certainly
not forget the Internet and all the related
fiber connecting the world. Now, wired
networks have taken hold in cars, SUVs,
and trucks. New vehicles have LIN,
CAN, MOST, even Ethernet. What have
I left out?

Given the huge wired infrastructure,
you would think that the answer to the
burning question is a solid “NO, wireless
is not killing the wired world”

With all those wireless signals floating
around, it's amazing that the EMI hasn't
compromised at least some of those sys-
tems. It’s only going to get worse, so we
should all be worried.

THE DEATH OF WIRED SYSTEMS IS
PREMATURE

Mark Twain is acclaimed to have said
“The reports of my death are greatly exag-
gerated.” That’s probably the case here.
When you think about it, aren’t many if
not most of those wireless systems tied
together to other networks with cables?

The cellular system can’t exist with-
out all of those attendant fiber intercon-
nects. Server interconnects in data cen-
ters use exotic cabling like Infiniband.
And isn’t it wired Ethernet that ties all
those Wi-Fi access points together to

on a twisted pair. And, after all these
years, the telecom companies discov-
ered how to minimize 60-Hz induced
voltage and current interference to the
PSTN wiring and DSLAMs by using
the mysterious Induction Neutralizing
Transformer (INT). The INT has been
around for a while, but its effectiveness
hasn’t been fully exploited. Fast data can
be achieved over twisted pair by using
the latest standards such as VDSL2,
G fast, and others thanks to the INT.

As for other examples of a healthy
wired infrastructure, consider these.
Many of the small cells needed for 5G
will be fiber. IoT nodes are aggregated
in gateways wired to some other wired
LAN or internet connection. DSL and
cable internet connections to homes and
businesses aren’t going away. New 5G

learly, we have taken our reliable wired networks for granted.

They’re considered old technology and get no recognition or
appreciation. However, despite this inattention, even disrespect, wired
networks continue to improve.

WIRELESS IS WINNING

However, all of the most recent net-
working hype, development, and appli-
cation seems to be wireless-related. Wi-
Fi everywhere. Massive expansion of
the 5G cellular network and billions of
smartphones. The public switched tele-
phone network is fading away as sub-
scribers abandon it for cellular service
only. Bluetooth cable replacement, wire-
less headsets and speakers, and many
others. Satellite TV distribution com-
peting with cable T'V.

Then there’s the Internet of Things
that’s mostly wireless with its billions of
sensors. Wireless utility-meter reading.
And no telling how 5G will affect things.
Initially, 5G broadband wireless services
will challenge the DSL operators and
cable companies.

GO TO MWRF.COM

a server in a closet that is connected to
outside fiber. Home wireless still needs
that cable or DSL wiring to get internet
access. Don't all wireless networks actu-
ally have a wired connection to some
other system?

Clearly, we have taken our reliable
wired networks for granted. They’re
considered old technology and get no
recognition or appreciation. However,
despite this inattention, even disrespect,
wired networks continue to improve.
The cable TV HFC systems keep gaining
more speed thanks to the latest upgrade
to the DOCSIS standard. It can easily
handle 1-Gb/s data, and even faster in
some instances.

DSL has also ramped up its speed over
the years as companies invented tech-
nologies that let you put 1 Gb/s of data

broadband wireless may take some busi-
ness, but not all.

If you want an in-depth look at
this issue, get a copy of the new book,
Computing Network Breakthroughs
Youve Always Wanted without Needing
Fiber Optic Cables...Even in the Age of
the Internet of Things. It’s written by an
acquaintance of mine, Russ Gundrum,
a veteran of the telecommunications
and cable businesses. He’s also the guy
to thank for promoting and deploying
the INT.

My conclusion is that wired net-
works still serve a real purpose. We
actually can’t get along without them.
Yes, wireless is getting all of the atten-
tion right now, but we should pay some
respect to the wired networks we use
every day. [
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WEB | www.polyfet.com

EMAIL | jerome@polyfet.com
TEL | 805-484-4210
PO I_YF E | FAX | 805-484-3393
1110 Avenida Acaso
Camarillo, CA 93012

olyfet RF Devices is a manufacturer of broad band RF power transistors and power modules. We are a private

corporation founded in 1987 located in Ventura County California. Our product portfolio consists of Gallium Nitride,

LDMOS, and VDMOS technologies and are manufactured in the US. In 1995, Polyfet was one of the first companies
to develop LDMOS power transistors. Today we are one of the few companies that manufactures devices from a broad range
of technologies including both 28VDC and 48VDC RF power GaN transistors. Our technical staff is employed to assist our
customers with extensive technical support ranging from device line-up suggestions to amplifier design assistance. Also
available to our customers is access to a wide range of product demonstration amplifiers. Our commitment to long-term
production support is welcomed by military contractors who use our products where obsolescence is a concern. Furthermore,
we manufacture transistors that are proven to be suitable replacements to others in the industry that have seen EOL.

A WIDE RANGE OF PRODUCTS

Being one of the few companies who manufactures GaN, LDMOS, and
VDMOS transistors and modules, Polyfet has a wide range of products to
offer. The maximum operating conditions for our products are 50VDC,
or 3GHz, or 800W. Some of the applications our products are used for are
military communications, EW, TV Broadcast, and NMR. Our transistors
are offered in several different package types such as ceramic, plastic, single-
ended, push-pull, flanged, and surface-mount. We are one of the few to offer
LDMOS devices in compact, push-pull packages. As for our power modules,
we offer them in various cases, and are all internally matched to 50ohms.

In Q1 2020 we will be releasing a new line of 50V LDMOS devices that will
target HF, FM, VHE, and low-UHF band applications.

RF POWER SOLUTIONS

When it comes to providing device or module solutions
for RF power applications, Polyfet RF Devices is a company to
consider. Given that we manufacture vast lines of transistors and
modules, the chances are we have a solution for you. We have a
long history of manufacturing these products and continue to
develop new ones. Thank you to all our customers for using our
products.
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Broad band RF power transistors,
modules, and evaluation‘ampliers:
Polyfet RF Devices offers them all.

DMOS: 12.5-50VD
N, single-¢
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TEL | 913-685-3400

INTERNATIONAL CORP, = 7o

15237 Broadmoor
Founded 1986 Overland Park, KS 66223

CUSTOM RF & MICROWAVE SOLUTIONS
FROM DC TO 40 GHZ

etworks International Corp. (NIC) is a leading

manufacturer of radio-frequency and microwave filters and

assemblies that provides custom solutions for advanced
communications systems. For over 30 years, NIC has partnered with

its customers to transfer value through superior engineering design,
manufacturing, and continuous support. NIC is a small business that
serves the Military, Space, and Commercial markets. The company’s
heritage lies in the military market, where precision, high reliability,
repeatability, and service are mission-critical.

Typical applications for
NIC’s products include
communications,
navigation, guidance,
surveillance, point-to-
point and multi-point
radio systems, radar

systems, and satellite

systems.

NIC’s product portfolio
includes crystal filters,

. ceramic filters, cavity

filters, LC filters,

= multiplexers & diplexers,

TCXOs & VCXOs,
switched filter banks,
phase shifters, filter/
amplifiers, filter/limiters,
and low-noise amplifiers

~é. (LNAs).

CAPABILITIES & TECHNOLOGY

NIC is a vertically integrated company that maintains all assembly
and testing in its 15,000 sq. ft. facility with the flexibility to handle
high volume and high product mix. NIC operates a state-of-the-

art in-house suite of environmental testing that is compliant with
MILSTD-202, MIL-STD-883, as well as space-level screening.

NIC is AS9100 & ISO 9001:2008 certified.

NIC has consistently incorporated industry-leading design techniques

and technologies to create practical, cost-effective, and repeatable
solutions. NIC’s staff engineers have >100 years in RF design

experience and are staffed to provide quick-turn prototypes.
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PRODUCT FOCUS:
LOW PROFILE THIN-FILM PRINTED FILTERS

NIC introduces a Thin-Film Bandpass filter centered
at 17.5 GHz which is manufactured using a low

loss, high permittivity alumina substrate. The filter
offers high selectivity (60 dBc) in adjacent bands,
temperature stability and a compact package size of
0.545 x 0.140 x 0.080 inches.

Exceptional electrical performance in a low profile
surface mountable package makes this filter a perfect
fit for many Ku and Ka band applications. These
filters are designed for use on industry standard RF
specific PCB materials.

Custom designs available
from 1 GHz to 26 GHz.

Networks International Corporation
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RF Engineering Expertise
Meets Custom Design Solutions —
www.nickc.com

TX-RX Assemblies *

1 MHz - 8 GHz

* Filter/Diplexer LNA's

1 MHz - 18 GHz

e * Switches Filters Amplifiers ©
(SP2T to SP20T) 1 MHz - 26 GHz (Power Amplifiers + LNA's)
. 1 MHz - 18 GHz

1 MHz - 18 GHz

NIC 0BA69 2y
SW110-SP6T SWITCH

Radar | UAV | EW | Guidance & Navigation | Communications | GPS & Satellite
1S0O 9001:2008 N I c NETWORKS 913.685.3400
AS91OOC INTERNATIONAL 15237 Broadmoor

CORPORATION Overland Park, KS
CERTIFIED e-mail: sales@nickc.com
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IoT

GORDON WALSH | Senior Systems Architect, S3 Semiconductors, a division of Adesto

www.s3semi.com

Enabling the Internet of

Wireless Things

Almost all electronic devices now have the ability to be part of a network, and beyond
that a network of networks. This is the vision for the IoT and wireless connectivity is

making it a reality.

ontrol and automation are
key features of the Internet
of Things (IoT), features
that are realized using sen-
sors.and actuators. While it’s likely that
most large automation equipment will
now (or soon) be connected to a local
network, the IoT will mostly be made up
from smaller devices located in relative-
ly remote locations. These “endpoints,”
as they’re now generally known, could
be as simple as a temperature sensor or
as complex as a weather station. As such,

16

endpoints in the IoT could contain both
sensors and actuators, along with power,
processing, and connectivity.

Part of the value proposition of an IoT
endpoint is that it will be easily deployed
and maintained, meaning it should be a
self-contained unit that can be commis-
sioned remotely, operate for hundreds of
hours without power failure, and form
part of a largely self-healing network.
These requirements point to a high level
of integration supported by robust and
industry-ratified standards.

WIRELESS SoCs FOR THE IoT

The availability of single-chip solu-
tions for wireless connectivity targeting
IoT endpoints has been increasing for
several years (see figure). Semiconductor
manufacturers now offer a wide range of
devices that conform to this basic design
in variants that comply with the most
commonly used wireless protocols, as
defined by industry standards.

Choosing the right wireless proto-
col and SoC for a given IoT application
depends on many things, which are cov-

MICROWAVES & RF
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ered in this article. The most relevant are
range, power, and the data rate. While
the data rate is largely defined by the
protocol, and wireless SoCs must be
designed to meet the constraints set by
the standards, SoC manufacturers still
have significant control over these three
main parameters and will trade one off
against another to deliver standard parts
that meet the “sweet spot” of the emerg-
ing market.

Wireless protocols fall within three
general categories: personal area, local
area, and wide area. The area, in this
case, refers to the physical distance
between at least two network nodes,
which is necessary to form a network.
Table 1 shows a comparison of the most
popular wireless personal-area-network
(PAN) protocols used in the IoT, in
terms of data rate, range, and power.

Range is important, because it not
only defines the maximum physical
distance between two endpoints, but
depending on the protocol, it can corre-
late to the power needed to achieve that
distance. The physical layer, or PHY, of
the wireless SoC must be able to han-
dle enough power to achieve the range
defined in the standard, and the effi-
ciency of that PHY will partly determine
the overall power requirements of the
SoC. This can have significant implica-
tions when designing the endpoint, as
it may be necessary for the endpoint to
operate for several years from a single
primary cell, for example.

There’s also a physical limitation to
how powerful the amplifier in the SoC
can be, in terms of the process node
used. Wireless SoCs are designed to
deliver the best link budget for the
available power—some of that will be
determined by the receiver sensitivity,
while another portion will be defined
by how efficiently the RF part of the
SoC has been designed and implement-
ed. Mixing RF with sensitive digital
and analog CMOS functionality has
always been difficult and often leads to

GO TO MWRF.COM
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This is a typical block diagram for a generic RF SoC solution.

the tradeoffs mentioned earlier, such as
reducing the total transmit power, sac-
rificing receiver sensitivity, or restrict-
ing the amount of transmissions per
hour/day/week.

NETWORK TOPOLOGY vs. RANGE

While those wireless technologies
classified as “personal area” have a range
measured in tens of meters, their net-
work topologies have evolved to address
the limitations of a short range. Most
all PANs now employ a mesh network
topology, which allows endpoints to
operate as waypoints for passing mes-
sages from one side of the network to
another. In effect, this means that a PAN
is no longer limited to the longest span
between two endpoints or, therefore, its
local proximity.

However, this also means that for a
message to travel over tens of kilometers,
there needs to be an endpoint every few
meters and the message must make mul-
tiple hops. The power per bit per kilo-
meter, therefore, should be evaluated,
particularly if the network is intended to
operate as a low-power wireless sensor

network (WSN), which is becoming a
typical use-case in the IoT.

On the other hand, wide-area net-
works, or WANS, are designed to cover
large distances in a single hop. Instead
of a mesh network, they more common-
ly use a star network topology. These
are essentially direct links between an
endpoint and a gateway (although some
endpoints can also act as gateways).
WANSs designed for the IoT are now gen-
erally referred to as LPWANS, meaning
low-power WANS, and they can cover
tens of kilometers with a single connec-
tion. As such, they’re becoming popular
for connecting large urban areas, such as
smart cities.

The most prevalent LPWANS today
include LoRa, Sigfox, Ingenu RPMA,
and Weightless. Table 2 compares the
key features of all four.

Cellular networks now also sup-
port an LPWAN use-case, covered by
Release 13 of the 3GPP specification.
These include LTE Cat-M1 and NB-IoT
(also known as Cat-M2). Unlike other
LPWAN:S, the network is managed by
the incumbent cellular network provid-
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PIC WIRE & CABLE

ELECTRONIC CABLES, CONNECTORS AND
ASSEMBLIES FOR MILITARY, CORPORATE

AND COMMERCIAL APPLICATIONS

WEB | www.PICWIRE.com
EMAIL | Sales@TheAngelusCorp.com
TEL | 800-742-3191

N53 W24747 S. Corporate Circle
Sussex, WI 53089

IC Wire & Cable - A Division of The Angelus Corporation designs specialty, high performance electronic interconnects
for aerospace and defense applications. Products are specified worldwide in demanding military, corporate and

commercial applications that include airplanes, helicopters, UAVs, ground vehicles and ground shelters. PIC Wire &

Cable has over four decades of proven application success in programs and systems worldwide, and has built a reputation for

solving interconnect challenges and quickly identifying solutions. With deep aerospace and defense application knowledge,

technical specialists provide support throughout the system design process and can assist with customization and rapid

prototyping services.

PICMATES PRODUCTS

The PICMATES family of premium interconnect products
is designed for electronic RE, video, data and high frequency
applications in harsh, rugged environments. Common
applications include navigation (GPS), collision avoidance
(TCAS and ADS-B) and communications (cellular and
satellite). Interconnects are designed and manufactured
to meet the most stringent electrical and mechanical
performance criteria required for advanced systems and
complex applications, including low loss, high flexibility, high

EMI immunity, high temperature & high corrosion resistance.

The family also includes an extensive line of high-quality
connectors and contacts for its cable offering, including
TNC, BNC and QMA. In addition to standard connectors
and contacts, PIC Wire & Cable designed a variety of
innovative connectors that improve termination, installation,
maintenance and reliability when paired with PICMATES
cables.

WIRE & CABLE

A Division of The Angelus Corporation
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RFMATES®: 500 Coaxial and Triaxial Radio Frequency
Cables

B

MicroMATES®: Ku and X Band High Frequency Cables

QUALITY ASSEMBLY SERVICES

Proper cable assembly is critical to realizing the full
benefits of interconnect technology. From its broad portfolio
of interconnect products, PIC Wire & Cable’s qualified
assembly experts provide cable assemblies built to customer
requirements for quick and easy aircraft installation.
Assembly capabilities include testing, phase matching
and laser marking. The ISO 9001:2015 and AS9100D
certified assembly facility operates under a robust quality
management system with certified test processes and
equipment for high quality, reliable assembly sets.
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2 ACCUMET
ENGINEERING. INC. @E

WEB | www.accumet.com
TEL | 978-692-6180

123 Oak Hill Rd.
Westford, MA 01886

THE ULTIMATE SUPPLY CHAIN PARTNER FOR CERAMIC SUBSTRATES AND RF MATERIALS

I l veryone in the industry has come
E in contact with something we've
processed,” says Greg Sexton,
President and CEO of Accumet. And
when you take a look at the vast array of
precision processed substrates and materials
they deliver from their two fully-equipped Massachusetts

facilities, you can’t help but believe he’s right.

Established in 1970, Accumet is the pioneer in ceramic
lapping and polishing techniques that have been used in
millions of microelectronic components found in every
corner of the RF/microwave industry. Today, Accumet is
continuing that innovation across the board, in all facets of
their production services.

ADVANCED MANUFACTURING AND

PRECISION SERVICES:

 Lapping and polishing

o Laser cutting, drilling, marking and welding

o Raw materials stocking

o Value-added secondary processing including post-
metallization laser machining, laser ablation, dicing,
filled via planarity, hermetic sealing, cleaning, handling,
packaging

“We ship well over 2 million parts a year to more
than 400 customers with 95% on time delivery, and less
than 2% defects,” Sexton continued. “Our investments in
manufacturing equipment, inventory, quality control, and
extensive training enable us to get it right the first time.
We deliver small to large orders with the shortest cycle times,
highest quality, and fastest delivery.”

20

When RF designers are weighing material choices and

considering circuit design during prototype development,
Accumet’s material and process engineering expertise is
there to guide them. Whether it be tapping into Accumet’s
extensive knowledge of ceramics and other RF materials,
circuit design, anticipated yield loss, attainable surface finish,
adhesion concerns, or any of the other multiple factors to

be considered with regards to circuit manufacturability,
Accumet’s engineering staff is ready to help. Upon completion
of lasered, lapped, or polished raw substrate orders,
customers often ship the substrates back to Accumet after
their manufacturing processes are complete for secondary
processing. Over the last 50 years, Accumet has been
routinely depended on by supply chain managers as a trusted
vendor offering them streamlined sourcing.

Combine your requirements with Accumet’s experience,
as well as their ISO9001:2015 and AS9100:2016 compliant
processes and quality standards, and you have an unparalleled
partnership.

PARTIAL MATERIALS LIST

e 91%, 96%, 99.5%, 99.6 % Alumina o Aluminum Nitride

o Frozen Epoxy Preforms « Beryllium Oxide
« RF & EMI Absorbers o Adhesives & Tapes
o Metals & Foils o Teflon® and Plastic

ACCUMET
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Your path to device optimization
begins at Accumet.

i

PRODUCTION
ENGINEERING SERVICES

Count on our experience
to optimize Design for
Manufacturability (DFM).

3 PRECISION RF
" MATERIALS PROCESSING

1 ' ~'LAPPING | POLISHING | LASER MACHINING

@,
c
®

Allow us to provide end-to-end substrate processing
with the tightest tolerances, lowest rejection rates,

- and fastest turn-around in the industry.

MATERIAL SELECTION
CONSULTING

Tap into our extensive material
knowledge to create robust and
reliable microelectronics.

Bl

SUPPLY CHAIN
MANAGEMENT
Lean on our flexible stocking

plans to meet quality, price and
delivery requirements.

.
\-. -
.

VALUE-ADDED
SECONDARY PROCESSING

Turn to us for additional services,

that will help you deliver on
time and on budget.

e ACCUMET

AS9100
AEROSPACE See all that we can do for you at

& DEFENSE

www.accumet.com
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Internet of Wireless Things

ers, and its use will be subject to fees.
Fees may also apply to using other
LPWANS, but the infrastructure can
conceivably be proprietary and man-
aged by the user, too.

OPTIMIZED FORWSNs

Potential single-chip solutions for
WSNs are now relatively commonplace.
Most of the larger general semiconduc-
tor vendors, as well as some smaller spe-
cialists, offer highly integrated devic-
es that combine RF transceivers with
microcontrollers, power management,
analog and digital peripherals, memo-
ry, and other interfaces. Developing an
endpoint for WSNs based on almost any
standard wireless PAN, LAN, or WAN
can be achieved with a single device or a
two-chip solution.

However, the fact that so many ven-
dors are now offering very similar SoCs

indicates that subtle differences exist
between them; tradeoffs that each semi-
conductor vendor has deemed neces-
sary for its own target application areas.
One size does not fit all.

Also, some manufacturers may wish
to implement multiple protocols; for
example, combining a PAN with an
LPWAN. This would allow the ben-
efits of both network topologies to be
exploited, such as high data rates for
short-range communication coupled
with low data rates for longer ranges.
Every application is different, so it may
not be possible to find the perfect SoC.
For many reasons, choosing a custom
solution may be the right option.

For instance, the SmartEdge Platform
developed by S3 Semiconductors brings
together a library of proven IP covering
RE, digital, analog, and power functions
that can be optimized for a given appli-

TABLE 1: COMPARISON OF WIRELESS PAN PROTOCOLS

Protocol Bata tate Apprz‘x;r:afe Relative power
Bluetooth Classic 1103 Mb/s 10 fo 100 meters Low
BLE (V4.2) 1 Mb/s 1010 100 meters Low to Very low
BLE 2M (V5) 2 Mb/s <50 mefers Low fo Very low
BLE Long Range (V5) 120 to 500 kb/s 40 to 400 meters Low to Very low
ZigBee 868/915 MHz Up to 250 kb/s Up to 200 meters Low to Very low
ZigBee 2.4 GHz 250 kb/s 10 to 100 meters Low to Very low
Z-Wave Up to 100 kb/s Up to 100 meters Low fo Very low
6LoWPAN 250 kb/s 10 to 100 meters Low to Very low
WirelessHART 250 kb/s 10 to 100 meters Low to Very low
RFID (Active) 100 kb/s Up to 100 meters Very low
NFC Up fo 424 kb/s Up to 20 cm Very low

cation, covering all forms of wireless
networking. The value of an ASIC solu-
tion can be measured in many ways, but
it ultimately means the right solution for
the job, with few or no compromises.

f the billions

of devices
expected to form the
IoT in the near future,
many will be endpoints
in wireless sensor
networks.

CONCLUSION

Of the billions of devices expected to
form the IoT in the near future, many
will be endpoints in wireless sensor
networks. Using an SoC to develop an
endpoint makes sense for many reasons,
but finding the optimum solution isn’t
necessarily easy.

Choosing a custom ASIC provides
manufacturers with the option to opti-
mize the solution based on their own
requirements, giving them a competitive
edge over those using standard parts. [l

GORDON WALSH is a Senior Systems
Architect at S3 Semiconductors. He re-
ceived a B.E. in Electrical and Electronics
Engineering from the National University
of Ireland, Galway in 2000. He holds two
patents.

TABLE 2: COMPARISON OF KEY FEATURES FOR LPWANS IN USE TODAY

Radio Approximate  Relative power
Protocol frequency Licensed band Data rate range consumption
LoRa 848/915 MHz N (ISM regional bands) 300 b/s to 50 kbys Upto 15 km Very low
Sigfox 868/915 MHz N (ISM regional bands) 100 bys Up to 50 km Very low
Uplink: up o

Ingenu 624 kby's

RPMA 2.4 GHz N (ISM global band) Downfink:up 1o Up to 20 km Low
156 kby's
Weight- N (ISM/SRD regional
less-P 169 - 915 MHz bonids) 200 b/s to 100 kb/s Sto10km Very low
22 MICROWAVES & RF
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DR. JUN PEI | CEO and Cofounder, Cepton Technologies Inc.

www.cepton.com

11 Myths About
LiDAR Technology

Cepton CEO and co-founder Dr. Jung Pei tackles the myths around LiDAR technology
amid its rising popularity in helping with autonomous-vehicle navigation.

o move our society closer to

the reality of fully autono-

mous vehicles taking over

the roadways, a number
of different solutions are being tested.
One of these solutions is LIDAR (Light
Detection and Ranging), which utilizes
lasers to calculate the distance between
itself and other objects. With all the buzz
around autonomous vehicles and a wide
range of options in the market, it can be
difficult to fully understand the capa-
bilities of LIDAR and separate fact from
fiction. What follows are 11 myths that
have emerged regarding LiDAR solu-
tions.

GO TO MWRF.COM

1.LiDAR IS AVERY HIGH-TECH
SOLUTION.

LiDAR was invented shortly after the
invention of pulsed laser, which releas-
es repetitive pulses of light instead of
a continuous wave, in the early 1960s.
The principle of LiDAR is actually very
simple. Like bats that use sound waves
during echolocation to register when
the waves bounce back from objects in
order to measure distances, LIDAR uti-
lizes light waves from a laser to perform
this function. LIDAR sends a pulse and
measures the time it takes to reflect back
from objects. Since the speed of light
is constant, distance can be readily cal-

culated by measuring the time it takes
for the beam to return. This fundamen-
tal working principle hasn’t changed in
the past half-century; thus, the working
principle has remained rather straight-
forward when developing LiDAR tech-
nology.

2.LiDAR IS EXPENSIVE.

While this was true for a very long
time, mostly due to the fact that laser
sources were expensive, the invention of
the laser diode dramatically lowered the
cost of LIDAR. Today, a visible pulsed
laser diode can be obtained for less than
$1, accounting for a very small fraction
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LiDAR Technology

of the total cost to build a LIDAR. Imag-
ing LiDAR allows for more than a sin-
gle point to be measured, and the high
cost of building these systems is typi-
cally associated with the manufacturing
method. By adopting innovative meth-
ods to make these systems, for instance,
Cepton’s Micron Motion Technology
(MMT) platform, imaging LiDAR can
be manufactured at a cost of no more
than a couple hundred dollars.

3. SOLID-STATE LiDAR IS THE BEST
APPROACH BECAUSE IT HAS NO
MOVING PARTS.

Solid-state LiDAR with no moving
parts only improves the reliability of the
LiDAR system’s construction. This is
because a solid-state LiDAR structure
is free of wear and tear that would be
caused by rotating or frictional parts.
However, this advantage means that
some performance sacrifices will have to
be made, including a reduction in mea-
surement range, smaller field of view,

24

Cepton’s automotive LiDAR point cloud 360-degree surround view.

and more susceptibility to ambient light
sources like sunlight. In addition, the
high cost associated with manufactur-
ing solid-state LiDAR prohibits it from
being massively deployed for the con-
sumer market in the near future.

4.FLASH LiDAR IS THE BEST LiDAR
FOR IMAGING.

NASA uses flash LiDAR for its space-
station docking operations because it
enables high resolution and long-dis-
tance imaging to see across distances in
space. Unfortunately, this system is far
too expensive for integration into fleets
of autonomous vehicles—it can cost well
over one million dollars per unit due to
the high cost associated with the com-
ponents used for 1550-nm wavelength.
It also is very power intensive, consum-
ing up to 100 kW of power. While the
imaging performance of flash LiDAR is
the best available on the market, there
will be no everyday automobile that
could adopt such an expensive system.

5.LiDAR MUST OPERATE INFRARED
WAVELENGTHS.

LiDAR can operate at any wavelength
as long as a short pulse is able to be
generated. In fact, a number of survey
LiDAR systems work with visible green
lasers. For automobile applications, any
visible laser would be a significant dis-
traction to nearby traffic. As a result,
infrared wavelengths are usually chosen
since they’re not visible to the human

eye.

6. LiDAR ISN’T SAFE FOR THE
HUMAN EYE.

Eye safety is a complex combination
of factors that aren’t just based on the
wavelength of a laser. The safety rat-
ing of a LIDAR depends on the power,
divergence angle, pulse duration, expo-
sure direction, as well as the wavelength.
Under these conditions, a 1550-nm laser
can safely emit more power than a 905-
nm laser before it becomes non-eye safe.
Meanwhile, 905-nm lasers are more

MICROWAVES & RF



tilizing LiDAR for automobile applications is a relatively new

trend. When it was first invented, LiDAR was most notably utilized
for measuring the distance between the earth and the moon; it was also
often used to measure weather systems.

popular since they’re more cost-effi-
cient. To help make these 905-nm lasers
eye safe, engineers have devised sensi-
tive optical detectors that don’t require
the use of high-power lasers.

1.LiDAR CAN’T WORK IN POOR
WEATHER CONDITIONS.

LiDAR is an optical device just like
a camera, so if fog is heavy enough to
block all light transmission, LiDAR
could become less effective. However,
LiDAR will still provide valuable data
in typical road conditions. Self-driving
cars of the future will integrate a mix
of cameras, radar systems, and LiDAR
to balance out the advantages and dis-
advantages of each solution—no one
system is perfect—to keep passengers
safe in a variety of different weather con-
ditions.

8. LiDAR CAN ONLY BE USED FOR
AUTOMOBILES.

Utilizing LiDAR for automobile
applications is a relatively new trend.
When it was first invented, LIDAR was
most notably utilized for measuring
the distance between the earth and the
moon; it was also often used to mea-
sure weather systems. Today, LIDAR
can be employed for any application
that requires distance information of
an object.

In addition to self-driving cars,
LiDAR is ideal for numerous trans-
portation solutions, including trains,
shuttles, and trucks. LiDAR is also being
used with unmanned aerial vehicles
(UAVs) for a variety of applications,
such as mapping disaster-stricken areas
and surveying agriculture fields. On top
of that, robots and other types of smart
machines are using LiDAR for a range
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of industrial applications. As the cost of
LiDAR continues to drop, it’s expected
that LIDAR will be integrated into a
wider range of machines, such as putting
LiDAR in intersections to monitor traf-
fic, security systems to protect property,
and many other applications.

9. LiDARWON’T BE INCORPORATED
INTO VEHICLES FOR ANOTHER
DECADE.

The promise of autonomous cars is
more than just hype. Pilot programs are
being conducted around the world to
test out autonomous cars, shuttles, and
other solutions to make transportation
safer. In the next few years, we'll see
LiDAR integrated into cars with Level
3 active safety features that provide a
range of benefits like assistance with
accelerating, steering, and braking. We'll
then see LiDAR integrated into Level
4 features that provide cars with even
more autonomous functions. The tim-
ing of when fully self-driving cars (Level
5) becomes mainstream depends on a
number of factors beyond the technol-
ogy itself, including government regula-
tions and local infrastructure.

10. LiDAR CAN BE FULLY REPLACED
BY CAMERAS, RADAR, ORA
COMBINATION OF THE TWO.

The most important characteristic
of LiDAR is its high spatial resolution
while measuring 3D objects. Radar is
great for determining the speed at which
other objects are moving and can detect
a stopped vehicle ahead, but it can’t
determine whether a stopped vehicle or
other object is in the driver’s lane or on
the shoulder. A camera becomes rather
useless when there isn’t enough ambi-
ent lighting; and when it’s dark, a cam-

era can only see as far as the headlights,
which can be quite dangerous. In addi-
tion, cameras have difficulty navigating
when wet roads create glare. Therefore,
the combination of LIDAR with cameras
and radar will be essential for making
self-driving cars safe.

11. FMCW LiDAR IS BETTER THAN
ToF LiDAR.

Frequency-modulated continuous-
wave (FMCW) LiDAR measures the
phase difference of an optical wave
instead of its time-of-flight (ToF); thus,
it’s capable of measuring with greater
accuracy (from millimeters to microns).
This high level of accuracy is impor-
tant for survey applications, while it’s
not needed for obstacle detection for
automobiles, which only require a centi-
meter level of accuracy. The extra com-
plexity and associated costs of FMCW
LiDAR make it less attractive even for
Level 4 to 5 applications in cars.

It’s clear that LiDAR technology will
play a pivotal role in reshaping trans-
portation by making it safer. It will also
increase the efficiency of a number of
other industries, including industrial
automation and mapping. [

DR. JUN PEI is CEO and co-founder at
Cepton Technologies, which provides
automotive-grade 3D sensing solutions to
autonomous vehicles and other related in-
dustries. Prior to Cepton, Dr. Pei founded
AEP Technology to develop advanced 3D
optical instruments for scientific research.
Earlier in his career, he worked in technol-
ogy development at KLA-Tencor, a semi-
conductor equipment company. Dr. Pei
received his Ph.D. in electric engineering
from Stanford University, specializing in
optical 3D metrology.
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788 Rubio Way
Founded 2012 | D-U-N-S Number: 079489002 | CAGE Code: 76JKO0 Gardnerville, NV 89460

BRINGING HIGH-FREQUENCY AND VALUE TO ENGINEERS EVERYWHERE

S Instruments was founded on the idea that by combining modern semiconductors and innovative designs,

microwave equipment could be made more affordable, bringing high-frequency research into the reach of a wider

audience. We have been developing equipment that provides universities, defense projects, and communications
engineers intuitive, compact solutions at an amazing price point. Being an American manufacturer we stand by our warrantee.
We pride ourselves on non-outsourced genuine engineer-to-engineer tech support. As a flexible small business, our
engineering cycle is extremely fast-paced, resulting in cutting-edge semiconductors powering our products within months.
Device customization and additional features are happily welcomed and refreshingly affordable.

FLEXIBILITY SETS US APART Simple, Affordable, Reliable.
Our affordable dual-control devices combine industry

standard SCPI remote operation with simple and intuitive
stand-alone front panel controls. DS Instruments currently
specializes in developing compact Signal Generators,
Programmable Digital Attenuators, Power Meters, Microwave
Amplifiers, and Phase Shifters, with new products released

regularly. Visit us online for updates!

2020 AND THE FUTURE

Our affordable dual-control devices combine industry
standard SCPI remote operation with simple and intuitive
stand-alone front panel controls. DS Instruments currently
specializes in developing compact Signal Generators,
Programmable Digital Attenuators, Power Meters,
Microwave Amplifiers, and Phase Shifters, with new
products released regularly. Visit us online for updates!
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Wideband Microwave Source Digital Step Attenuators

+ Output covering 50MHz - 30GHz + Frequency Bands: 6, 12, and 22GHz

* Power level control (-50 to +10dBm) + 64 and 90dB attenuation ranges

- Internal/external 10MHz reference PLL + 0.5 and 0.25dB resolution options

: Front control buttons and display + USB powered / SCPl command support
+ Ultra-low phase noise {(-94dBc@10K) + Ethernet connection available

- Simple Windows control software + Simple PC control application

+ USB & Ethernet SCPI remote commands - Stress-tested for absolute reliability!

+ Compact and portable at 4 inches wide!

Only $2699 $379-5$899
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Integrated-LO Mixer Family Compact RF Generators Digital Phase Shifters

* 2.5,6.0,12, 20, and 30GHz models * 6,12, & 22GHz models * Models covering 400MHz - 18GHz

* Programmable local oscillator * Calbrated output in 0.5dB steps * 1/2 & 5-degree phase resolution

* Internal low-noise reference source * Internal / external 10MHz reference * Full 360-degree range

* Low phase-noise and conversion loss * USB & Ethernet ports = USB powered / controllable

* High isolation and linearity * Bright OLED display and buttons * Bright OLED display and buttons

= USB powered and controlled + Harmonic filtered models = Tiny, rugged, all-metal design

* Extremely cost and space efficient! * Low phase-noise options * Ethernet remote control
$519-51149 $399- 51049 $499 - $799

Saving Time and Resources from DC - 30GHz

MADE IN ENGINEERED IN

: WWW.DSINSTRUMENTS.COM R
(805) 242-6685 NEVADA
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MICHAEL MUNROE | Technical Product Specialist, Elma Electronic Inc.

11 Myths About OpenVPX
and the SOSA Inifiative

aradigm shifts in technology initiatives don’t

come without their skeptics, as is the case with

the DoD’s Hardware/Software Convergence Ini-

tiative. Aimed at developing a common, modu-
lar hardware architecture across C4ISR and EW systems, this
program combines separate efforts initially undertaken by the
U.S. Army under CERDEC (CMOSS), the U.S. Navy under
NAVAIR (HOST), and the Air Force under AFLCMC into
one, cohesive COTS-based, open standards initiative.

Now managed entirely under Sensor Open Systems Archi-
tecture (SOSA), this collection of open architecture standards
provides reconfigurable, upgradable, and cost-effective C4ISR
capabilities in deployed platforms across sensor applications
throughout all major military branches. Using OpenVPX as its
basis, it’s setting the standard for interoperable systems across
several defense branches to improve subsystem SWaP, enable
rapid technology insertion, and promote reuse.

It’s important to understand how both OpenVPX’s history
in military environments as well as its pedigree as a ratified
industry standard can help facilitate this widespread, and
seemingly complex, undertaking to break from the old meth-
od of costly proprietary computing systems.

Below, some common misconceptions about OpenVPX are
dispelled, and we examine how it can provide the right envi-
ronment for the SOSA initiative

1.THE CARD ISN’T GOING TO BE COMPATIBLE.

This depends on whether the target backplane is a VITA
65.0 standard development backplane or a customer-driven
deployed backplane. The VITA 65.0 standard development
backplanes have very simple topologies that are compatible
with lots of cards. Actual VPX system backplanes have much
more complex topologies with many I/O signals.

Consequently, these backplanes are usually designed for
specific cards and map to the unique I/O mapping of one VPX
module. With the development of fully defined SOSA VPX
slot profiles, even complex backplanes will be wired for stan-
dard slot profiles, and the result will be more modules compat-
ible with any given backplane implementation.

2.IWON’T BE ABLE TO GET ENOUGH POWER.

Enough power is no longer the problem—it’s properly cool-
ing the amount of available power. In the past, VME64x and
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CompactPCI cards could each typically draw no more than
150 W from a backplane slot. As large FPGA silicon became
available from companies such as Xilinx and Altera, the power
needs of an individual card exceeded the amount of power that
a card could draw because the pin assignments and contact
design did not allow for more power.

3U VPX cards can draw over 270 W and 6U cards could
draw over 380 W. It’s unlikely that VPX systems will ever be
limited due to power availability. And, new cooling standards
are being released to allow more of this VPX power to be used
in future systems.

3.I’LL NEED A CUSTOM BACKPLANE.

One of the main criticisms of the VPX architecture, and a fair
one at that, is that it doesn’t consider all of the other VPX features
that have made the architecture so desirable. The mandate for
custom backplanes is, therefore, being tolerated by designers.

A new solution designed to meet the need for fully custom-
ized VPX backplanes is on the horizon. Pioneered by hard-
working technical groups under SOSA, emerging standard
profile definitions will eliminate much of the need for VPX
backplane slots to be wired for specific, unique VPX modules
when using SOSA conforming plug-in cards.

4.ICAN’T RUN 10 Gb/s OUT OF THE BACKPLANE.

For some time, PCle Gen2 and 10GBase-KX4 were thought
to be the fastest protocols that could be reliably passed to I/O
devices through cables, which plugged into VPX backplane
RTM connectors. Recently, a new approach that utilizes new
backplane materials, together with improved via design, has
pushed this limit to PCle Gen3 and 40GBase-KR4. It’s highly
likely that a new, backward-compatible VPX connector may
even allow these higher speeds to be exceeded in the near future.

5.VITA 65 MAY NOT MEET ALL MY DESIGN NEEDS.

This was most likely said by those who haven’t reviewed the
current list of available features added to VPX. In fact, it’s hard
to imagine an application that could not be implemented with-
in the standard. VPX is rugged and supports two card sizes.
Some of the new features include miniature coaxial backplane
feed-thru, backplane optical ribbons, radial clocks, 25-Gb/s
channels, rugged vibration-resistant connectors, hybrid topol-
ogies, XMC sockets, as well as VITA 57.4 FPGA mezzanines
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that support 28-Gb/s links between the base board and the
mezzanine. The coaxial modules now available are causing an
explosion of new applications.

6. ALL OF THEVPX CONNECTORS ARE EXPENSIVE
BECAUSE THEY ARE SOLE-SOURCED.

OpenVPX was built specifically with the goal of eliminat-
ing single-source pitfalls. To date, there are three suppliers
of intermatable backplane connectors, one of which already
offers three different versions of the VITA 46 connector. All
versions are forward and backward-compatible.

The connectors cost more because of the performance they
provide. These high-density, high-speed connectors allow
space for XMC/PMC mezzanine sockets and fit within the 3U
and 6U 160 Eurocard packaging formats. In addition, there
are space-qualified, high-vibration-resistant, footprint-com-
patible VPX backplane/daughtercard connectors. Paying for
the benefits of performance enhancement is true for whatever
architecture you choose.

1.THE MULTI-CONNECTOR IS LIMITED TO 12 Gb/s.

Although the current connector supports signaling up 12
Gb/s, which is just beyond PCle Gen3 and 10Base-KR Ether-
net, a new backward-compatible version of the same MultiGig
connector is being standardized and will support Ethernet
lanes up to 25 Gb/s and Fat Pipes (FP) supporting 100GBase-
KR4. This connector is both backward- and forward-com-
patible, so that old cards can be used in the new backplanes
and new cards will be usable in the old backplanes. However,
the speed will always have to be negotiated down to the least
capable element in the path.

8.I CAN’T INSPECT VITA 66.1/66.4 OPTICAL MODULES
IN THE FIELD.

There’s now an inspection card for 6U VPX conduction-
cooled chassis that will automatically both inspect—and
clean—VITA 66.1 optical modules installed in either the J3 or
J6 position in a 6U VPX backplane.

Independent of the VPX system, this tool is tethered to a
laptop running software that will execute multiple inspect/
clean/inspect cycles until all of the fibers meet inspection
requirements. Then, a new card can be inserted into the fully
inspected VPX slot in the field. The hope is that this equip-
ment will be extended to 3U VPX slots that are either in accor-
dance with AV 48.1 or AV 48.2.

9.ISN’T AIR FLOW-THROUGH THE SAME AS
CONVECTION COOLING?

Not at all. Three different cooling methods are actually
included in OpenVPX that all depend on forced air. While
technically not “new,” since these methods have been used
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with VME for years for demanding applications, they’re now
standardized. Check out VITA 48.5, 48.7, and 48.8. Each offer
advantages over conventional forced air, because each method
allows air to be directed specifically where it’s needed.

10.I HEARD THAT THE VITA 46.11 IPMI-BASED SYSTEM
MANAGER ISN’T REALLY SECURE ENOUGH FOR
CYBERSECURITY.

Your concerns have been heard, and the HOST and SOSA
working groups are really beefing up the System Management
approach and adding new capabilities, such as large file trans-
fer support and IPMI 2.0 security. These two working groups
are supported by a large team at the University of Georgia
Research Institute, the U.S. Army, U.S. Air Force and NAVAIR,
as well as individual companies and SBIR (Small Business
Innovation Research) award winners. It’s a level of cooperation
never seen before.

11. CAN AN INTERMEDIATE FREQUENCY BE SHARED
BETWEEN RADIO CARDS IN AVPX BACKPLANE? I'VE
HEARD THAT THERE ISN’T SUFFICIENT ISOLATION.

It’s true that the MultiGig signal pins may not provide suf-
ficient isolation between pairs to distribute an intermediate
frequency between radio cards. However, VPX slots now
support a variety of coaxial interfaces that can distribute an
intermediate frequency or very precise clocks such as Preci-
sion Time Protocol (PTP) and Network Time Protocol (NTP).

VITA 67.3 only defines the opening in the backplane, the
mounting holes, and alignment pins, and supports several siz-
es of modules as well as a growing number of unique contact
configurations, including mixed coax and optical interfaces.
These 67.3 modules are easily removed and replaced on the
backplane, so reconfiguration is possible.

VITA is working to standardize additional contacts, but users
are already employing coaxial contacts such as SMPM (mul-
tiple suppliers), nanoRF (TE currently), and SMPS (SVmicro).
SMPM (many vendors) is lower density, but it supports the
greatest variety of backside cable options including flexible,
semi-rigid, and right-angle terminations. Some SMPM con-
figurations are already standardized within VITA documents.

We're only addressing the backplane side because 67.3 was
developed to support direct launch from the daughtercard
mezzanines, though cable can also be used. Furthermore,
VITA 67.3 modules can support new higher-density nanoRF
and SMPS contacts. Half-size 67.3 modules with as many as
12 coaxial contacts are already in the marketplace and being
used. The denser connectors only support flexible cables
presently. These can be used to distribute the precision clocks
already mentioned. You can also see a mix of SMPM and either
nanoRF or SMPS contacts as well as optical MT ferrules com-
bined in a single 67.3 module. G
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EMAIL | info@coppermountaintech.com
TEL | +1 317-222-5400

631 E. New York Street
Indianapolis, IN 46202

opper Mountain Technologies develops innovative USB and PXI Vector Network Analyzers for engineers all over the

world. Headquartered in Indianapolis, IN with sales offices in Singapore and Miami CMT pioneered metrology-

grade USB VNAs in 2011 and continues innovating.

CMT understands that every project is different and is
focused on delivering flexible VNA solutions that empower
engineers to reach their goals. The development of the first
metrology-grade USB VNA resulted in improved cost and
accessibility for users, which changed the VNA industry.
To provide maximum accessibility, CMT’s free software runs
on Windows or Linux OS connecting to the measurement
hardware via USB interface. All data is stored on an external
computer. Advanced software features such as time domain
reflectometry, gating, frequency offset, linear/log sweeps,
TRL Calibration, and more come at no additional cost
enabling maximum functionality for all users.

The 1-Port VNAs connect directly to the DUT, reducing
measurement errors and eliminating the cost of expensive
test cables. The Compact Series of VNAs feature a range of
options to give each user their ideal features, performance,
and price point. CMT’s CobaltFx frequency extension system
gives engineers scalable mmWave measurement capabilities
at the lowest possible cost by using a 9 or 20 GHz USB VNA
as a base. The PXIe VNA is the result of CMT’s exclusive
collaboration with National Instruments, bringing
world-class VNA performance and speed to the production
environment.

CMT VNAs are used in innovative microwave breast
cancer detection systems, robotic probe measurements
examining aircraft radomes, and cutting-edge wireless power
solutions. With more than a dozen integrated solutions to
date, CMT partners with industry leaders to offer engineers
expanded solutions such as wireless charging technology,
antenna measurement, on-wafer measurement, and more.
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CMT also collaborates with customers to develop new
customized VNA modules purpose-built to solve specific
industry needs.

Each VNA solution is backed by CMT’s application
and automation support team of engineers who work as
an extension of your team. The engineering support staff
continues to grow, with employment opportunities for
customer service driven RF applications engineers striving to
help customers across the globe achieve success.

Copper Mountain Technologies is ISO 9001:2015
certified. The Indianapolis calibration lab is accredited by the
recognized international standard ISO/IEC 17025 (2017).
Repair services are also offered at various Authorized Service
Centers throughout the world. Reach out to us. Wed love to
hear how we can help Extend Your Reach®.

COPPER MOUNTAIN®
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Original Metrology-Grade
USB VNAs since 2011

First Metrology-Grade USB VNA

Direct Receiver Access USB VNAs

Compact USB VNAs

s =
20 GHz USB VNAs with 135 dB Dynamic Range and
10 ps Measurement Speed

18 GHz 1-Port USB VNA

18-54 GHz Frequency Extender for 5G Applications
Portable Materials Measurements Solution up to 6 GHz &=———==

VNA Software for Linux® Operating System L- -
mux A
- Linux® is the registered trademark of Linus
P

Torvalds in the U.S. and other countries.

Affordable M Series VNAs to 18 GHz
2-port 9 GHz VNA for National Instruments’ PXI System
Advanced Performance Compact VNA - SC Series

EXTEND YOUR REACH®

www.coppermountaintech.com
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Y TEL | 510-772-9221
AT LAM B DA FAX | 510-772-9213
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!L_ V\/l R E LESS 46515 Landing Parkway
; Fremont, CA 94538

LEADING THE WAY IN “YTTRIUM IRON GARNET" BASED MICROWAVE
COMPONENTS AND SYNTHESIZERS

icro Lambda Wireless Inc. was founded in June 1990 with the purpose of supplying the microwave community
with YIG-based products that provide technically superior performance at competitive prices with the highest
regard to customer service and quality. We're a market-driven company continuing to push YIG technology on a

consistent basis into new domestic and foreign markets and applications.

Privately held, Micro Lambda Wireless Inc. has been formed from a core of individuals with specialized YIG-based
component experience combined with analog, digital, and PLL specialists to yield a strong, dynamic technical staff. High-volume
manufacturing techniques have been implemented across all product lines along with standardized mechanical and electrical
design, which lend themselves to low-cost and high-volume applications.

We maintain a commitment to Total Quality Management and Just-in-Time concepts throughout the organization. Our
integrated manufacturing system combines sales orders, word orders, accounting, inventory, and scheduling. Material planning
is supported by an MRP module, which coordinates subcontractor material requirements. Product standardization focusing on
a repeatable manufacturing process enables our company to stock material, allowing for very short build cycles.

Our consistent product development based on “Standard Module Concepts” has yielded many “State of the Art” designs and
“Product of the Year” awards from the industry. These awards have been received for both our YIG-based components and our
frequency synthesizers. As a result, we are the largest independent YIG-based component supplier in the market today!

MAJOR PRODUCTS
Low-Noise Synthesizers (250 MHz to 33 GHz)

¢ MLVS-Series 50 MHz to 21 GHz
o« MLSP-Series 600 MHz to 33 GHz
¢ MLMS-Series 250 MHz to 32 GHz

TO-8 Low-Noise Oscillators
Permanent Magnet and Electromagnetic Designs
(2 GHz to 20 GHz Hi-Bands)

« 128 dBc/Hz @ 100 kHz offset

«.27” .35” and .50” tall versions

MARKETS SERVED

Markets served include Test & Measurement Instrumentation,
VXI & VME miniaturized instrumentation, PXI and Compact
PCI miniaturized instrumentation, ELINT and SIGINT
receivers, SATCOM and TELECOM applications, digital TV

:;)tr;\;irs:;;, FM CW radar, ESM, ECM & EW, avionics, and F%_ M ICRO LAM B DA
ISO 9001:2015 certified company // §=" WI R E LE SS, I N C-
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Lowest Noise in the Industry

Phase Noise Performance at 10 GHz
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Wide Band, Fast Tune
Frequency Synthesizers

Industry Leading Performance!

The LUXYN™ MLVS-Series Frequency Synthesizers from Micro Lambda Wireless is one of the fastest and
quietest synthesizers on the market. Standard frequency models are available covering 500 MHz to 20 GHz
and 500 MHz to 10 GHz with options to cover down to 50 MHz and up to 21 GHz in a single unit.

With the lowest noise in the industry, (phase noise at 5 GHz is -130 dBc/Hz @ 10 kHz offset and at 10 GHz is
-125 dBc/Hz @ 10 kHz offset), these synthesizers are designed for low noise & fast tune applications such as
Receiving Systems, Frequency Converters and Test & Measurement Equipment.

US patents #9,793,904 B1, #9,734,099 B1

For more information contact Micro Lambda Wireless. >§ IVI ICRO LAIVI BDA

www.microlambdawireless.com ’

= WIRELESS, INC.

Micro Lambda is a ISO 9001:2015 Registered Company “Look to the leader in YIG-Technology”

46515 Landing Parkway, Fremont CA 94538  (510) 770-9221 - sales@microlambdawireless.com
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Systems
LOU FRENZEL | Contribufing Editor

Can 5G Redlly Live Up
to Its Hype, and

WHY SHOULD
YOU CARE?

As the electronics industry gears up for the eventual massive 5G rollout, questions
abound regarding everything from small-cell infrastructure to available spectrum to
handset development.
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he 5G hype is everywhere.

It’s telling us that 5G is the

best technology ever, and

that it will to change the
world as we know it. It seems like 5G is
going to affect everything we do, and of
course make life better. Really?

I know that 'm a natural skeptic. And
I'm not the only one. In a recent dis-
cussion with a couple colleagues, Bob
Landman and Paul Rako, it was clear
that we all shared a common feeling.
Specifically, is 5G wireless technology
really as good as they say? Our doubts
are based on valid engineering skepti-
cism and related experience. This dis-
cussion actually led to more questions
than answers. Questions like: Is 5G
really that good? And will 5G really be
worth the extra bucks we will be asked

to pay?

so. Even with agile beamforming gain
antennas, it will take many cells to cov-
er just an area the size of a city block.
And that’s hopefully with good line of
sight (LOS) all around. Furthermore,
mmWave signals just don’t penetrate
walls and other obstacles all that well,
if at all, keeping the range super short.
Given that an estimated 80% of all calls
occur indoors tends to indicate no con-
nection will be made. To make a call, the
cell-phone user will have to go outside
near a cell.

3. Another issue involves mounting
places for all of these cells—are there
enough? Only so many utility poles,
lamp posts, billboards, and building
corners are available. Numerous cit-
ies have said no to small cells in some
places and approval delays for mount-
ing requests are slowing the installation

LOS path to work properly.

5. Spectrum is another concern. Is
there enough? It doesn’t seem so. The
FCC is raking in billions selling spec-
trum, but is there some for everyone?
Some of the spectrum that has been
freed up is fragmented narrow slices.
The 6-GHz spectrum is promising, but
that could be designated as unlicensed.
The high data rates and wideband
mmWave assignments demand more
spectrum and bandwidth. Will it mate-
rialize? I doubt that the FCC and others
really know what will become available
and when. At least they’re trying.

6. Latency. It’s probably not a problem
in most use cases. Maybe it’s a limitation
in some applications like self-driving
cars (autonomous vehicles or AVs) and
factory robotic automation. The wire-
less link has been designed to deliver

n a recent discussion with a couple colleagues, Bob Landman and

Paul Rako, it was clear that we all shared a common feeling.
Specifically, is 5G wireless technology really as good as they say? Our
doubts are based on valid engineering skepticism and related experience.

Anyway, here’s a summary of this dis-
cussion:

1. The stated goals of 5G are to
increase data rates to 20-Gb/s down-
link and 10-Gb/s uplink, decrease
latency to 0.5 ms (downlink), and
increase subscriber capacity 100 times.
These are obviously peak specifications
that undoubtedly will rarely be achieved
in a normal usage. 1 Gb/s seems doable
at times, but imagine thousands (even
hundreds or dozens) of users seeking
1-Gb/s service at the same time.

2. The whole 5G concept is based
on the small-cell architecture. That’s
ok as far as it goes, but to ensure good
coverage and high data rates, thousands
of these cells are going to be needed for
the millimeter-wave (mmWave) bands
where useful signals probably won’t
travel more that 200-300 meters or
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of 5G in many areas. And should we
be paranoid about the potential EMI
storms that could develop from so many
cells so close together?

4. What about backhaul for all of
those thousands of cells? Some have
said that backhaul will be via fiber. May-
be, if some fiber is nearby. Will carriers
actually invest in digging up streets and
sidewalks to add fiber? Probably not.
While fiber is a good choice, what if
many users try to get 1-Gb/s down-
loads about the same time. That could
tax the cell with data streams of tens
to hundreds of gigabits in the fiber.
Is that realistic? What may happen is
that backhaul will use more mmWave
links. That amounts to another com-
plex radio tied to the small-cell radio.
Though that’s doable, remember that
the backhaul is also going to need its

that small latency. But what happens
when the signal goes out into the wired
(fiber or UTP) part of the attached net-
work? Oops...

7. Eventually all vehicles, including
AVs, will get radios that talk to other
nearby vehicles, roadside units, and
infrastructure sources to improve
safety. The older, already blessed DSRC
technology appears to be dead. Instead,
the new 5G technology called C-V2X
is winning. Hopefully it will work in
the 5- to 6-GHz DSRC band and not
mmWaves. Will you trust your AV with
a short, unreliable mmWave link? A
beamforming phased array on the top of
your car may help.

8. Will 5G be better than 4G LTE?
LTE is very good. Most of the world uses
it. LTE delivers reasonable “fast enough”
rates for video streaming and the like.
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EMAIL | innovation@anokiwave.com
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A n O k I WO V e Billerica, MA | San Diego, CA | Austin, TX | Taipei Taiwan

mmW Solutions. Enabling a new world ﬂﬂ n g

nokiwave is a fabless semiconductor company that provides highly integrated silicon-based ICs
to enable mmW active antennas across 5G, SATCOM and Radar Markets.

COMPANY HIGHLIGHTS

We are a trusted provider of mmW Core ICs and IF Up/Down converters in 24/26GHz,
28GHz, 37/39GHz, Ku, K/Ka, and X-Band, with multiple generations of silicon core ICs
shipping in high commercial volume.

Our 300mm Silicon CMOS based products balance low cost and high performance and are
used by 5G and SATCOM operators in 3GPP compliant 5GNR radios, LEO/MEO/GEO
satellite ground and aero equipment, and military and commercial phased array RADARs.

mmW 5Solutions. Enabling a new world
WHAT MAKES ANOKIWAVE DIFFERENT?
o mmW Experience: With a clear focus on providing ICs to enable mmW Active
Antennas, Anokiwave brings industry’s longest experience in designing and
providing commercial mmW Silicon ICs for Active Antennas

2 . o Multi-Market: Only company providing silicon ICs for mmW phased array needs
for multiple markets and use cases ranging from 5G infrastructure and consumer
equipment, SATCOM ground and aero systems, and commercial and military RADARs.

« Ahead on the learning curve: With more than three generations of released Silicon
core ICs, Anokiwave leads the learning curves for KPI improvements, reliability and
cost reduction.

o Optimized array level performance: Anokiwave silicon core ICs and IF Up/down converters are specifically designed to
optimize overall system performance instead of just optimizing an individual RF spec.

« Digital Advancements: With features such as Zero Calibration and Kinetic green Anokiwave is radically simplifying the
way phased array active antennas are produced commercially.

FIND YOUR FUTURE AT ANOKIWAVE

Anokiwave is an innovative, industry leading early
stage company with a culture of respect, appreciation,
comradery, teamwork, and fun. We offer competitive
benefits and compensation packages where all
employees are owners of the company. We are a
scrappy, passionate, and dedicated group driven to
make a difference as the preferred choice of mmW
products.

We are building a community of industry leaders
and enabling new markets of tomorrow. For current

openings and locations, please visit Anokiwave.jobs.
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Be at the
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Options for single and dual polarization

arrays using Beamforming and Up/Down
z Converter ICs

PRODUCTION READY ~ SCALABLE ARCHITECTURES

We have 3 generations of ICs Scalable array solutions to
available for your high volume address multiple radio types
production needs today. across all bands.
mmW Si Active Antenna mmW
Core ICs ASICs Front End ICs
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5G Hype

Do we really need more speed? Is more
speed the point where you can’t tell
the difference between 10 Gb/s and 5
Gb/s? The goal is for 5G to replace LTE
eventually. Are we ready for that? Many
carrier sites haven’t yet upgraded to the
faster versions of LTE Advanced and
LTE Advanced Pro. The latter upgrade
is supposed to get the data rate up to 1
Gb/s. Most of us could live with that. 5G
must coexist with LTE on all networks
initially. As funding allows expansion,
5G will probably eventually take over
the network. The 4G to 5G transition is
probably going to take a while.

9. During our discussion, the sub-
ject of spectral efficiency came up. The
5G NR specifications say that 30-bps/
Hz downlink and 15-bps/Hz uplink are
possible. The modulation is some vari-
ant of OFDM. But to get to that level
of spectral efficiency, you need to use
64QAM or 256QAM on those subcar-
riers. Good luck with that. With mul-
tipath virtually everywhere and the sen-
sitivity of mmWaves to it, those levels of
spectral efficiency are a noble goal, but
they don’t seem realistic.

10. Antennas could be a problem.
5G relies a great deal on MIMO and
phased arrays with agile beamform-
ing. The multiple antenna problem of
MIMO is an issue, especially in handsets
that already have up to 10 antennas in
them, with a maximum of 2 for MIMO.
As for phased arrays, the antenna ele-
ments themselves are tiny at mmWave
frequencies. But arrays of these anten-
nas are much larger, so that they can
use hundreds of elements and all of the
related circuitry. Will these be too big
for small cells?

11. Handsets. Just where are the 5G
phones? They are in development. Hua-
wei, Samsung, Xiaomi, LG, and ZTE all
have 5G phones ready to go now. The
multi-standard, multi-band devices
will have to support LTE and 3G as well
as 5G. More antennas are needed, and
power consumption will probably go up,
especially on the mmWave phones. 5G
phones will undoubtedly be larger with
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bigger batteries. And how many cellular
band filters will be in those front-ends?
Maybe all 5G phones will be like the
Lenovo-Motorola Moto Mod that offers
a standard LTE smartphone but with a
clamp-on 5G accessory if you need it.
Whatever the format and content, 5G
phones will cost more than the upper-
end smartphones today, and your bat-
tery may not make it through the day.
And we are all wondering what Apple
will do. Will a 5G iPhone with a folded
color screen be in our future?

12. One thing that seems out of
whack is the touting of 5G for the IoT,
smart grid, and industrial automa-
tion. Most IoT applications only need
low speed. Several kb/s is often enough.
The same with electrical utilities and
the smart grid. They use wireless but
rarely need more than low kb/s rates for
their monitoring and control. Industri-
al-automation applications are all over
the place, but they can usually live with
<10-kb/s sensor links and a few Mb/s
on some other equipment. Yes, we know
that 5G will work, but it seems like over-
kill for all of those apps.

13. Will the rural areas of the country
ever get 5G? Will it ever get LTE? Some
rural towns and villages still have 3G. I'm
not making this up. Those folks would be
thrilled with 4G LTE. 'm guessing they
will not get 5G, as it is just too expen-
sive and impractical. There’s no money
in it for the carriers. I hate to say it, but is
this something the government (FCC?)
should deal with? I can’t help but wonder
how many people are just underserved.

14. Do mmWaves cause brain can-
cer? Probably not unless you talk on
voice-over-5G for five or more hours per
day with the phone against your head.
That’s unlikely. But the real answer is we
don’t know for sure at this time.

15. Will 5G replace Wi-Fi? Or vice
versa? I don’t know who came up with
these ideas. If you don’t understand the
workings or applications for the various
wireless technologies, you may think
this is possible. In any case, the answer
is a solid no.

We’re going to

get 5G anyway.”
S0, let’s get a more
positive attitude,
people, and start
thinking about 6G
right now.

16. Will the initial 5G broadband
wireless internet access service to be
offered by Verizon and others really
be competitive against cable or DSL?
Most wireless ISPs, and there aren’t
many, haven’t done well. They mainly
serve the rural and boonie areas with 1
Mb/s or a bit more. If a LOS path can be
found, it may work ok. Sprint’s Clear-
wire service with WiMAX didn’t do all
that well. Results will probably be mixed
depending on the local environment.

17. As for why you should care, here
are a couple of thoughts. The good
news is that 5G is a boon to our elec-
tronics industry. Business will be good
for a while. The bad news is that 5G will
simply perpetuate the ongoing preoc-
cupation and addictive damaging obses-
sion with smartphones. Maybe even
make it worse.

Lots of questions. We're not party
poopers or negative thinkers. Just a few
experienced engineers with opinions
and doubts. We trust that the 3GPP
developers, equipment manufacturers,
and carrier engineers have considered
all of this stuff and can reassure us that
5G will be as good as they predict.

If it isn’t as good as they claim, why
should we care, since we really can’t do
anything about it. Aslong as LTE remains
available, we won'’t have to pay the extra
they will obviously charge for 5G. In any
case, we should be happy and hopeful as
my editorial colleague Bill Wong says:
“We are going to get 5G anyway.” So, lets
get a more positive attitude, people, and
start thinking about 6G right now. Tl
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PIETRO SCALIA | Sector General Manager, Communications Equipment and Enterprise Systems, Texas Instruments
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Is 5G Four Times More Power
Dense—or Even More?

The drive to achieve 5G network speeds creates an extremely challenging hardware
environment from a power- and space-density perspective.

G is poised to revolu-
tionize connectivity,
providing a program-
mable, intelligent con-
nection between users and cloud ser-
vices as well as a seamless, ubiquitous,
and personalized experience across dif-
ferent environments and devices. With
one network for all use cases required
by the Big Data explosion, from home
to enterprise environments, 5G prom-
ises to connect tens of billions of devic-
es that are always online, each with
their own slice of the network, dynami-
cally established to provide a dedicated
profile of priority, security, speed, and
latency.
To realize the convergence of cloud
and telecommunications services, the
5G rollout requires significant infra-
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structure changes to the existing net-
work, both for New Radio (NR) access
and backhaul as well as in the core, to
bridge wireless and wired networking.
Changes include more, smarter radio-
frequency (RF) devices to increase net-
work coverage and capacity; more intel-
ligence on demand in the network; and
localization of functions in the cloud or
at the edge, according to the required
level of network service.

The new network scenario (Fig. 1)
includes significant changes in the
NR access network portion to enable
higher capacity and coverage, while
also requiring that the core networks
follow the bandwidth requirements
in the switching and optical elements.
There is also the introduction of new
systems, like mobile edge computing.

DEALING WITH DENSITY

The entire segment industry is
contributing new hardware that will
enable 5G. The drive to achieve 5G
network speeds up to 10 Gb/s in
bandwidth—achieved by increasing RF
signals to centimeter and millimeter
wave in the second phase of 5G
deployment, as well as multiple-input
mulitple-output (MIMO) beamforming
and new, multibandwidth active antenna
systems (AASs) to increase spectrum
efficiency—creates an extremely
challenging hardware environment
from a space-density perspective.
Similar challenges already exist with
macro radio base stations operating at
higher frequencies and with multiple
power-amplifier (PA) structures and
MIMO small cells.
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SOUTHWEST
ANTENNAS

WEB | www.southwestantennas.com
EMAIL | sales@southwestantennas.com
TEL | 858-333-8547

10939 Technology Place
San Diego, CA 92127

RUGGED RF ANTENNA SOLUTIONS FOR MISSION-CRITICAL APPLICATIONS

outhwest Antennas specializes in the design and manufacture of high-performance broadband RF and Microwave

antennas and RF accessories designed to be the critical link in today’s audio, video, and data communication

environments, from DC to 8.4 GHz and beyond.

OUR PRODUCTS

Our product portfolio includes more than 2,000
antenna and accessory products for a wide array of military,
government, broadcast video, and commercial RF /
Microwave applications needs. Southwest Antenna specialties
include tactical comms for military and law enforcement,
government microwave, concealment / surveillance
antennas, MIMO, MANET & COFDM antenna solutions,
rugged commercial antennas, and accessory RF products to
support these systems including filters, diplexers, isolators /
circulators and more.

We design our antennas to withstand the rigors of active
field use outside of ideal lab conditions. The engineering
team at Southwest Antennas has over 75 years of combined
experience and have pioneered many mechanical and
electrical techniques in antenna design to deliver rugged
antennas that withstand harsh, real-world use conditions to
keep you connected when it matters the most.

All Southwest Antennas products are covered by our
two-year performance warranty and are designed, built, and
qualified at our head office and manufacturing facility in San
Diego, California. We are proud to manufacture our products
in the USA.
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ABOUT US

Founded in 2005, our products have been trusted for

15 years and deployed across thousands of systems world-
wide where RF performance, reliability, and ruggedness
is paramount to mission success. Contact Southwest
Antennas and find out why more radio OEMs, system
integrators, engineers, designers, defense contractors,
and government agencies depend and trust Southwest
Antennas products for their audio, video, and data
transmission needs.
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HIGH-PERFORMANCE BROADBAND ANTENNAS & ACCESSORIES

Omni & Directional Antennas = Antenna Arrays
GNSS / GPS Antennas = Body Worn Antennas = Concealment Antennas
MIMO & MANET Antennas = Gooseneck Antennas = Antennas with Integrated Filters

Antenna Mounting Kits = RF Coaxial Goosenecks * RF Cable Assemblies
LNA Modules = Block Downconverters = Filter Modules = Isolators / Circulators

Over 2,000 standard antenna products available

ww.southwestantennas.com

WE ARE RUGGED RF 858.333-8547
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5G Power Density
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2. TP’s AAS block diagram shows the fundamental subsystems of the application.
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On the signal-chain side, density is
enabled by the adoption of high-speed,
multiband, multichannel transceivers,
up to four receivers/transmitters (Rx/
Tx) and 1-GHz bandwidth, that employ
RF and zero-intermediate-frequency
sampling techniques. New, integrated
signal-chain components have increased
power needs, an obvious requirement
for the increasing numbers of PAs. Pow-
er per PA decreases while overall power
per system increases, requiring a change
in architecture to supply that power.
Meanwhile, it’s necessary to satisfy the
low-noise requirements of each specific
radio implementation.
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THE CONVERTER FACTOR

An extremely constrained space
requires an increased converter switch-
ing frequency in order to still fit without
efficiency penalties, despite the diffi-
cult thermal environment: fully encap-
sulated, no forced ventilation, and an
extremely high (albeit controlled) print-
ed circuit board (PCB) temperature as
high as 100°C.

New controller techniques enable
converters to meet the requirements of
this application environment. Advanced
current mode with adaptive gate drive
facilitates smooth controller transi-
tions even at high switching frequen-
cies, offering lower noise behavior and
improving reliability while reducing
the minimum on-time. Packaging is
also critical to enable increased switch-
ing frequencies and the dissipation of
associated losses. Conduction losses,
reduced by exceptionally efficient power
stages, compensate for that incremen-
tal factor for total power consumption.
Designers must trade off the maximum
switching frequency with the maximum
junction temperature over operation
and reliability considerations.

Dissipation comes into play, especial-
ly when a heat sink is available closer
to the RF or system-on-chip (SoC) sec-
tion. Converters can leverage this heat
sink to extract heat from the top. It’s pos-
sible to reduce the junction tempera-
ture if the package offers resistance to
the top, comparable even if higher to
the bottom, where most of the heat is
already directed to be transferred to the
PCB. There, it’s thermally shunted to
the mechanical encapsulation and con-
trolled thermally, modulating the value
of input power.

With the 4x increase in transceiver
density when implementing the entire
analog front-end (AFE) function—with
four digital-to-analog converters/four
analog-to-digital converters, an oscil-
lator, filtering, and mixing on the same
chip—power needs to follow a similar
scale of integration. However, consider-
ing the multiplication factor introduced
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by MIMO AASs, when moving from a
4x Tx/Rx configuration to a 64x or 128x
Tx/Rx configuration, the scale factor
cannot be linear.

It might be possible to integrate one
system power solution for more than
four AFEs. The converters must supply
clusters of multichannel transceivers,
respecting the signal-chain integrity at
those sensitive points of the RF path.
Texas Instruments’ AAS block diagram
(Fig. 2) shows the fundamental elements
that constitute this NR element (Fig. 3).

DEVISING AN EFFICIENT POWER
SUBSYSTEM

Looking at power subsystems, due to
increased power/current—in some cas-
es over 1 kW—a 12-V intermediate bus
voltage is common. Other architectural
elements now becoming mainstream
include multichannel converters and

low-dropout (LDO) regulators as well as
low-noise converters, which could help
improve total system efficiency. These
reduce the need for low-noise LDOs
with a high power-supply rejection
ratio, which are sometimes used across
the most critical rails, from phase-
locked loop to serializer-deserializer.
The point-of-load switching frequency
must be higher than 1 MHz to enable a
size reduction of passive components.
Combining rails where possible
avoids the risk of AFE crosstalking
and interference, while still respecting
the tight voltage tolerances of the rails
and sequencing specifications among
different rails. LDOs can provide the
simplest sequencing (PG/EN), and
that can sometimes be a reason to add
some to the bill of materials (BOM). If
required by the integrated transceiver,
negative rails require special effort in the

T I

3. AASs enable MIMO and multiband operation, providing electronic 3D beam control.
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unmuﬂl WEB | www.uswi.com 7671 North San Fernando Road

SWitthing EMAIL |sales@uswi.com Burbank, CA 91505

TEL |818-381-5111

Corpomtion TWITTER | @US_Corp

niversal Switching Switching Corporation is an internationally recognized innovator and supplier of quality signal
switching, distribution and conversion equipment for rugged and industrial applications, government subcontractors,
defense agencies, and for industrial or commercial clients in the US and abroad.

Our extensive technical portfolio includes best-in-class analog and digital signal solutions including switching systems,
modules and distribution/conversation units that span DC to 50GHz. Since 1992, our commitment to Continuous-Process-
Improvement and cutting-edge technology has been combined to provide a unique blend of cost effective and high-quality
products.

With a corporate culture that includes a modern facility in Burbank, talented personnel, comprehensive Quality
Management System and ISO 9001:2015 certification, we deliver a standard 2-Year warranty for all equipment, and optional
warranties up to 7-Years.

BROAD PORTFOLIO

We design and build a broad product line of switching
systems, switching modules and distribution products that span
a frequency range from DC to 50GHz. Signal types include AC/
DC power switching, audio, ATE instrumentation, composite
video, SD, HD, 4K, HE, RF, IF and L-Band signals, high resolution
RGB+HYV video, high speed ‘422, LVDS, PECL or ECL digital data,
small & large L-Band, S-Band and C-Band products, plus other
>6GHz signals all the way to 50GHz.

EXPERIENCE

With a core competency in signal solutions, we address a variety of

industries. With nearly 30 years of experience, our products are specified
to be used in the most sensitive of areas requiring high reliability like
aerospace and defense, surveillance stations, satellite communications,
as well as “everyday” production testing and evaluation platforms.

COTS SOLUTIONS

Leading the signal routing automation industry with the largest crosspoint
capacity, programmable switching systems and modules are available in “off the
shelf” configurations to solve time-sensitive requirements. Rather than long lead
times for special, modified or custom ordered equipment like other manufacturers,
many “off the shelf” configurations provide turn-key solutions in real time by
utilizing the full spectrum of current technology coupled with the latest in design
and manufacturing techniques. In addition to “turn-key” solutions, we also provide
custom or EOEM solutions with minimal lead time and expedited delivery.
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Modules and Sysiems....
Innovation, Quality & Experience

Switching - Conversion - Distribution
LXI SNWP P (5D

Configurations from 2x1 to 1024x1024

Modules AND systems, relays or solid-state
Analog and Digital switching and distribution
Redundant or single power supply and CPU
High reliability for test or communications

Field proven performance, quality and reliability
World-class quality and support (ISO 9001:2015)

Systems available from 1RU to 22RU

New 1RU Sized System UC1 ﬂﬁ,-"
»
Y

2 Hundreds of module types
(2x1 relay shown)

Made in the USA

Switching, Distribution & Conversion Equipment

Since 1992, we have been designing and building products for signal switching and
distribution. Built in our ISO 9001:2015 certified facilities, our field proven products are best
in class. We offer both module and system level products ranging from low-level ATE to
ground statfion antenna distribution. Simple relays that can be embedded, to sophisticat-
ed switching arrays that can be controlled from the other side of the globe.

All products boast our cost effective design and a menu driven touchscreen for direct
; control and monitoring of hundreds of available modules. Being able to mix and match
1SO 9001:2015 functions in the same unit for ATE and other applications, our units provide
Certified connectivity for digital or analog signals spanning DC-60GHz. We also offer modules
for embedded applications too including RF-Over-Fiber.

Wh Id t li . ) . . )
fhi;,Mg,’;'esn’f?za"://gnan‘jsg%gosﬁzﬁ'5er So......are you looking for a cost effective ATE or SatCom switching and reliable alternative

certified quality process? for routing analog or digital signals? Our comprehensive product line can deliver the per-
fect solution! See our website for additional product information: uswi.com
1SO 9001:2015 Certified

A.T.E. - Digital - L-Band - RF /IF - TTL / LVDS - Microwave

Universal 7671 North San Fernando Road
s u u Burbank, CA 91505 USA
Switching han

Phn +1 818-381-5111

Corporqtion Fax  +1818-252-4868

Email sales@uswi.com
Web uswi.com

Global Signal Switching and Distribution Specialists Twitter @US_Corp
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WEB | www.fairviewmicrowave.com

EMAIL | sales@fairviewmicrowave.com

TEL | 800-715-4396 or
972-649-6678
MICROWAVE ™.
301 Leora Ln.

Lewisville, TX 75056

THE RIGHT RF PARTS. RIGHT AWAY: OVER 1 MILLION COMPONENTS IN STOCK

e understand that having the correct parts shipped directly to you the same day can mean the difference between

project success and failure. That is why we offer more than one million components that are in-stock, available

to ship today. From High-Reliability Cable Assemblies and Power Amplifiers to WR12 Instrumentation-Grade
Waveguides and mmWave Antennas, and everything in between, we have you covered. Our powerful and intuitive online
parametric search allows you to quickly and easily locate components to meet your application requirements. Online you will
also find specification-rich datasheets, tiered volume pricing, and real-time inventory to accelerate the decision-making and
buying process. There are no minimum order requirements, and we offer same-day shipping when your order is placed by
4:00 p.m. CST Monday-Friday.

HIGH-FREQUENCY INTERCONNECTS

Our extensive and growing lines of high-frequency,
millimeter-wave interconnects encompass adapters,
connectors, and cable assemblies that perform up to 110
GHz. Our complete lines of 1.85mm, 2.4mm, 2.92mm, SMP,
and Mini-SMP series products are among the largest in the
industry. Fairview’s interconnect components and cable
assemblies are in-stock and available to ship same day. These
products are complemented by a wide selection of other
off-the-shelf components, including attenuators, power
dividers, terminations, waveguides, and many others.
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= SR . - BROADBAND, HIGH-PERFORMANCE RF ACTIVE
i S, [ = COMPONENTS
| - 1: itz f d Our rapidly expanding lines of broadband, high-
= el 9 performance active components are used in a wide range
of commercial and defense applications such as wireless
- m - communications, telecom infrastructure, radar, electronic

warfare, test instrumentation, and more. In-stock inventory
includes amplifiers, switches, detectors, and digital
attenuators with frequencies from DC to 110 GHz and
power levels from gain block to over 100 watts.

==l Fairview Microwave"

Il M an INFINIT® brand

Add Fairview Microwave to your team, and consider it done!
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5G Power Density

converter. A large ripple in the output
makes a simple buck-boost topology an
unwise choice.

Placing several integrated transceiver
rails on the board within a reasonable
distance (drop) and achievable noise
immunity simplifies the schematic by
reducing the number of converters,
mainly LDOs, that are used to separate
and supply different AFEs locally. Figure
4 provides a potential BOM of convert-
ers and LDOs that can fit the application,
with a detailed list of critical parameters.

A POWER SOLUTION

Figure 5 is a block diagram of a power
solution with four integrated transceiv-
ers, implementing many of the consid-
erations described above. Ferrite beads
aren’t shown in the figure, but they’re
necessary (with associated capacitors)
to decouple crosstalk of clustered inputs
of the transceiver, inside the single one,

tered with the same power solution—at
least on the noise-sensitive rails. Some
next-generation transceivers have low-
er power-consumption levels that can
potentially enable clustering of as many
as eight integrated transceivers if the
mechanical constraints of the board lay-
out allow.

To evaluate the quality of the power-
supply solution, consider these specifi-
cations for Rx and Tx performance:

¢ Rx: signal—to—noise ratio, spurious-

free dynamic range, and intermod-
ulation distortion from third order.

o Tx: phase noise and third-order

intercept.

You must measure these parameters
on the AFE with your proposed power
solution to investigate any impact in
performance, resolving any issues by
filtering, using ferrite beads or chang-
ing the power BOM if the issue is more

TIMING

Much like with RF transceivers, with
power challenges come new clocking
requirements. The new Ethernet-based
common public interface (eCPRI) cre-
ates a need for timing and frequency
synchronization in multipoint connec-
tions between the baseband unit (BBU)
and remote radio unit (RRU), and chal-
lenging delay requirements in the clock
tree in a beamforming implementation.
Companion system power solutions
must minimize BOM and cost as well
as increase density while maximizing
features with low noise performance
and efficiency at higher switching fre-
quencies.

It’s possible to combine the same solu-
tion for RF transceivers and clocking,
following the criteria described earlier,
to generate an effective power solution
for a specific 5G radio or BBU. The
Power Management Bus (PMBus) and

and with respect to the others clus-  significant. Serial Voltage Identification interfac-
Mid-high current converters Low current converters
* Input voltage range: 4 Vto 18V * |ntegrated 15 m{/7 mQ HS/LS Rdson (8 Aand 4 A)
+ Output voltage range: 0.6 V to 5.5 V, fully differential remote voltage sense +  Accurate 1% 0.6 V reference
* Directly amplified ripple tracking, fixed frequency with CLK sync * Peak current mode control, 200 kHz to 1.6 MHz fixed switching frequency
+ 3.0/0.9m0 HS/LS Rdson (4 0A converter), 4.1/1.9 m{ HS/LS Rdson (25 A converters) + Adjustable soft start/power sequencing, open-drain power good output

» Adj. Fsw: 300 Khz to 2 MHz (1 Ph) /1 MHz (2+ Ph), 2-phase stackable with Ishare, Vshare .

+ High-accuracy over-current limit (hiccup ILIM)

* Asynchronous pulse injection (API) / body braking, for faster transient .

+ Operating recommended TJmax=150 C
* 5x7x1.5 mm, 0.5 mm pitch 40 Ld stacked clip QFN

Negative buck

* [nput voltage: 3.1Vto 14V
+ Qutput voltage: -1V to -5.5 V, VOUT| < 0.7* VIN
* Upto 1A output current

+ Low-noise reference system

Hiccup over-current protection

+ Safe startup into pre-biased output voltage

Operating recommended TJmax=150 C

+ 3.5x3.5 mm HotRod package

LDO

* VIN.14VtoB5V

+ FB adjustable: VOUT=0.8Vto 52 V

* 1% accuracy over line/load/temp

+  Maximum dropout: 200 mV at 1 A

* Generates negative output voltage with low-output voltage ripple (<2 mVpp) + Very low output noise: 4 pVrms

+ 1.5 MHz fixed-frequency PWM mode
* 3mm x3 mm QFN package

+ PSRR: 40 dB at 1MHz

* Programmable soft start, power good output
+  Available in 2.5x2.5 mm2 WSON-10

4. The main characteristics of power devices supplying a multi-AFE solution are shown.
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es have a fundamental importance in
BBUs, even more than in RRUs. They
must be available in controllers and con-
verters for multiphase and single-rail
solutions in order to power the latest
processing SoCs, achieve fast transient
performance, and accurately monitor
parameters for performance optimiza-
tion and system reliability.

The cloudization of the BBU, where
a centralized BBU connects to many
RRUs, requires more functional-
ity inside the RRUs, causing power to
increase. The higher power requires
adaptive output voltage scaling through
PMBus.

Another hot area for power inte-
gration is the PA bias portion, which
requires 65-V operating converters with
a variable current limit as high as 5 to
6 A. Thermal considerations limit the
switching frequency. As a compromise
to size reductions, the thermal perfor-
mance of the package is key to enabling
a reliable junction temperature, even in
the extreme 5G radio ambient. When
power exceeds the limit for single-
package solutions, solutions based on

controller and external field-effect tran-
sistors are also viable, especially when
combining several PA supplies into a
single-power solution.

CONCLUSION

Intelligent connectivity provided by
the 5G network will affect several indus-
tries and enable new services. Thanks
to 5G innovation, these are just some of
the great technological advances we will
soon enjoy:

« Continuous health monitoring
with fully secure and reliable real-
time connections.

« Reliable and low-latency remote
control of applications, realized
with proprioception and tactile
internet.

o Efficiency improvements in pro-
duction lines, with sensor data col-
lection and interactive robots.

« Holographic projection of remote
trainings and events.

Smart power requirements for 5G
technologies require dedicated com-
ponents to achieve the best density

diagram illustrates a power
solution for four AFEs.
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and efficiency, and survive the extreme
thermal conditions of the environment.
It's important to resolve technical chal-
lenges with next-generation power com-
ponents, enabling efficiency at high fre-
quencies for maximum density, through
innovative control topologies and pack-
aging techniques. I

PIETRO SCALIA is a sector general
manager at Texas Instruments (Tl), where
he has worked for the last 11 years. Scalia
has served as a contract professor in
power electronics and has bachelor’'s and
master's degrees from the University of
Palermo, Italy. He is the author of several
Institute of Electrical and Electronics
Engineers papers and publications.
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VDDLL1V8, VDDVCO, VDDT, VDDA, VDDR (AFE 1, AFE 2,
AFE 3, AFE 4)
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We Are Qorvo

Core RF Solutions

Qorvo brings unique expertise in core RF to Gigabit LTE and 5G networks, the loT and

other emerging applications that connect people, places and things. Qorvo technology
and products enable global connections with more data capacity and always-on
reliability. Whether for mobile devices, communications infrastructure or defense
systems, Qorvo has top design, manufacturing, applications engineering and global
resources to serve the world'’s leading customers.

Key Automotive | 4G and 5G Cellular Networks | CATV Networks | Customer Premise Equipment (Wi-Fi
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Your Partner in Performance

Qorvo's GaN-on-SiC RF solutions set the standard for MTTF
reliability — over 10 million hours at 200° based on more than
16,000 devices with 65 million device hours. Qorvo’s GaN enables
mission critical aerospace, defense and radar systems requiring
smaller, more efficient solutions with longer operating life.

Part Number Frequency Description SiLEINCE

QPA2211D 27-31 GHz | 14W GaN Amplifier >26 dB
QPA2210D 27-31 GHz 7W GaN Amplifier >25dB
QPA2212D 27-31 GHz | 25W GaN Amplifier 22 dB

QPA1022 8.5-11 GHz 4W GaN Amplifier 32dB

QPA1022D 8.5-11 GHz 4W GaN Amplifier 24 dB

QONrvo

To learn how Qorvo GaN powers the systems all around you, visit www.gorvo.com/gan
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TOTALTEMP, THE NEW LEADER IN
MICROWAVE & RF THERMAL TESTING

F and Microwave electronics have had remarkable
progress, yet the basics and standards remain.

Similar to RF systems, Thermal Testing has its basic
standards and theory. Likewise there are developments
in the industry that make a clear distinction between the
new modern testing methods available. Convection and
Conduction heat transfer basics do not change but we
can do a lot to manage the processes better with smarter
controllers and multiple sensors. Many devices that need
to be thermally tested have sections that are either more
thermally isolated, or have varying heat capacities and even
active loads. These variables can be quickly monitored and
managed using modern temperature control methods.

Temperature controllers that can read and control from
two or more points have been around for decades. However,
automating the process with multiple sensors has become a
lot easier with newer temperature controllers. Additionally,
convenient new automation features such as status/alarm
reporting can save time and prevent damaged products.
Email or text alert can quickly save an automated produc-
tion test from going into the weeds wasting time and money.
Cloud storage capability keeps results organized and safe.

Temperature chambers have been standard faire since
environmental testing standards such as MIL-STD-810 were
first written. Applications for thermal platforms have found
wide and growing usage in the RF & Microwave industry for
several reasons.

1. Fast and easily programmable transitions to
temperature.

2. Large heating and heat removal capability.
3. Easy benchtop accessibility to the device under test.
4. Small footprint in the lab where space is so valuable.

5. Reliable wide temperature range with ultra cold
temperature capability.

6. Many microwave electronic parts and packages simply
have a flat thermally conductive surface that is well
suited to heat transfer by conduction.

52

TOTALTEMP
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WEB | www.totaltemptech.com
EMAIL | sales@totaltemptech.com
TEL | 888-712-2228

3630 Hancock St A
San Diego, CA 92110

The Next Generation Thermal Test Performance
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Sales@TotalTempTech.com
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TotalTemp has a notable unique offering that delivers
the benefits of thermal testing with both conduction and
convection together. This advantage, along with the advanced
control algorithms has customers reporting that they can
cut test time in half. The combined effects of conduction
and convection results in both speed plus reduced thermal
gradients.

Additional time saving value is added with the capability
to provide printed graphical results sent right to a network
printer or PDF file.

TotalTemp offers many ways to improve your thermal
testing and help choose the best equipment.

We have = "L"/' &'ﬂ
experienced @ @

staff ready X a E‘g
to help you AALN S 73
find the most

effective way
to do thermal
testing.
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Q : Offering new advancements in thermal testing with conductive heat

transfer and valuable & easy to use automation features

I nt al I e m n Efficient, fast accessible temperature cycling on a thermal platform just got

cooler
TECHNOLOGIES. INC.

SD288 Thermal Platform - 12"x 24"

e Wide range Standard and custom solutions, typical range -100°C to +200°C.

e Many automation solutions: GPIB, Serial, USB, FTP, LabVIEW drivers, multi zone capabilities, direct network
printing, email/text messaging, Cloud server capabilities, flexible inputs and outputs, Replace old controllers

New: Innovative Hybrid Benchtop Chamber brings more speed and gradient control to thermal platform

designs.
2 Totaltemp Technologies S s‘é&g Sales@totalTempTech.com
K™ i

San Diego, CA
888.712.2228 x1

www.TotalTempTech.com
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EMAIL | sales@mcv-microwave.com
TEL | 858-450-0468
FAX | 858-869-8404

MCV
. MICROWAVE

AS9100 AND ISO9001 CERTIFIED

6349 Nancy Ridge Drive
San Diego, CA 92121

n 1995, two Ph.D’s inspired to commercialize high Q, low loss dielectric materials at the College of Engineering & Applied
Sciences at Stony Brook University on Long Island. They formed MCV Microwave, with MCV an acronym for the pillars
of the new company: materials, customer centric and vertically integrated. In the ensuing 23 years, MCV has applied and

extended its materials expertise to offer dielectric resonators, filters, antennas and interference mitigation solutions.

Beginning with materials, MCV Microwave offers
proprietary dielectric resonators operating in TE, TM or
TEM mode, with dielectric constants from 6 to 190 and
Qefup to 300,000 at 10 GHz. The resonators, suitable
for microstrip and stripline networks, are widely used in
voltage-controlled oscillators, dielectric resonator oscillators
for frequency source and microwave filter applications from
UHF to mmWave.

Competence with high Q materials naturally leads
to designing high performance filters. MCV’s filter and
multiplexer products encompass cavity, ceramic and LC
designs, including ultra-narrowband—down to 0.03 percent
passband bandwidth—and wideband filters from 2 MHz to
70 GHz and in all configurations: bandpass, band rejection,
lowpass, highpass and multiplexers. MCV ultra-low passive
intermodulation (PIM) filters, duplexers and triplexers
having better than —173 dBc PIM levels at 2 tones, 43dBm
each, cover from 350 MHz to 3.5 GHz. MCV offers new
products in ceramic waveguide and microstrip filters for
WiFi6, 5G sub-6 and mmWave bands. Low loss, phase
match and phase stable cable assembles are available up to
145GHz for 50 ohms and 18Ghz for 75 ohms.

Either PIM or frequency interference is such a critical
performance parameter in wireless communications —
particularly sites with co-located services — MCV offers
solutions to carriers and operators to mitigate sources of
frequency interference, whether in cellular networks or
utility substations.
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To meet the company’s high standards, MCV is largely

vertically integrated, from dielectric materials produced in
Japan through product design and manufacturing. US based
design team, machining operations and comprehensive test
capability supports the development and production of all
products.

Reflecting its vision of being “customer centric,” MCV
Microwave strives to understand each customer’s unique
needs and to respond quickly with a customized solution at a
competitive price, always with exceptional quality and on-time
delivery. MCV is ISO9001, AS9100 and WMBE certified
and ITAR registered at MCV headquarters in San Diego,
California and in Delaware. The firm’s many customers include
well-known Fortune 500 defense, aerospace and commercial
wireless companies and start-ups, an endorsement of its
strong technical capabilities and commitment to quality and

responsiveness. Bring us requirements and we will provide the
best solutions.
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Serving Hi-Rel, Space and Defense, Public Safety,
Satellite and Commercial Wireless Markets

Miniature Ceramic Filter
One-Size-Fits-All, UHF to L-Band
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A Practical Design
Approach to

Custom mmWave
SMT Packages

What are the key ingredients for developing customized surface-mount packages
that will ultimately achieve good electrical performance from dc to 50 GHz?

fter many years of

research and devel-

opment, electrical

engineers, physicists,
mathematicians, and scientists have
come to realize the benefits of operat-
ing communications systems at higher
frequencies. Some of the most notable
advances stemming from this research
include smaller circuit implementations
for the same functionality, improved
antenna gain for a given antenna size,
and dramatic increases in data-carrying
capacity. However, numerous challenges
remain in implementing high-frequen-
cy circuits under real-world constraints.
Among the non-trivial problems, pack-
aging is one that stands out.

It’s critical that packages for RF com-
ponents allow for the integration of
multiple circuital technologies while
achieving the best possible balance of
performance and cost for a given appli-
cation. Nevertheless, traditional pack-
aging techniques have proven incapable
of translating the same performance
typically seen below X-band into the
millimeter-wave (mmWave) range
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due to embedded parasitics and oth-
er inherent technological constraints.
These limitations have led the design
community to leverage the latest pack-
aging technologies, novel design meth-
odologies, and advanced CAD tools to
develop cost-effective, scalable packag-
ing solutions for high-frequency mar-
kets and applications.

These new packaging techniques are
now moving away from performance-
degrading implementations, such as
molding compounds and long wire-
bonding structures, to achieve outstand-
ing performance beyond 55 GHz. In
light of these developments, this article
explores some of the key concepts that
underlie the development of commer-
cially viable packaging solutions for
mmWave components (patent pending).

INTRODUCTION

Global mobile data usage is expected
to grow from 11.2 petabytes/month in
2017 to 48.3 petabytes/month in 2021.
5G has emerged as a strong proposal
to increase mobile data capacity by a
factor of 1000 and support the expect-

ed data consumption of seven billion
people and seven trillion devices. All of
this would happen while still retaining
energy efficiency and maintaining near-
zero downtime.!

The advent of 5G has brought about
an increase in development of integrated
circuits (ICs) to meet the requirements
for high-frequency applications. The
need also arises for the development
of cost-effective packages that not only
protect the ICs, but are also capable
of maintaining good electrical perfor-
mance across wide operational frequen-
cy bands.

Current surface-mount quad-flat no-
leads (QFN) packages are not suitable
for packaging devices at mmWave fre-
quencies. Parasitic elements encoun-
tered in the signal path—for example,
discontinuities in the vertical transition
from the printed circuit board (PCB) to
the top side of the QFN and from the
wire bond to the IC—are negligible at
lower frequencies. However, such dis-
continuities become relevant once the
physical dimensions of the elements
become a fraction of the wavelength.
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Another drawback associated with
QEFN packages is their reliance on over-
molding. This not only increases electri-
cal loss at higher frequencies, but also
makes it impossible to package die fea-
turing air bridges. Moreover, QFN pack-
ages are incapable of accommodating
flip-chip devices due to their standard-
ized nature.

Many solutions have emerged to
address these challenges. Air-cavi-
ty QFN packages allow for ICs with
air bridges, but they still lack a well-
matched transition at high frequencies.
Micro-Coax structures allow for high-
frequency operation but require spe-
cialized assembly processes.? Custom
packaging solutions can compensate for
parasitic effects and allow for air-cavity
implementation.® Fully-custom solu-
tions are most viable when incorporated
into a rapid, low-risk design strategy
as well as a highly automated assembly
process.

Modern RF applications have strin-
gent requirements for components
beyond electrical specifications. Dense
assemblies, high operating powers, and
the need for robust, reliable systems
place heavy demands on monolithic-
microwave-integrated-circuit (MMIC)
package designers in terms of balancing
electrical performance with desirable
thermal and mechanical characteristics.

Since design features that benefit one
aspect of performance may detract from
the requirements of others, tradeoffs are
often necessary. For example, a tradeoff
intended to improve electrical perfor-
mance at the expense of heat dissipa-
tion may produce little benefit due to
a temperature rise on conductors and
semiconductors. It’s therefore critical for
designers to understand the simultane-
ous effects of design choices on the dif-
ferent aspects of a device’s performance.

In this article, we present the develop-
ment of custom surface-mount pack-
ages with good electrical performance
from dc to 50 GHz, accounting for the
PCB, the surface-mount package, and
the IC (patent pending). What follows

GO TO MWRF.COM

is a discussion of the package’s compo-
nents and design. After that, the article
dives into the tradeoff between custom-
ization and standardization of design
features in the context of performance
and cost goals. Measured performance
of a broadband MMIC attenuator die in
both custom organic and low-temper-
ature co-fired ceramics (LTCC) pack-
ages are shown. Also discussed are the
benefits of a multi-physics simulation
workflow employed in the design of
these packages.

DESIGN ELEMENTS
Structure

Schematical cross-section diagrams
of the ceramic and organic packag-
es with the PCB are shown in Figures
1 and 2, respectively. The description
that follows is common to both. The
IC is attached to the pocket inside the
substrate using conductive epoxy. This
implementation minimizes the length

of the gold wire bonds. The gold wire
connects the RF pads of the IC to the RF
pads of the package, forming a lowpass
network in which the wire bond is rep-
resented as a lumped series inductance,
LWB, and the pads are represented as
Cp and Cy¢ (Fig. 3).

Proper tuning of this matching net-
work is critical for an accurate imped-
ance match and good wideband electri-
cal perf ormance. The package’s RF pad
is followed by a microstrip line with
50-Q characteristic impedance, and a
matched vertical transition down to
the bottom pad. The bottom pad of the
package is made to have a 50-Q char-
acteristic impedance in a grounded-
coplanar-waveguide (GCPW) con-
figuration. The package is soldered to
the PCB, which employs GCPW with
a 50-Q characteristic impedance. A
plastic or ceramic lid is attached to
the package with a non-conductive
B-staged epoxy.

Plastic/Ceramic lid Gold wire
Silver
B-Stage CROXY
Epoxy \_’
IC
Substrate —* N Vias
PCB
1. This is the schematical cross-section of a ceramic package.
Plastic/Ceramic lid Gold wire
Silver
B-Stage €poxy
Epoxy \_.
Substrate —» Ic Vias
PCB
2. An organic package’s schematical cross-section is shown.
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EMAIL | info@custommmic.com
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300 Apollo Drive
Chelmsford, MA 01824

A PROUD TRADITION OF ENGINEERING EXCELLENCE AND QUALITY

ustom MMIC has been helping customers overcome their toughest design challenges for over a decade, and we now

offer over 180 high performance standard MMIC products that include amplifiers, attenuators, mixers, multipliers

and much more. As a fabless manufacturer our team of experienced MMIC designers leverage a variety of best-in-
class processes including GaAs, GaN and InGaP using the world’s most trusted foundries. This combined with our extensive
knowledge of the entire RF/Microwave signal chain enables us to make your next design a reality.

Since 2006, Custom MMIC has been recognized as a top-tier quality supplier of RF and Microwave products earning us

numerous industry and top supplier excellence awards from the United States Department of Defense and many of the world’s
leading defense contractors. We continue to exceed our customer’s expectations and strive to challenge the boundaries of RF
and Microwave engineering design.

THE RF EXPERTISE NEEDED TO DELIVER THE
BEST MMICS AND SIGNAL CHAIN SOLUTIONS
FOR MISSION CRITICAL APPLICATIONS

Our company mission is to design, develop and
manufacture the best performing GaAs and GaN RF/
Microwave MMICS in the industry with a particular focus
on applications that demand nothing but perfection every
time. Our world-class products can be found in a variety of
markets including;

« Aerospace and Defense

o Space and Satellite Communications
o Test and Instrumentation

o Wireless Communications

With centuries of in-house design and manufacturing
experience it's no wonder Custom MMIC has become the
trusted and preferred supplier of RE/Microwave MMICs
to small and large companies from around the world.
Where can we take you next?
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THE DESIGN TOOLS AND RESOURCES YOU NEED
TO SUCCEED AVAILABLE 24/7

Custom MMIC understands that your time is valuable, and
you need technical resources that will deliver the most accurate
and helpful information in the shortest time possible. That’s
why the Custom MMIC website has been developed with the
design engineer in mind. Clear, clean and concise navigation
enables users to quickly find the products best suited for
their specific application and access all the relevant design
information they need to make an informed engineering
decision. With just a few clicks of the mouse, users can use the
embedded page filters to customize their own search to help
narrow down the list of viable products. Take it for a test drive,
we are confident you will keep coming back for more.
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portfolio. Visit our easy-to-use
website at www.CustomMMIC.com
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We're putting the bands back together

Custom MMIC continues to expand its portfolio of high performance
RF and Microwave MMICs, including a growing number of products
that span numerous frequency bands ranging from DC to 70 GHz

{L to V band) on a single device. In many cases these devices are
available in both die and surface mount configurations making them
perfect for applications in Aerospace/Defense, Test/Instrumentation
and Space.

Custom

MMIC

CustomMMIC.com

Where can we take you next? w ’


http://custommmic.com
http://www.custommmic.com

Custom mmWave SMT Packages
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3. Here’s a lumped-element representation of the gold wire interconnect between the package

pad (Cpk), the gold wire (Lyg), and the IC pad (C\¢).

MATERIALS

Material and technology selection
play a big role in the performance of a
package. Selecting the right materials
will depend on the application require-
ments, such as hermeticity, maximum
operating frequency, package size, pack-
age weight, first- and second-level inter-
connects, thermal management con-
straints, and tolerable insertion loss of
interconnects.*

In both the LTCC and organic sub-
strate packages, the selection of substrate
material must account for the dielec-
tric constant and loss tangent needed
to achieve the desired RF performance.
The substrate also determines the pack-
age topology and the compatibility with
the other materials.

The two substrates explored here are
LTCC and organic substrate. The LTCC
package consists of a ceramic mono-
lithic structure with a cavity formed
in the top tape layers of the substrate
(Fig. 1, again). The exposed top face
of the pocket features a continuous
metallization that’s connected to the
bottom ground pad through multiple
vias. Being a stiffer material, it’s easier
to wire bond.

In the case of the organic package, the
pocket is created by removing a portion
of the substrate and exposing the bot-
tom metallization (Fig. 2, again). This
allows for better RF grounding and ther-
mal resistance.

In both packages, the conductor mate-
rials and finishes are selected to achieve
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good RF performance and to accom-
modate industry-standard assembly
processes. The metal conductor on the
LTCC package is typically silver with
an electroless-nickel-immersion-gold
(ENIG) surface finish. The plating pro-
tects the underlying silver from oxida-
tion and must have properties compat-
ible with soldering and wire-bonding
processes.

The organic package employs cop-
per conductors and may feature any of
several different surface finishes. The
choice of surface finish may be a critical
matter in high-frequency applications,
as both surface roughness and electrical
conductivity have significant effects on
insertion losses.> ©

Selection of the conductive epoxy
used to mount the MMIC die has a
significant impact on the total thermal
resistance of the package. As the main
point of contact between the die and the
package, the epoxy facilitates most of the
die’s heat dissipation.

Simulation Workflow

During the design phase of this proj-
ect, the electrical, thermal, and mechan-
ical performance of the LTCC and
organic packages were analyzed using a
multi-physics simulation workflow. The
simulation workflow employed multiple
simulators that were operated sequen-
tially, with each simulator’s results being
used as part of the next simulator’s setup.

The specific simulation workflow is
as follows:

1. A full 3D finite-element electro-
magnetic (EM) simulation is performed
on a simplified version of the design’s
geometry (Fig. 4). The simulation yields
S-parameter data and a spatial distri-
bution of power dissipation within the
design.

2. A full 3D finite-element thermal
simulation is run on the EM simulation’s
model, augmented to include geometry
relevant to thermal and mechanical (but
not electrical) performance. As shown
in Figure 5, effort was made to accurate-
ly model critical regions of simulation

geometry, such as hollow and solder-

4. The electromagnetic simulation model of
the LTCC package included only the design
elements relevant to electrical performance.

[T
ZaaT

=
A

5. This is a close-up of the geometry and mesh employed in thermal and mechanical simula-

tions of the LTCC package with package lid hidden. Note that the model includes solder, die-

attach epoxy, and both hollow and solder-filled plated through-holes.
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filled plated through-holes (PTHs). The
simulation employs the power dissipa-
tion computed from the EM simulation
and yields a temperature distribution
within the model’s geometry.

3. A full 3D finite-element mechani-
cal simulation is run on the full model
geometry, employing the spatial tem-
perature distribution as part of its set-
up. The simulation yields mechanical
strains and stresses within the model
geometry.

4. If desired, the above process may
be iterated until convergence criteria
are met, feeding the temperature rise
information and model geometry defor-
mation into the electrical simulator for
the next pass. In practice, a single pass
is often sufficient to achieve outstanding
agreement between simulation results
and physical measurements.

While more complex than a work-
flow involving separate electrical, ther-
mal, and mechanical simulation tasks, a
true multi-physics simulation workflow
gives design engineers a holistic view
of a design’s performance. For example,
a traditional thermal simulation of a
microstrip conductor may involve a uni-
formly distributed heat source applied to
the conductor’s volume or faces. Such an

approach discards valuable information
about localized heat generation, since
current densities at mmWave frequen-
cies are nonuniform. A multi-physics
simulation approach implicitly captures
this effect and others without needing
attention from the designer.

The ability of a multi-physics simula-
tion to automatically account for condi-
tions too complex to manually set up is
especially valuable for LTCC designs. As
LTCC designs consist of a monolithic
ceramic structure with complex internal
conductor geometry, thermal images
of the exterior of such a device may not
fully reveal its internal thermal behavior.

Because the electrical, thermal, and
mechanical aspects of a design’s perfor-
mance are often linked (due to temper-
ature-dependent electrical resistivities,
thermal expansion, etc.), such a simula-
tion workflow makes it possible to best
understand the impact of design deci-
sions on interrelated aspects of perfor-
mance. The workflow has been quali-
fied through multiple projects involving
several technologies and achieves simu-
lation results in very close agreement
with performance measurements. As
with other portions of Mini-Circuits’
established LTCC process, it’s subject to
continual evaluation and improvement.

CUSTOMIZATION vs.
STANDARDIZATION

Although the QFN package has been
an industry workhorse for both active

6. The IC in an organic package (with lid) is shown here on an evaluation board (left). A close-up

of the package without the lid shows the flip-chip die atop package substrate (right).
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and passive electronic components up
to V-band frequencies, its highly stan-
dardized nature makes it a suboptimal
solution for some applications.” As
applications march toward mmWave
frequencies, packaging technologies
must adapt to widely varying industry
needs.

While a one-size-fits-all solution may
fit all applications equally poorly, a fully
custom solution yielding outstanding
results may be cost- and time-prohib-
itive. To develop a rapid, cost-effective
packaging solution that still offers out-
standing application flexibility, it was
desirable to combine industry-standard
processes and tunable design features
into a customizable package template.

Taking a “templated” approach to
package design allows for the reuse of
proven design elements, reducing the
effort and risk incurred by solutions that
require starting from scratch. Facilities
for adaptation to an application’s spe-
cific electrical, thermal, mechanical, and
environmental needs are provided while
minimizing or eliminating the need for
extensive qualification of new designs.

QEFN packages are typically available
in a granular range of standardized siz-
es (3 x 3 mm, 4 X 4 mm, etc.), while a
MMIC die may be any size and aspect
ratio. A die thats slightly too large to fit
one standard QFN-package size must
instead use the next size up, necessitat-
ing long wire bonds with correspond-
ingly large parasitic inductances. The
package itself offers little facility to com-
pensate for these parasitics, a task rel-
egated instead to conductor geometry
on the PCB and die. Furthermore, QFN
packages employ a plastic encapsulant
that envelops the leadframe, die, and
wire bonds.

Delicate structures on the MMIC die,
like air bridges, are incompatible with
such an encapsulation process. Even in
the absence of incompatible MMIC fea-
tures, the encapsulant may detune or
degrade the performance of sensitive
electronics simply by proximity. Finally,
the terminals of the QFN package are
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7. These are the measurement results of a 2-dB attenuator on organic package.

8. Here, the IC is in an LTCC package on an evaluation board (left). A close-up of the package

without the lid shows the die and wire bonds (right).

highly standardized with little flexibil-
ity of the pad sizes and geometries. For
some applications, the electrical parasit-
ics associated with the fixed transition
geometry may be unacceptable.
Mini-Circuits’ custom LTCC and
organic substrate packages address the
above limitations, offering solutions
with sufficient flexibility to meet the
needs of a wide variety of applications.
In these packages, the die inhabits a
pocket atop the substrate (Figs. 1 and
2, again). The pocket’s dimensions are
specified according to the customer’s die
so that wire-bond pads can be brought
as close to the die as possible, minimiz-
ing bond-wire length and inductance.
Therefore, the LTCC and organic
substrate packages offer greater flexibil-
ity with regard to MMIC die sizes, even
though they are currently available in
the same sizes as standard QFN packag-
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es (3 x3mm,4 x4 mm,and 5 x 5mm).
A plastic lid is affixed over the die and
wire bonds with a B-staged epoxy com-
pound, maintaining an air gap above
the die and wire bonds and achieving
a semi-hermetic seal. Using an air gap
rather than an encapsulant permits the
packaging of delicate MMIC structures
and minimizes degradation of electrical
performance.

Unlike QFN packages, the LTCC
and organic substrate packages offer
the flexibility needed to best suit a wide
variety of applications. The package
structure contains tunable elements that
electrically compensate for the parasit-
ics associated with the transitions from
the PCB to the package and from the
package to the MMIC die. Furthermore,
since the package features printed con-
ductors rather than a solid leadframe,
the footprints of the LTCC and organic

substrate packages can be customized
with minimal tooling cost.

EXAMPLES

To validate the design and to mea-
sure the performance of the organic and
LTCC packages, multiple packages were
designed, fabricated, and tested. The
packages were assembled and soldered
on 5-mil Taconic TLY-5 evaluation PCBs
with 50-Q GCPW traces. Southwest
Microwave (www.southwestmicrowave.
com) 2.4-mm edge-launch connectors
were used to interface the PCBs with
the vector network analyzer (VNA). A
standard short-open-load-thru (SOLT)
calibration was performed up to 55 GHz,
up to the reference plane of the connec-
tors. The insertion-loss measurements
for each package are normalized by sub-
tracting the losses of the PCB thru-line.

MMIC 2-dB Attenuator on Organic
Package

A 2-dB MMIC attenuator is mounted
and wire-bonded on top of an organic
package. Figure 6 shows the package
mounted on top of the PCB, as well as a
close-up of the package without the lid,
depicting the die and the wire bonds.
Figure 7 shows the measured data of the
device. The S,; trace reveals a very flat
response of —2 dB up to 48 GHz. A good
return loss is also observed for the entire
frequency bandwidth.

MMIC 2-dB Attenuator on Ceramic
Package

A 2-dB MMIC attenuator is mounted
and wire-bonded on top of a ceramic
package. Figure 8 shows the package
mounted on top of the PCB, as well as a
close-up of the package without the lid,
illustrating the die and the wire bonds.
Figure 9 shows the measured data of the
device. The S,; trace reveals a very flat
response of —2 dB up to 55 GHz. A good
return loss is also observed for the entire
frequency bandwidth.

Flip-Chip SPDT Switch on Ceramic
Package

A flip-chip single-pole, double-throw
(SPDT) switch is mounted on top of a
ceramic package. Figure 10 shows the
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package mounted on top of the PCB, as
well as a close-up of the package with the
exposed flip-chip die. Figure 11 reveals
the measured data of the device with the
RF2 channel active. A good return loss
is observed over the entire bandwidth.

CONCLUSION

Packages employing both LTCC and
organic substrate materials have been
developed (patent pending). Outstand-
ing electrical performance of both pack-
aging technologies was demonstrated
up to 55 GHz. Both packaging meth-
odologies accommodate a wide variety
of application-specific needs, including
impedance matching, variable die sizes,
and a wide range of I/O pad counts, sig-
nal types (dc or RF), and PCB geom-
etries. By combining standardized and
adjustable features into a tunable pack-
age template, Mini-Circuits’ approach
to packaging achieves desirable electri-
cal performance and broad applicabil-
ity while minimizing turnaround time,
cost, and risk. I

THE AUTHORS would like to thank Mini-
Circuits for providing the resources needed
to conduct the research and develop the in-
novations presented in this article.
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9. The plots reveal measurement results of a 2-dB attenuator on LTCC package.

10. Shown is the packaged IC on evaluation board (left). One can view a close-up of the
package without the lid, showing die and wire bonds (right).
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11. Measurement results indicate good return loss for the SPDT flip-chip switch with RF2
channel active.
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WHO WE ARE

RM Microwave is a Woman-Owned Small Business

specializing in the custom design and manufacture

of passive RF/Microwave components and integrated
subsystem assemblies. We partner with your engineering
team to design custom solutions, solve complex RE/MW
challenges and build to your spec requirements. TRM has
been serving our nation’s top defense and space contractors
since 1970 by providing expert engineering solutions and
highly reliable, innovative products.

PRODUCTS

Our components and integrated assemblies are
prevalent in systems used for Intelligence Collections,
Threat Detection, Analysis, Signal Processing, Satellite
Communications and Radar in the Aerospace, Shipboard,
and Space environments for both Military and Commercial
Industries.

Popular custom products include beamformers,
butler matrices, balun transformers, modulators, phase
comparators, switched combiners and a high-power line of
combiners, couplers and hybrids. We have over 4,000 quick
turn COTS designs including power dividers, combiners,
directional couplers and 90/180 degree hybrids from
DC-40GHz. All products can be customized to customer
spec requirements including space qualification.

DESIGN AND PRODUCTION

TRM will work closely with your RF engineers and
program managers to develop Application Specific
Integrated Modules (ASIM®) that will perform as required -
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Bedford, NH 03110
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COMPLETING YOUR IDEAS®

on time and at a reasonable cost. Plus, our policy of non-
obsolescence means we support your product for life - you will
never be left behind. With the latest RF and microwave design
tools available and our rapid prototype capabilities, we can
turn your ideas into reality.

VERTICALLY INTEGRATED CAPABILITIES

TRM is vertically integrated to handle design, rapid
prototyping, manufacturing, testing and qualification.
In addition to highly skilled, certified operators and
hand assemblers, we have an automated SMT line with
programmable robotic machinery to deliver precise, efficient
components and integrated solutions with consistent reliability.

EXPANSION

In 2020, we will be expanding our facilities by adding on
a two-story building and renovating our original building,
increasing manufacturing space by 33% for a total of 24,376
square feet. The decision comes as a result of needing to
accommodate accelerated production, low-risk requirements,
a rising number of employees and an outstanding 36% revenue
growth in 2018. This additional space will amplify our ability
to ensure customer priorities are met consistently while
delivering products on-time.

MISSION

Our mission is to be your preferred Custom RF/Microwave
Solutions Partner by completing your next-gen ideas with the
most innovative, highly reliable RF/Microwave products so
you can build a better, safer future.
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ldentify Modulation for
Communications and
Radar Using Deep Learning

Signals can be extracted automatically using available frameworks and tools, or via
alternate approaches, which can then be used to perform modulation classification
with a deep-learning network.

odulation iden-

tification is

an important

function for an
intelligent receiver. It has numerous
applications in cognitive radar, soft-
ware-defined radio, and efficient spec-
trum management. To identify both
communications and radar waveforms,
it’s necessary to classify them by modu-
lation type. For this, meaningful features
can be input to a classifier.

While effective, this procedure can
require extensive effort and domain
knowledge to yield an accurate classifi-
cation. This article will explore a frame-
work to automatically extract time-
frequency features from signals. The
features can be used to perform modula-
tion classification with a deep-learning
network. Alternate techniques to feed
signals to a deep-learning network will
be reviewed.

To support this workflow, we will also
describe a process to generate and label
synthetic, channel-impaired waveforms.
These generated waveforms will in turn
provide the training data that can be
used with a range of deep-learning net-
works. Finally, we will describe how to
validate the resulting system with over-
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the-air signals from software-defined
radios (SDR) and radars.

Figure 1 shows the workflow, which
results in modulation identification and
classification.

CHALLENGES OF MODULATION
IDENTIFICATION

Modulation identification is challeng-
ing because of the range of waveforms
that exist in any given frequency band.
In addition to the crowded spectrum,
the environment tends to be harsh in
terms of propagation conditions and
non-cooperative interference sources.
When doing modulation identification,
many questions arise including:

o How will these signals present
themselves to the receiver?

o How should unexpected sig-
nals, which haven’t been received
before, be handled?

o How do the signals interact/inter-
fere with each other?

Machine- and deep-learning tech-
niques can be applied to help with mod-
ulation identification. To start, consider
the tradeoff between the time required
to manually extract features to train a

machine-learning algorithm versus the
large data sets required to train a deep-
learning network.

Manually extracting features can
take time and requires detailed knowl-
edge of the signals. On the other hand,
deep-learning networks require large
amounts of data for training purposes
to ensure the best results. One benefit
of using a deep-learning network is that
less pre-processing work and manual
feature extraction is needed.

With the requirements for percep-
tion generally growing for autono-
mous driving and computer vision,
great investments continue to be made
on image- and vision-based learning.
These investments can be leveraged by
other signal-based applications such as
radar and communications. This is true
whether the data sets include raw data or
pre-processed data.

In the examples described below,
deep-learning networks perform the
“heavy lifting” in terms of classifica-
tion, so the focus is on the best way to
satisfy the data set requirements for
training and validation. Data can be
generated from fielded systems, but it
can be challenging to collect and label
this data.

MICROWAVES & RF
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1. This modulation identification workflow with deep learning uses MATLAB. (© 1984-2019 The MathWorks, Inc.)

Keeping track of waveforms and
syncing transmit and receive systems
results in large data sets that can be dif-
ficult to manage. It’s also a challenge to
coordinate data sources that aren’t geo-
graphically co-located, including tests
that span a wide range of conditions.
In addition, labeling this data either as
it’s collected or after the fact requires
much work, because ground truth may
not always be available or reliable.

Another option is to use synthetic
data, because it can be much easier to
generate, manage, and label. The ques-
tion is whether the fidelity of the syn-
thetic data is sufficient. In the use cases
that follow, we will show that generat-
ing high-fidelity synthetic data is pos-
sible.

SYNTHESIZING RADAR AND
COMMUNICATIONS WAVEFORMS

In our first example, we classify radar
and communications waveform types
based on synthetic data. As previously
noted, the occupied frequency spectrum
is crowded and transmitting sources
such as communications systems, radio,
and navigation systems all compete for
spectrum. To create a test scenario, the
following waveforms are used:

GO TO MWRF.COM

o Rectangular

o Linear frequency modulation
(LEM)

 Barker code

o Gaussian frequency shift keying
(GFSK)

« Continuous phase frequency shift
keying (CPFSK)

o Broadcast frequency modulation
(B-FM)

o Double sideband amplitude mod-
ulation (DSB-AM)

« Single sideband amplitude modu-
lation (SSB-AM)

With these waveforms defined, func-
tions are used to programmatically gen-
erate 3,000 IQ signals for each modu-
lation type. Each signal has unique
parameters and is augmented with vari-
ous impairments to increase the fidelity
of the model. For each waveform, the
pulse width and repetition frequency
are randomly generated. For LFM wave-
forms, the sweep bandwidth and direc-
tion are randomly generated.

For Barker waveforms, the chip
width and number are randomly gener-
ated. All signals are impaired with white
Gaussian noise. In addition, a frequency
offset with a random carrier frequency

is applied to each signal. Finally, each
signal is passed through a channel mod-
el. In this example, a multipath Rician
fading channel is implemented, but oth-
er models could be used.

The data is labeled as it’s generated
in preparation to feed the training net-
work.

FEATURE EXTRACTION USING
TIME-FREQUENCY TECHNIQUES

To improve the classification perfor-
mance of learning algorithms, a com-
mon approach is to input extracted fea-
tures in place of the original signal data.
The features provide a representation of
the input data that makes it easier for a
classification algorithm to discriminate
across the classes.

In practical applications, many sig-
nals are nonstationary. This means that
their frequency-domain representation
changes over time. One useful technique
to extract features is the time-frequency
transform, which results in an image
that can be used as an input to the classi-
fication algorithm. The time-frequency
transform helps to identify if a particu-
lar frequency component or intermit-
tent interference is present in the signal
of interest.
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JOL TECHNOLOGIES/DORADO MILLIMETER WAVE
YOUR PASSIVE COMPONENT SOLUTION FOR RF AND MILLIMETERWAVE

QL Technologies Corp., with the subsidiary Dorado Millimeter Wave, is a global designer and manufacturer of RF

and microwave components and subsystems. Our product solution covers wide frequency band ranging from 70MHz

to 110GHz. Major products include isolators/circulators, filters, couplers, attenuators, microwave devices, waveguide
components and more. With cutting edge design, JQL offers custom solutions for low loss, low IMD, small form factor, high
power applications. JQL provides global support to our customer with our three manufacturing bases and R&D centers located
in North America, Asia and Europe.

THE SMALLEST SMT ISOLATOR/CIRCULATOR! 250W HIGH POWER!

JQL has developed the smallest isolators/circulators for all frequencies from 400MHz
to 40GHz. Our 7mm package is the best choice for 3.5GHz and 4.9GHz bands of 5G
application. Our smallest 5.2mm package for X band delivers 250W power handling.

WHAT SETS US APART FROM OTHERS:
OUR MILLIMETER WAVE 5G SOLUTIONS.
28G OR 38G? WE HAVE BOTH!

Our new SMT microstrip solution is true surface mount with

no need of any additional biased steel plate for installation. The new

solution covers K, Ku and Ka bands, with up to 20dB isolation, 1.0dB insertion loss. Custom
design microstrip isolators /circulator is available from 5Ghz to 40Ghz. JQLs SMT microstrip
series are the smallest and lightest in the industry. As part of our customer’s 5G solution, our
isolator/circulator has been used in the MIMO antenna.

A FULL RANGE OF COUPLERS OMT’'S AND OMT-C’'S

JQLs innovative product line of waveguide couplers, OMTs and OMT-Cs offers customized
solutions to fit any radio in the point to point radio market, covers all frequencies up to E band.

& eiedelclelele””  THE BEST LOW PIM MULTIPLEXER FOR DAS
;"..‘.’ff'f'"’"':"..":'-. AND TESTING
“ﬁ as o . 0 I_- c€w g

R ot . A As an example, JQL designed 11 bands multiplexer for DAS with
o :;‘; :. os 5.8 _:f:‘" g -160dBc PIM. The high-performance multiplexer has been in

: ° .,w: . 3 ® _“n_: ] mass production and installed in multiple sites. We also designed

"‘ o Telove < : . low PIM triplexer with -171dBc PIM performance that is used in
‘.:'f'f’f‘fu-'-- PIM tester.
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Designed For
5G MIMO Active Antenna!!!

The World First SMT Microstrip Patented
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ACCEL-RF o
INSTRUMENTS ™ ==

4380 Viewridge Ave.,

CORPORATION =2 v

ENABLING THE SEMICONDUCTOR REVOLUTION

or over 15 years, Accel-RF Instruments Corporation has been the world leader in supplying equipment for performing

high temperature, long-duration reliability testing on compound semiconductors. Accel-RF specializes in the

development, design, and production of accelerated life-test/burn-in test systems for GaN and other RF compound
semiconductor devices. These systems are turn-key integrated instruments that provide a cost effective, high value proposition
for device manufacturers, fab-less device suppliers, testing-
service providers, original equipment manufacturers, system
integrators, and research and development laboratories. These
test platforms are capable of identifying device wear-out and
performance degradation to end-of-life (EOL) expectations,
usually measured in millions of hours. Accel-RF’s test
equipment has enabled the successful technology development,
product launch, and industry adoption of GaN transistors and
MCMs into the space, military, and commercial wireless 4G/5G
markets.

WHAT WE DO

Accel-RF provides test equipment solutions for
customers across all segments of the product life cycle
curve; our products provide solutions for intrinsic reliability
identification, process control validation, specification
standard deviation characterization, and product
qualification testing. Our customers are looking for a cost
efficient, fast, accurate and consistent way to measure
performance degradation that will provide them with all
the information necessary to take an early action on design,
manufacture or procurement of compound semiconductors.
Accel-RF solutions decrease product development time,
ensure exceptional reliability, and accelerate income
opportunities.

_JAccel-RF

Instruments Corporation

70 MICROWAVES & RF


http://www.accelrf.com
mailto:info@accelrf.com

Industry Applications

Compound Semiconductor R&D
Commercial Wireless

Military & Aerospace

Alternative Energy

Automotive

Telecom .
Satcom Test Solutions

Space

Device Characterization

RF & DC Accelerated Life Testing
Microwave/mm-Wave Test Fixtures
High Voltage Switching Life Testing
Multi-channel HTOL/Burn-in Testing

: 4380 Viewridge Ave., Ste D
, San Diego, CA 92123

Accel-RF =iz

Instruments Corporation www.accelrf.com
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Modulation Identification

Many automated techniques are
available for time-frequency trans-
forms, including spectrogram and
continuous wavelet transforms
(CWT). However, we will use the
Wigner-Ville distribution (WVD)
because it provides good spectral reso-
lution without leakage effects of other
techniques.

The Wigner-Ville distribution repre-
sents a time-frequency view of the origi-
nal data that’s useful for time-varying
signals. The high resolution and local-
ity in both time and frequency provide
good features for the identification of
similar modulation types. We compute
the smoothed pseudo WVD for each of
the modulation types. This is because
for signals with multiple frequency
components, the WVD performance
degrades due to cross terms. The down-
sampled images are shown in Figure 2
for one set of data.

These images are used to train a deep
convolutional neural network (CNN).
From the data set, the network is
trained with 80% of the data and tested
on 10%. The remaining 10% is used for
validation.

SET UP AND TRAIN THE DEEP-
LEARNING NETWORK

Before the deep-learning network
can be trained, the network archi-
tecture must be defined. The results
for this example were obtained using
transfer learning with AlexNet, which
is a deep CNN created for image clas-
sification. Transfer learning is the pro-
cess of retraining an existing neural
network to classify new targets. This
network accepts image inputs of size
227-by-227-by-3. AlexNet performs
classification of 1,000 categories in
its default configuration. To tune
AlexNet for this data set, we modify
the final three classification layers so
that they classify only our eight modu-
lation types. This workflow also can
be accomplished with other networks
such as SqueezeNet.
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Once the CNN is created, training
can begin. Due to the data set’s large
size, it may be best to accelerate the
work with either a GPU or multicore
processor. Figure 3 shows the training
progress as a function of time using a
GPU to accelerate the training. Train-
ing progress is expressed as accuracy as
a function of the number of iterations.
The validation accuracy is over 97%
after epoch 5.

EVALUATING THE PERFORMANCE

Recall that we saved 10% of the gener-
ated data for testing. For the eight mod-
ulation types input to the network, over
99% of B-FM, CPFSK, GFSK, Barker,
Rectangular, and LFM modulation types
were correctly classified. On average,
over 85% of AM signals were correctly
identified. From the confusion matrix,
a high percentage of DSB-AM signals
were misclassified as SSB-AM and SSB-
AM as DSB-AM (Fig. 4).

2 4
Time {ms}

2. Time-frequency
representations of radar and
communications waveforms. (©
1984-2019 The MathWorks, Inc.)

he Wigner-

Ville
distribution
represents a time-
frequency view of
the original data
that’s useful for time-
varying signals.
The high resolution
and locality in
both time and
frequency provide
good features for
the identification of
similar modulation

types.
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4. The confusion matrix reveals the results of the classification.

(© 1984-2019 The MathWorks, Inc.)

The framework for this workflow
enables the investigation of the misclas-
sifications to gain insight into the net-
work’s learning process. Since DSB-AM
and SSB-AM signals have a very similar
signature, this explains in part the net-
work’s difficulty in correctly classifying
these two types. Further signal process-
ing such as the CWT could make the
differences between these two modula-
tion types clearer to the network and
result in improved classification. Spe-
cifically, the CWT offers better multi-
resolution analysis, which provides the
network with better information related
to abrupt changes in the frequency of
the signals.
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5. The distribution of labeled data is set by waveform type.

(© 1984-2019 The MathWorks, Inc.)

This example showed how radar and
communications modulation types can
be classified by using time-frequency
signal-processing techniques and a
deep-learning network. In the second
example, we will look at other tech-
niques to input data into the network.
Furthermore, we will use data from a
radio for the test phase.

ALTERNATE APPROACHES
For our second approach, we generate
a different data set to work with. The data
set includes the following 11 modulation
types (eight digital and three analog):
o Binary phase-shift keying (BPSK)
 Quadrature phase-shift keying

(QPSK)

8-ary phase-shift keying (8-PSK)
16-ary quadrature amplitude
modulation (16-QAM)

64-ary quadrature amplitude
modulation (64-QAM)

4-ary pulse amplitude modulation
(PAM4)

Gaussian frequency-shift keying
(GFSK)

Continuous phase frequency-shift
keying (CPFSK)

Broadcast FM (B-FM)
Double-sideband amplitude
modulation (DSB-AM)
Single-sideband amplitude modu-
lation (SSB-AM)
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TEL | 310-320-1111

TECHNOLOGY, e
INC. |

PROVEN MILLIMETER-WAVE EXPERIENCE FOR HIGH-RELIABILITY APPLICATIONS

uinStar designs and manufactures RF products for communication, scientific, and test applications. We excel in
millimeter-wave products, microelectronic assembly, rapid prototyping, and mass customization. We serve both
established and emerging markets with system applications in the commercial, scientific, and defense arenas.

WHAT WE'RE ABOUT
At QuinStar, we know good decision making requires good information. We see ourselves as an essential part of the global
effort to provide real-time, critical information for the decisions that advance humankind.

Vision: A world more connected with real-time, critical information.

We see a world of unlimited potential when real-time, critical information is readily
available for decision making. Our work supports transformative technologies including
autonomous vehicles, satellite communications, environmental sensing, quantum computing,
and the ever-expanding Internet of Things.

Mission: Engineering SMART millimeter-wave and RF solutions.

QuinStar exists to develop, manufacture, and deliver millimeter-wave and RF solutions.
From high-level Re&D efforts to requirements-driven program innovation to standard

components, QuinStar meets the exacting needs of our customers.

WHAT WE DO

QuinStar products include standard components; specialized high-
performance active and passive components; and fully integrated and
customized assemblies and subsystems.

Our customers span the globe. Our RF and MMW experience includes
working with all major research institutes, high-reliability spaceflight payloads,
and volume production of defense hardware.

STRATEGIC GROWTH INCREASES CAPABILITIES

We were founded in 1993 by seasoned aerospace engineer-managers. To achieve our Mission, we are strategically increasing
our footprint, acquiring business assets that further strengthen and expand our vertically integrated business model. As a
result, our manufacturing capabilities now include IMPATT diodes, cryogenic components, and, most recently, software-
defined RF solutions.

UPGRADES INCREASE CAPACITY /
Recent facility upgrades align our operations with our Vision. QuinStar’s 65,000 sq. ft. —
of workspace spans two buildings. We've added a Class 10,000 clean room to support our
work on space-qualified hardware and significantly upgraded our near-field antenna range, QU I NSTAR
environmental test facility, and machine shop. Key equipment upgrades include two wafer- TECHNOLOGY

probe stations and an automated inspection microscope. One wafer-probe station tests

MMICs over the frequency range of 7 KHz to 145 GHz in one sweep. The second wafer- fe

probe station has a temperature-controlled chuck, which allows us to make chip-level power measurements at V/W-band
frequencies. The automated inspection microscope with CMM enables 3D measurement on complex geometries.
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Modulation Identification
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6. Shown are examples of time representation of generated waveforms (left) and corresponding time-frequency representations (right).

(© 1984-2019 The MathWorks, Inc.)

In this example, we generate 10,000
frames for each modulation type.
Again, 80% of the data is used for
training, 10% is used for validation,
and 10% is used for testing as shown
in Figure 5.

For digital modulation types, eight
samples are used to represent a sym-
bol. The network makes each decision
based on single frames rather than on
multiple consecutive frames. Simi-
lar to our first example, each signal is
passed through a channel with addi-
tive white Gaussian noise (AWGN),
Rician multipath fading, and a random
clock offset. We then generate channel-
impaired frames for each modulation
type and store the frames with their
corresponding labels.

To make the scenario more realistic, a
random number of samples are removed
from the beginning of each frame to
remove transients and to make sure that
the frames have a random starting point
with respect to the symbol boundaries.
The time and time-frequency represen-
tations of each waveform type are shown
in Figure 6.

7. Results with I/Q components are

represented as rows (top) and as pages
(bottom). (© 1984-2019 The MathWorks, Inc.)
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8. The SDR configuration uses ADALM-PLUTO
radios (left). Also shown is a corresponding
confusion matrix (right). (© 71984-2019 The
MathWorks, Inc.)

TRAIN THE CNN AND EVALUATE
THE RESULTS

For this example, a CNN that consists
of six convolution layers and one fully
connected layer is used. Each convolu-
tion layer except the last is followed by
a batch normalization layer, rectified-
linear-unit (ReLU) activation layer,
and max pooling layer. In the last con-
volution layer, the max pooling layer is
replaced with an average pooling layer.
To train the network, a GPU is used to
accelerate the process.

In the previous example, we trans-
formed each of the signals to an image.
For this example, we look at an alternate
approach where the I/Q baseband sam-
ples are used directly without further
preprocessing.

To do this, we can use the I/Q base-
band samples in rows as part of a 2D
array. In this case, the convolutional
layers process in-phase and quadrature
components independently. Only in
the fully connected layer is information
from the in-phase and quadrature com-
ponents combined. This yields a 90%
accuracy.

A variant on this approach is to use
the I/Q samples as a 3D array where the
in-phase and quadrature components
are part of the third dimension (pages).
This approach mixes the information

GO TO MWRF.COM
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TESTING WITH SDR

rameworks

and tools
exist to automatically
extract time-
frequency features
from signals. These
features can be used
to perform modulation
classification with
a deep-learning
network.

in the I and Q evenly in the convolu-
tional layers and makes better use of the
phase information. The variant yields
a result with more than 95% accuracy.
Representing I/Q components as pages
instead of rows can improve the net-
workK’s accuracy by about 5%.

As the confusion matrix in Figure 7
shows, representing I/Q components
as pages instead of rows dramatically
increases the ability of the network to
accurately differentiate 16-QAM and
64-QAM frames and QPSK and 8-PSK
frames.

In the first example we described
(with radar and communications sig-
nals), we tested the trained network
using only synthesized data. For the
second example, we use over-the-air
signals generated from two ADALM-
PLUTO radios that are stationary and
configured on a desktop (Fig. 8). The
network achieves 99% overall accuracy.
This is better than the results obtained
for synthetic data because of the simple
configuration. In addition, the work-
flow can be extended for radar and
radio data collected in more realistic
scenarios.

SUMMARY

Frameworks and tools exist to auto-
matically extract time-frequency fea-
tures from signals. These features can
be used to perform modulation classi-
fication with a deep-learning network.
Alternate techniques to feed signals to
a deep-learning network are also pos-
sible.

It’s possible to generate and label syn-
thetic, channel-impaired waveforms
that can augment or replace live data
for training purposes. These types of
systems can be validated with over-the-
air signals from software-defined radios
and radars. [
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VAUNIX

www.Vaunix.com
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With over 60 low-cost, portable, and programmable Lab Bricks™,

Vaunix is ushering in a new era of ATE.

LAB BRICK APPLICATIONS INCLUDE:
- Wi-FiTesting

«Radar Systems Testing and Design
- Engineering/Production Test Labs

- MIMO and SIMO Field Testing

- Wireless Fading Simulation Testing
- Handover Testing

« 5G Wireless Research and
Development

-3G and 4G Wireless Simulation

« RF/Microwave Automated Test

Equipment (ATE)

« Portable RF/microwave LO Source
« Phased Array Antenna Systems

+ Phase Modulation

- Signal Cancellation

- Beamforming

Vaunix has recently released Rev. II of their
2019 Product Guide and has published several Tech
Briefs offering instruction and insight on how best to

use programmable test devices. Download them at
https://vaunix.com/updates/resources/
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VauniX

t’s hard to imagine a day when the most sophisticated of

microwave test benches in the world won't still include a full-

featured, preprogrammed piece of high frequency test equipment.
They’re simply one of the most powerful tools an RF/microwave
design/engineering and testing team can have at their fingertips. But
what happens when you need to conduct a simulation or test in the
field? Even if you could manage to pick one up and carry it for any
distance, you certainly wouldn’t want to be the one to drop it.

Enter Vaunix. This private company in Newburyport,
Massachusetts has been answering the call for portable high-
performance test devices for over a decade and has developed a line
of 60+ standardized devices at various bandwidths. With this many
options, you now have the unique ability to pick up a device with the
exact function, frequency, and performance for your current need—
without breaking the bank—or your back.

“Lab Bricks are solid-state, portable, driver-less, USB human
interface device (HID) class devices that you can operate from our
intuitive Windows GUI, or by using our supplied library of Windows™
and Linux™ APIs that support Python™, C#, C++, MATLAB™, Java™,
LabVIEW™ and more,” says Scott Blanchard, President at Vaunix.

USB HID compatibility was chosen by Vaunix to avoid the
difficulties inherent in using older serial or IEEE-488 interfaces when
implementing over USB. As a result, RF/microwave and wireless
test system designers do not need to install kernel level drivers. This
makes set up fast, even with low-cost embedded computers, such
as a Raspberry Pi. They provide wireless ATE designers and RF/
microwave engineers the ability to set up and conduct a number of
wireless network and/or RF bench tests quickly without the high cost
and learning curve of traditional benchtop test equipment.

“In every case, we have stressed continuity,” Blanchard continues.
“That is, whether you're operating our signal generators, phase shifters,
attenuators, or switches singly or together, all adjustments you make
are performed almost identically. This makes everything, from set-
up through operation far easier than if all the user interfaces were
different. And in each case, you configure and control these products
from a single interface, rather than through layers and layers of menus.
Once you connect the device to the laptop or other computer, the
software automatically identifies it, loads the parameters (attenuation,
phase, power, and sweep configuration stored in the device (or devices),
and lets you change settings on the fly to see what effect they have on
the device under test. Its a great help in evaluating an amplifier on an
evaluation board, for example, optimizing your circuit’s performance,
and many other things.”
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MORE BANDS,
MORE CONTROL,
MORE INTEGRATION...

| DETR- N

Still not complicated.

It's becoming easier than ever to use a Lab Brick Order now at Vaunix.com
programmable device for your wireless system testing Digital Attenuators | Starting at $375
and microwave ATE needs. Our suite of devices now Signal Generators | Starting at $1,399
includes models up to 40 GHz. New signal generators Phase Shifters Starting at $755
boast wider bandwidths and higher dynamic range. RF Switches Starting at $399

Multi-throw switches offer 300 ns of switching speed,
and our attenuators now feature up to 8 channels U

with the same incredible 0.1 dB step size as our single - n
and 4-channel models. Va l—l l X

We now offer custom integrated subsystems, too,

like this single-unit wireless handover test system.
Learn more at Vaunix.com/custom-wireless-test
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NEERAJ DANTU, MASOOD MURTUZA, and GENE FRANTZ | Octavo Systems LLC

www.octavosystems.com

Path to Systems:
Opportunifies and
Challenges for Next-Gen
Semiconductor Infegration

This article explores challenges and solutions to the pace of integration and increased
performance needed for tomorrow’s embedded applications, and how system-in-

package fits into it all.

n the 70 years since the transistor was invented' and 60

years since the integrated circuit (IC) was invented,?

we have taken the computer out of large rooms and

put them into our pockets. It’s been an amazing time
where we have been able to impact every aspect of society with
the innovations enaby these two moments in history. Now
we're in the process of taking the computer out of our pockets
and putting it into our clothing, into our bodies, and into our
imaginations.

At the same time, we have completely removed the need
for wires when communicating with other people through-
out the world. Instead of having to fly halfway around the
world for a face-to-face conversation, we can do that instan-
taneously with the push of a button. Now instead of suffering
from “jetlag”, we instead suffer from “netlag” It’s amazing
now to find ourselves on the threshold of computers talking
and listening to us in the same ways we communicate with
other people. Computers, of course, now talk to each other
without human intervention. One can only guess what will
be next.

These advances have created several challenges (or should
we say opportunities) for electronic designs and therefore the
semiconductor industry:

1. The focus of electronic design has moved from the

component to the system.

2. The demand for performance has outstripped our

capacity and capability.

3. The demand for ultra-low power (e.g., long battery life)

has become the new performance metric.

80

4. Theres a continuous demand for faster product intro-
duction cycles.

5. The innovation enabled by using technology no longer
requires us to understand the technology we’re using.

In this article, we'll discuss the opportunities that are ahead
for the semiconductor industry and how they will drive the
next round of innovation. Then we'll propose an idea on how
to enable the next round of innovation. Finally, we’ll make
some concluding remarks as to our view of that exciting future.

External Counter

Interrupt Input
Interrupts 4k 128 Timer1

Control Timer 0

Bus
Control

Bus

osc Control

4 I/O Port

i

PO P2 P1 P3

Address/
Data

1. The first microcontroller was developed in 1971 by Texas Instruments,
which had a block diagram similar to the one shown.
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OPPORTUNITY

One of the interesting evolutions that has occurred in the
semiconductor industry is the move in focus from the com-
ponent to the system. That is, instead of just creating compo-
nents, which can then be used to create systems, the focus is
to now create a system design and then determine the optimal
set of components needed to implement that system. This may
seem to be a subtle change, but is a valuable insight to help us
continue the integration path Dr. Gordon Moore envisioned
in 1965.%

If we look back at early microprocessor and microcontroller
devices, they had very little integrated memory and typically
had no industry-standard peripherals (Fig. 1). Compare that
to contemporary microprocessors (Fig. 2), which are com-
plete systems with all (yes using the word “all” is a bit of an
overstatement) of the memory and peripherals needed for a
complete computer system.*

However, the pace of integration and increased perfor-
mance in processor systems haven't exactly kept up with the
demand for performance from the software and embedded-
systems designers as they grow hungrier for more every year.
The performance demands at the beginning of the micro-
computer era to create new audio or video products were well
within the state of the art of semiconductor technology.

But we're now seeing opportunities in fields such as artificial
intelligence (AI), machine learning, image understanding, and
cloud computing stretching the limits of contemporary per-
formance. Not only are these applications demanding expo-
nentially more performance, they also want better integration
of heterogeneous components such as FPGAs, GPUs, hard-
ware accelerators, and processors for targeted applications.
These demands are driving the performance requirements
well beyond Moore’s law.

At the same time, we're seeing computer systems shrinking,
with the end goal being the concept of “smart dust”® To make
this possible, the focus changes from driving performance to
reducing power dissipation so as to, in the end, power these
devices using as little energy as body heat.”

During the past 10 years, with the advent of smart devices,
the electronics consumer industry has been in a constant state
of competition that has driven semiconductor innovation to
an unprecedented level. With the design services market seg-
ment forecasted to grow with a 7.24% CAGR between 2018 to
2023, there has been a consistent demand for ways consumer
electronics companies could reduce/eliminate the effort they
have to invest to introduce new products by abstracting the
menial tasks of system design.

Finally, the most interesting aspect of the opportunities
ahead is the ability to use technology without the need to
deeply understand it. Platforms like Arduino,” Raspberry
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Pi,'% and BeagleBone!! have made it possible for creative non-
engineers to take advantage of the technology to innovate in
their areas of passion. As this non-technical creative com-
munity begins to create new requirements for semiconductor
devices, it’s important to make sure those requirements are
met in a meaningful way. The goal is to eliminate the increas-
ingly higher barriers of entry that surround electronic design
and manufacturing.

ARM
Cortex-A8
up to 1.0 GHz
132K/32K L1 wiSED.
| 256K L2 w/ECC |

Graphics Display

24-bit LCD Ctrl (WXGA)
Touchscreen Gontrioller (TSC)?
w/crypto acc.
i - _ Ethernet/IP™ & more
;
L3 and L4 Interconnect

Serial Interface

Parallel

MMC/SD/
SDIO x3

GPIO
USB 2.0 0TG
+ PHY x2

wDT

[

. R .

" eHRPWM x3
eQEP x3 |

I eCAPX3 |

_ JTAGETB ||

EMAC 2-port
10/100/16
w/switch

(ML, RMIL, RGMIT)

Memory Interface
LPDDR1/DDR2/DDR3

NAND/NOR (16-bit ECC)|

AM335x

ADC® (8ch)
| 12-bitSAR |
NOTES:

" >800MHz available on 15x15 package,13x13 supports up to 600MHz
® Use of TSC will limit available ADC channels
SED: Single error detection/parity
2. The block diagram represents Texas Instruments’ AM335x ARM

Cortex-A8 based microprocessor system-on-chip.

THE SYSTEM-IN-PACKAGE SOLUTION

The key to successfully create any solution is to first find
the need to be realized and then find the technology that
makes it possible. For the semiconductor industry, this solu-
tion needs to enable system designers and product develop-
ers to simplify product design while offering them what
they need in terms of performance and features, essential-
ly addressing each of the opportunities described earlier.
We argue that the solution lies in system-in-package (SiP)
(Fig. 3).

There are fundamental requirements that the proposed SiP
solution should satisfy, without which its usefulness is limited.
The requirements are:
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IGLENT TECHNOLGIES is an international, high-technology company with focus on research & development,
engineering, manufacturing, sales and service support for electronic test and measurement instrumentation.

The company strives to provide innovative features and functionality with a strong commitment to quality and
performance.

TEST & MEASUREMENT INSTRUMENTS
SIGLENT designs and manufactures a full line of - ﬁ
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test and measurement instruments, including: _ i | SCC GG«
«  Digital Oscilloscopes
o RF Generators

o Spectrum Analyzers

o Waveform Generators
o Network Analyzers
o DC Power Supplies

o Programmable DC Loads

o  Digital Multimeters

o Handheld Oscilloscopes

ABOUT US
SIGLENT has seen Innovation is one of the core values at SIGLENT. Over
significant annual growth 15% of total sales are invested into research and development
' year over year by focusing on annually. The company has acquired numerous patents, with
providing — “The Best Value in many innovative core technologies that end up leading a global
Electronic Test & Measurement.” trend. SIGLENT employs over 300 people, with more than 100
Each year SIGLENT introduces engineers working in several departments including hardware,
new products with new expanded functionalities software, industrial design, test, and the advanced equipment
that meet the growing needs of RF and Electronic environmental lab,

Engineers. A unique “Orbital Care” program

provides lifetime value by continuously releasing free
firmware updates that enhance the performance and
functionality of its products. Learn more about SIGLENT at www.siglentna.com.
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ireless Telecom Group, Inc., comprised of Boonton Electronics, CommAgility, Microlab and Noisecom, is a

global designer and manufacturer of advanced RF and microwave components, modules, systems and instruments.

Serving the wireless, telecommunication, satellite, military, aerospace, semiconductor and medical industries,
Wireless Telecom Group products enable innovation across a wide range of traditional and emerging wireless technologies.
With a unique set of high-performance products including peak power meters, signal analyzers, signal processing modules,
LTE PHY and stack software, power splitters and combiners, GPS repeaters, public safety monitors, noise sources, and
programmable noise generators, Wireless Telecom Group supports the development, testing, and deployment of wireless
technologies around the globe.

BOONTON

Boonton is a leader in high performance RF and microwave test equipment
for radar, avionics, electronic warfare, satellite and wireless communications
(4G/5G/Wi-Fi), and EMI/EMC applications. The Boonton product portfolio
includes peak and average RF power meters, real-time USB Power sensors, RF
voltmeters, modulation analyzers, and audio analyzers.

COMMAGILITY

CommaAgility is a developer of embedded signal processing and RF
modules, and LTE PHY/stack software, for 4G and 5G mobile
network and related applications. Combining the latest DSP, FPGA
and RF technologies with advanced, industry-leading software,
CommAgility provides compact, powerful, and reliable products for
integration into high performance test equipment, specialized radio
and intelligence systems, and R&D demonstrators.

MICROLAB

Microlab provides RF components and integrated solutions enabling 4G and
5G wireless network densification and reliable in-building coverage for public
safety. Asleader in high-performance broadband, low loss, and low PIM (passive
intermodulation) solutions, Microlab products enable signal distribution and
deployment of in-building DAS (distributed antenna systems), wireless base stations,
and small cell / D-RAN networks.

NOISECOM

Noisecom is a leading provider of RF and microwave noise sources for signal
jamming and impairment, simulation of OFDM (4G/5G/Wi-Fi) modulated signals,
calibration of test systems including OTA applications, and jitter injection for
digital communication system stress testing. Electronic noise generation devices
from Noisecom come in a variety of product types which can be tailored to specific
requirements and includes noise diodes, built-in-test modules (BITE), calibrated
noise sources, jitter sources, cryogenic noise standards and programmable

instruments.
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Faster. Simpler. More Affordable.
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for 5G OTA calibration, verification, and measurements.
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SiP Technology

o The integration of diverse active semiconductor com-
ponents and passive components into one system where
the active components could be microprocessors, mem-
ories, specialized processing devices, analog circuits,
power management, and sensors.

o The miniaturization of the resulting implementation
and system footprint.

o Scalability allowing for low-volume opportunities to
high-volume opportunities without a cost burden to
either end of the scale.

 The ability to provide system-level hardware sub-mod-
ules of often-used subsystems. You might call this sub-
system-in-package (SSiP).

o Quick, low-cost, prototyping and testing alternatives
through flexibilities in design and interconnection
methodologies.

This is where the concept of “what is good in the world of
semiconductors” complements the concept of “what is good
in the world of systems.” For example, the concept of fan-out
wafer-level packaging (FO-WLP)!21314 has been developed
to allow the creation of semiconductor devices that shrink
feature size of the IC beyond the physical constraints of a
system design. The result is taking semiconductor die that
are too small to use as a system-level component and putting
them in larger packages, made up of low-cost materials, which
are large enough to be used in system designs. The size of
these larger packaged components enables them to be used on
printed circuit boards (PCBs) to create custom systems.

This currently existing technology is one proposed solution
that addresses some of the opportunities that we discussed.
Though it’s a step in the right direction, it doesn't satisfy all of
the requirements of a system component. It partially addresses
the complexity of design and manufacturing issues, but doesn't
allow for miniaturization or higher level of integration, both of
which can be addressed in a SiP solution. As we discuss more
about the proposed SiP solution in our series, we will delve
into how each of these requirements can be satisfied (Fig. 4).

Finally, it’s important to characterize the target areas and
markets for SiP technology, as the semiconductor industry
is also vastly diverse in its requirements. These requirements
may sometimes include specialized functionalities and cus-
tom hardware that might not fit within the SiP framework.
But, advances and improvements to the existing SiP architec-
ture can help address most use cases. The goal of this article
series will be to make a compelling value proposition for
system-in-package technology while addressing how it beats
the challenges presented by the opportunities introduced in
this article.

LOOKING AHEAD

Significant levels of semiconductor integration have already
been achieved, and consumers are already benefiting from
this through smaller and better performing smartphones and
other electronic devices. As we develop new ways of 2.5D and
3D integration that reduce cost and increase manufacturabil-
ity, it's important to look at the bigger picture in terms of needs
and technologies and to connect them in a meaningful way.

3. System-in-package integrates a diverse set of semiconductor components and passives into one package, miniaturizing the hardware while

also simplifying design and manufacturing.
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4. SiP technology can solve a lot of existing electronics design and manufacturing issues, allowing

for faster and easier development of electronics.

The bigger picture for electronic system design would be
to have a design flow that’s both systems-centric (SiP and
PCB) and component-centric (SoC). The system-centric
portion of the design flow requires the ability to integrate
various semiconductor devices that are each manufactured
with its own optimized process, along with hundreds of pas-
sive devices.

Finally, the overall design flow from IC creation to system
creation needs to economically scale up or down (both vol-
ume and cost) without burdening either end of the design
flow. System-in-package technology provides a perfect sweet
spot to solve many design and manufacturing problems while
addressing new opportunities and requirements. T

NEERAJ DANTU is an Applications and Systems Engineer at Oc-
tavo Systems. As a recent graduate, Neeraj is excited to be a part
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Octavo change the face of electronic design and manufacturing.
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DELIVERING MILLIMETER-WAVE SOLUTIONS

pacek Labs, Inc. is an ISO 9001:2015-certified, ITAR-registered, woman-owned, small business operating in Santa

Barbara, Calif., for over 36 years. From engineering through manufacturing, we are involved in every aspect of building

both active and passive millimeter-wave and microwave components and systems operating with RF frequencies from
10 to 110 GHz.

Come join our team! Spacek Labs is currently looking for an experienced RF engineer. Contact us at careers@spaceklabs.com.

Spacek Labs occupies two adjacent industrial buildings with 10,000 square feet. Our facilities include mm-wave design,
development, and assembly laboratories, 30 separate assembly/test benches ranging from 10 kHz to 110 GHz with additional
equipment and benches for project-specific work stations as required. Our on-site machine shop ensures consistent quality
standards are met and prototype work is achieved with efficiency. Our testing facilities include vector network analyzers,
spectrum analyzers, and a screen room (Faraday cage) for low-noise testing. We have the environmental equipment to
temperature test our devices from —55°C to +165°C, as well as in-house cryogenic test facilities capable of temperatures as low
as 15° Kelvin. Our digital design capabilities include 2D and 3D
CAD and EM simulation.

PRODUCT FOCUS: MM-WAVE TRANSCEIVERS

SPACEK LABS’ TRANSCEIVER designs are available in any
frequency band between 10 to 110 GHz. Our engineers will
design the exact solution for your transceiver requirement
with single or multiple channels. Transmit channels offer a

high 1-dB compression point output power. Receive channels
have a low noise figure with 20-dB typical gain and 60-dB
rejection of the unwanted sideband. Cross-channel isolation
is greater than 60 dB.

OUR MISSION

WE ARE DEDICATED to providing our customers
with the highest-quality millimeter-wave and microwave
components and assemblies for commercial, military,
and space applications. Customers include Government,
universities, research institutions, and private industry.
Our number one priority is fast, reliable delivery with the
highest performance possible and unparalleled quality
whether the order is large or small.

_/“W
SPACEK LABS

MM-WAVE TECHNOLOGY
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What'’s the Difference?
JACK BROWNE | Technical Contributor

Comparing

Narrowband and
Wideband Channels

Narrowband and wideband communications channels make use of available
bandwidth in different ways—so employ them according to the requirements of a
particular application.

andwidth is limited at all frequencies. This

holds true whether we're discussing those in the

kilohertz range used for amplitude-modulated

(AM) radio broadcasting; microwaves and mil-
limeter waves for commercial and military radar systems; or
those frequencies bands with the shortest-wavelength elec-
tromagnetic (EM) signals, including infrared (IR), ultraviolet
(UV), x-rays, and gamma rays.

No single component, such as a filter or amplifier, has
enough bandwidth to handle them all. But some components
are designed for more narrowband use while some are wide-
band and can process (for example) a number of different
communications frequency bands at the same time. It might
make economic sense to use a single amplifier or filter rather
than two of each to tackle two different frequency bands in
a system. But just what are the tradeoffs (other than cost) in

90

using wideband rather than narrowband components in an
RF/microwave system?

Narrowband communications channels have long been used
in many applications that have depended upon achieving reli-
able links in different operating environments, such as in tacti-
cal military radios and industrial monitoring purposes. But as
more information must be conveyed between two points by
wireless means, such as for video streaming and advanced sur-
veillance systems, wideband communications channels with
their greater data capacities become more attractive.

In terms of transmitted and received signal information,
more bandwidth translates into higher data rates. For instance,
depending upon the speed of available analog-to-digital con-
verters (ADCs) and digital-to-analog converters (DACs),
achieving a data rate of 1 Gb/s with a wireless communications
system will require at least 100 MHz of contiguous bandwidth.

MICROWAVES & RF
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/ Signal

Narrowband

/ Signal

UWB

Narrowband signals occupy much less frequency spectrum and
require less transmit power for a given application than wideband
signals, while UWB signals are short pulses that send information
while briefly occupying a large portion of the traditional communica-
tions frequency spectrum.

However, finding that much contiguous bandwidth in today’s
crowded spectral environment can be quite difficult, espe-
cially at lower frequencies.

This is one of the several reasons why planners of the
emerging 5G wireless communications network are looking
to millimeter-wave frequencies and their available bandwidths
in support of high-speed data communications links, both
for terrestrial links and those incorporating low-earth-orbit
(LEO) satellites. Transmitting and receiving more voice, video,
and data over wider-bandwidth frequency channels comes at a
cost, however, since wider sections of frequency spectrum also
contain greater numbers of noise sources and higher levels of
noise (see figure above).

In contrast to narrowband channels, where the amount of
noise within the channel is limited by effective filtering to sup-
press any noise and interference outside of the frequency band
in use, wideband channels can limit the noise appearing at
frequencies outside of the channel. However, any signals that
are transmitted within the band must compete with the noise
floor of that section of spectrum.

As a result, typically higher transmit signal power is needed
in a wideband channel to overcome the noise level—as well
as other factors, such as signal propagation losses—so that a
significant signal level will appear at the receiver and meet the
receiver’s minimum signal-to-noise-ratio (SNR) performance
requirements for reception and processing.

In short, wideband channels can carry more informa-
tion than narrowband channels, but they typically require
more power to do so. Narrowband channels typically carry
much less information than wideband channels and operate
over shorter distances between transmitter and receiver. But

GO TO MWRF.COM

because narrowband channels have less noise and typically
lower noise floors (depending upon the channel bandwidth)
than wideband channels, they require less transmit power
levels than communications systems with wideband channels
and can typically operate with lower transmitter and receiver
power supplies than communications equipment with wide-
band channels at nearby frequencies.

In fact, the lower operating-power requirements of narrow-
band communications equipment often makes it the preferred
solution for applications that require transmission of limited
information over relatively short distances, but may require
operation by means of battery power, such as in a portable
and/or mobile electronic device.

The frequencies intended for different communications
(and other) systems are tightly orchestrated and allocated by
federal organizations within a country, such as the U.S. Federal
Communications Commission (FCC) and the International
Telecommunications Union (ITU). Without this control, it
would be possible for multiple signals from different applica-
tions to occupy the same segment of bandwidth, such as tun-
ing to a frequency channel on an AM or FM radio and receiv-
ing two broadcast stations at the same time (and not being able
to make sense of either station).

Similarly, two different radio communications systems with
different center frequencies, but with overlapping bandwidth,
will serve as interference sources for each other, depending
upon such factors as transmit power and receiver selectivity and
sensitivity. If the sensitivity of one radio is high enough to detect
a signal that falls within its bandwidth, that outside signal will
act as interference. For this reason, both center frequencies and
their bandwidths must be monitored and controlled.

In terms of practical applications, if given an available por-
tion of spectrum (such as 100 MHz), does it make more sense
to use the entire radio bandwidth in one application or to
break it into multiple applications? In some cases, such as in
pulsed ultrawideband (UWB) communications systems, most
of the available bandwidth may be used at extremely low pow-
er levels to send a great deal of information, albeit transmitting
for very short pulse periods (see sidebar on page 94).

Different wireless applications have different electrical
performance requirements. Narrowband communications
channels are limited in the amounts of instantaneous voice,
video, and data they can carry compared to wideband chan-
nels. The movement of a receiver and/or transmitter, as in a
mobile wireless radio application, can also impact the capabil-
ity of a narrowband receiver compared to a wideband receiver
attempting to detect higher broadband signal levels. Nar-
rowband radio channels are typically used for shorter-range,
fixed-location wireless applications, such as radio-frequency
identification (RFID) and commercial vehicle remote keyless
entry (RKE) devices.
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t Times Microwave Systems, we have more than 70 years of experience crafting interconnect solutions for RF and

Microwave applications. Over the years, our expertise has led to the development of the renowned LMR® cables.

These flexible, low loss 50 Ohm coaxial cables have become the industry standard. But we didn’t stop there. Our
PhaseTrack® line offers superior stability for phase critical applications up to 50GHz. We also offer MaxGain® assemblies that
are perfect for 5G and military applications. These cables are easy to install and provide low loss and stability from DC to
50GHz. Unlike other manufacturers with limited offerings, we have the industry’s largest product portfolio - our goal is to
find the right product for any application. If our standard product is not the right fit for you, our team will design a custom
interconnect solution. We are more than a cable manufacturer - we are an engineering company committed to solving the most
complex interconnect challenges.

ABOUT US

Times Microwave staffs over 100 engineers around the
world. They are the experts in cable and connector design,
manufacturing, and cable assembly. Their focus is to develop
innovative products using the latest material technology,
like the closed-cell low-loss polyethylene foam dielectric
and low-loss taped PTFE dielectric. Our experts were
the first to manufacture cables with reduced periodicity
and impedance-matched interfaces. They pioneered the
manufacture of transmission lines with low VSWR over
broadband frequency ranges up to 40 GHz. Over time, our
ingenuity led the way to the design of low smoke cables for
shipboard, airborne and ground-based military interconnect
systems. Today, we offer the most comprehensive line of
high-performance flexible and semi-rigid coaxial cables,

connectors, and assemblies in the market.

CONTACT US

Our global manufacturing capabilities are unmatched. This
allows us to meet your most complex needs. From telecom to
defense systems, we build reliable cable assemblies for the most
hostile environments. We offer complete test data on VSWR,
insertion loss, corona, and other mission-critical assemblies.
Our products have been proven over time, and so has our
technical expertise. Let our experts help you find the right RF
and Microwave interconnect solution for your application.
Email us at techquestions@timesmicro.com or call +1 (800) 867-
2629.

Follow us on LinkedIn and subscribe to our monthly
newsletter at http://eepurl.com/gHCamD.

TIMES MICROWAVE SYSTEMS

An Amphenol Company
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WE CAN CUSTOMIZE THE
PERFECT INTERCONNECT
SOLUTION FOR YOUR NEEDS

Phase Critical

These applications demand minimal phase change over
temperature. Our PhaseTrack® is designed with a proprietary
TF4™ dielectric for superior stability for frequencies up to ¥
50GHz

The MaxGain® assemblies offer low loss and stability from DC
to 50GHz frequencies. This lightweight option is easy to install
and the perfect fit for 5G and military applications.

LOW PIM

The TCOM® family of cables features better than -155 dBc
intermodulation distortion. These cables are very flexible and
perfect for field deployable applications.

RF COVERAGE FOR ENCLOSED AREAS

The T-Rad®-400 leaky feeder cables are lightweight, lower
cost and easy to install non-kinking options for RF coverage in
enclosed areas.

Do you have a challenging application? Let us help!

www.timesmicrowave.com ¢ techquestions@timesmicro.com «1-800 867-2629
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Narrowband vs. Wideband

MAKING ENDS MEET

In cellular communications networks (e.g., the 4G LTE
systems currently in service), a variety of relatively narrow
bands are employed to support different service applications,
including emergency service functions. While this use of
narrow bands within the available spectrum helps to mini-
mize interference, it poses challenges to infrastructure and
mobile device manufacturers to specify suitable components
for devices in each band without having to acquire an enor-
mous volume of inventory in components—such as receiver
and transmitter components—to support a different block
diagram for each cellular service band.

A number of component and integrated-circuit (IC) suppli-
ers for modern wireless communications systems that employ
any number of multiple narrowband channels, including
Skyworks Solutions (www.skyworksinc.com), have turned to
integrating the functionality for multiple frequency bands
within a single IC or module. As an example, the SKY13713-
21 from Skyworks is a low-noise-amplifier (LNA) diversity
module capable of supporting multiple wireless standards and
narrower frequency bands using a single device.

It is supplied in a compact surface-mount package for ease
of installation in a portable, mobile device, such as a man-
pack radio or cellular telephone, and allows switching among
different operating frequencies and cellular service bands
(including 3G and 4G cellular bands), so that one part can be
used for many different block diagrams. The integration of
front-end components, such as amplifiers and filters, within

a single component for these different narrowband designs
eases inventory issues for system integrators and manufactur-
ers. It also provides a practical solution for designing com-
munications systems with dedicated or multiple narrowband
frequency ranges.

Both narrowband and wideband communications channels
have their purposes, and components and modules are needed
for both approaches, since they will support different applica-
tions. As noted, the multiple-function promises of 5G wireless
communications networks with their “instant data and video”
assurances will require wideband channels—and for many of
them, so much so that 5G system planners are reaching into
millimeter-wave frequencies with their wide bandwidths for
the capacity to carry all the information expected to be carried
through 5G wireless networks.

But 5G is only one of a number of emerging global wireless
applications expected to change the world, with such applica-
tions as “connected cars” and Internet of things (IoT) sensors
sending data to the Internet wherever they can provide infor-
mation. The potentially billions of IoT sensors that will require
wireless connectivity for access to the internet will, for the most
part, be sending their data by means of narrowband channels,
at whatever frequencies those channels can be formed. The
need for front-end components and integrated front-end mod-
ules will only grow during the next few years, as the applica-
tions for both wideband and narrowband channels continue to
expand, and this truly starts to become “a wireless world” Tl

WHAT ABOUT USING UWB COMMUNICATIONS?

TRADITIONAL ELECTRONIC COMMU-
NICATIONS SYSTEMS have employed
wideband channels, narrowband channels,
and sometimes a combination of both, with
different types of signal modulation typically
based on changes in amplitude, frequency,
or phase. But pulses have also been used
in a form of communications system known
as ultrawideband (UWB) communications.

In UWB communications systems,
information is transmitted and received
over wide bandwidths, typically greater
than 500 MHz or 20% of the arithmetic
center frequency (such as 200 MHz of 1
GHz), in a way that will not interfere with
conventional narrowband and wideband
communications systems, sharing the
same spectrum among many users. Once
known as pulse radios, UWB radios trans-
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mit short pulses at low power levels that
occupy a wide designated bandwidth.
They may operate at low or high pulse
repetition rates (PRRs).

In contrast to conventional communi-
cations systems that transmit information
by varying a sinusoidal signal’s amplitude
(in amplitude modulation), frequency (fre-
quency modulation), or phase (phase
modulation), UWB pulses occupy a wide
bandwidth by use the timing of the pulses
to transfer large amounts of information,
although by also occupying a large band-
width for those short durations.

Some UWB communications sys-
tems are designed to transfer information
by encoding the polarity of a pulse, by
changing its amplitude, or even by using
orthogonal pulses. Other UWB systems are

designed to send pulses sporadically, while
still others transmit pulses continuously, at
pulse rates exceeding 1 Gpulses/s for high-
capacity (high-data-rate) transmissions.

UWB communications technology has
never become widespread, in part because
of availability of building-block components
(such as wideband mixers and amplifiers)
and concerns about interference with exist-
ing narrowband systems where a short
pulsed signal at sufficient energy level could
block the reception of a low-level narrow-
band signal. Although UWB communica-
tions technology provides the means for
relatively long-distance communications,
its most practical use may develop as a
short-range solution for wireless applica-
tions requiring transmission of large, high-
speed data rates.
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e ¢« « o« Fast Tuning

Ultra Low Phase Noise

Four Matched Down Converters
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2-18 GHz / 6-18 GHz
1-2 GHz Real Time BW

Submicro Tuning Speed

8.5" x 5.5" x 0.5"

6U VPX High Dynamic Range
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19" Rack Modular
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TSO6 Series

ATTENUATOR CHIP DC TO 20 GHz
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footprint attenuator
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frequency response TSO6 Series Ch|p
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