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MECA Electronies designs and manufactures an extensive  Since 1961 MECA Electronics (Microwave Equipment &
line of RE/Microwave Equipment and components with  Components of America) has served the RF/Microwave
industry leading performance including Public Safety, B:A'S: industry with equipment  and’ passive components
Equipment, Low  PIM  Products; =supports. 5G & covering Hz to 50 GHz. MECA is a privately held
Millimeter-Wave, Power Dividers & Combiners; Rirectional & [S@9001:2008 Certified, " global  designer  and
Hybrid = Couplers,  Eixed &  Variable "Attenuatorsy manufacturer fopsthe  communications industry  with
Terminations, €irculators/isolators, DE Bloekst & Biasiie produets'i actured initie United Statés of America.
: ( \ o that you'do notneed to:

Public Safety Satcom, mmWave Aeronautical/Space AMER, EMEA

Homeland Security & Military Transportation D.A.S

Attenuators/Terminations Directional Couplers Circulators/Isolators Bias Tee's & DC Blocks
a : Eﬁilil

Up to 40 GHz 0.4 - 40 GHz Up to 40 GHz Upto6 & 18 GHz

SMA, 2.4, 2.92, QMA, N, TNC, SMA & 2.92 SMA, 2.92, N, & 7/16 SMA, 2.4, 2.92, QMA, N, TNC,
BNC, RPSMA, RPTNC, 4.1/9.5, MIL-DTL-15370 Available Up to 250 watts RP-TNC & 7/16 DIN

4.3/10.0 & 7/16 Up to 150 watts

Eqmpment & Enclosures Power Dw:derlCombmers Low PIM Attenuators Low PIM Terminations

Integrated Assemblies, 5 MHz - 40 GHz 50 & 100 Watt 380 MHz - 2.7 GHz
NEMA Enclosures IP67/68 & SMA, 2.4, 2.92, QMA, N, TNC, 6, 10, 20, & 30 dB 10 watts - 250 watts N, 4.1/9.5,
EN 50155 BNC, RPTNC 4.1/9.5 & 7/16 N, 4.1/9.5/ 4.3/10.0 & 7/16 DIN 4.3/10.0 & 7/16 DIN, IP67/68
MIL-DTL-23971 Available IP67/68

MECA Electronics, Inc.

Microwave Equipment & Components o

The Professional’s Choice for RF/Microwave Passive Components 00
459 E. Main St., Denville, NJ 07834
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Picoprobe elevates probe « ards to a higher level...

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

testing instruments.

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

Through unique design

GGB INDUSTRIES, INC. -

(..

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

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

P.O. BOX 10958 -

.110 GHz to be exact.)

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

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

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

NAPLES, FL 34101
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POWER
SPLITTERS/
COMBINERS

from 2 I(HZ fo 40 GHZ as low as 8 9 :ﬁ (qty.1000)

!

COVERING 10 to 40 GHz
IN A SINGLE MODEL
2-WAY ZN2PD-K44+
4-WAY ZN4PD-K44+
8-WAY ZNSPD-K44+

The industry’s largest selection includes THOUSANDS
of models from 2 kHz to 40 GHz, with up to 300 W power

handling, in coaxial,flat-pack, surface mount and rack mount

housings for 50 and 75Q2 systems.

From 2-way through 48-way designs, with 0°, 90°, or 180°

phase configurations, Mini-Circuits’ power splitter/combiners offer a vast
selection of features and capabilities to meet your needs from high power
and low insertion loss to ultra-tiny LTCC units and much more.

Need to find the right models fast? Visit minicircuits.com and use Yoni2®!
It’s our patented search engine that searches actual test data for the models
that meet your specific requirements! You'll find test data, S-parameters,
PCB layouts, pricing, real-time availability, and everything

you need to make a smart decision fast!

R All Mini-Circuits’ catalog models are available off the shelf for immediate
shipment, so check out our website today for delivery as soon as tomorrow!

i o RoHS Compliant
@ Product availability is listed on our website.
] ] ] ] ®
Mini-Circuits
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Designed For
5G MIMO Active Antenna!!!

The World First SMT Microstrip Patented
Isolator/Circulator at 28GHz & 38GHz
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Exomars Rover

Apollo 17§
Iridium Next

Iridium Satellite Constellation “P-Series” of Satellites
GPS-R _ Orion Crew Expeditionary Vehicle
GPS-R (V-Sensor Program) Soil Moisture Active Passive Satellite
GPS il Mars Curiosity Rover
Thuraya Satellite Communications Mars Spirit Rover
MSV Satellite Telephony Mars Opportunity Rover
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DEVELOPMENT OF INNOVATIVE SPACE TECHNOLOGIES

M\icrowave P ”’\EF:B"
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ENABLING COMMUNICATVION AND SIGNAL CONTROL
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Largest In-Stock Selection of

Waveguide
Components

All Available for
: Same-Day Shipping

 From RF Engineers

Pasternack’s RF Engineering team has assembled the largest selection of in-stock and ready to ship waveguide
components covering RE microwave and millimeter-wave bands up to 110 GHz. With 20 different waveguide categories
and over 500 designs including adapters, power amplifiers, detectors, bandpass filters, PIN diode switches, attenuators,
horn antennas and more, Pasternack has the waveguide components you are looking for. Whether it's waveguide
products or any of the other 40,000 in-stock components we carry, our Application Engineers stand ready to deliver
solutions for all your RF project needs.

866.727.8376 @ PASTERNACK

visit pasternack.com today! THE ENGINEER'S RF SOURCE




RF-LAMBDA

THELEADER OF RF BROADBAND SOLUTIONS

ULTRA BROADBAND SSPA

RFLUPAOIM22GA
4W0.1-226H2
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P RFLUPAO218GA
10W 2-18GHZ

RFLUPAOBGI1GA
50W 8-11GHZ

RFLUPAOG1SGC
25W 6.186HZ

RFLUPAOGGI2GB
25W 6.126HZ

140W 6-18GHZ
SOLID STATEBROADBAND

UHF,L, S, CBAND

RFLUPAO2GOGGC
100W266HZ

¥/ RFLUPAOTO66D
30W 0.7-6GHZ

RFLUPA18G47GC
2W18-47GHZ

 RFLUPA27G34GB
15W 21-34GHZ

RFLUPA28GA26A %

=
2W 28-42GH1 RFLUPA32G386B

8W 32-38GHZ

SYSTEM POWER AMPLIFIER

RAMPOOGOGGA -30W0.01-6GHZ RAMP39GA48GA-4W 39-48GHZ  RAMPO1G22GA - 8W1-22GH1

WWW. .com
sales@rflamhda.com

1-888-976-8880
1-972-767-5398

San Diego, CA, US i
Plano, TX, US
Ottawa, ONT, Canada I
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Measure RMS Power to

Improve Measurement Accuracy and Detection Sensitivity

= 2mm x 2mm =
footprint

The LTC5596 provides accurate RF power measurement covering a wide frequency range from 100MHz to 40GHz, over
temperature variations and wide signal levels-regardless of signal type or modulation waveforms, including OFDM, high
order QAM, multi-carrier and radar signals.

Output at Different RF Inputs V Info & Online Store

14

¢ RF Input 50Q-Matched from 100MHz 12 a www.linear.com/product/LTC5596
to 40GHz sl Aif= 2o 1g00-4-LiNEAR
¢ 35dB Log-Linear Dynamic Range to = 08 JH1 i 0 d;“m
Z o —_
+1dB Accurz%C}‘f ‘ E 06 'ﬁ = —154Bm
e 32 .6dBm Minimum Detectable Slgnal & = —20dBm T, LT, LTC, LTM, Linear Technology, the Linear logo, and
e s 3 04 L7 T —25dBm dule are regi: 1 ks of Analog Devices, Inc. All
SenSItIVIty 2008 other trademarks are the property of their respective owners.
0.2 H{Y = —30dBm
. LT = -350Bm
0.1 1 10 100
RF FREQUENCY (GHZ)
NOW PART OF

ANALOG
LY LINEAR DEVICES

Content is copyright protecte({: lgg&/ %%{glcgééa{%qr%%bnal illé%egh ‘;’szcr?SEaf&r reproduction or retransmission.

For reprints please contact the Publisher.



mwjournal.com

Product Feature

100 Multi-Path Simulator Simultaneously Tests Two SATCOM
Links

AtlanTecRF
Tech Briefs
106 40w, 6 to 18 GHz, GaAs FET Power Amplifier

Exodus Advanced Communications

108 Multi-Channel Radar Modules for 24 GHz ISM Band
IMST

110 Affordable Signal/Spectrum Analyzers, From 4 to 67
GHz

Ceyear

112 Dpown-Converter Extends Cellular Equipment Coverage
to mmWave

ThinkRF

Departments

Mark Your Calendar
Coming Events
Defense News

Software & Mobile Apps
New Products

Book End

Advertising Index
Sales Reps

Fabs and Labs

International Report
Commercial Market
Around the Circuit

Microwave Journal (USPS 396-250) (ISSN 0192-6225) is published monthly by Horizon House Publications Inc., 685 Canton St.,
Norwood, MA 02062. Periodicals postage paid at Norwood, MA 02062 and additional mailing offices.

Photocopy Rights: Permission to photocopy for internal or personal use, or the internal or personal use of specific clients,

is granted by Microwave Journal for users through Copyright Clearance Center provided that the base fee of $5.00 per copy
of the article, plus $1.00 per page, is paid directly to the Copyright Clearance Center, 222 Rosewood Drive, Danvers, MA
01923 USA (978) 750-8400. For government and/or educational classroom use, the Copyright Clearance Center should be
contacted. The rate for this use is 0.03 cents per page. Please specify ISSN 0192-6225 Microwave Journal International. Micro-
wave Journal can also be purchased on 35 mm film from University Microfilms, Periodic Entry Department, 300 N. Zeeb Rd.,
Ann Arbor, MI 48106 (313) 761-4700. Reprints: For requests of 100 or more reprints, contact Barbara Walsh at (781) 769-9750.

POSTMASTER: Send address corrections to Microwave Journal, PO Box 1028, Lowell, MA 01853 or e-mail mwj@e-circ.net.
com. Subscription information: (978) 671-0446. This journal is issued without charge upon written request to qualified persons
working in the RF & microwave industry. Other subscriptions are: domestic, $120.00 per year, two-year subscriptions, $185.00;
foreign, $200.00 per year, two-year subscriptions, $370.00; back issues (if available) and single copies, $10.00 domestic and
$20.00 foreign. Claims for missing issues must be filed within 90 days of date of issue for complimentary replacement.

©2018 by Horizon House Publications Inc.
Posted under Canadlart'jtem tional publications maingl ement #PM4 %6

is Copyright prote
12

STAFF

Publisher: Carl Sheffres
Editor: Patrick Hindle
Technical Editor: Gary Lerude
Managing Editor: Jennifer DiMarco
Associate Technical Editor: Cliff Drubin
Copy Editor: Ashleigh West
Multimedia Staff Editor: Barbara Walsh
Contributing Editor: Janine Love
Consulting Editor: Harlan Howe, Jr.
Consulting Editor: Frank Bashore
Consulting Editor: David Vye
Consulting Editor: Raymond Pengelly
Electronic Marketing Manager:
Chris Stanfa
Digital Content Specialists:
Lauren Tully
Jaclyn LaFrance
Audience Development Manager:
Carol Spach
Traffic Manager: Edward Kiessling
Director of Production & Distribution:
Robert Bass
Art Director: Janice Levenson
Graphic Designer: Sachiko Stiglitz

EUROPE
International Editor: Richard Mumford
Office Manager: Nina Plesu
CORPORATE STAFF

CEO: William M. Bazzy
President: Ivar Bazzy
Vice President: Jared Bazzy

EDITORIAL REVIEW BOARD
Dr.1.J. Bahl Dr.J.M. Osepchuk
F.M. Bashore R. Pengelly
Dr. C.R. Boyd Dr. Ajay K. Poddar
M. Goldfarb Dr.J. Rautio
J.L. Heaton Dr. U. Rohde
Dr. G. Heiter Dr. P. Staecker
H. Howe, Jr. F. Sullivan
Dr.T. ltoh D. Swanson
Dr.J. Lasker Dr.R.J. Trew
Dr.S. Maas G.D. Vendelin
Dr.G.L. Matthaei D.Vye
Dr. D.N. McQuiddy Prof. K. Wu

EXECUTIVE EDITORIAL OFFICE
685 Canton Street, Norwood, MA 02062
Tel: (781) 769-9750
FAX: (781) 769-5037
e-mail: mwj@mwjournal.com
EUROPEAN EDITORIAL OFFICE
16 Sussex Street, London SW1V 4RW, England
Tel: Editorial: +44 207 596 8730 Sales: +44 207 596 8740
FAX: +44 207 596 8749

SUBSCRIPTION SERVICES
Send subscription inquiries and address changes to:
Tel: (978) 671-0446
e-mail: mwj@e-circ.net

@BPA

WORLDWIDE"

Printed in the USA

d’and provided for personal use only - not for reproduction or retransmission.

For reprints please contact the Publisher. MWJOURNAL.COM m FEBRUARY 2018



for mission critical RF systems
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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 0 P\ o
device hours. Qorvo's GaN enables mission critical aerospace, defense and radar ¢
systems requiring smaller, more efficient solutions with longer operating life.

www.qorvo.com

1-1.1 GHz, 1500 Watt GaN Transistor QPD1025L

2-6 GHz, 30 Watt GaN Power Amplifier TGA2578-CP

6-18 GHz, 20 Watt GaN Power Amplifier TGA2963-CP

7-10.5 GHz, 4.5 Watt GaN Power Amplifier TGA3042-SM
7.9-11 GHz, 15 Watt GaN Power Amplifier QPA1010 w
7.9-11 GHz, 25 Watt GaN Power Amplifier QPA1011 -

8-11 GHz, 100 Watt X-Band GaN Power Amplifier TGM2635-CP

13.4-15.5 GHz, 50 Watt GaN Power Amplifier TGA2239-CP

17-20 GHz, 10 Watt GaN Power Amplifier TGA4548-SM WWW.rme.Com
27.5-31 GHz, 8 Watt GaN Power Amplifier TGA2595-CP

To learn how Qorvo GaN powers the systems all around you, visit www.qorvo.com/gan
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Has Amplifier Performance or
Delivery Stalled Your Program?

Noise Figure In Select Frequency Bands
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TECHNOLOGIES

Innovating 1o Excel

www.bnztech.com
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Low Noise
AMPLIFIERS

0.5-15GHz

Noise Figure as low as 1.5 dB
50Q Matched over >1 Decade Bandwidths

LLearn more at:
https://goo.gl/UhhJ4F m MInI-CIrcults
C i OD 1ok
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IWCE 2018
Orlando, Fla.

2-9

I = IWCE is once again excited to present a
\.‘:./

week’s worth of educational opportunities
from March 5-9, 2018, including three
co-located conferences. IWCE's five-day
INTERNATIONAL WiRELESS  conference program provides the entire
spectrum of education that you need to learn
new technologies, keep up with the latest industry changes and
trends and do your job more efficiently. Comprised of workshops,
power sessions and short courses, it is the most comprehensive
program the communications technology industry.
www.iwceexpo.com/iwce18/Public/Enter.aspx

12-15

GOMACTech-18
Miami, Fla.

GOMACTech is a conference established
primarily to review developments in
microcircuit applications for government
systems. Celebrating its 50" year, the
conference has focused on advances in
systems being developed by the Department
of Defense and other government agencies
and has been used to announce major

government microelectronics initiatives such as
VHSIC and MIMIC, and provides a forum for government reviews.
www.gomactech.net

9p10W

09 4

L

[ ]

&€ 5G NR Signal

((E Generation & Analysis
1]
g ROHDE&SCHWARZ

NEMS 2018
Call for Papers
Deadline

NEMO 2018 brings together experts and practitioners of
electromagnetic- and multiphysics-based modeling, simulation

and optimization for RF, microwave and terahertz applications. This
conference is an ideal forum to share new ideas on techniques

for electromagnetic and multiphysics modeling, propose efficient
design algorithms and tools and anticipate modeling/analysis needs

EDI CON
China 2018
Beijing, China

multi-physics computational methods in unique ways for microwave
component or system analysis are encouraged.
2018 EDI CON China celebrates
Flectronic [():esign
nnovation Conference P ;
Ly bringing together RF, microwave,
[E N
RFBRITEIKE  £y1c/eml and high-speed digital
and learning opportunities. Attendees come to EDI CON to find
solutions, products and design ideas that they can put into immediate
aerospace and medical industries. www.ediconchina.com
Paris, France
The 6™ Edition of Microwave & RF will
(((( RF 2018. The conference will cover topics
. around radio frequency, microwaves,
Microwave

of future technologies and applications. Papers using numerical or
https://nemo-ieee.org/about/call-for-papers
electronic design innovation,
design engineers and system integrators for networking, training,
practice for today’s communication, defense, consumer electronics,
Microwave & RF 2018
take place on the 21 and 22 of March
wireless, 5G, CEM by 2020/2025, EMC and

fibre optics. The exhibition will consist
of over 80 exhibitors and partners and is
expected to draw over 1900 visitors. wwww.microwave-rf.com

FOR PETAILS, VISIT MAJOURMAL.COM/EVENTS
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S) Ducommun

18

RF Switching
Solutions from
DC-110 GHz

Trust in Ducommun RF
Products for all your high
frequency testing needs.

Ducommun offers a full

portfolio of coaxial switches
up to 46GHz and pin diodes
up to 110 GHz.

Coaxial Switches DC-46 GHz

¢ 2.4mm, 2.92mm, SMA, TNC, N

* Excellent RF performance

* Internal 50Q termination

* High power, vacuum, hot switch

RF Switch Matrix

* GUl interface

» USB/ RS-232/ Ethernet control
* No NRE charges

¢ Modular design

Space Grade Switches

« SPDT, transfer, multi-throw and
switch matrix configurations

* Over 30 years of space
heritage

Pin Diode Switches

* SPST to SP8T configurations
* Nano second (ns) level

* 0.03 GHz to 110 GHz

* Reflective and absorptive

For additional information contact our
sales team at:
310-513-7256 or rfsales@ducommun.com

ComingEvents

IEEE AUTOTESTCON 2018
February 16, 2018

Asia Pacific Microwave
Conference 2018
February 28, 2018

IEEE MTT-S NEMO 2018
March 15, 2018

mwjournal.com

[ ihiitary Radar HMOB'LE

WORLD CONGRESS

Summit

FEBRUARY
EMV 2018

February 20-22, 2018 e Duesseldorf, Germany
www.mesago.de/en/EMV/For_visitors/Welcome/
index.htm

Military Radar Summit
February 26-28, 2018  Washington, D.C.
www.militaryradarsummit.com

Mobile World Congress 2018
February 26-March 1,2018 e Barcelona, Spain
www.mobileworldcongress.com

)

2

CE

INTERMATIONAL WIRELESS
COMMUNICATIONS EXPO

SATELLITE

« RF

2018

“pa Microwave

MARCH
IWCE 2018

March 5-9,2018 e Orlando, Fla.
www.iwceexpo.com/iwce18/Public/Enter.aspx

GOMACTech-18
March 12-15,2018 e Miami, Fla.
www.gomactech.net

SATELLITE 2018
March 12-15,2018 ¢ Washington, D.C.
http://2018.satshow.com/

EDI CON China 2018
March 20-22, 2018  Beijing, China
www.ediconchina.com

Microwave & RF 2018
March 21-22, 2018 e Paris, France
www.microwave-rf.com

o, EXp09
AAIS 9T ELECTRONICA

XPONENTIAL

APRIL

2018 IEEE Texas Symposium on Wireless
and Microwave Circuits and Systems

April 5-6, 2018 ® Waco,Texas
https://texassymposium.github.io/texassymposium/
index.html

WAMICON 2018
April 9-10,2018 e Sand Key, Fla.
Www.wamicon.org

ICMIM 2018
April 16-18, 2018 © Munich, Germany
https://icmim-ieee.org/

ExpoElectronica 2018
April 17-19, 2018 e Moscow, Russia
www.expoelectronica.ru

AUVSI Xponential 2018
April 30-May 3, 2018  Denver, Colo.
www.xponential.org/

r Y SPACE

€S MANYECH L4 TECH EXRO

MAY

CS MANTECH 2018
May 7-10, 2018 e Austin, Texas
www.csmantech.org/

Microwave and Radar Week 2018
May 14-17,2018 e Pozna, Poland
http://mrw2018.0rg/

NIWeek 2018
May 21-24,2018 e Austin, Texas
www.ni.com/niweek

Space Tech Expo USA 2018
May 22-24,2018 e Pasadena, Calif.
www.spacetechexpo.com/

f\‘mwh‘

\\‘\‘

Electronic AR
Warfare Europe
Phiodifplia
«1AN10

expo & conference

JUNE
EW Europe

June 5-7,2018 e Lausanee, Switzerland
WWw.eweurope.com

IEEE MTT-S IMS 2018
June 10-15,2018 o Philadelphia, Pa.
https://ims2018.org

Sensors Expo 2018
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Editor's Note: At the end of December, the 3GPP approved the 5G non-standalone new radio (NSA NR) specification,
which defines how enhanced broadband services can be deployed using a 5G NR leveraging the existing LTE network. This
NSA architecture will first be fielded—Ilater this year—for fixed wireless access (FWA) services using mmWave spectrum,

i.e., 28 and 39 GHz.

Qorvo and Anokiwave are two companies leading the development of the mmWave front-end technology for
the active phased arrays that will power these FWA services. Each company has analyzed the system requirements and
defined a unique approach to meeting them. Qorvo has chosen GaN, Anokiwave silicon. We are fortunate that this
issue of Microwave Journal features articles from both, each stating the case for its technology choice. Regardless of
which argument you favor, no doubt you will agree that both companies are doing excellent technology and product
development, a key step to making 5G viable.

5G Fixed Wireless Access Array
and RF Front-End Trade-Offs

Bror Peterson and David Schnaufer

Qorvo, Greensboro, N.C.

he vision of next-gener-

ation 5G networks is to

deliver an order-of-magni-

tude improvement in ca-
pacity, coverage and connectivity
compared to existing 4G networks,
all at substantially lower cost per
bit to carriers and consumers. The
many use cases and services en-
abled by 5G technology and net-
works are shown in Figure 1. In this
first phase of 5G new radio (NR)
standardization, the primary focus
has been on defining a radio access
technology (RAT) that takes advan-
tage of new wideband frequency
allocations, both sub-6 GHz and
above 24 GHz, to achieve the huge
peak throughputs and low latencies
proposed by the International Mo-
bile Telecommunications vision for
2020 and beyond.!

Mobile network operators are
capitalizing on the improvements
introduced by NR RAT, particularly
in the mmWave bands, to deliver
gigabit fixed wireless access (FWA)
services to houses, apartments

and businesses, in a fraction of the
time and cost of traditional cable
and fiber to the home installations.
Carriers are also using FWA as the
testbed toward a truly mobile
broadband experience. Not surpris-
ingly, Verizon, AT&T and other car-
riers are aggressively trialing FWA,

with the goal of full commercializa-
tion in 2019.

In this article, we analyze the ar-
chitecture, semiconductor technol-
ogy and RF front-end (RFFE) de-
sign needed to deliver these new
mmWave FWA services. We discuss
the link budget requirements and

Densification

Smart Home w

Fixed Wireless g«

Access n

Broadcast on
Mobile Device
A

Augmented
Reality & Virtual Reality

Device-to-Device
Communications - Aytomobile-to-Automobile

Enhanced
Mobile Broadband

@ @By
0o

Machine-to-Machine

Communications
(« il 2)
( ecpi® »)

Smart Grid

Critical/Emergency
Services

Mission Critical
Services

B

Smart Cities

A Fig. 1 5G use cases.

Content is copyright protected and provided for personal use only - not for reproduction or retransmission.

22

For reprints please contact the Publisher.

MW]JOURNAL.COM m FEBRUARY 2018



RLC has the customized filter
solutions vou need.
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walk through an example of subur-

«Fig. 2 ban deployment. We address the
Global 5G . .
bands above traits and trade-offs of hybrid beam-
27-29.5 GHz Zgg-gg-zféﬁi'lz 25-29 GHz 2?:;235-32;:&;;'2 24 GHz. forming versus all-digital beamform-
=38. z = z H . .
e 5T s ol ing for the base transceiver station

(BTS) and analyze the semiconduc-
tor technology and RFFE compo-

3 nents that enable each. Finally, we
2;'723:’?.?56%‘2 zgiiﬁ?éss?zz Sl discuss the design of a GaN-on-SiC
front-end module (FEM) designed
specifically for the 5G FWA market.

FWA DEPLOYMENT
A clear advantage of using
mmWave is the availability of un-

Digitize 20-GHz of Instantaneous Bandwidth derutilized contiguous spectrum at

. . low cost. These bands allow wide
With our Full-Spectrum Conversion ™ component carrier bandwidths up
. . to 400 MHz and commercial BTSs
Dlgltal Antenna Processors are being designed with carrier ag-
gregation supporting up to 1.2 GHz
of instantaneous bandwidth. Cus-
SR — tomer premise equipment (CPE)

G will support peak rates over 2 Gbps

" IQ-ANALOG and come in several form factors: all
: outdoor, split-mount and all indoor
desktop and dongle-type units. Mo-
bile-handset form factors will follow.

Global mmWave spectrum avail-
ability is shown in Figure 2. In the
U.S., most trials are in the old block
A LMDS band between 27.5 and
28.35 GHz, but the plan-of-record
of carriers is to deploy nationwide
in the wider 39 GHz band, which is
licensed on a larger economic area
basis. These candidate bands have
been assigned by 3GPP and, except
for 28 GHz, are being harmonized
globally by the International Tele-
communications Union.?

FWA describes a wireless con-
nection between a centralized sec-
torized BTS and numerous fixed
or nomadic users (see Figure 3).
Systems are being designed to le-
verage existing tower sites and
support a low-cost, self-install CPE
build-out. Both are critical to keep-
ing initial deployment investment
low while the business case for FWA

TABLE 1

FCC POWER LIMITS FOR 28 AND
39 GHz BANDS

o fgﬁeyond Whats NEXT ™ 50
Semiconductor technology Base Station 75 dBm/100 MHz
o ,,,H«.e WS e o G S Mobile Station 43 dBm
www.lqanalog.com Transportable 55 dBm
Station
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is validated. Early
deployments  will

Active Antenna System

be mostly out- -~

—
door-to-outdoor =
and use profes- ™
sional  roof-level : .

) . E* Yy N "
installations  that D Z PFS Customer Premise
.. . D " Equipment

maximize range, Mobile . :

initial Equipment Customer Premise
ensure Initial cus- Equipment
tomer satisfaction " Bt
an allow Ime — Central Data
for BTS and CPE Edge Cente

equipment to

Data Center

reach the needed
cost and perfor-
mance targets.
Large coverage is essential to the
success of the FWA business case.
To illustrate this, consider a subur-
ban deployment with 800 homes/
km?2, as shown in Figure 4. For BTS
inter-site distance (ISD) of 500 m, we
need at least 20 sectors, each cov-
ering 35 houses from nine cell sites.
Assuming 33 percent of the custom-
ers sign up for 1 Gbps service and a
5x network oversubscription ratio, an
average aggregate BTS capacity of 3
Gbps/sector is needed. This capacity
is achieved with a 400 MHz band-

A Fig. 3 End-to-end FWA network.

width, assuming an average spectral
efficiency of 2 bps/Hz and four layers
of spatial multiplexing. If customers
pay $100 per month, the annual rev-
enue will be $280,000/km?/year. Of
course, without accounting for re-
curring costs, it is not clear FWA is a
good business, but we can conclude
that as ISD increases, the business
case improves. To that end, carriers
are driving equipment vendors to
build BTS and CPE equipment that
operate up to regulatory limits to
maximize coverage and profitability.

Wireless Communications Systems.

nearly a billion units shipped.

Standard & Custom Components

COUPLERS

' Small, low cost,
and highly reliable
surface mount
couplers found in
Broadband / CATV
Communications

2.5 GHz BW, 2/3&4
way power splitters
designed for both
50 & 75 ohm
applications.

Contact us for design support
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MiniRF
Passives with a Passion for Performance
MiniRF is a proven leader in supplying high performance

surface mount RF passive components at competitive
prices for existing and emerging Broadband/CATV and

MiniRF components are used in many of the world’s
largest suppliers of communications products with

500&750
supporting a wide
range of applications
with impedance
ratios of 1:1, 1:4,
1:8,1:16.

www.minirf.com | sales@minirf.com | (408) 228-3533

TR
Pregision inductors :\
; & chokes with wire
/ diameters from
{f§ 0.060~5mm single h; A
/& multilayer, air-core, 1%
! coil configurations.

® Random Dallas Suburb
- 800 Houses/km?2
-500 m ISD
- 9 Cell Sites
- 23 Sectors
- ~35 Houses/Sector

e Capacity Per Sector
- 35 Houses/Sector
- 5x Oversubscription
- 1 Gbps Service
- Capacity ~5 Gbps

® BTS Parameters
- Capacity ~5 Gbps
- 400 MHz BW
- 16-QAM w/LDPC: 3 bps/Hz
- 4 Spatial Streams/Layers

® Business Case
- 35% Take Rate
- $100/Month for 1 Gbps SLA
- $14k/Sector/Year
- $177k/km?2/Year

A Fig. 4 FWA in a suburban
environment.

In the U.S., the Federal Com-
munications Commission has de-
fined very high effective isotropic
radiated power (EIRP) limits for the
28 and 39 GHz bands,3 shown in
Table 1. The challenge becomes
building systems that meet these
targets within the cost, size, weight
and power budgets expected by
carriers. Selecting the proper front-
end architecture and RF semicon-
ductor technology are key to get-
ting there.

FWA Link Budget

The standards community has
been busy defining the perfor-
mance requirements and evaluat-
ing use cases over a broad range of
mmWave frequencies. The urban-
macro scenario is the best represen-
tation of a typical FWA deployment:
having large ISD of 300 to 500 m and
providing large path-loss budgets
that overcome many of the propa-
gation challenges at mmWave fre-
quencies. To understand the need-
ed link budget, consider a statistical
path-loss simulation using detailed
large-scale channel models that ac-
count for non-line-of-site conditions
and outdoor-to-indoor penetration,

or personal use only - not for reproduction or retransmission.
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Learn more at: : ; rd
micro.apitech.com/SAW \ .



CoverFeature

Self Install CPE_

for G/NF = 21 dB.

like those defined
by 3GPP* Figure 5
shows the result
for a 500 m ISD
urban-macro envi-
ronment performed by equipment
vendors and operators. For this
simulation, 28 GHz channel models
were used with 80 percent of the
randomly dropped users falling in-
doors and 20 percent outdoors. Of
the indoor users, 50 percent were
subject to high penetration-loss
models and 50 percent lower loss.
Long-term, carriers desire at least
80 percent of their potential users
to be self-installable to minimize

A Fig. 5 Statistical path loss simulation for urban-macro
environment with 500 m ISD.

A Fig. 6 Transmit EIRP and receive G/
NF vs. path-loss for 1 Gbps edge-of-
coverage throughput.

Precision Right Angle Adapters in Stock

C7054 $165 3.5
33 Ghz VSWR 1.25

C7035 $220 2.92
40 Ghz VSWR 1.25

C2563 $130 TNC
18 Ghz VSWR 1.25

C5540 $135 N
18 Ghz VSWR 1.25
——

Fast Delivery!
Low VSWR!
Huge Inventory!

C7552 $297 2.4

C3435 $60 SMA
50 Ghz VSWR 1.40 |

27 Ghz VSWR 1.15
—_—

3239 $45 SMA
18 Ghz VSWR 1.25

C€3407 $60 SMA
27 Ghz VSWR 1.15

3557 $150 N-SMA
18 Ghz VSWR 1.20

C7051 $220 2.92
40 Ghz VSWR 1.25

@en’rricRF * www.CentricRF.com 1-800-399-6891
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A Fig. 7 Array size vs. front-end NF and power consumption

more expensive professional roof-
level installations. The distribution
curve shows the maximum system
path loss to be 165 dB.

Closing the link depends on
many variables, including transmit
EIRP, receive antenna gain, receiv-
er noise figure (NF) and minimum

(b)

For reprints please contact the Publisher.

A Fig. 8 Array complexity depends
on the scanning range needed for the
deployment: suburban (a) or urban (b).

.
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]
=

o
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R
-

A Fig. 9 Column-fed (a) and per-
element (b) active arrays.
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edge-of-coverage throughput. To
avoid overdesign of the cost-sen-
sitive CPE equipment and shift the
burden toward the BTS, the link de-
sign begins at the CPE receiver and
works backward to arrive at the BTS
transmitter requirements. In lieu of
the conventional G/T (the ratio of
antenna gain to system noise tem-
perature) figure-of-merit (FOM), we
define a more convenient G/NF
FOM: the peak antenna gain (includ-
ing beamforming gain) normalized
by the NF of the receiver. Figure 6
illustrates the required EIRP for the
range of receive G/NF to overcome
a targeted path loss delivering an
edge-of-coverage throughput  of
1 Gbps, assuming the modula-
tion spectral efficiency is effectively
2 bps/Hz and demodulation SNR is
8 dB. From the graph, the BTS EIRP
for a range of CPE receiver's G/NF

1:N Splitter

can be determined. For example,
65 dBm BTS EIRP will be needed to
sustain a 1 Gbps link at 165 dB of
path loss when the CPE receiver G/
NF is > 21 dBi.

Next, we consider the impact of
receiver NF by plotting the mini-
mum number of array elements
needed to achieve G/NF of 21 dB
(see Figure 7). We also plot the to-
tal low noise amplifier (LNA) power
consumption. By adjusting the axis
range, we can overlap the two and

see the impact NF has on array size,
complexity and power. For this ex-
ample, each LNA consumes 40 mW,
which is typical for phased arrays.
The NFs of RFFEs, including the T/R
switch losses, are shown for 130 nm
SiGe BICMOS, 90 nm GaAs PHEMT
and 150 nm GaN HEMT at 30 GHz.
The compound  semiconductor
technology provides > 1.5 dB ad-
vantage, translating to a 30 percent
savings in array size, power and, ul-
timately, CPE cost.

TABLE 2
APPROXIMATE PERFORMANCE FOR CORPORATELY FED ELEMENTS

Single Element 102 5
2-Element 51 8
4-Element 26 1
8-Element 13 14

1:N Combiner

1:N Combiner/Splitter

1:N Combiner/Splitter

A Fig. 10 FWA antenna arrays are evolving from separate T and R arrays to integrated T/R arrays with dual polarization.

= W [ R m @

A A

< <4< miEN

A Fig. 11 Array design using digital beamforming and commercial, off-the-shelf components. ) o
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To explore architecture trades
that are key to technology selec-
tion and design of the RFFE com-
ponents, we start by understanding
the antenna scanning requirements.
We highlight the circuit density and
packaging impact for integrated,
dual-polarization  receive/transmit
arrays. Finally, we investigate all-
digital beamforming and hybrid RF
beamforming architectures and the
requirements for each.

1D or 2D Scanning

The number of active channels in
the array depends on many things.
Let's start by first understanding
the azimuth and elevation scanning
requirements and whether two-di-
mensional beamforming is required
for a typical FWA deployment or if
a lower complexity, one-dimensional
(azimuth only) beamforming array is
sufficient. This decision impacts the
power amplifier (PA). Figure 8 shows

High Power Solid State Power Amglifiess
Chip & Wire Hybrid Assemblies, Modules &°Systems
Broadband, CW, Pulse & Linear Applications

1MHz to 50GHz, 3KW CW, 10KW Pulse
Medium Power Amplifiers
1MHz to 51GHz, up to 2W P1dB

Low Noise Amplifiers

Block Up Converters

EXODOUS

ADVANCED COMMUNICATIONS
Best in Class RF Amplifier SSPA’s

www.exoduscomm.com

EXODUS ADVANCED
COMMUNICATIONS
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two FWA deployment scenarios. In
the suburban deployment, the tower
heights range from 15 to 25 m and
the cell radius is 500 to 1000 m, with
an average house height of 10 m.
Just as with traditional macro cellu-
lar systems, there is no need for fully
adaptive elevation scanning. The el-
evation beam can be focused down
by corporately feeding several pas-
sive antenna elements, as shown in
Figure 9a. This vertically stacked
column of radiating elements is de-
signed to minimize radiation above
the houses and fill in any nulls along
the ground. Further, the gain pat-
tern is designed to increase at rela-
tively the same rate as the path loss.
This provides more uniform cover-
age for both near and far users. The
nominal half-power beamwidth can
be approximated as 102°/Nyt and
the array gain by 10log;o(NanT ) +
5 dBi. With passively combined an-
tennas, the elevation beam pattern
is focused and the fixed antenna
gain increases, as shown in Table 2.
For the suburban FWA deployment,
a 13 to 26 degree beamwidth is suf-
ficient, with the passively combined
column array from four to eight ele-
ments. In the urban scenario, how-
ever, the elevation scanning require-
ments are greater, and systems will
be limited to one or two passive
elements.

Figure 9b illustrates the per-
element active array. Both the per-
element and column-fed array ar-
chitectures have the same antenna
gain, but the column-fed array has
a fixed elevation beam pattern. The
per-element array supports wider
scan angles but needs 4x as many
PAs, phase shifters and variable
gain components for an antenna
with four elements. To achieve the
same EIRP, the PA driving a column-
fed array with four antennas will
need to provide at least 4x the out-
put power, which can easily change
the semiconductor selection. It is
reasonable to assume a suburban
BTS will use antennas with 6 to 9 dB
higher passive antenna gain com-
pared to an urban deployment. As
a result, the phased array needs far
fewer active channels to achieve the
same EIRP, significantly reducing ac-
tive component count and integra-
tion complexity.
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Array Front-End Density

Early mmWave FWA BTS designs
used separate, single-polarization
transmit and receive antenna arrays,
which allowed significantly more
board area for components. These de-
signs avoided the additional insertion
loss and linearity challenges of a T/R
switch. However, a major architecture
trend is integrated T/R, dual-polariza-
tion arrays (see Figure 10), which is
driving RFFE density. The key rea-
son is spatial correlation. Adaptive

beamforming performance depends
on the ability to calibrate the receive
and transmit arrays relative to one
another. As such, it is important to
integrate the transmit and receive
channels for both polarizations, so
the array shares a common set of
antenna elements and RF paths. The
net result is a requirement for the
RFFE to have 4x the circuit density of
earlier systems.

At mmWave frequencies, the
lattice spacing between phased-

o,
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array elements becomes small, e.g.,
3.75 mm at 39 GHz. To minimize
feed loss, it is important to locate
the front-end components close to
the radiating elements. Therefore, it
is necessary to shrink the RFFE foot-
print and integrate multiple func-
tions, either monolithically on the
die or within the package, using a
multi-chip module. Tiling all these
functions in a small area requires
either very small PAs, requiring a
many-fold increase in array size, or
using high-power density technolo-
gies like GaN. Further, it is critical
to use a semiconductor technology
that can withstand high junction
temperatures. The reliability of SiGe
degrades rapidly above 150°C, but
GaN on SiC is rated to 225°C. This
75°C advantage in junction temper-
ature has a large impact on the ther-
mal design, especially for outdoor,
passively-cooled phased arrays.

ALL-DIGITAL VS. HYBRID
ARRAYS

It was natural for BTS vendors to
first explore extending the current,
sub-6 GHz, all-digital beamform-
ing, massive MIMO platforms to
mmWave. This preserves the basic
architecture and the advanced sig-
nal processing algorithms for beam-
formed spatial multiplexing. How-
ever, due to the dramatic increase
in channel bandwidths offered by
mmWave and the need for many
active channels, there is a valid
concern that the power dissipation
and cost of such a system would be
prohibitive. Therefore, vendors are
exploring hybrid beamformed ar-
chitectures,®> which allows flexibility
between the number of baseband
channels and the number of active
RF channels. This approach better
balances analog beamforming gain
and baseband processing. The fol-
lowing sections analyze the two
architectures and discuss the RFFE
approaches needed for each.

Digital Beamforming

Assuming large elevation scan-
ning is not required for suburban
FWA and a well-designed, column
antenna provides gain of up to
14 dBi, we start with a mmWave
BTS transceiver design targeting an
EIRP of 65 dBm and compute the
power consumption using off-the-

ot for reproduction or retransmission.
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shelf point-to-point microwave radio
components that have been avail-
able for years, including a high-pow-
er, 28 GHz GaN balanced amplifier.
The multi-slat array and transceiver
are shown in Figure 11. Assuming
circulator and feed-losses of 1.5 dB,
the power at the antenna port is
27 dBm. From the following equa-
tions, achieving 65 dBm EIRP re-
quires 16 transceivers that, com-
bined, provide 12 dB of digital
beamforming gain:

ElRP = GBF (dB) + GANT (dBI) +
Pave_totaL (dBm

EIRP =1 OIog1O(Nco|_UMNS ) +
10log10(Npas ) + Gant +
Pave/cranneL (dBm

The power consumption for each
transceiver is shown in Figure 12.
The total power dissipation (Ppss)
at 80 percent transmit duty cycle for
all 16 slats will be 220 W per polar-
ization, and a dual-polarized system
will require 440 W. For all outdoor
tower-top electronics, where pas-
sive cooling is required, it is chal-
lenging to thermally manage more
than 300 W from the RF subsystem,
suggesting an all-digital beamform-
ing architecture using today's off-
the-shelf components is impractical.

However, new GaN FEMs are
on the horizon to

ric, multi-stage Doherty PA can be
reduced more than 50 percent. In
the above system, this improvement
alone drops the total Pp g5 below
300 W. Combined with power sav-
ings from next-generation RF-sam-
pling digital-to-analog and analog-
to-digital converters, advancement
in mmWave CMOS transceivers and
increased levels of small-signal inte-

Tx Total/Channel = 13 W

Rx Total/Channel = 4 W

A Fig. 12 Power dissipation of the
transmit (a) and receive (b) chains.

help address this.

As shown in Fig-

ure 13, the GaN
PAs integrated
in the FEM apply
the tried-and-true
Doherty efficien-
cy-boosting  tech-
nique to mmWave.
With Doherty PAs,
digital  pre-distor-
tion (DPD) is need-
ed; however, the
adjacent  channel
power ratio (ACPR)
requirements  de-
fined for mmWave
bands are = sig-
nificantly more
relaxed, enabling
a much “lighter”
DPD solution. The
estimated  power

Transceiver

AAAAAANAN

Corporate Feed

dissipation of a 40 A Fig. 13 Integrated FEM with symmetric GaN Doherty PA and
dBm Pgat, symmet- switch-LNA (a) and PA performance from 27.5 to 29.5 GHz (b).

ontent 1S copyright protected and provided for personal use only - not for reproduction or retransmission.
For reprints please contact the Publisher.

MWJOURNAL.COM m FEBRUARY 2018



Fast.
Compact. ¢
Cost-Effective.

e T

\

Patent Pending
Models Starting at $19,995.00
Demonstration Units Available

Rent or Purchase Options Available

Elite RF is proud to introduce the new & innovative
S-Series Multi-Purpose RF Test System. It is a flexible
alternative to expensive & bulky RF test equipment and
can be used in a multitude of applications/settings,

such as an ATE factory application.

Our all-in-one systems features:
e 7" Front Panel Display ¢ USB 2.0 Ports
e HDMI Output e Remote Control

A Whole Test
Bench
in a Box!

It incorporates a...

12.4 GHz Spectrum Andlyzer
12.4 GHz RF Tracking Generator
13.6 GHz Dual Sighal Generator

18 GHz RF Power Amplifier
200 MHz 4 Channel Scope
10 GHz RF Power Meter
all in one piece of equipment!

Spectrum Analyzer (100 KHZ - 12.4 GHz)

° LAN ¢ Internet Access
¢ RF Power Relay e Wireless Keyboard/Mouse

Dual Signal Generator (54 MHZ - 13.6 GHz)

e RF Power Attenuator

Four Channel Scope (4 CH - 200 MHz)

Independent control of each RF system allows for

O [ X | X | X

Tracking Generator (100 KHZ - 12.4 GHz)

maximum test flexibility and the system can be

RF Power Meter (CW/Pulse/PK - 10 MHz - 10 GHz)

connected to a larger monitor for viewing multiple
windows at the same time. The S-Series also comes

Power Amplifier 1 (1 Watt/ 100 MHz - 18 GHz)

with a 2-year warranty and is proudly made in the USA.

Power Amplifier 2 (25 Watts / 700 MHz - 6000 MHz)

RF Relay - SPDT (35 Watts / DC - 18 GHz)

Stop cluttering your test bench and taking up
valuable space with a bunch of equipment.

X | X [|O | X |X |O X |[XxX|X

RF Aftenuator (10 Watts / DC - 18 GHz)

Contact us at 847-592-6350 or visit eliterflic.com
for more information and specifications.

TE RF

EL

2155 Stonington Ave. - Suite 217, Hoffrnan Estates, IL 60169
847-592-
www.eliterflic.com

Other Models: 4.4 GHz system (Model SA441 and Model SPA441)
Custom Models available upon request.
Power Amplifier 2 slot can be customized to your application.

6350 sales@eliterflic.com

RF Pallets | RF Modules | RF Amplifiers | RF Lalb Amps | RF Systems | Test Equipment | Custom Products

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




NSI \ MI

™

PIONEERS IN SPACE

When you need the experts to
characterize your Satcom Antenna,
Test with Confidence™
at NSI-MI Technologies.

Visit us at Booth #237 at Satellite 2018
to discuss the right solution for you.
2018.satshow.com

li ! |n 'u G+*'

¥ www nsi- m| com/satelllte

_'_-., B mfo@nSI-ml com

g oL . L

CoverfFeature

gration, it will not be long before we
see more all-digital beamforming
solutions being deployed.

Hybrid Beamforming

The basic block diagram for
a hybrid beamforming active ar-
ray is shown in Figure 14. Here, N
baseband channels are driving RF
analog beamformers, which divide
the signal M-ways and provide dis-
crete phase and amplitude control.
FEMs drive each M-element subar-
ray panel. The number of baseband
paths and subarray panels is de-
termined by the minimum number
of spatial streams or beams that
are needed. The number of beam-
former branches and elements in
each subarray panel is a function
of the targeted EIRP and G/NF
While a popular design ratio is to
have one baseband path for every
16 to 64 active elements, it really
depends on the deployment sce-
nario. For example, with a hot-spot
small cell (or on the CPE terminal
side), a 1:16 ratio single panel is ap-
propriate. A macro BTS would have
two to four subarray panels with 64
active elements, where each panel
is dual-polarized, totaling four to
eight baseband paths and 256 to
512 active elements. The digital
and analog beamforming work to-
gether, to maximize coverage or
independently, to provide spatially
separated beams to multiple users.

There is an important trade un-
folding, whether SiGe front-ends
can provide sufficient output power
and efficiency to avoid the need for
higher performance IlI-V technol-
ogy like GaAs or GaN. With good
packaging and integration, both
approaches can meet the tight an-
tenna lattice-spacing requirements.

FRONT-END SEMICONDUCTOR
CHOICES

The technology choice for the
RFFE depends on the EIRP and
G/NF requirements of the system.
Both are a function of beamforming
gain, which is a function of the ar-
ray size. To illustrate this, Figure 15
shows the average PA power (Payg)
per channel needed as a function
of array size and antenna gain for a
uniform rectangular array delivering
65 dBm EIRP. The graph is overlaid
with an indication of the power rang-

es best suited for each semiconduc-
tor technology. The limits were set
based on benchmarks of each tech-
nology, avoiding exotic power-com-
bining or methods that degrade
component reliability or efficiency.
As array size gets large (more than
512 active elements), the power per
element becomes small enough to
allow SiGe, which can be integrated
into the core beamformer RFIC. In
contrast, by using GaN for the front-
end, the same EIRP can be achieved
with 8 to 16x fewer channels.

System Power Dissipation

For an array delivering 64 dBm
EIRP, Figure 16 shows an analysis
of the total Pp g5 of the beamformer
plus the front-end as a function of
the number of active elements in
each subarray panel. The Ppgg is
shown for several error vector mag-
nitude (EVM) levels, since the EVM
determines the power back-off and
efficiency achieved by the front-
end. We assume each beamformer
branch consumes 190 mW, which is
the typical power consumption of
core beamformers in the market.®
The system on the far right of the
figure represents an all-SiGe solu-
tion with 512 elements, with an out-
put power per element of 2 dBm
and consuming approximately 100
W. Moving left, the number of ele-
ments decreases, the P g per chan-
nel increases and Ppgg is optimized
to a point where beamforming gain
starts to roll off sharply, and the
Ppiss to maintain the EIRP rapidly
increases. The small steps in the dis-
sipation curves represent where the
front-end transitions from a single
stage to two-stage and three-stage
designs to provide sufficient gain.
As stages are added, the efficiency
drops with the increase in power
dissipation.

Designing to optimize system
Poiss  Wwithout regarding com-
plexity or cost, an array of about
128 elements with a two-stage,
14 dBm output PA (24 dBm P, gp)
is the best choice. However, if we
strive to optimize cost, complex-
ity and yield for a Pp,g5 budget of
under 100 W, the optimum selec-
tion is the range of 48 to 64 active
channels using a three-stage GaN
PA with an average output power
of 20 to 23 dBm, depending on the
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A Fig. 14 Active array using hybrid beamforming.
EVM target. The trends shown in TABLE 3
Figure 16 are less a function of PA . .
efficiency and more a function of RELATIVE COST OF ALL SiGe AND SiGe BEAMFORMER WITH GaN FEM
beamformer inefficiency. In other
vyords, the choice to increase array Average Output Power 4B 5 20
size 8x to allow an all-SiGe solution per Channel m
comes with a penalty, given that Power Dissioati
. . . A pation per
the input signal is divided many Clhenmel mw 190 1329
more ways and requires ||ne§r|y bi- Antenna Element Gain 4B 8 8
ased, power consuming devices to N ombor of At
H H umpber o ctive
amplify the signal back up. Channals 512 64
Cost Analysis . EIRP dBmi 64 64
The cost of phased arrays include ——
the RF components, printed circuit | Total Power Dissipation Al i i
board material and the antennas Beamformer Die Area per - ’3 23
themselves. Using compound semi- Channel ‘ '
cono!uctor front—enqls a!lows an im- Front-End Die Area per : 5 <)
mediate 8x reduction in array size Channel mm : :
with no increase in Ppyss. Even with NSRRI mm? 1752 144
lower-cost printed antenna tech-
nology, this is a large saving in ex- Total GaN Die Area mm2 0 334
pensive antenna-quality substrate
material. Considering component
cost, the current die cost per mm?2 of All SiGe System Die Cost 1752 $/x
150 nm GaN on SiC fabricated on : :
GaN + SiGe System Die .
4-inch wafers is only 4.5x the cost @ [l GyaN) 1647 $/x 4-inch GaN = 4.5x
of 8-inch 130 nm SiGe. As é-inch : ‘
. . oy . GaN + SiGe System D .
GaN production lines shift into high o (6,irlmf6yas,\,()am Ie 1146 $/x 6-inch GaN = 3x

volume, the cost of GaN relative to
SiGe drops to 3x. A summary of the
assumptions and a cost comparison
of the relative raw die cost of the two
technologies is shown in Table 3. Us-
ing a high-power density compound
semiconductor like GaN on é-inch
wafers can save up to 35 percent
in the raw die cost relative to an all-
SiGe architecture. Even though the
cost of silicon technologies is lower
per device, the cost of the complete
system is significantly higher.

GaN FRONT-END MODULES

To validate the concept of a GaN
FEM for mmWave FWA arrays, Qorvo
set out to design the highest power,
lowest NF FEM for the 37 to 40 GHz
band. To support the trend to inte-
grated transmit/receive arrays, the
front-end includes a PA, integrated
T/R switch and a low NF LNA. The
module was designed with sufficient
gain to be driven by core beamformer
RFICs, which have a typical drive level

of 2 dBm. The FEM's P, of 23 dBm
was selected from an analysis similar
to that shown in Figure 16, and the
Psa was determined by analyzing the
needed headroom to support a back-
off linearity of > 33 dBc ACPR, EVM
<4 percent and a 400 MHz orthogo-
nal frequency-division multiple access
(OFDMA) waveform.

A key design decision was deter-
mining if GaAs or GaN or a combi-
nation of both were needed. The
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die size for a GaAs
PA would not allow

EIRP = 65 dBm

the FEM to meet

f=28 GHz

the tight 3.75 mm

y/2=5.4mm
®max = 90%

lattice spacing at

4TemaxParray?

39 GHz. The equiv-

Array Gain ~ 5
y

alent output power

GaAs

GaN PA is 4x small-

er with no sacrifice

in gain and a slight
benefit in efficien-
cy. Considering the
LNA, the 90 nm
GaAs PHEMT pro-
cess was favored

EVM = 8%
EVM = 6%

due to its slightly
superior NF. How-

EVM = 4%
P.ve/Channel

ever, the net im-
provement was

only a few tenths of
a dB once the ad-

ditional bond wires
and 50 Q match-
ing networks were
considered.  The
trade-off  analysis
concluded it was
better to stay with ¢ . ¢4’ dBm EIRP.
a monolithic GaN

design that allowed co-matching of
the PA, LNA and T/R switch. Such a
design was lower risk, easier to as-
semble and test, and the MMIC was
as compact as possible. The system
thermal analysis indicated that the
higher junction temperature offered
by GaN-on-SiC was critical for pas-
sively-cooled arrays.

As shown in Figure 17, the
39 GHz FEM integrates two of the
multi-function GaN MMICs into an
air-cavity, embedded heat-slug,
surface-mount package, sized to
meet the array element spacing at
39 GHz. Each of the GaN MMICs
contains a three-stage linear PA,
three-stage LNA and a low-loss,
high-linearity SPDT switch. The
FEM covers 37.1 to 40.5 GHz and
provides 23 dBm average output
power, which supports 256-QAM
EVM levels, with 24 dB transmit
gain. In receive mode, the NF is 4.1
dB, and receive gain is 16 dB. The
package size is 4.5 mm x 6.0 mm x
1.8 mm.7-8

SUMMARY

FWA is rapidly approaching com-
mercialization. This is due to the
abundance of low-cost spectrum,
early regulatory and standards work

A Fig. 16 System power dissipation vs. array size and EVM

and the opportunity for operators
to quickly tap a new market. The re-
maining challenge is the availability
of equipment capable of closing the
link at a reasonable cost. Both hybrid
beamforming and all-digital beam-
forming architectures are being ex-
plored. These architectures capitalize
on the respective strengths of com-
mercial semiconductor processes.
The use of GaN front-ends in either
approach provides operators and
manufacturers a pathway to achiev-
ing high EIRP targets while minimiz-
ing cost, complexity, size and power
dissipation. To prove the feasibility,
Qorvo has developed a 39 GHz FEM
based on a highly integrated GaN-
on-SiC T/R MMIC and is develop-
ing similar FEMs for other millimeter
wave frequency bands proposed for
5@G systems.ll
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All-Silicon Active Antennas for
High Performance 5G/SATCOM

Terminals

David W. Corman

Anokiwave Inc., San Diego, Calif.

ctive mmWave antennas

are expected to be rolled

out in unprecedented

volumes over the next
few years, fueled by the rapidly
emerging 5G telecommunications
infrastructure and high through-
put satellite (SATCOM) markets.
mmWave spectrum is attractive for
these new high-capacity systems
due to the availability of large bands
of contiguous spectrum.

Using active antennas allows
highly-directive antenna beams to
be formed by physically-small aper-
tures, which helps offset the higher
path loss associated with these high
frequencies. The highly-directive
beams allow spectral reuse through
spatial diversity. These planar anten-
nas offer fast, steerable beams; low
size and weight; and can be cost-
effectively produced in high volume.
Active antennas also provide excel-
lent reliability, since there are no
moving parts, and the failure of a few
elements in the array has little effect
on the overall antenna performance.

This article will look at some of
the key considerations for active an-
tennas and address what is needed
to make deployment successful.
Two predominant architectural im-
plementations will be compared,

and analog, digital and hybrid
beamforming will be discussed rela-
tive to the two implementations.

ACTIVE ANTENNA
CONSIDERATIONS

As with any technology, there
are considerations to effectively de-
ploy active antennas, particularly at
mmWave (see Figure 1). The primary
considerations are mass producibility
at the lowest possible recurring cost,
thermal management, technical
performance—such as effective iso-
tropic radiated power (EIRP) for the
transmitter and the ratio of receive
antenna gain to system noise tem-
perature (G/T) for the receiver—and
elimination of array calibration. Sec-
ondary considerations include beam
scan volume, beam steering update
rate and regulatory compliance (i.e.,
3GPP, FCC, ETSI).

Mass producibility and elimina-
tion of array calibration affect cost,
as do EIRP and G/T. If the arrays are
not architected efficiently, then they
must be oversized to compensate,
adding hardware cost. Beam update
rate and scan volume are important
for waveform timing, tracking mov-
ing targets and providing maximum
spatial coverage. Thermal manage-
ment is critical for reliable operation

of the array. Finally, compliance to
regulatory requirements, such as
FCC and ETSI spectral masks and
off-axis emissions, are required for
authorized deployment. Another
key consideration is the manufac-
turing process. Planar construction
enables low-cost, surface-mount as-
sembly methods and mass produc-
ibility. Simple scaling the size of the
antenna printed circuit board (PCB)
and number of antenna elements

Cost

Thermal Management
EIRP & G/T

Array Calibration
Regulatory Compliance
Scan Volume

Beam Update Rate

L0 e ]

A Fig. 1 Trade-off criteria for active
antennas.
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e +3.3 or +5.0VDC supply
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allows a single

manufacturing flow
to support arrays
of various sizes, for
multiple  applica-
tions.

Two main pla-
nar  architectures
predominate  for
emerging mmWave
active antennas.
The following sec-
tions describe the
two, drawing con-
clusions about their
relative  strengths
and weaknesses.

Antenna Element

COLUMN-FED
ARRAY

The first active
antenna architec-
ture can be called a column- or
row-fed array (see Figure 2). In this
approach, control ICs are mounted
outside the array and drive a single
column, with a single gain/phase
setting common to all elements in
the column. A corporate feed struc-
ture is typically employed between
the control ICs and the radiating
elements. For simplicity, Figure 2
shows just four columns with four
elements per column; however, any
number of columns and elements
per column can be used.

The control ICs may be transmit
only, receive only or may support
transmit/receive time-division du-
plexing with a SPDT switch, as indi-
cated in Figure 2. A key advantage
to this implementation is mounting
the control ICs outside the array
area, so the physical size and num-
ber of ICs is not critical. This enables
high RF power technologies such as
GaAs or GaN to drive the column;
the result is very high RF power per
element, enabling high transmit
EIRP from a relatively small array. By
simultaneously driving the columns
from both top and bottom, the array
can be dual polarized. With this ap-
proach, the corporate feeds driven
from one side of the array energize
vertical feeds to the elements, while
the corporate feeds from the other
side energize the horizontal feeds.

The main advantages of this ar-
chitecture are
* high RF power per element
e only N control IC RF chains are

antenna array.

A Fig. 2 Column-fed array with RF front-end outside the

required per N columns
e the ICs are not constrained to

fit within the lattice of the array,

since they are outside the array
area.

This last advantage is critical to
GaAs or GaN solutions, as both
semiconductor technologies lack
the level of functional integration
required to fit all of the control elec-
tronics within the typical N/2 lattice
of the array at mmWave.

The first and most obvious chal-
lenge for this architecture is that the
control ICs are off the array; hence,
feed lines must be used to route RF
energy to and from the radiating ele-
ments. These lines add insertion loss
at the worst possible location in any
radio, i.e., at the front-end. Adding
the ohmic loss of the corporate feed
network, the impact on EIRP effi-
ciency and G/T (receive noise figure)
efficiency is profound. This increases
antenna cost, since the array must
be oversized to compensate for the
losses. In Figure 2, 2 dB feed loss
is shown; however, the actual loss
will depend on how the feed lines
are implemented. Figure 3 shows
the effect of feed loss on transmit-
ter EIRP. As feed loss increases, the
array must be oversized to achieve
the required EIRP. In this example of
a 256-element array with +15 dBm
transmit power per element, an im-
bedded element gain of +5 dBi and
a feed loss of 2 dB, the array must
be increased to 322 elements (a
26 percent increase) to maintain the
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targeted +68 dBmi 400 0
EIRP. EIRP follows Zero Feed Loss EIRP = + 68 dBmi
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tain the targeted

G/T of +8.7 dB/K A Fig. 4 To overcome feed loss, the size of the array must be

The reason feed

increased to achieve the required G/T.

loss hurts the re-
ceiver much more
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Feed Loss (dB)

the feed loss can
affect G/T by more
than 1 dB/dB as in-
dicated in Figure 5. For practical val-
ues of mmWave receiver noise figure
(3 to 5 dB), G/T varies with feed loss
by 1.5 to 2 dB/dB, meaning that a 1
dB feed loss degrades G/T by 1.5 to
2 dB. While GaAs- and GaN-based,
column-fed, planar arrays offer high
EIRP, their receive performance suf-
fers significantly.

Another challenge with the col-
umn-fed architecture is that it only
supports one-dimensional beam

A Fig. 5 Slope of G/T vs. feed loss and noise figure.

steering, i.e., azimuth (AZ) scan-
ning only for the example in Figure
2. This lack of two-dimensional (2D)
steering is probably acceptable for
early, 5G, fixed wireless access ap-
plications; however, it is not suitable
for applications such as low and me-
dium orbit satellite (LEO/MEQO SAT-
COM), mobile SATCOM and dense
urban small cells for 5G, where 2D
scan capability will be required.
Another challenge using GaAs
or GaN control ICs is their inability
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to self-compensate for the ampli-
tude and phase variations in the
ICs. Lacking the ability to correct for
part-to-part variations, which can
exceed +2 dB in |Sy| and 100 de-
grees in £S,q, forces array calibra-
tion, which adds significant cost to
the active antenna system.

There is also a concern that rely-
ing on 6-inch GaAs and GaN tech-
nologies, only available from a small
group of global suppliers, limits how
cost-effective these solutions can be
in volume production. The ability to
achieve low cost is limited by the
need for precision lithography for
millimeter wave frequencies, such
as e-beam gate definition. Finally,
using depletion-mode semiconduc-
tor technologies such as GaAs or
GaN requires dual-supply voltages,
positive and negative, which adds
system cost. To protect these devic-
es during turn-on and turn-off, DC
sequencers are needed to prevent
applying a positive voltage without
the negative voltage, which increas-
es system complexity and cost.

ALL-SILICON ARRAY

The second active antenna archi-
tecture is an all-silicon array, where
the beam steering control ICs reside
within the lattice (see Figure 6). The
beam steering control ICs contain
the transmit output, receive input,
gain control and phase control
electronics, integrated on a single
silicon die. The die may be trans-
mit only, receive only or half duplex
transmit/receive. Locating the die
within the lattice of the array yields
low feed loss between the die and
the radiating element. With this pla-
nar construction, the control ICs are
mounted on one side of a multilayer
PCB, and the radiating elements are
on the opposite side of the board.
As shown in Figure 6, each control
IC drives four radiating elements.

Advantages of this architecture
include the lowest possible feed
loss, which maximizes transmit EIRP
and receive G/T efficiency. Since
the individual radiating elements
have unique amplitude and phase
settings, this approach provides
for full 2D scan, required for LEO/
MEO SATCOM, mobile SATCOM
and high density, urban applica-
tions. Another advantage of this
architecture is using only high-yield

Beam Steering
Control ICs on
Front Side

Antenna Element
on Back Side

A Fig. 6 All-silicon architecture enables
the RF front-end to be imbedded within
the lattice of the array, i.e., on the
backside of the antennas.
silicon processes, the lowest cost
processes in the industry, widely
available from mainstream global
suppliers. A typical silicon wafer size
is 12 inches, which offers four times
the wafer area compared to 6-inch
GaAs and GaN. The high levels of
integration available with silicon al-
low system on a chip (SoC) capabili-
ty, where features can be imbedded
to eliminate the need for array cali-
bration. These are essential to meet
the aggressive cost targets required
by mass markets, such as mmWave
SATCOM and 5G active antennas.
Additional advantages of this archi-
tecture are
® silicon ICs can provide telemetry
to the host system, which is use-
ful for health and status report-
ing and scheduling preventative
maintenance
e only a single power supply volt-
age is needed
* no DC sequencers are required,
simplifying system cost and com-
plexity.
Challenges with the all-silicon archi-
tecture are
e the number of ICs required per
array is N/4, where N is the num-
ber of radiating elements in the
array and each control IC drives
four antenna elements
® transmit power per element is
typically limited to +20 dBm,
much lower than what is achiev-
able with GaAs or GaN process-
es.
However, the need for more ICs
with this architecture is more than
offset by using the lowest cost
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semiconductor processes. The
lower transmit power per element
can also be compensated for by
enlarging the array, taking advan-

Hlllll'llllllﬂ_,_;;..“ml

A Fig. 7 Anokiwave 256-element, all-
silicon array.
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tage of the 20log(N) EIRP charac-
teristic of transmit active antennas.
Enlarging the transmit array is not
necessarily “bad,” since a larger
array allows lower transmit power
per element, which spreads the
heat over a larger area and helps
the thermal design. By enlarging
the array and using aperture gain
to develop EIRP, rather than the RF
power per element, reduces the
overall DC power consumption of
the array.
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A Fig. 8 Analog beamforming.

Measured data on Anokiwave's
256-element, all-silicon array (see
Figure 7) validates the performance
of the all-silicon array architecture.
At 28 GHz, the array provides a G/T
of -1.1 dB/K in receive and an EIRP
of +59.7 dBmi in transmit. Com-
paring the measured results with
theoretical calculations, the transmit
EIRP is calculated from

EIRP = 20log(N) + Ge +

Power,jgment — LOSses

where N is the number of elements
in the array, Ge is the imbedded
element gain (+5 dBi for a \/2 lat-
tice), Powergement IS +8.5 dBm and
losses total 1.5 dB for the combined
feed loss, element ohmic loss and
radome loss. The calculated EIRP is

EIRP = 20log(256) + 5+ 8.5-1.5 =
60.2 dBmi

which is within 0.5 dB of the mea-
surement. Similarly, the receive G/T
is calculated from

G Ge
? = 10'09 WJ-F
10log(N) Q)

where N and Ge are the same as
for the transmit array, To is the
290°K reference temperature, L
is the sum of the front-end losses
(1.5 dB total or 1.41) and F is the
noise factor of the receiver. Using
256 elements, +5 dBi imbedded el-
ement gain (3.14), 1.5 dB in losses
and 5 dB NF (F = 3.16),

G 3.14

—=10log +
T 290(1.41x3.16-1)
10log(256) = -1 dB/k (2)

which closely agrees with the mea-
sured results for the array.
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Step 1: Search parts by Impedance, the most interesting parts for @
Attenuation or Inductance at your evaluation and testing. @
operating frequency.
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Step 2: View results in a sortable

table with complete performance It’ S that Simple!

specifications and select parts for
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BEAMFORMING

Three general beamforming
architectures are used in active

antennas: analog, digital and hy-
brid beamforming. This section
describes each approach at a high

TABLE 1 ANALOG BEAMFORMING

Number of beams fixed in hardware

Simplest hardware implementation

Hardware can fit within the lattice at high
frequencies (all-silicon array only)

Beam benefits from the full array gain

Lowest system DC power

| [T1TAN

|

3/

Part Number

Freq (MHz)  Gain (dB) Power Out(W)  Size (inches)

NW-PA-11B02A 100 - 2550 2.34x1.96 x0.62
NW-PA-VU-4-GO1 225-512 35 10 2.34x234x0.70
NW-PA-11CO1A 225- 2400 40 15 3.00x 2.00 x 0.65
NW-PA-13G05A 800 - 2000 45 50 4.50x3.50x0.61
NW-PA-15D05A 800 - 2500 44 20 4.50x3.50x0.61
NW-PA-12B01A 1000 - 2500 42 20 3.00x 2.00 x 0.65
NW-PA-12B01A-D30 1000 - 2500 12 20 3.00x 2.00 x 0.65
NW-PA-12A03A 1000 - 2500 37 5 1.80x 1.80x 0.50
NW-PA-12A03A-D30 1000 - 2500 7 5 1.80x 1.80x 0.50
NW-PA-12A01A 1000 - 2500 40 4 3.00x 2.00 x 0.65
NW-PA-LS-100-A01 1600 - 2500 50 100 6.50x4.50 x 1.00
NW-PA-12D05A 1700 - 2400 45 35 4.50x3.50x0.61
NW-PA-C-10-R01 4400-5100 10 10 3.57x2.57 x0.50
NW-PA-C-20-R01 4400 - 4900 43 20 4.50x3.50x0.61

NuPower Xtender™ Broadband Bidirectional Amplifiers

Part Number Freq(MHz)  Gain (dB) PowerOut (W) Size (inches)
NW-BA-VU-4-GX02  225-512 35 10 2.34x234x0.70
NW-BA-12B04A 1000 - 2500 35 10 3.00x2.00x1.16
NW-BA-12C04A 1000 - 2500 35 15 3.00x2.00x1.16
NW-BA-C-10-RX01  4400-5100 10 10 3.57x2.57 x0.50
NW-BA-C-20-RX01 4400 - 4900 43 20 550x4.50x0.71
Broadband High Intercept Low Noise Amplifiers (HILNA™ )
Part Number Freq(MHz)  Gain(dB) OIP3 (dBm) Size (inches)
HILNA-HF 2-50 30 30 3.15x250x 1.18
UHILNA-V1 50- 1500 20 31 1.00x 0.75x 0.50
HILNA-V1 50-1000 20 32 3.15x250x 1.18
HILNA-G2V1 50-1000 40 31 3.15x250x1.18
HILNA-LS 1000 - 3000 50 33 2.50x1.75x0.75
HILNA-GPS 1200 - 1600 32 30 3.15x250x 1.18
HILNA-CX 5000-10000 35 21 1.77x1.52x045
NuWaves WWWw.nuwaves.com
engineering 513.360.0800

Middletown, OH

Trusted RF Solutions™

level, compares their pros and cons
and discusses how the column-fed
and all-silicon architectures are im-
pacted. While the following block
diagrams denote receivers, trans-
mitter block diagrams look similar,
just reversed in direction and using
digital-to-analog converters (DAC)
instead of analog-to-digital convert-
ers (ADC).

Analog beamforming (see Figure 8)
uses an analog beam weight at each
element in the array with the all-sil-
icon architecture or at each column
in the array with the column-fed ar-
chitecture. After the analog beam
weights are applied, a coherent
power summation forms the beam,
followed by a suitable frequency
down-converter and ADC to com-
plete the receive antenna system.
Table 1 summarizes the advantages
and disadvantages.

With digital beamforming (see
Figure 9), the beams are formed us-
ing complex digital weights rather
than analog weights. To do this, a
full receiver chain from antenna ele-
ment to digits is required at every
element in the array with the all-sili-
con architecture or at every column
in the array with the column-fed
architecture. For full 2D scanning
in planar arrays, this is only prac-
tical at low frequencies, such as
S-Band, where the lattices are large,
with room to place the required
hardware within the array. This ap-
proach is not practical for 2D scan-
ning at mmWave frequencies, since
inadequate real estate exists with
the tight lattices. Since the column-
fed architecture is limited to 1D
scanning, it can implement digital
beamforming because the electron-

Antenna
Elements

or
Mixer LNAs Columns
X<+ |
X

;

Digital +- . < -
Beam
Weights

%%

<
ANANANA
IR EREIEIE

<
/\

A Fig. 9 Digital beamforming.
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Instantly Improve the
Performance of Your
Phased Array Radar!

Phased Array Radar system performance has long been limited by the phase change over
temperature of coaxial cables.

Not anymore!

TF4™ - our proprietary, ultra stable dielectric material significantly improves Phased Array Radar
system performance by reducing the phase change of the interconnecting coaxial cables.

Typical PhaseTrack TF4™ Performance Typical Low Density PTFE Performance

Low Density PTFE=———
Tracking Window=—— |

] I [
| PhaseTrack TF4™ —
| Tracking Windo!

Phase change (PPM)

£
&
:
3

Temp re (Deg C Temperature (Deg C)

¢ Available NOW in various flexible coaxial cable and semi rigid coaxial cable assembly sizes
¢ Perfect for all Ground, Naval, Airborne or Spaceflight Phased Array Radar applications

¢ Frequency ranges to 40 GHz

¢ Wide range of connector types available

¢ Best Phase Tracking and Absolute Phase Change performance available

WIMES MICROWAVE SYSTEMS

An Amphenol Company
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ics resides outside the array. Addi-
TABLE 2 DIGITAL BEAMFORMING tionally, since a full receiver is only
required at every column, rather

than at every element, DC power

Extreme flexibility with number of beams and nulls Highest DC power vely
— : : : consumption is reduced.
Can provide high number of beams I/Q signal routing complexity Other significant challenges with
Number of beams can be changed O ] et e s ey digital beamforming include high
dynamically with no change in hardware DC power consumption, especially
Each beam benefits from the full array gain Highest hardware complexity: full RF if large bandwidths are digitized;

chain per element or column in the array signal routing complexity, where
Hardware cannot fit within the lattice at multiple bits of | and Q data must
high frequencies (no 2D scan capability | be routed off the array to the digital

for planar arrays) processor; and local oscillator (LO)
signal routing within the array. On
the plus side, if these challenges
can be addressed, then this archi-
tecture is the most flexible, since
multiple beams and nulls can be
formed dynamically with no change
in hardware, and each beam ben-
efits from the gain of the full array.
The advantages and disadvantages
are summarized in Table 2.

Hybrid beamforming is a cross
between analog and digital beam-
forming (see Figure 10). An array
with hybrid beamforming forms an
analog beam from a portion of the
full array (sub-array), with the result-
ing beams as illustrated in Figure 11.
The figure shows the wide beam of

FOR YOUR FREQUENCY'GONVE - the imbedded. element, the nar
RADAR 56 COMPONENTS '

——___

owing companies in the MMW industry,
provide test components for the 5G millimeter wave
around the 28, 38, 60, and 73 GHz frequencies
(76-81 GHz Bands for Automotive Radars).

Frequency Outputs up to 110 GHz
Multiplication Factors 2x, 3x, 4x, 12x, and Hl
High and Adjustable Output Power
Custom Designs, including

Low Phase Noise and Bypass Switching

Yy | fers

Frequency Bands 500 MHz to 110 GHz
Down and Up Converters

Transceivers

Low Noise Converters

A Fig. 10 Hybrid beamforming on the

Wide Band & Narrow Band receive path.

Low Noise Amplifiers
Integrated Assemblies, including
Limiters, Switches and Detection Circuits

F AW

— Digital Beams
=== Sub-Array Beam
Element Gain

CALL US AT 530-642-9123, EXT. 1#
www.nordengroup.com
sales@nordengroup.com

A Fig. 11 Example beams with hybrid
beamforming.
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OUR BUSINESS IS ABOUT SO MUCH MORE than interconnect products. We partner
with our customers to create critical interconnect solutions needed to elevate the
performance of their businesses.

It's about total integrated system connectivity. Carlisle Interconnect Technologies
(CarlislelT) designs, builds, tests and certifies market-ready, high-performance
interconnect solutions that deliver what you need, when you need it, even for the
most ambitious products or projects. Our satellite products include:
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TABLE 3 HYBRID BEAMFORMING

Extreme flexibility with number of
beams and nulls

Each beam only benefits from
the gain of the sub array

Can provide high number of beams

Number of beams can be changed dynamically
with no change in hardware

Hardware can fit within the lattice at high
frequencies (all-silicon array only)

No complex signal routing

No LOs to distribute in the array

™

FASTER, QUIETER, SMALLER

SIGNAL SOURCES

QUICKSYN SYNTHESIZERS

Design smaller and more efficiently
with National Instruments QuickSyn
synthesizers. The revolutionary phase-
refining technology used in QuickSyn
synthesizers enables blazing fast
switching speeds, very low spurious
and phase noise performance, wide

frequency range, and small footprint.

ni-microwavecomponents.com/quicksyn

NATIONAL . ‘M @ QuickSyn Lite Synthesizer
INSTRUMENTS

© 2016 National Instruments. All rights reserved
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rower beam formed by the analog
sub-array and two digitally-formed
beams. For simplicity, only two
digital beams are shown, but many
beams can be formed within the an-
alog beam. Both the all-silicon and
column-fed architectures can use
hybrid beamforming. The beauty of
hybrld beamforming is it
can be used at mmWave fre-
quencies
* provides the digital flexibility of
being able to dynamically form
many beams and nulls with no
change in hardware

* does not require a full RF chain
per element, only a full RF chain
per sub-array.

The main downside is that no
single beam benefits from the gain
of the full array. However, with the
many advantages that hybrid beam-
forming offers, it is no wonder that
this is the most popular beamform-
ing approach used in emerging 5G
communications systems today. The
advantages and disadvantages are
summarized in Table 3.

CONCLUSION

Active mmWave antennas for 5G
and satellite communications will
reach unprecedented production
volumes over the next few years,
and two predominant planar ar-
chitectures have emerged. One is
based on GaAs or GaN ICs located
off the array and the other uses sili-
con ICs imbedded within the array.
While the GaAs/GaN solution offers
very high EIRP capability, the ap-
proach has significant limitations, in-
cluding poor receiver performance
from high feed loss and the inability
to self-calibrate. The architecture
is limited to 1D scanning, requires
bias support circuitry such as DC
sequencers and offers a challenging
path to low production cost.

In contrast, all-silicon active an-
tennas overcome these limitations.
While limited in transmit power
per element, the architecture of-
fers a clear path to high volume
manufacturability and ultra-low
production cost, while meeting
all key considerations for active
mmWave antennas.ll
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Even the best MMIC
specs will only get
you SO far.

Our devices are ready for your most adventurous designs.

We have engineered our GaAs and GaN MMICs from the ground up to perform
under the most rigorous conditions. So if you have your sights set on space,
allow us to provide the space-qualified screening that will get your projects

approved for launch.

CustomMMIC.com

Where can we take you next?

’ Custom
WV MMIC
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tefan Wolff is someone

who tells it like it is.
CEO

of pSemi™, a company with

The pragmatic

30 years of RFIC history and
backed by electronics giant
Murata, speaks with passion
and a deep understanding of
what is expected to attract top
engineers in today’s competitive
marketplace. Wolff's direct, no-
nonsense demeanor makes a
strong case for anyone looking
for a workplace that encourages
people to reach their highest
potential while working on
products that will shape our

connected world.

JTK: Thanks for taking the time to speak
to me. Tell me about the new name,

pSemi, and what the future holds.

SW: The pleasure is mine. | thrive
on the exciting time this is for
pSemi, and it is a privilege being
its CEO. pSemi was formed to
provide focus and resources to take
semiconductors to the next level. Our
new name is derived from Peregrine
Semiconductor and reflects its
proud 30-year RFIC history. Fast-
forward to the present: We are a
Murata company with the backing
and integrity of that electronics
giant. Murata has challenged us to
broaden our scope, increase our IP
and grow on a global scale to support
inventions that are coming in our

not-so-distant future.

NOW
HIRING

More Than a Few Great
Men and Women
Innovative Semiconductor

Company Makes Big Push to
Attract the Best and Brightest

An Interview with CEO Stefan Wolff by JT Konstanturos

ITK: What sets pSemi apart from other
semiconductor companies, and what'’s

different now?

SW: We are innovation junkies—
pure and simple. With well over 500
issued and pending patents, our
patent portfolio was named one of
the technology world's most valuable
portfolios by the /EEE Spectrum“Patent
Power Scorecard” for the last two
years. What that says is our patents
are not only innovative but very useful
to the industries we serve. So, what is
different now? The industries we serve
are growing. Smaller, faster, lighter is
the mantra we hear all the time from
inventor companies, and we are rising
to meet that challenge through very
novel and intelligent semiconductor

integration and packaging.
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JTK: Sounds like quite a challenge.
When will you reach your goal?

SW: The honest answer to that
question is never. You can't stand still
in this time of electronic revolution.
You have to keep moving forward at all
times to succeed. We have never shied
away from the tough challenges, and

now is not the time to start.

JTK: What does pSemi have to offer the
best and brightest engineers?

SW: We are growing, and we are hiring.
pSemi offers an engineering-driven
environment with fascinating projects

for challenging applications like 5G,

And yes, we do take full advantage of
it all! Even beyond San Diego, pSemi
has offices around the world—and
plans to have offices—wherever
there is a hub of semiconductor
talent that supports our growing
“dream team.”

JTK: How do you plan to build your

“dream team” of engineers?

SW: Well, we are already making it
happen. With the right people, we
will get there even faster. This year
alone, we have acquired businesses
and hired Chip

designers frequently do not leave a

entire teams.

know everything about our industry;
no one does. | ask a lot of questions,
and | really want to hear what our
employees think. | do have a few
expectations of our employees.
First and foremost is respect. We
expect it at all levels. Not far behind
is integrity. That means we tell the
truth. You can expect me to tell the
truth, and | will expect the same.
The truth has no politics and no
taboo subjects. If it will make the
company better, it should be talked
about candidly. Third is quality and
customer satisfaction. We strive for

itin everything we do. Our customers

“We are growing, and we are hiring. pSemi offers an
engineer-friendly environment with fascinating
projects...and a work-hard, play-hard philosophy.”

loT and battery management. Since
our inception, we have invented
breakthrough technologies for
emerging markets, such as switches
and antenna tuners for smartphones
in the 2000s, and today, we are
spearheading Murata's efforts in
new semiconductor growth markets.
The foundation of our whole-person
support is a work-hard, play-hard
philosophy. Yes, that means we
have wellness programs, parties and
special-recognition dinners, and ves,
our headquarters are near beautiful
beaches with the perfect San Diego
lifestyle.

job they hate because they love their
team. We say, “No problem. We will
take the entire team too if they are
the right fit.” We are leaning on our
“dream team” to design the products
of the future. Think smartphones,
small cells, portable computing,
data centers, smart homes, electric
vehicles and healthcare. It is an
exciting time in our industry, and
we are grateful to have the backing
and support of Murata in this next

chapter.
JTK: Any last words?

SW: Definitely! | do not pretend to

expect it, our parent company is
known for it, and it makes us proud
of our efforts. Last, but not least, is
teamwork. Without it, we can't do
any of this. We are so fortunate that
our parent company not only shares
these values but has weaved them

into every aspect of their business.

If you would like to join our
team, | would like to hear from
you. Please send your resume to
Stefan@psemi.com. For more about
pSemi and our innovative products,

please go to psemi.com.

Semi
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Al ;mu and SUb-Nesamiiss
101 2usry AJJM&.LJJJJ —

ivery frum Stock to 2 Weeks ARO from the catalog or built to your speclflcatlo—'

Compeﬁnve Pricing & Fast Delivery
¢ Military Reliability & Qualification _
* Various Options: Temperature Compensation, | ¢4 99012000 _

Input Limiter Protection, Detectors/TTL & More | and AS91008
¢ Unconditionally Stable (100% tested) =t1tiE0

OCTAVE BAND LOW NOISE AMPI.IFIERé

Model No. re% 6Hz  Gain @) MIN  Noise Figure @)  Power-out@p1d8  3rd Order ICP VSWR
CA01-2110 28 1. , 0.7 TYP +10 MIN +20dBm  2.0:1
CA12-2110 1.0- 2.0 30 1.0 MAX, 0.7 TYP +10 MIN +20dBm  2.0:1
(A24-2111 2.04.0 29 1.1 MAX, 0.95 TYP +10 MIN +20dBm  2.0:1
CA48-2111 4.0-8.0 29 1.3 MAX, 1.0 TYP +10 MIN +20dBm  2.0:1
CA812-3111 8.0-12.0 27 1.6 MAX, 1.4 TYP +10 MIN +20dBm  2.0:1
(A1218-4111 12.0-18.0 25 1.9 MAX, 1.7 TYP +10 MIN +20dBm  2.0:1
(A1826-2110 18.0-26.5 32 3.0 MAX, 2.5 TYP +10 MIN +20 dBm  2.0:1
NARROW BAND LOW NOISE AND MEDIUM POWER AMPLIFIERS
CAO01-2111 0.4-0.5 28 0.6 MAX, 0.4 TY +10 MIN +20dBm  2.0:1
CA01-2113 0.8-1.0 28 0.6 MAX, 0.4 TYP +10 MIN +20dBm  2.0:1
CA12-3117 1.2-1.6 25 0.6 MAX, 0.4 TYP +10 MIN +20dBm  2.0:1
(A23-3111 2.2-2.4 30 0.6 MAX, 0.45 TYP +10 MIN +20dBm  2.0:1
(A23-3116 A7/ =75) 29 0.7 MAX, 0.5 TYP +10 MIN +20dBm  2.0:1
(A34-2110 3.7-42 28 1.0 MAX, 0.5 TYP +10 MIN +20dBm  2.0:1
CA56-3110 54-59 40 1.0 MAX, 0.5 TYP +10 MIN +20dBm  2.0:1
CA78-4110 7.25-7.75 32 1.2 MAX, 1.0 TYP +10 MIN +20dBm  2.0:1
CA910-3110 9.0-10.6 25 1.4 MAX, 1.2 TYP +10 MIN +20dBm  2.0:1
CA13153110 13.75-15.4 25 1.6 MAX, 1.4 TYP +10 MIN +20dBm  2.0:1
CA12-3114 1.35-1.85 30 4.0 MAX, 3.0 TYP +33 MIN +41 dBm  2.0:1
(A34-6116 31315 40 4.5 MAX, 3.5 TYP +35 MIN +43 dBm  2.0:1
CA56-5114 5.9-6.4 30 5.0 MAX, 4.0 TYP +30 MIN +40dBm  2.0:1
CA812-6115 8.0-12.0 30 4.5 MAX, 3.5 TYP +30 MIN +40dBm  2.0:1
CA812-6116 8.0-12.0 30 5.0 MAX, 4.0 TYP +33 MIN +41 dBm  2.0:1
CA1213-7110  12.2-13.25 28 6.0 MAX, 5.5 TYP +33 MIN +42 dBm  2.0:1
CA1415-7110  14.0-15.0 30 5.0 MAX, 4.0 TYP +30 MIN +40dBm  2.0:1
CA1722-4110  17.0-22.0 25 3.5 MAX, 2.8 TYP +21 MIN +31dBm  2.0:1
ULTRA-BROADBAND & MULTI-OCTAVE BAND AMPLIFIERS
Model No. Fre(i GHz)  Gain (@) MIN  Noise Flgu @)  Power-out@pid  3rd Order ICP  VSWR
CA0102-3111 0.1-2.0 28 1. +10 MIN +20dBm  2.0:1
CA0106-3111 0.1-6.0 28 1.9 Mux 1.5TYP +10 MIN +20dBm  2.0:1 —
(A0108-3110 0.1-8.0 26 2.2 Max, 1.8 TYP +10 MIN +20dBm  2.0:1 =
CA0108-4112 0.1-8.0 32 3.0 MAX, 1.8 TYP +22 MIN +32dBm  2.0:1
(A02-3112 0.5-2.0 36 4.5 MAX, 2.5 TYP +30 MIN +40dBm  2.0:1 —
(A26-3110 2.0-6.0 26 2.0 MAX, 1.5 TYP +10 MIN +20dBm  2.0:1
CA26-4114 2.0-6.0 22 5.0 MAX, 3.5 TYP +30 MIN +40 Bm  2.0:1 —
CA618-4112 6.0-18.0 25 5.0 MAX, 3.5 TYP +23 MIN +33dBm  2.0:1
(A618-6114 6.0-18.0 35 5.0 MAX, 3.5 TYP +30 MIN +40 Bm  2.0:1 —
CA218-4116 2.0-18.0 30 3.5 MAX, 2.8 TYP +10 MIN +20dBm  2.0:1 =
(A218-4110 2.0-18.0 30 5.0 MAX, 3.5 TYP +20 MIN +30dBm  2.0:1 =—
(A218-4112 2.0-18.0 29 5.0 MAX, 3.5 TYP +24 MIN +34 Bm  2.0:1
LIMITING AMPLIFIERS
Model No. Freq Gtz  Input Dynamic Range  Output Power Range Psat  Power Flatness dB ~ VSWR i
(CLA24-4001 2.0-4.0 -28 t0 +10 dBm +7 to+11 dBm +/- 2.0:1
CLA26-8001 2.0-6.0 -50 to +20 dBm +14 to +18 dBm +/-T5MAX  2.01
(LA712-5001  7.0-12.4  -21t0o+10 dBm +14 to +19 dBm +/-1.5MAX  2.0:1 =
(lA618-1201  6.0-18.0  -50 to +20 dBm +14 to +19 dBm +/-1.5 MAX  2.0:1
AMPLIFIERS WITH INTEGRATED GAIN ATTENUATION
Model No. Freg (6Hz)  Gain (d8) MIN  Noise Figure (@)  Power-out@pid8 Gain Attenuation Range VSWR
CA00T-251T1A  0.025-0.150 21 5.0 MAX, 3. +1 30 dB MIN 2.0:1
CA05-3110A 0.55.5 23 2.5 MAX, 1.5TYP  +18 MIN 20 dB MIN 2.0:1
CA56-3110A 5.85-6.425 28 2.5 MAX, 1.5TYP  +16 MIN 22 dB MIN 1.8:1
CA612-4110A 6.0-12.0 24 25 MAX, T.5TYP  +12 MIN 15 dB MIN 1.9:1
CA1315-4110A 13.75-15.4 25 2.2 MAX, 1.6 TYP  +16 MIN 20 dB MIN 1.8:1
CA1518-4110A  15.0-18.0 30 3.0 MAX, 20 TYP  +18 MIN 20dB MIN  1.85:1
LOW FREQUENCY AMPLIFIERS
Model No. Fregi 6Hz)  Gain @) MIN  Noise Figure dB  Power-out@p1d8  3rd Order ICP VSWR
CA001-2110  0.01-0.10 18 4.0 MAX, 2.2 TYP +10 MIN +20dBm  2.0:1
CA001-2211 0.04-0.15 24 3.5 MAX, 2.2 TYP +13 MIN +23dBm  2.0:1
CA001-2215  0.04-0.15 23 4.0 MAX, 2.2 TYP +23 MIN +33dBm  2.0:]
CA001-3113 0.01-1.0 28 4.0 MAX, 2.8 TYP +17 MIN +27 dBm  2.0:1
CA002-3114 0.01-2.0 27 4.0 MAX, 2.8 TYP +20 MIN +30dBm  2.0:1
CA003-3116 0.01-3.0 18 4.0 MAX, 2.8 TYP +25 MIN +35dBm  2.0:]
(A004-3112 0.01-4.0 32 4.0 MAX, 2.8 TYP +15 MIN +25dBm  2.0:1
CIAO Wireless can easily modify any of its standard models to meet your "exact” requirements at the Catalog Pricing.
Visit our web site at www.ciaowireless.com for our complete product offering. ' wireless
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Detecting Danger at a Safe Distance

RL Laboratories LLC has developed a high-

resolution, low power radar antenna ar-

ray—coded aperture subreflector array
(CASA)—that potentially can see weapons or explosives
concealed on a person at tactically safe distances. With
a CASA scanner, someone concealing a suicide bomb
could be detected while they were still far enough away
to make a sudden detonation far less effective. The low
power usage and scalability of the CASA array gives it
versatility for many possible uses, from the aforemen-
tioned security scanners to being part of the eyes and
ears of robots or autonomous vehicles.

One constraint in this type of coded aperture radar
technology is that it tends to be more useful for shorter
ranges, but that makes it ideal for such uses as security
screening at safe distances, as current airport scanners
require subjects to walk through the apparatus to be
scanned. Radar can also see through smoke and dust,
so CASA could be useful for seeing approaching people
or vehicles in low visibility situations. It could also help
helicopters navigate through dust, other atmospheric
obscurants or darkness by imaging landing areas with
high resolution.

The CASA was developed by HRL researchers un-
der the Defense Advanced Research Project Agency
(DARPA)'s program Advanced Scanning Technology for
Imaging Radars (ASTIR).

"With this program, DARPA's goal was high-resolu-
tion radar imaging of the quality of a synthetic aperture
radar, or SAR, but in a smaller, stationary system,” said
Jonathan Lynch, HRLs principal investigator on the proj-
ect. “Normally SAR is on a moving platform, an aircraft
for example, that flies over its target collecting desired
radar images. These are very high-resolution images,
such as very detailed 2D maps. The ASTIR program
aimed at developing similar high frequency radar tech-
nology that does not require the moving platform to
collect high-resolution 3D images.”

The CASA radar array scans high-resolution 3D im-
ages with a digitally synthesized beam, which means
the array itself does not need to be moving, but creates
the images by digitally processing the data collected by
the beam'’s reflection off targets. The team, from HRLs
Microelectronics Laboratory, used a tiling approach to
make the radar antenna array, with 1-inch-square RF
tiles.

"The tiles make the array scalable to whatever size
is needed for a particular task. You can add more tiles
over a fairly large area and get thousands of pixels in
your images. Also, we fabricated the tile arrays with
wafer-scale integration that really keeps costs in line,”
Lynch said.

The CASA array operates at a very high frequency
because the higher the frequency, the narrower the ra-

For More
Information
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dar beam and the greater the image resolution. “With
such high frequency, we fabricated a 1,024-element ra-
dar antenna array that is about an inch on a side. The
little antenna elements are only 700 microns (one mi-
cron equaling one thousandth of a millimeter) apart,
based on spacing them half a wavelength apart. That's
how small the wavelength of the beam is,” Lynch said.

HRLs world-leading capabilities in microelectronics
made the CASA possible by combining coded aperture
radar with GaN T4 monolithic microwave integrated
circuits (MMIC) and 3D integration. “The heart of the
technology is our GaN T4 MMIC,” said HRL researcher
Hasan Sharifi. “These circuits operate at very high fre-
quency, 235 GHz, allowing us to pack many elements
into a tiny area.”

"On the hardware side, we are able to fabricate
smaller, lower power circuits using 3D integration,” said
HRL researcher Florian Herrault. “With this technology
we stack the circuits in three dimensions that in the past
would be placed side-by-side, greatly reducing device
size and increasing efficiency. The CASA devices oper-
ate on extremely low power, with each element dissi-
pating about 20 microwatts.”

ONR Announces Successful Final
Helicopter Autonomous Flight Demo

utonomy options for the Marine Corps have
taken a major step forward, as the Office of
Naval Research (ONR) officials recently an-
nounced a successful final helicopter flight demonstra-
tion with autonomous capability at Marine Corps Base
Quantico, Virginia, part of the Autonomous Aerial Car-
go/Utility System (AACUS) program.

AACUS is a partnership between ONR and technol-
ogy company Aurora Flight Sciences, and will enable the
Marine Corps to rapidly resupply forces on the front lines
using cutting-edge technology sponsored by ONR.

The system consists of a sensor and software package
that can be integrated into any manned or unmanned
rotary-wing aircraft to detect and avoid obstacles (like
telephone wires, other vehicles or large ground ob-

AACUS (Source: U.S. Navy)

Visit mwjournal.com for more defense news.
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jects) in unfavorable weather conditions or to facilitate
autonomous, unmanned flight. This capability will be a
welcome alternative to dangerous convoys or manned
aircraft missions in all types of weather.

“This is more than just an unmanned helicopter,” said
Dr. Walter Jones, ONR executive director. “AACUS is
an autonomy kit that can be placed on any rotary-wing
platform and provide it with an autonomous capabil-
ity. Imagine a Marine Corps unit deployed in a remote
location, in rough terrain, needing ammunition, water,
batteries or even blood.”

“With AACUS, an unmanned helicopter takes the
supplies from the base, picks out the optimal route and
best landing site closest to the warfighters, lands and
returns to base once the resupply is complete—all with
the single touch of a handheld tablet.”

The need for this capability surfaced during Marine
Corps operations in Afghanistan and Irag, experts say.
Cargo helicopters and resupply convoys of trucks bring-
ing fuel, food, water, ammunition and medical supplies
to the front lines frequently found themselves under fire
from adversaries or the target of roadside bombs and
other improvised explosive devices.

AACUS is designed for simple use; an operator with
minimal training can call up the supplies needed and or-
der the flights using only an intuitive handheld tablet. Dur-
ing the December 13 demonstration tests at Quantico, a

Marine with no prior experience with the technology was
given a handheld device and 15 minutes of training.

The Marine was able to quickly and easily program
in the supplies needed and the destination, and the he-
licopters arrived quickly—even autonomously selecting
an alternative landing site based on last-second no-fly-
zone information added in from the Marine. The dem-
onstration featured a UH-1 “Huey” flying autonomously
on multiple missions.

"We've developed this great capability ahead of re-
quirements and it's up to us to determine how to use
it,” said Lt. Gen. Robert Walsh, commanding general,
Marine Corps Combat Development Command. “The
young Marines today have grown up in a tech-savvy so-
ciety, which is an advantage. We've got to keep push-
ing and moving this technology forward.”

Officials say AACUS represents a leap-ahead tech-
nology for the Marine Corps and Navy, moving un-
manned flights far beyond the current standard, which
requires a specialized operator to select a landing site
and manually control an unmanned aircraft via remote.

"AACUS gives revolutionary capability to our fleet
and force,” said Dennis Baker, AACUS program man-
ager. "It can be used as a pilot aid to operate in GPS-
and communications-denied arenas or allow fully au-
tonomous flights in contested environments-keeping
our pilots and crews out of harm’s way.”
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OCEAN2020-European Defence Fund's
First Research Initiative

CEAN2020 is the European Defence Fund’s

first initiative, and is designed to boost tech-

nological research in the naval domain via
the integration of unmanned platforms in surveillance
and interdiction missions in naval systems. Aimed at
advancing Europe’s defence capabilities, OCEAN2020
was issued by the European Union under the “Prepa-
ratory Action on Defence Research” programme and
is the first example of a cross-European military re-
search programme.

The OCEAN2020 team, which will be led by Leon-
ardo, comprises 42 partners from 15 European coun-
tries.

OCEAN2020 will see unmanned platforms of dif-
ferent types (fixed wing, rotary wing, surface and un-
derwater) integrated with naval units’ command and
control centres, allowing for data exchange via satel-
lite, with command and control centres on land. The
joint and cooperative
use of both manned and
unmanned vehicles will
also be demonstrated.

In addition to com-
plex simulation work,
OCEAN2020 will involve
two live demonstrations
of maritime surveillance
and interdiction operations, conducted by European
fleets using unmanned aircraft, surface vessels and un-
derwater systems. The first demo, scheduled to take
place in the Mediterranean Sea in 2019, will be co-
ordinated by the Italian Navy and will see Leonardo’s
“Hero” and “Solo” unmanned helicopters operate
from Italian naval units alongside other European part-
ners.

The second demonstration, which will take place
in 2020 in the Baltic Sea, will be coordinated by the
Swedish Navy. The data collected by various systems
during these two demos will be processed and sent to
a prototype European command and control centre in
Brussels.

OCEAN2020 (Courtesy of Leonardo)

For More
Information
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Richard Mumford, International Editor

3GPP Completes First 5G NR Standard

n 21 December 2017, the 3GPP TSG RAN
Plenary Meeting in Lisbon, Portugal suc-
cessfully completed the first implementable
5G NR specification, with participating companies is-
suing a statement that the completion of the first 5G
NR standard has set the stage for the global mobile
industry to start full-scale development of 5G NR for
large-scale trials and commercial deployments as early
as 2019.

Those  participating
companies are: AT&T,
BT, China Mobile, China
Telecom, China Unicom,
Deutsche Telekom, Er-
icsson, Fujitsu, Huawei,
Intel, KT Corporation,
LG Electronics, LG Up-
lus, MediaTek Inc., NEC
Corporation, Nokia,
NTT DOCOMO, Or
ange, Qualcomm Technologies Inc., Samsung Elec-
tronics, SK Telecom, Sony Mobile Communications
Inc., Sprint, TIM, Telefonica, Telia Company, T-Mobile
USA, Verizon, Vodafone and ZTE.

This standard completion is an essential milestone
to enable cost-effective and full-scale development of
5G NR, which will greatly enhance the capabilities of
3GPP systems, as well as facilitate the creation of verti-
cal market opportunities. 3GPP plans to continue to
develop Release 15, including the addition of support
for Standalone 5G NR operation.

The 5G NR lower layer specifications have been
designed so that they can support Standalone and
Non-Standalone 5G NR operation in a unified way, to
ensure that 3GPP benefits the global industry with a
large-scale single 5G NR ecosystem.

ETSI Signs MoU with Broadband India Forum

he European Telecommunications Stan-
dards Institute (ETSI) has signed a Memo-
randum of Understanding (MoU) with the
Broadband India Forum to promote topics such as 5G,
M2M and IoT, IPRs as well as privacy and security re-
lated matters in India.

The Broadband India Forum addresses activities
such as training, research, study, promotion and the
establishment of convergent technologies and proj-
ects based on Internet Protocol (IP), broadband and
SATCOM-broadcasting, particularly over wire line and
wireless. The Forum also performs a vital role as a
bridge between industry and government and regula-
tory bodies.

Visit mwjournal.com for more international news.
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Through the Second-
ed European Standard-
ization Expert for India
(SESEI) project and the
EU-India project on ICT
standardization, ETSI is
already actively involved
in India and the country’s
standardization  activi-
ties. Signing a MoU with
the Broadband India Fo-
rum will allow ETSI to leverage its activity at a gov-
ernment level in India, and for the Broadband India
Forum to promote the use of standards-based com-
munication technologies in India.

Vodafone and Huawei Trial Spectrum
Sharing in Turkey

odafone Group’s Networks Centre of Excel-
lence team and the Huawei Mobile Innova-
tion Centre tested a dynamic way to help
address spectrum constraints in Turkey. The teams
have completed the world’s first trial of GSM/LTE (GL)
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900 MHz dynamic spec-
trum sharing on Voda-
fone’s commercial net-
works in the Black Coast
city of Trabzon.

In 2017, the two
companies  achieved
unparalleled  overlap

by GSM (2G) and LTE
(4G) services within the
900 MHz  spectrum
band. Now they have shown that it is possible to as-
sign that spectrum dynamically, i.e. available 900 MHz
can be allocated between 4G and 2G services based
on customer demand.

In the trial, which took place over several months,
dynamic sharing allowed Vodafone Turkey to provide
up to 10 MHz of 4G capacity and throughput in a very
effective way. 4G KPIs clearly show the improvement
in network performance and better user experience.
The test cases showed that download and upload
throughput improved by 20 percent.

Mallik Rao, Vodafone Turkey’s CTO, said: “Spectrum
is an extremely precious asset. This new network op-
timization technique improves spectral efficiency and
enhances the experience of Vodafone customers.”

{
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Sensor Data Sharing, Driverless Vehicle
Remote Control to Boost Cellular V2X
Technologies

hile the IEEE 802.11p V2V standard deliv-

ers basic non-line-of-sight (NLOS) safety

features, advanced Vehicle-to-Vehicle (V2V)
capabilities for sharing of raw vehicle sensor data and
remote control of driverless cars will require enhanced
Device-to-Device (D2D) and network-based cellular
V2V technologies to be defined in 5G standards. ABI
Research forecasts that 5G cellular Vehicle-to-Every-
thing (V2X) connections based on end-to-end network
slicing will exceed 10 million by 2027.

“However, the overall momentum created by the
mobile ecosystem will drive uptake of 4G cellular V2X
implementations competing directly with IEEE 802.11p
before 2020 with Qualcomm’s 9150 C-V2X chipset
available for commercial sampling in the second half of
2018. From a complementary and redundancy point of
view, the coexistence of both technologies is a likely
scenario though imple-
mentations may differ
between regions and
car OEMs,” says Domi-
nique Bonte, vice presi-
dent at ABI Research.
“Due to incompatibility,
both technologies will
be required to reach
high penetration levels
to be relevant, though
Vehicle-to-Infrastructure
(V2I) services can pro-
vide preliminary ben-
efits.”

A wide consensus has
been reached among
automotive players
around the need for V2X in terms of adding NLOS col-
lective perception capabilities guaranteeing safe op-
eration of driverless vehicles, but also supporting future
cooperative mobility requirements. Euro NCAP is plan-
ning to add V2X to its safety rating framework by 2020.

However, competition between both sets of V2X
standards might still result in a tech battle that risks
slowing down adoption. The automotive industry seems
increasingly divided in two camps with GM, Toyota
and VW and many Tier One suppliers backing DSRC,
while Audi, BMW, Ford and others support cellular V2X
through the 5G Automotive Association (5GAA). The
timing of deployments will depend on muiltiple factors
including the resolution of spectrum sharing issues, the
nature of the V2V mandate in the U.S., 5G standardiza-
tion and regional ITS frameworks.

For More
Information

IEEE 802.11/DSRC
Versus Cellular

V2X: Tech Battle
or Complementary
Solutions?

CommercialMarket
Cliff Drubin, Associate Technical Editor | A

Global Commercial Telematics System
Revenue to Reach USD$24B by 2022

he explosive growth stimulated by the Elec-
tronic Logging Devices (ELD) Mandate in the
U.S., emerging market opportunities and
last mile delivery, is providing tremendous upside for
numerous telematics service providers.

"According to the Federal Motor Carrier Safety Ad-
ministration (FMCSA), in 2017, 67 percent of U.S.-based
fleets had 20 or fewer units. Many of these fleets were
without telematics units, providing a significant upside
this year for ELDs,” says
Susan Beardslee, senior
analyst at ABI Research.
“Substantial growth in
e-commerce is putting
further emphasis on last
mile delivery and the
need to manage capacity
for fleets, both in North
America and across mul-
tiple geographies.”

ABI| Research antici-
pates global commercial
telematics system sub-
scriptions to rise across
trucking segments from
33 million this year to over 67 million by 2022. The in-
dustry continues to develop innovative solutions, tar-
geted to specific geographies and/or verticals as well
as evolve existing technologies to support Advanced
Driver-Assistance Systems (ADAS) and regulatory re-
quirements. Companies such as Verizon, Omnitracs,
G7, Trimble, TomTom Telematics, Gurtam, Geotab and
MiX Telematics are addressing many of these segments.

“Commercial telematics providers will continue to
expand their market presence through the introduction
of connected, secure and scalable innovations includ-
ing gateways, prognostics, open APIs/SDKs and eco-
system marketplaces. More nascent technologies such
as blockchain, autonomy and electrification will impact
the industry in the coming years,” concludes Beardslee.

Opportunities for
further telematics
penetration exist,
especially for segments

such as services,
government and public
transport, with CAGRs
all between 16 to 19
percent.

Next-Gen Asset Tracking Infrastructure
Worth USD$4.5B by 2022 But Consolidation
Looming

new report by ABI Research forecasts that
the worldwide indoor positioning market
for next-generation asset tracking will reach
USD$4.5 billion by 2022 with a CAGR of 32 percent, as
large enterprises seek to deploy next-generation asset
tracking technologies to improve operational efficien-

Visit mwjournal.com for more commercial market news.
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cies. As the hugely fragmented market develops, the
location supply chain will become very complex with
the boundaries between the different nodes blurring.

Next-generation asset tracking solutions based on
Bluetooth Low Energy (BLE) and Ultra-Wideband (UWB)
will rapidly replace expensive legacy systems such as
passive Radio Frequency Identification (RFID) while pro-
viding increased location granularity. “Although Blue-
tooth is quickly becoming the go-to standard for indoor
asset tracking use cases, the choice of Real-Time Loca-
tion System (RTLS) technology is dependent on many
factors including the number of assets being tracked,
the coverage area required, the level of accuracy re-
quired for each use case and the overall cost of the so-
lution including both infrastructure and implementation
costs,” says Samuel MclLaughlin, research analyst at ABI
Research. “Many smaller companies simply cannot af-
ford the costs associated with RFID systems. A rugge-
dized BLE tag will cost USD$20 today, which may seem
expensive, but this is offset by reduced anchor point
costs per square meter.”

Bluetooth hardware infrastructure for asset tracking
is forecast to reach USD$2.3 billion by 2022, which will
represent 52 percent of the total infrastructure of asset
tracking market. However, UWB is the fastest growing
technology in this environment, with a compound an-
nual growth rate of 52 percent between 2017 and 2022.

Major beacon companies arrived late to target the
asset tracking space because they were focusing on
consumer-facing applications. This has given rise to
customized solutions from companies like Fathom,
Quuppa, Onyx Beacon, Bluvision, H&D Wireless and
PLUS Location Systems. This market is characterized by
many small-to-medium sized suppliers that are steadily
obtaining deployments with local customers.

However, these vendors will struggle to generate
scale in the long term. Targeting small to mid-size busi-
nesses across a variety of segments and use cases is a
good starting point for these companies, but it will not
be enough for them to survive in such a highly competi-
tive landscape. Asset tracking customers often have spe-
cific requirements and ask for highly customizable equip-
ment, which most vendors could hardly cope with in the
long-run.

This trend means market consolidation is looming
and survivors will be pushed to come up with more hy-
bridized technologies that will allow them to generate
the required scale. These players will also have to adapt
their business models and align their strategy if they
want to maximize profits from their innovative technolo-
gies. “Asset tracking as a service is becoming increas-
ingly popular as an alternative to the traditional model
whereby vendors ship their solutions as a one-time sale
opportunity,” concludes McLaughlin.

PHASE COHERENT

SERIgg

SERIES
SIGNAL GENERATORS

1GHz Phase Noise: -142dBc/Hz (10kHz offset)
10MHz to 3, 6, 12, and 20GHz (1mHz resolution)
Spurious Response: <-80dBc

Dynamic Range: +20dBm to -110dBm

Channel-Channel Isolation: <-110dB

Up to 4x Independent, PHASE COHERENT Channels

holzworth

instrumentation

OPTIMAL PERFORMANCE & SIGNAL STABILITY

18GHz
| = 12GH:z
| = 6GHz
| — 1GHz

10M 40M

phone: +1.303.325.3473

Content is copyright protected and provided for personal use only - not for reproduction or retransmission.

74

For reprints please contact the Publisher.

MWJOURNAL.COM m FEBRUARY 2018



ITAR & ISO9000
R F- I_A M B DA Registered Manufacture
THELEADER OF RF BROADBAND SOLUTIONS
WWW.RFLAMBDA.GOM

RF SWITGHES

MMJ MICROWAVE DC- SUGHZ

-
s Bir BN

160 CHANNELS
mm/Microwave

0.05-20GHz I T
Filter Bank Switch Matrix s

For Phase Array Radar Application Satellite communication.

PN: RFSP32TA5M43G
SP32T SWITCH 0.5-43.5GHz

PN: RFSP16TASM43G
SP16T SWITCH 0.5-43.5GHz

SEeRE FToaT el Pt San NDiego, CA, US o S
sales@rfiambda.com 1-972-T€7-5598 Ottawa, ONT, Canada e

WWW. .com 1-888-976-8880 Plano, TX, US = u



Aroundthe Circuit
Barbara Walsh, Multimedia Staff Editor

MERGERS & ACQUISITIONS

Mercury Systems Inc. announced that it has signed
a definitive agreement to acquire Themis Computer.
Based in Fremont, Calif., Themis is a designer, manu-
facturer and integrator of commercial, SWaP-optimized
rugged servers, computers and storage systems for
U.S. and international defense programs. Pursuant to
the terms of the agreement, Mercury will acquire The-
mis for an all cash purchase price of $180 million, sub-
ject to net working capital and net debt adjustments.
The acquisition and associated transaction expenses
are expected to be funded through Mercury’s existing
revolving credit facility.

I.F. Engineering Corp., located in Dudley, Mass., an-
nounced the acquisition of American Sub Assembly
Producers (ASAP) Inc.’s assets. ASAP has been a long
time supplier to |. F. Engineering Corp. The products
and capabilities of ASAP complement those of IFE and
include contract manufacturing services, both turnkey
and consignment, as well as build-to-print. Capabili-
ties include, but are not limited to, two automated SMT
lines, through-hole assembly, hand soldering, toroid
winding, mechanical assembly, sheet metal fabrication
and coaxial cables.

King Engineering has acquired Criser Troutman Tan-
ner Consulting Engineers (CTT), a North Carolina-
based full-service engineering firm. CTT specializes in
civil and structural engineering for private and public-
sector clients. With the addition of CTT, King Engineer-
ing, which recently merged with Ardurra Group, the
company has ~300 professionals throughout 15 offices
serving the Gulf Coast, the Southeast and Mid-Atlan-
tic. CTT will continue to operate as CTT in the North
Carolina market from offices in Wilmington, Raleigh and
Charlotte.

Nordson Corp. has acquired Sonoscan Inc., an Elk
Grove Village, lllinois-based designer and manufactur-
er of acoustic microscopes and sophisticated acoustic
micro imaging systems used in a variety of microelec-
tronic, automotive, aerospace and industrial electron-
ics assembly applications. The transaction is not ma-
terial to Nordson results, and terms of the deal were
not disclosed. Sonoscan will operate within Nordson’s
Advanced Technology Systems segment. Since its in-
ception, Sonoscan has been the most trusted authority
on the application of Acoustic Microscopy, also known
as Acoustic Micro Imaging (AMI) technology, to nonde-
structively find and characterize physical defects such
as cracks, voids, delaminations and porosity that occur
during manufacturing, environmental testing or even
component operation.

For More
Information

COLLABORATIONS

HUBER+SUHNER and KOSTAL Kontakt Systeme
have reached a framework agreement for a strategic
collaboration with a focus on the technology fields of
cables and contact/connector systems for automotive
applications. The two companies, represented by Reto
Bolt, COO of the HUBER+SUHNER Radio Frequency
Division, and Dr. Markus Bergholz, CEO of KOSTAL
Kontakt Systeme GmbH, have signed a Memorandum
of Understanding and plan to work together to imple-
ment novel solutions for the transmission of high data
rates in cars, buses and commercial vehicles.

Renesas Electronics and Airbiquity® announced a se-
cure, high performance automotive solution with over-
the-air (OTA) capabilities, targeting advanced driver
assistance systems (ADAS), vehicle-to-everything (V2X)
and automated driving applications of the future. To
prepare for the upcoming autonomous-driving era,
the companies are integrating Airbiquity’s OTAmatic™
cloud-based OTA software and data management ser-
vice delivery solution on Renesas’ high performance,
low power R-Car H3 automotive computing platform.
The combined solution based on the R-Car H3 system
on a chip (SoC) that is compliant with the ISO 26262
safety functionality (FuSa) standard, brings a powerful,
efficient and secure automotive computing platform
with highly targeted and scalable on-demand OTA soft-
ware update and data management capabilities.

Nokia, T-Mobile and Intel have reached a major mile-
stone in their 5G collaboration by bringing a 28 GHz
outdoor 5G commercial radio system on air in the busy
downtown corridor of Bellevue in Washington state.
A data session was conducted on a 28 GHz radio in
a field test environment using the Nokia 5G commer-
cial AirScale solution and the 5G Mobile Trial Platform
(MTP) from Intel, enabling T-Mobile to deploy its first
inter-vendor 5G network. This collaboration furthers the
T-Mobile's goal to drive standards, enhance the 5G eco-
system of chipsets and devices and develop the best
network experience for its customers.

Advanced RF Technologies (ADRF) has announced its
acceptance into the Sirqul's Strategic Alliance Part-
ner Program. By collaborating with ADRF, Sirqul has
enhanced its loT platform capabilities by incorporat-
ing data from the cellular connections ADRF provides.
Sirqul is an engagement-as-a-service loT provider that
offers software and a bundled set of vertical solutions,
which combine with mesh networks to track and iden-
tify an individuals behavior, location and intent. This can
range from identifying the exact whereabouts of a fan
at a sports stadium to deliver food to enabling autono-
mous robots to navigate industrial warehouses and fac-
tories, as well as be monitored.

Molex and Excelfore have teamed up on the devel-
opment of a 10 Gbps Ethernet Automotive Network
designed to accelerate data bandwidth in intelligent

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

connected vehicles. Headquartered in Silicon Valley,
Excelfore provides innovative middleware solutions
for in-vehicle and vehicle-to-cloud smart mobility net-
works, enabling automotive OEMs to build the next
generation of connected cars. The Molex demonstra-
tion at CES 2018 showcased how Excelfore solutions
streamline integration and over-the-air (OTA) diagnos-
tics, firmware and software updates to different auto-
motive devices, from different vendors, running differ-
ent operating systems, across multiple networks.

PoLTE Corp. and Riot Micro announced a technol-
ogy collaboration to enable ultra-low power LTE loT
solutions with highly accurate location positioning for
indoor and outdoor applications. The collaboration
combines the advantages of Riot Micro's RM1000 with
those of PolLTE's recently announced Lite-Touch loca-
tion architecture. Riot Micro will support PolLTE's lo-
cation interface in the RM1000, the industry’s lowest
power baseband modem chip for the cellular loT. Riot
Micro’s innovative design approach can cut the power
consumption of similar modem chips in half, at price
points comparable to short-range wireless systems.

ACHIEVEMENTS

International Manufacturing Services (IMS) Inc. in
Portsmouth, R.I. announced the company has achieved
quality certification to AS?100D. The AS9100D certifi-
cation is an internationally recognized quality manage-
ment standard for aerospace, aviation and defense in-
dustries, managed by the International Aerospace Qual-
ity Group (IAQG). It encompasses the ISO 9001:2015
standards with additional requirements specific to the
aerospace industry and is endorsed worldwide by all
major aerospace OEMs and suppliers. Upgrading to
AS9100D was the result of a lengthy audit process con-
ducted by TUV Rhineland N.A., demonstrating a level
of excellence in all areas of the company’s quality man-
agement system.

TechPlus Microwave Inc., a designer and manufacturer
of RF/microwave filters is now AS9100D certified. The
certification was performed by Advantage International
Registrar, Inc. AS9100D is the most recent, internation-
ally recognized quality management system standard
specific to the aerospace, aviation and defense market
segments.

Emerson has been named the “Industrial loT Company
of the Year” by loT Breakthrough. The award recognizes
Emerson’s extensive innovation and leadership in driv-
ing Industrial Internet of Things (lloT) technologies and
strategies for customers in manufacturing industries, in-
cluding oil and gas, food and beverage, chemical, life
sciences and others. Today's industrial business chal-
lenges include fast-changing market dynamics, techni-
cal complexity and the relentless pressure to do more
with less. To help overcome challenges, Emerson has
harnessed the power of lloT for customers through its
Plantweb™ digital ecosystem to enable broader pro-

cess automation and deeper data insights that can im-
prove operations.

CONTRACTS

Northrop Grumman Corp. has received a $124.7 mil-
lion award for production of AN/APR-39D(V)2 digital
radar warning receiver and electronic warfare manage-
ment systems. The award followed the successful com-
pletion of engineering and manufacturing develop-
ment activities, including a series of rigorous tests that
verified the system’s readiness for production and the
demands of combat operations. The AN/APR-39D(V)2
is a small, lightweight digital radar warning receiver and
electronic warfare management system that provides
360-degree coverage to detect and identify radio fre-
quency threats to an aircraft. As an electronic warfare
management suite, the APR-39D(V)2 can display data
from multiple onboard sensors and automatically initi-
ate countermeasures to protect aircrews.

Kratos Defense & Security Solutions Inc. announced
that it has recently received $3.3 million in unmanned
aerial drone and electronic system contract awards.
Kratos is an industry leader in the rapid design, dem-
onstration and fielding of affordable unmanned aerial
drone systems for tactical, combat and target applica-
tions, related ground control systems and microwave
electronics. Work on these recent contract awards will
be performed at secure Kratos manufacturing facilities.
Due to competitive, customer related and other con-
siderations, no additional information will be provided
related to these contract awards.

Comtech Telecommunications Corp. announced that
during its second quarter of fiscal 2018, its Orlando,
Fla.-based subsidiary, Comtech Systems Inc., which
is part of Comtech’s Government Solutions segment,
has received an additional $1.5 million contract from
the Brazilian Military for satellite spares to support
an existing system. Comtech Systems Inc. specializes
in system design, integration, supply and commission-
ing of turnkey communication systems including over-
the-horizon microwave, line-of-sight microwave and
satellite. Comtech Telecommunications Corp. designs,
develops, produces and markets innovative products,
systems and services for advanced communications so-
lutions. The company sells products to a diverse cus-
tomer base in the global commercial and government
communications markets.

BAE Systems has been contracted by the Ministry of
Defence’s (MOD) Maritime Combat Systems (MCS)
team to ensure the combat management systems,
tactical networks and shared infrastructures aboard
38 Royal Navy platforms will remain available, coher-
ent, safe and secure. The Joint Support Solution 2 (JSS
2) programme will maintain high levels of equipment
availability, overcome obsolescence and improve com-
bat systems reliability and flexibility, building on the
success of the original JSS contract signed in 2010.

Orbital ATK announced the company has been award-
ed a contract by Intelsat to build the Galaxy 30 com-
munications satellite. The satellite will be based on
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Aroundthe Circuit

Orbital ATK's highly successful GEOStar-2™ satellite
platform. Galaxy 30 will be designed, built and tested
at Orbital ATK's state-of-the-art satellite manufactur-
ing facility in Dulles, Va., and will primarily serve video
markets in North America. The satellite is scheduled to
launch in early 2020. Galaxy 30 will be the 41st com-
mercial spacecraft built by Orbital ATK for customers
around the world.

DLT Solutions announced that it was awarded an en-
terprise software initiative (ESI) blanket purchase agree-
ment (BPA) on behalf of the U.S. Department of De-
fense (DoD) to help secure data from traditional and
loT-connected devices, and accelerate automated in-
cident response to breaches, with ForeScout software
and services. Gartner forecasts that by 2020 the num-
ber of loT devices could reach a staggering 20.4 billion.
Adoption in the public sector is also accelerating.

PEOPLE

Axus Technology announced that John J. Cerilli has
joined the company as General Manager. Based in the
Chandler, Ariz. facility, Cerilli's new role will provide man-
agement, logistics, sales, marketing and business devel-
opment support to Axus’ global customer base and sales
team. In the past year, Axus has experienced substantial
growth, and the addition of Cerilli in the role of GM will
allow him to apply his industry and management experi-
ence to support Axus as it continues to grow and reach
new markets. Cerilli is a semiconductor professional with
more than 40 years of experience in the industry.

NAI announced the appointment of Eric Emley to the
position of vice president of Global Supply Manage-
ment. In his new role, Emley will develop new strategies
to align NAl's supply chain with the overall business
strategies of the company. The new
VP Global Supply Management will
form the requisite supply chain to
accelerate these company traits and
maintain the ease of doing business
with NAI that customers enjoy today.
To help accomplish these goals, Em-
ley will interface with NAI's plants and
external customers to understand
their requirements and provide the
appropriate supply chain structure to create a competi-
tive advantage in the marketplace.

A Eric Emley

Modelithics shared the news and congratulated Dr.
Thomas Weller, the company’s co-founder, on being
named IEEE Fellow by the Institute of Electrical and
Electronics Engineers. This high designation is given by
the |EEE Board of Directors to persons having a history
of significant accomplishments in the fields of electri-
cal engineering. Dr. Weller has been recognized for his
extensive contributions in the area of advanced RF and
microwave modeling techniques for surface mount and
passive IC electronic components.

Content is copyright protected and provided for personal use only - not for reproduction or retransmission.

80

For reprints please contact the Publisher.

MWJOURNAL.COM m FEBRUARY 2018



@HUBEmSUHNER

Excellence in Connectivity Solufions

Secure your mobile coverage
with SENCITY® antennas

HUBER+SUHNIER is offering a wide range of unobstrusive and easy to install wideband antennas for
distributed antenna systems and small cells. Our antenna families cover the frequency range from 380
MHz to 6 GHz. Thanks to these extremely broadband radiation properties, cost-intensive and space-
wasting installation of separate antennas for individual applications is unnecessary. Excellent IM behaviour
makes these antennas deeply interesting for DAS and Small cells in a multi-operator environment.

Discover more at > hubersuhner.com

HUBER+SUHNER AG 9100 Herisau/Switzerland

HUBERSIEN R (!Bi%rl%m r}!)?’%%&&a?’ §f’ié3;/rH§faed for personal use only - not for reproduction or retransmission.

For reprints please contact the Publisher.



Aroundthe Circuit

Carnegie Mellon University's Soft-
ware Engineering Institute (SEI) an-
nounced the appointment of Dr. Jen-
nifer Ricklin as director of the SEl’s
Software Solutions Division. Carnegie
Mellon University's Software Engi-
neering Institute announced the ap-
pointment of Dr. Jennifer Ricklin as
A Jennifer Ricklin director of the SEl's Software
Solutions Division. Dr. Ricklin has ex-
tensive experience as a researcher and leader in federal
defense and civil agencies and in the private sector. A
federally funded research and development center
(FFRDC), the SEI helps government and industry orga-
nizations develop and operate software systems that
are secure and reliable.

REP APPOINTMENTS

Amplical Corp. announced the appointment of the fol-
lowing regional manufacturer’s sales representatives:
Robtron Inc. covering upstate New York and Mission
Critical Sales LLC covering New England. Amplical is a
supplier of high quality RF and microwave components
to 40 GHz. Utilizing state-of-the-art design and manu-
facturing techniques, Amplical focuses on producing
high performance amplifiers, switches, modulators,
attenuators, phase shifters and limiters at affordable
prices. Amplical serves the defense, aerospace, com-
munications, test and instrumentation markets.

NoiseWave Corp. announced the appointment of the
following regional manufacturer’s sales representatives:
Robtron Inc. covering upstate New York, Mission Criti-
cal Sales LLC covering New England and Amtele Com-
munication AB covering Sweden, Finland, Denmark,
Norway, Estonia, Lithuania and Latvia. NoiseWave is a
leading supplier of noise sources and noise test equip-
ment to 110 GHz.

PLACES

Diamond Microwave, a specialist in high performance
microwave power amplifiers, has relocated its design
and laboratory facility to the historic Salts Mill in Sal-
taire, near Shipley, in the U.K.

Parker Aerospace, a business segment of Parker
Hannifin Corp., announced the opening of its second
global Customer Response Center (CRC) in Singapore.
Located inside Parker's existing customer support op-
eration in Singapore, the new CRC location provides
worldwide customer support to its maintenance, repair
and overhaul (MRO) customers—24 hours a day, seven
days a week, 365 days a year. The value of Parker Aero-
space’s service for customers will be further strength-
ened with additional local insight to speed the handling
of technical, business and service calls requiring imme-
diate attention.
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Electrenic Design

Conference

SpecialReport

EDI CON China
2018 Preview

his March 20-22, EDI CON
China returns to Beijing
at the China National
Convention Center. At-
tendees return to EDI CON each
year to see the latest products on
the exhibition floor and to ben-
efit from its technical conference,
made up of peer-reviewed techni-
cal sessions as well as workshops,
plenary keynote speeches, panels
and a short course with industry-
leading experts. Organized in mul-
tiple tracks, the technical confer-
ence provides practical informa-
tion on how to complete the latest
designs using available materials,
tools, products and techniques.
This year's event returns with its
unique, high-quality technical con-
ference with learning and training
opportunities for engineers in the
Beijing area. In addition to the con-
ference, EDI CON China features a
show floor of exhibitors demonstrat-
ing the latest in RF, microwave and
high speed digital products and ser-
vices. Attendees come to EDI CON
to find solutions, products and de-
sign ideas that they can put into im-
mediate practice for applications in
the communication, defense, com-
puter, consumer electronics, aero-
space and medical industries.

84

Janine Love, Technical Program Director, EDI CON China 2018

PLENARY KEYNOTE SPEECHES

EDI CON China 2018 will hold
plenary keynote sessions on both
Tuesday and Wednesday. The ple-
nary sessions include an invited
talk from Dr. Klaus Werner, execu-
tive director of the RF Energy Alli-
ance and the owner of kw tec b.v.,
a company active in the fields of
metrology, automation and consul-
tancy. Dr. Werner's talk, “Solid State
RF Energy is the Smart Technology
Solution for 2018," will address the
exciting markets for solid-state RF
energy, including appliances as well
as lighting, medical and automotive
applications. Other invited speakers
include Bertram Arbesser-Rastburg,
president of the Austrian Institute
of Navigation (AIN/OVN), who will
discuss how the newest satellite
systems (Galileo and Beidou) com-
plement the existing systems (GPS
and GLONASS). EDI CON China
has also invited Dr. Guochun (GC)
Liang, president and CEO of Pivot-
one Communications Technologies
Inc. in Wuxi, China, who will address
the challenges and benefits of inno-
vation and being an entrepreneur.

Attendees will also hear a plena-
ry talk from Renato Lombardi, Hua-
wei Fellow, head of Italy Research
Center, VP Microwave Product Line,

who will discuss mmWave technol-
ogy. Other plenary keynotes will be
given by representatives from EDI
CON China’s Host Sponsor, Key-
sight Technologies, as well as Dia-
mond Sponsor, Rohde & Schwarz
and Corporate Sponsor, National
Instruments, who will speak on the
latest technology trends and chal-
lenges, including insights into 5G.

TECHNICAL SESSIONS &
WORKSHOPS

Papers and workshops in the con-
ference will cover simulation, design,
layout, test and verification across top-
ics such as 5G, automotive electronics,
radar, antennas, EMC/EMI, loT, am-
plifiers, serial interfaces and the latest
semiconductor material technologies.
Planned tracks for this year's event in-
clude: RF & Microwave Design; High
Speed Digital Design, including Power
Integrity and Signal Integrity; Measure-
ment & Modeling; Systems Engineer-
ing; 5G Advanced Communications;
EMC/EMI; loT Design; Radar Commu-
nications; and Semiconductors.

Each day of the conference fea-
tures 40-minute workshops and
panels, as well as 20-minute techni-
cal sessions. At the end of the first
day of the conference and exhibi-
tion, delegates can enjoy a wel-
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CUSTOM FREQUENCY
SOURCE INSTRUMENTS

Superior Performance at a Lower Cost

SpecialReport

than Variable Low Noise Signal Generators come reception starting at 1730

that is sponsored by Keysight Tech-
nologies. Day 3 will also include a
special short course (included in

: the delegate conference pass) pre-
Fm _ » : sented by Dr. Eric Bogatin entitled,

: “Essential Principles of Power Integ-

e rity Measurements.” This tutorial

' will look at the five most important

measurement challenges, including

how to extract the important figures

o ULN or Golden Phase Noise Performance of merit for any power rail, both un-

o Excellent Spectral Purity, der nominal conditions and under
o 1U to)8U} 19" Rack Mount igurations stimulated transient loading.

e Provides Only the Fixed Frequencies Needed This year, EDI CON China will
siSpecify Nﬁ uts and Levels . also partner with American Certi-

and-Locations on Panels fication Body (ACB) EMC experts
who will conduct training sessions
on FCC/RED/ISED/MIC Regulatory,
as well as EMC training for iNARTE
exam on Tuesday, March 20 and
Wednesday, March 21.

andyGnVoltage Regulators
stions!

PANELS

This year's EDI CON China panel
discussions will include panels on
mmWave Over the Air Testing and
5G MIMO, moderated by Microwave
Journal's Patrick Hindle, and a panel
on GaN, moderated by Microwave
Journal's Gary Lerude. In a special
session, the RF Energy Alliance’s Dr.
Werner will speak on “Solid State RF
Energy-Inroads to the Industrial Mar-
ket,” followed by a panel of industry
leaders for discussion and questions

| wARRANTY | <. regarding RF energy.

~——
EXHIBITION

EDI CON China 2018 will also
include three-days of exhibition
that features demonstrations from
EDI CON China’s many sponsors, in-
cluding Keysight Technologies, Rohde
& Schwarz, National Instruments, Fo-
cus Microwaves Group, Maury Micro-
wave, Mini-Circuits, Sichuan YiFeng
Electronic Science & Technology Co.
Ltd., WIN Semiconductors Corpora-
tion and Xiamen Sanan Integrated Cir-
cuit Co. (see the complete list at: www.

LadyB u g—TeC h. com ediconchina.com/whoexhibit.asp). On

. Tuesday at 1720, we will announce the

L) Since 2004 winners of the EDI CON Innovation
Santa Rosa, CA Awards as well as a Lucky Draw.

707-546-1050 Registration is open, and hotels

are now available. We look forward
to seeing you in Beijing!
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Microstrip Defected Ground
Structures Without Radiation
Loss Using Multilayer PCB
Technology

John Coonrod
Rogers Corp., Chandler, Ariz.

A multilayer circuit design using defected ground structures is used to enhance filter
performance without concern for leakage and isolation.

icrostrip defected ground struc-

tures (DGS) have been a part of

high frequency circuit design for

many years and are also used
with stripline and coplanar waveguide cir-
cuits.’3 While DGS circuit design approach-
es can provide benefits in the performance
and miniaturization of resonator-based RF/
microwave components, such as antennas
and filters, the technology is limited by seri-
ous drawbacks, including low isolation and
excess electromagnetic (EM) radiation. DGS-
based circuits can radiate EM energy, result-
ing in electromagnetic interference. Lack of
isolation can also result in undesirable inter-
action with neighboring RF/microwave com-
ponents and circuits. Fortunately, because of
the increasing use of multilayer circuit con-
figurations in modern RF/microwave circuit
designs, it is possible to design and fabricate
microstrip DGS circuits with little or no con-
cern for radiation or isolation. This multilayer
approach is demonstrated with a lowpass
filter (LPF) design and some readily available
commercial circuit materials.

Perhaps the easiest way to understand a
DGS is to consider a ground plane as a con-
tinuous structure, with no breaks or interrup-
tions. The electrical characteristics of a trans-
mission line, such as microstrip, assumes
this ground plane continuity. By purposely
forming a defect, such as an isolated open-
ing etched in the ground plane, the trans-
mission line's RF characteristics are altered.
Capacitance and inductance can change
significantly in the area of the DGS.

A simple example is an H-shaped feature
etched in the ground plane of a microstrip
transmission line (see Figure 1). The mi-
crostrip structure shown in Figure 1a has two
copper layers. The dark orange color repre-
sents circuit features on the top copper layer
(the signal layer), and the light orange color
depicts circuit features on the bottom copper
layer (the ground plane). The H-shaped DGS
produces a bandstop or band-reject charac-
teristic, as shown in Figure 1b. The response
is similar to a one-pole Butterworth lowpass
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ApplicationNote

filter (LPF). The DGS pattern can be
altered to generate a very narrow-
band bandstop response, which is
sometimes added to a filter design
to improve isolation in the stopband
portion of the filter. As will be shown
with a practical LPF design, the ef-
fective use of a microstrip DGS not
only improves a filter's stopband
response but greatly improves a fil-
ter's spurious harmonic responses.
A DGS can enhance the perfor-
mance of many RF/microwave com-
ponents, including LPFs, bandpass
filters (BPF), patch antennas and
other resonant circuits. A search
of the |EEE Xplore® Digital Library
yields many white papers where a
DGS is used in these applications.
DGS structures can also be used to
reduce circuit size, with the ability to
implement slow-wave effects.

With the growing complexity and
integration found in modern RF/
microwave circuits, multilayer cir-
cuit construction is often employed.

« Attenuators
* Terminations
* Dividers

&

* Tuners
¢ High Performance Designs

19212 Orbit Drive
Gaithersburg, MD 20879
Voice: 301.963.4630

Fax: 301.963.8640
RF@WeinschelAssociates.com

Proper design of a multilayer print-
ed circuit board (PCB) circuit con-
taining a microstrip DGS can mini-
mize or even eliminate EM radiation
and isolation. Multilayer PCBs can
be constructed in many shapes and
sizes.

For the sake of simplicity, a multi-
layer PCB with three copper layers is
used as an example to demonstrate
a method for minimizing DGS radia-
tion and isolation (see Figure 2). The
figure shows a multilayer PCB with
two different substrate materials
having dielectric constants ¢4 and
g. For an ideal DGS, the dielec-
tric constant of the lower substrate
material, &, is a value equivalent
to that of air, i.e. &, = 1.0. It is pos-
sible to embed an air cavity within
a multilayer PCB, but it is difficult
and typically expensive to fabricate.
A compromise is to use a substrate
with a low value of ¢, that is robust
enough to tolerate PCB manufac-
turing processes. The benefits of
using substrate materials with differ-
ent g, values are explained later in
this article.4>

® ®
WEINSCHEL
ASSOCIATES
BROADBAND RF
MICROWAVE
SOLUTIONS

The top two copper layers are
microstrip and its defected ground
plane. They may appear as ground-
ed coplanar waveguide transmission
lines, but they are actually loosely
coupled to behave as microstrip.
The use of ground planes with plat-
ed-through-holes (vias) connecting
all three ground layers ensures that
the system ground connects the top
and bottom ground planes and pro-
vides a suitable connection to the
buried microstrip (defected) ground
plane on copper layer 2. Proper
grounding of this buried layer is es-
sential for optimum microstrip and
DGS performance. For a traditional

ofifle

L
(a)
0
o -10
5 \ /
=0
(%) \v4
-30

f
Frequency

Top view of a microstrip
transmission line with an H-shaped DGS
etched in its ground plane (a) and |Sy4]|
for this structure (b).
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Copper Level 1

Copper Level 2

Copper Level 3

A Fig. 2 Cross-section of a PCB with three copper layers used to realize a microstrip

DGS without radiation and isolation concerns.

microstrip DGS structure with two
copper layers, the ground plane
with the DGS opening can radiate
energy to the nearby environment.
However, with the multilayer con-
struction shown in Figure 2, the ra-
diated energy is captured within the
circuit, due to the ground on copper
layer 3 and its repetitive grounding
vias.

MICROSTRIP STEPPED-
IMPEDANCE LPF

A microstrip stepped-impedance
structure provides a way to dem-
onstrate the effectiveness of using
a microstrip DGS approach for a
LPF without encountering radiation
or isolation problems. The circuit
consists of low-impedance sections
cascaded with high-impedance sec-
tions in a repeated pattern. When
designed properly, these low- and
high-impedance sections produce
capacitance and inductance values
in different sections of the filter, re-
sulting in a LPF function.

Using a microstrip stepped-im-
pedance format, the difference be-
tween the high- and low-impedance
sections has an effect on the spuri-
ous harmonic performance of the
filter. A larger difference between
the high- and low-impedance val-
ues results in less spurious harmonic
content and better isolation in the
stopband; however, there are limits
to the impedance range that can be
realized. For example, if the low-im-
pedance circuit element is too wide,
it can cause unwanted resonances
that distort filter performance. As a
general rule, the width of this struc-
ture should be no greater than A\/8
at the frequency of interest. Con-
versely, high impedances require
narrow conductors difficult to fabri-
cate in microstrip. Another general
rule is that the minimum microstrip
conductor width should be 4 mils or

For reprints please contact the Publisher.

more to provide a circuit design that
PCB fabricators can manufacture
practically and repeatably.

To achieve high-impedance sec-
tions, DGS circuit design features
are incorporated to increase the im-
pedance of a circuit section without
resulting in conductor widths that
are too narrow to fabricate. One of
these features is an etched opening
in the microstrip ground plane un-
der a narrow conductor. The etched
opening significantly increases the
substrate thickness in the area, with
a resulting increase in impedance.

DGS technology can also be
used to enhance filter stopband
performance and minimize spuri-
ous harmonic responses. This can
be done with a DGS that causes a
bandstop response in the range of
frequencies of the spurious harmon-
ic responses or in the range of fre-
quencies where the filter's stopband
must be improved. In general, to
control a filter's spurious harmonic
responses without degrading other
filter performance parameters, a
narrow bandstop response is cre-
ated in the frequency range where
the harmonic or spurious responses
are known to occur. With a DGS,
it is typically better to use a wide
bandstop configuration within the
frequency range of interest.

To better illustrate the benefits of
DGS circuit techniques for enhanc-
ing the performance of a high-fre-
quency filter, a study of the effects
of a DGS on a microstrip stepped-
impedance LPF is described. EM
modeling is performed using sev-
eral design approaches and consid-
erations. Physical circuits are fabri-
cated and tested, and the measured
performance is compared to the
simulated performance from the EM
models. To fully understand DGS
effects, filters are fabricated using
specific combinations of high- and

ontent 1s copyright protected and provided for personal use only - not for reproduction or retransmission.
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ApplicationNote

(b)

A Fig. 3 Conventional microstrip
stepped-impedance LPF (a), and a circuit
with the same design specifications but
with DGS openings in copper layer 2 to
achieve high-impedance circuit features (b).

low-g, substrate materials to dem-
onstrate how the choice of circuit
materials impacts the performance
of a microstrip DGS component.

FILTER DESIGN AND
MODELING

The LPF design is based on a
Chebyshev transfer function with
0.1 dB ripple and a 3 dB cutoff at
2.2 GHz. Several versions of the fil-
ter were designed and fabricated.
The first is a reference, designed
without a DGS. The second targets

A Fig. 4 Prototype microstrip
transmission line with an optimized
DGS bandstop feature to provide good
passband return loss and high rejection
at 8.4 GHz.

A Fig. 5 Final microstrip DGS LPF
circuit design, including the transmission
line structure for enhanced rejection at
8.4 GHz.

the same specifications but with two
different DGS approaches and with
a particular combination of high-g,
and low-g, substrate materials, to
form the multilayer structure of the
three-copper-layer, microstrip DGS
circuit.

The high-g, substrate material
used for this study is 8-mil-thick
RO4360G2™ laminate from Rog-
ers Corp. It has a design Dk of 6.4.
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ApplicationNote

This is the relative permittivity or
dielectric constant, ¢, as perceived
by the circuit (shown as ¢4 in Figure
2). The low-g, substrate is a 22-mil-
thick 2929 bondply material, also
from Rogers. It has a design Dk of
2.9 (shown in Figure 2 as g,5). A ben-
efit of this material combination for
the stepped-impedance microstrip
DGS design is the use of the high-
g, material for the low-impedance
sections; low-impedance circuit

N,

S

features are achieved solely by us-
ing the higher g, material. When an
etched opening is formed in the
microstrip ground plane on copper
layer 2 to construct the high-im-
pedance circuit features, the circuit
behaves as if it is based on a much
thicker substrate; the thicker sub-
strate has a combination of ¢, values
from the two different substrate ma-
terials with design Dk values of 6.4
and 2.9. Considering the thickness-

rmperature
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es of the two substrate materials,
the combination yields a composite
design Dk of about 3.4. The thicker
substrate, with its lower g, value, is
used to form a higher impedance
circuit feature than is possible with
the 8-mil-thick substrate alone.

Figure 3ais a top view of the first
LPF circuit design while the same
circuit design with ground open-
ings in copper layer 2 is shown in
Figure 3b. The color coding shows
the top copper layer (copper layer
1, the signal layer) as dark orange
and copper layer 2 (the buried mi-
crostrip ground plane) as light or-
ange. There are many repetitive
grounding vias (shown as white dots)
around the periphery of the circuit
features. This ensures that the bur-
ied ground plane, the top ground
plane and the bottom ground plane
are consistently grounded together.
The bottom ground plane (copper
layer 3, shown in white) is below
the microstrip buried ground plane
(copper layer 2). If Figure 3b were a
true microstrip DGS, with only two
copper layers, the white area would
represent a pathway where energy
could radiate to the outside world.
With the bottom ground plane
(copper layer 3) present, radiated
energy is minimized.

To demonstrate additional ben-
efits of this DGS design approach,
assume that excellent rejection is
needed at 8.4 GHz. To achieve that
performance in the LPF, during the
modeling phase of the project, a
simple microstrip transmission line is
simulated with a specially designed
ground opening on copper layer 2
as a DGS; the intent is to achieve
a broadband bandstop function at
8.4 GHz. The model is optimized for
the best return loss over the LPF's
passband, from DC to 2.2 GHz. For
improved isolation at 8.4 GHz, the
circuit of Figure 4 is included in the
final DGS LPF design in the area of
the filter's 50 Q feedline. Figure 5
shows how these circuit features
combine to form the final DGS LPF
design.

PERFORMANCE

Figure 6 shows |S,,| responses
of the LPF circuit without DGS fea-
tures (see Figure 6a) and with DGS
features (see Figure 6b). Comparing
the filter responses, note that the
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ApplicationNote

filter circuit with DGS was not opti-
mized to achieve the 3 dB cutoff fre-
quency design goal. The 3 dB cutoff
frequency for the reference filter cir-
cuit (i.e., the circuit with no DGS) is
2.243 GHz (marker 3 in Figure 6a),
while the 3 dB cutoff frequency for
the filter circuit with DGS is 2.604
GHz (marker 3 in the Figure 6b).
Comparing the |S,4| responses of
the filters, the most notable differ-
ences occur in the stopband beyond

m
p-

G

-

the 3 dB cutoff points. For the circuit
without the DGS, markers 4 and 5 in-
dicate frequencies where unwanted
resonances are causing poor stop-
band performance. Marker 4 is at a
resonant peak associated with the
middle section of the high-imped-
ance conductor, and marker 5 is a
spurious harmonic at approximately
3fy, where f is the 3 dB cutoff fre-
quency. The resonance at marker 4,
which is at approximately 5.47 GHz,
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is due to the high-impedance, nar-
row conductor in the middle of the
circuit, which has a physical length
of nearly N\/2 at 5.47 GHz, causing
a standing-wave resonance for that
wavelength and frequency. For the
LPF circuit containing the DGS, the
high-impedance sections are physi-
cally shorter and the wavelength is
different in that area because the
conductor experiences a thicker
substrate which has a relative per-
mittivity of the combined materials
(e of 6.4 and ¢, of 2.9). Addition-
ally, the DGS openings produce a
slow-wave effect, which allows the
circuit features to be shorter. Due to
these differences, the \/2 resonance
at 5.47 GHz is eliminated with the
DGS structure.

Having a spurious harmonic at
3fy is a natural byproduct of a mi-
crostrip stepped-impedance filter.
It is well known that this spurious
harmonic can be significantly sup-
pressed if the high-low impedances
of the stepped-impedance circuit
features have a wider range. Marker
5 at 3f; (6.671 GHz) for the circuit
without the DGS shows a loss re-
sponse of 8.6 dB, where the circuit
with the DGS (marker 4 at 3f,) shows
a loss response of 55.1 dB. Also
note the stopband improvement at
8.4 GHz with the filter having the
DGS. High losses of almost 90 dB
are shown between markers 4 and
5, in the vicinity of 8.4 GHz.l
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COMMUNICATION

PCB Connectors

Rosenberger provides a wide range of RF coaxial connectors for PCB applications — for board-to-board-
and also for cable-to-board connections.

Whether well-established standard connector series or newly developed innovative connectors —
Rosenberger PCB connectors feature a lot of customer benefits:

Minimum board-to-board distances

Radial and axial misalignment using bullets

Space-saving and cost-effective assembly design

Excellent transmission quality due to surface-mount technology
Customized footprints optimized for specific applications

www.rosenberger.com

Rosenberger
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ProductFeature

Multi-Path Simulator

Simultaneously

. .. - TestsTwo

AtlanTecRF
Braintree, U.K.

here has never been a better time

to be talking about simulation of

satellite transponders. These high

flyers are incredibly expensive
“pieces of kit,” not just to build but also to
launch and operate. While there is a strong
and concerted effort to drive down the cost
of low orbit vehicles and to provide alterna-
tive fixed geo-position platforms, such as
high-altitude platform stations (HAPS), still
the majority of high data rate traffic is cor-
nered by the multi-billion dollar geostation-
ary “birds.” Using those for testing ground
stations of any size does not make economic
sense. The current alternative of convenient-

SATCOM Links

to-use, comparatively low-cost satellite
simulators has begun to have an impact on
just about every SATCOM application, from
commercial satellite news gathering (SNG),
to in-flight internet connectivity, to military
secure communications.

After addressing these markets with a
range of products, AtlanTecRF is introduc-
ing the MSS Multi-Path Satellite Simulator, to
tackle the needs of equipment manufacturers
where the program requires delivery of por-
table, ground/mobile terminals as part of a
civilian or defense communications network.
This Simulator offers the capability to simulta-
neously test two terminals, proving the entire

Transponders

Base Unit

Kﬁ

Terminal

Ground ((6%
Terminal

100

The AtlanTecRF MSS Multi-Path Satellite Simulator simultaneously talks to two sets of ground
equipment, enabling the user to run extensive and prolonged tests without the need to go "live” on a
satellite.
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WWW.pivotone.com

Vision drives the future

Our Products send a Clear Signal! IVOTONE

Ask us about our latest low-PIM, high-performance products: PIVOTONE COMMUNICATION TECHNOLOGIES, INC.

Quadruplexers, Triplexers, Duplexer and TMAs. We help 7-1 Yanyu Road, Yangjao Industrial Park, Huishan Economnic Development Zone,
- . : *a . : ) ) Wuxi, Jiangsu, People’s Republic of China Zip code: 214174
our customers send a clear signal to the telecom industry. Tel. (86).510.8374.0009 Fax: (86).510.8374.2009

Website: www.pivotone.com E-mail; infoi®pivotone.com
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ProductFeature

The MSS
Multi-Path Satellite

4 L o -+ Simulator comprises

two interconnected

a fixed or mobile

4 terminal at Ka-,

Ku- or X-Band. The
Ka-Band version is
shown.

102

SPACEK LABS INC.

YOUR MILLIMETER-WAVE DESIGN
EXPERTS FOR OVER 35 YEARS

90-100 GHz
Frequency
Synthesizer

2-Channel
Cloud Radar 4

Ka-Band
Polarized
Transceiver

18-40 GHz | —

. < 2Channel
! Transceiver

Receiver

LET US HELP YOU DESIGN AND
BUILD YOUR NEXT SYSTEM!

An ISO 9001:2008 Company

1
]

www.spaceklabs.com | 212 East Gutierrez Street, Santa Barbara CA 93101
e-mail: sales@spaceklabs.com | tel (805) 564-4404 | fax (805) 966-3249

I modules, each
capable of
l communicating with

contract hardware with a minimum of
satellite interaction. Figure 1 shows
the MSS Multi-Path Satellite Simu-
lator setup. The system talks to two
sets of ground equipment simulta-
neously, enabling the user to run ex-
tensive tests without the need to go
“live” on a satellite. The whole net-
work can be set up to a deliverable
state, with contract performance
achieved in an extremely cost-effec-
tive manner.

Satellite Simulators in the MSS
series consist of two interconnected
modules (see Figure 2), each capa-
ble of communicating with a fixed
or mobile terminal at either Ka-, Ku-
or X-Band with the ability to vary the
path attenuation, thereby reducing
the real-world atmospheric effects.
Taking the uplink or transmit (Tx)
carrier from one ground-based sys-
tem, the MSS re-transmits on the
receive (Rx) carrier frequency for the
downlink. But instead of sending
the signal back to the same ground
station, the MSS contacts a second
ground terminal, completing the
satellite link from point A to point B
without any satellite being involved.
The MSS Multi-Path Satellite Simu-
lators accommodate the appropri-
ate polarizations of the various car-
rier configurations, with horizontal
and vertical being the most favored
at Ku-Band and right- and left-hand-
ed circular the norm at Ka-Band.

Internally, the Satellite Simula-
tor has the architecture of a high
performance microwave frequency
converter, which includes variable
input attenuation to simulate the
naturally-varying effective isotropic
radiated power (EIRP) levels ex-
perienced in a typical 44,000 mile
round-trip satellite link through the
Earth’s atmosphere. The other vari-
able parameter is the local oscillator
(LO) frequency, which is adjustable
to ensure coverage of every likely
satellite transponder link. Control
of the attenuation and frequency
are achieved through AtlanTecRF's
proprietary digital control technol-
ogy which, via Ethernet, provides
the user with the choice of a PC
graphical user interface or remote
programmed control for automated
test schedules. With such a Satellite
Simulating Test System, the pro-
gram provider can test multiple Tx
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Super flexible & durable

Qualified for over
150K flex cycles

T26 Cable

Test video
Micable is your quality fast & low cost solution!
affiliated with émsc.j Fuzhou Micable Electronic Technology Co., Ltd,
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ProductFeature

Side and Rx paths over the full envelope
view of the Ka-Band of frequency regimes, gathering
Multi-Path Satellite data to verify the deliverable perfor-

Simulator, showing

mance criteria in a timely and cost-
the antennas.

effective way.

The MSS Satellite Simulator Sys-
tems are typically supplied as a two-
module set to point to each of a
two-terminal communications link.
Each module has waveguide horn
antennas, of nominal 15 dB gain,
whether of linear or circular polar-
ization (see Figure 3). The internal
input attenuator is controllable in
0.5 dB steps to 60 dB, while the
frequency range of the LO enables
all the standard operating bands
to be explored. The base conver-
sion is selectable through options

: f / from -20 to +10 dB. LO frequency
3H offers innovative, high quality and - ; B stability is determined by either an
cost effective RF / Microwave Filter / y internal, very high grade, low phase
solutions ranging from DC to 50 GHz M 3H Nano-Filters noise, oven-controlled crystal os-
backed by our 5 year warranty and ‘W/ smallest custom filter cillator (OCXO) or from an input
manufactured in our ISO 9001 facilities i on the market today! from the general system’s 10 MHz
reference. Other optional features
include phase shift and time delay,

FEATURED RF FILTER SOLUTIONS: further emulating the true and likely

DEFENSE | TELECOM | SECURITY | TRANSPORTATION | AEROSPACE | MEDICAL conditions encountered in the ap-

lication. Importantly, ease of use is
Intermodulation Filters Nano Filters Ceramic Filter E ith P | Y hai
for Distributed Antenna Systems profiles reduced footprints & low profiles ey with no Comp ex menu chains,

rather a quick reacting setup and re-
sponsive controls.

In addition to the issues of eco-
nomics and speed, there may also
be other critical considerations
when employing this off-air testing
using the MSS. If the projected use
of the multi-location communica-
tions system is to carry confidential

‘ commercially or military informa-
J% tion, there is much to be gained by

carrying out link path testing in a

Cavity F'"B(fs : itch Filter Bani Duplexers secure environment, rather than in

multiplexers ranging from 40 MHz to 18 GHz for Distributed Antenna Systems . . .
multi-function assemblies publlc on an opeéen satellite transmis-

sion. This effectively deprives com-
petitors or the enemy the heads-up
on encryption techniques before
real and vital data is sent. Also, by
testing privately across the avail-
able Ka-, Ku- and X-Band spectrum,
the actual frequencies to be used
are not divulged, and the opera-
tor, once again, stays ahead of the
game.

Y)VENDORVIEW

CONTACT US TO DISCUSS YOUR APPLICATION AtlanTecRF
Braintree, U.K.

3H COMMUNICATION SYSTEMS www.allantecrf.com

www.3HCommunicationSystems.com | Telephone: +1 949 529 1583
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ww.rfrelaystore.com

RF Relay Store.com is the answer to your urgent small quantity needs.
RelComm Technologies NOW offers a huge selection of RF Coaxial
Relays with many options available for shipment from Stock.

Purchase On-Line with No Hassles - Visa, MC, AMEX

www.rfrelaystore.com

RF Coaxial Relays - DC to 18 GHz
Very Affordable High Performance Building Blocks
Design Enhanced For Mission Critical Communications
Extremely Low Loss from DC to 18 GHz
1P1T, 1P2T, 2P2T, Transfer, Milti-Throw Configurations
PCB Mount, SMA and N-Type Connectorized
Starting at $49.00 each for 5-9 units.
Ship from Stock (Same Day to 36 Hours)

REECOMM

TECHNOLOGIES, INC.

—->-0

RelComm Technologies, Inc. - 610 Beam Street, Salisbury, Maryland 21801

Telephone (410) 749-4488, Fax (410) 860-2327 - www.relcommtech.com
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TechBrief

xodus Advanced Commu-

nications has extended its

portfolio of solid-state high-

power amplifiers (HPA) with
the AMP1121, a linear GaAs FET
design that provides 30 W at 1 dB
compression and 40 W saturated,
with an instantaneous bandwidth
from 6 to 18 GHz. The amplifier has
45 dB minimum power gain and
4 dB maximum peak-to-peak flat-
ness when driven with a constant
input of 0 dBm.

The AMP1121 is biased with
+12 VDC and draws a maximum of
42 A. The stand-alone amplifier mea-
sures 300 mm x 300 mm x 27 mm
and is also available in a standard
19-inch rack chassis configuration

You've known us for more than 30 Years
as your component manufacturer, but . . .

Did you know
we make great
Switch Matrices?

Custom Microwave Components, Inc.
www.customwave.com
info@customwave.com
Phone: (510) 651-3434

<

40 W, 6 to 18 GHz, GaAs
FET Power Amplifier

with self-contained air cooling and
AC power. An optional controller
with a front panel touch-screen LCD
supports Ethernet TCP/IP, RS422 or
RS485 and, if requested, GPIB or
Bluetooth connectivity.

Suitable as a TWTA replacement,
the solid-state HPA may be used in a
variety of applications, such as EMI/
RFI susceptibility testing, jammers
and X-/Ku-Band communications.
Other standard products include
10 and 20 W PAs within the same
family of 6 to 18 GHz amplifiers
and PAs up to 50 W covering 2 to
18 GHz. Exodus Advanced Commu-
nications’ full portfolio of solid-state
power amplifiers covers frequency
bands from 100 kHz to 51 GHz, with

0.1-18.0 GHz

RF Distribution Matrix
(80x5 Non-Blocking)

* Octave Band Inputs

¢ Wide-Band (0.1-18.0 GHz) Outputs
¢ 0 dB Nominal Gain

* <14 dB Noise Figure

* >60 dB Cross Channel Leakage

¢ Phase and Amplitude Tracked Path Sets
¢ User Definable Controls

® 2 psec Channel Selection

¢ 100 nsec Output Blanking

¢ Line Replaceable RF Units

* 19” Rack Mountable (12U)

output power greater than 1 kW for
modules and 10 kW for complete
systems.

Exodus PAs use discrete LDMOS,
GaAs and GaN devices assembled
with hybrid chip-and-wire technolo-
gy and ceramic substrates. In-house
capabilities include RF circuit de-
sign; system mechanical, electrical
and digital circuit design; control
software development; and proto-
type verification.

\JVENDORVIEW

Exodus Advanced
Communications

Las Vegas, Nev.
www.exoduscomm.com
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requency modulated con-

tinuous wave (FMCW) radar

measures distances and rel-

ative velocity of targets, but
the angular position of an object
inside the viewing area of the radar
antenna cannot be determined by
a simple one transmit and one re-
ceive antenna per channel configu-
ration. However, the angle is an im-
portant measurement parameter in
many applications, requiring trans-
mit and/or receive channels to be
added to the radar.

IMST is addressing this issue with
multi-channel radar modules for
the 24 GHz ISM band, currently fo-
cusing on the development of the
sR-1200e certified module and two
developmentmodules, the sR-14MP

% R

GREAT FIRST

Multi-Channel Radar Modules
for 24 GHz ISM Band

and the sR-1800e. The sR-1200e
24 GHz radar module comprises one
transmit and two receive channels
enclosed in a waterproofed hous-
ing (IP65), either black or transpar-
ent. The receive channels measure
I/Q data, with the A/D conversion,
signal processing, ramp generation
and parameter setting done by an
integrated Tl digital signal control-
ler. The radar module features an
Ethernet (Power-over-Ethernet) in-
terface, and other interfaces can be
supported if requested.

In cases when the elevation an-
gle measurement is also required,
at least a third receive antenna is
needed. Such a configuration has
been developed by IMST by apply-
ing the monopulse (MP) technique
to the sR-14MP module, which fea-
tures one transmit and four receive
channels. The four receive anten-
nas are placed in a square forma-

tion close to the transmit antenna.
Evaluating the time-of-arrival from
the pair of two vertically-displaced
antennas, calculation of the eleva-
tion angle becomes possible, in ad-
dition to the azimuth angle, which
is determined by the pair of two
horizontally-separated antennas.

The latest radar design, the
sR-1800e, features a 14-element
receive antenna array connected to
eight receiver channels by a Rotman
lens beamforming network (BFN).
This passive BFN divides the 72 de-
gree azimuth field-of-view into eight,
9 degree, fixed angular sectors, mak-
ing FMCW distance measurements
simultaneously available in all sectors
and avoiding angular ambiguities,
increasing the reliability of the radar,
e.g., in security applications.

IMST, Kamp-Lintfort, Germany
www.radar-sensor.com
www.IMST.com

Our R&D team have accumulated 35 years experiences
in designing of Satellite Modem / Demodulator, Up and

Down Converter, Wideband Microwave Receiver
(20MHz up to 40GHz)

ShenZhen GreatFirst Technology Co ,, Itd,

Dual IF Input and 8-Channel Output
Multi-function Satellite Demodulator

Multi-Channel Digital Up/Down Converter
(can be customized by your request)

Wideband Microwave Receiver
20MHz-20GHz (up to 40GHz)

Reconfigurable Software Development
Platform (PCle 2.0 X8 half height)

More from www.greatfirst.com

Add: Rm21F-G, Tower B, Guogi Bldg.,

Shangbu Rd., South, Shenzhen 518031 China

Ph. 86-755-82129880 Fax. 86-755-82129996
e-mail: info@greatfirst.com
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DUAL or SINGLE LOOP
SYNTHESIZER & P10 Mllllllllis

- Proprietary digital Integer and Fractional PLL technology

 Lowest digital noise floor available -237 dBc/Hz figure of merit *
* Qutput frequencies from 100 MHz locked crystal to 30 GHz
» Available with reference clean up dual loop, or single loop for

very low noise reference

» Parallel fixed band stepping or SPI interface synthesized up to

octave bandwidths

« Reference input range 1 MHz to 1.5 GHz

 Dual RF output or reference sample output available -
« +12 dBm standard output power +16 dBm available i
« Standard module size 2.25 X 2.25 X 0.5 Inches [LxWxH) ?

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

available

Applications: .
« SATCOM, RADAR, MICROWAVE RADIO

;

* . = = T .
16 - 30 GHz with added x2 module < 1” in height. 2 B

6.5GHz Phase noise
-100

-105

-110

=115

=120

-124.58 124,97
-125 S

I

-130 -128.09 —r
Ro

-135

-140

-145

-150
3000 30000 300000 3000000

Frequency Offset

Talk To Us Ahout Your Custom Requirements.
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eyear, the new brand name

of the China Electronics
Technology  Instruments

Co. Ltd. (CETI), makes
powerful measurement solutions at
attractive prices, enabling business-
es with tight equipment budgets to
afford more measurement capability.
The AV4051 signal and spectrum
analyzer is one example, offering ex-
cellent dynamic range, phase noise
and test speed and available with
nine upper frequency options, from
4 to 67 GHz. Coverage to 500 GHz
is possible with an external mixer.
The displayed average noise level
(DANL) of the analyzer is -156 dBm/
Hz at 1 GHz, -141 dBm/Hz at 50 GHz
and -135 dBm/Hz at 67 GHz. The
AV4051 has three analysis band-

(«

&

Microwave

Affordable Signal/
Spectrum Analyzers
From 4 to 67 GHz

width options: 10, 40 and 200 MHz,
adjustable to more than 40 levels
from 10 Hz to the maximum band-
width. With 4 GB of memory, data
streams can be recorded from 2 s to
several hours, depending on the se-
lected bandwidth.

The instrument’s spectrum analy-
sis capabilities include sweep and
FFT sweep, zero span fast sweep
(1 ps), frequency counting with
0.001 Hz resolution and test func-
tions for occupied bandwidth, chan-
nel power, adjacent channel power,
harmonic distortion and third-order
intercept. The AV4051 performs
transient analysis, with time-domain
and frequency-domain correlation,
and provides a waterfall display
showing spectrum changes versus

March, 21 and 22, 2018

Paris Expo
Porte de Versailles

EXHIBITION -

In parallel with

Vito

Objets Connectés

CONFERENCES

time. Phase noise testing is also part
of the analyzer’s capabilities.

The unit has a 10.1-inch LCD dis-
play with 1280 x 800 pixel resolu-
tion and supports USB, LAN and
GPIB interfaces. Outputs include
digital, 1X or 4X optical fiber and a
real-time interface for recording 1/Q
data. An external digital recorder
supports SSD and HDD media.

AV4051 pricing starts at $25,500,
which is very competitive with other
signal and spectrum analyzers.

\VENDORVIEW

Ceyear, U.S. Distributors:
TopDogTest and Custom-Cal
Globaltech
www.topdogtest.com/ceyear
and www.cc-globaltech.com/
brand/ceyear/

The show dedicated to
Radiofrequencies, Microwaves,

Wireless, EMC and Optical Fibre

- ANIMATIONS

Y

@Microwave_RF

www.microwave-rf.com
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RF-[AM BDA Made in USA

RF SIGNAL GENERATOR

-0.039-22GHZ

The RSGLP0120GA is an easy to use high

frequency signal generator controlled through

a standard USB port.

Using advanced VCO and DDS based technology

along with a temperature compensated crystal SN
reference, it offers ultra-low phase noise I. | 2OGA
(-105dBc/Hz to -150dBc/Hz at 100KHz offset) and

high frequency resolution. The unit can also be locked

to an external 10MHz reference source.

Output Frequency Range :0.039 ~ 22.0GHz
Output Power Range :-40dBm to +5dBm
Frequency Stability : +/-0.5ppm with internal
reference
Frequency Step Tuning Speed : <100us
Tuning Step :0.001Hz
Phase Noise @10KHz offset -116dBc/Hz
(@10GHz Output Frequency)
Control Interface : USB

.cOm  1-888-976-8880  San Diego, CA, US

sales@rflambda.com 1.972-7A7-5998 ottawa, ONT, Canada

e
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o help mobile operators,
field technicians and wire-
less equipment provid-
ers monitor and test the
mmWave devices and networks
being developed for 5G, ThinkRF
offers the D2030 Downconverter,
which enables the 27 to 30 GHz
frequency band to be tested using
existing equipment covering the
sub-6 GHz cellular bands. ThinkRF
developed the D2030 collaborating
with VIAVI Solutions, so it works with
VIAVI's 2G/3G/4G CellAdvisor and
other third-party test equipment.
Using patented, software-
defined radio technologies, the
D2030 is controlled via Ethernet
from either a spectrum analyzer or
PC and uses the standard software
commands for programmable in-
struments (SCPI) interface. The IF

Micr! ave

Journal

39 GHz GaN Front-End
Module for 56

Down-Converter Extends
Cellular Equipment
Coverage to mmWave

output from the down-converter
can be 3.55 or 5.6 GHz, with a real-
time bandwidth of 160 MHz and
100 kHz tuning resolution. Multiple
units can be synchronized using
10 MHz input and output clock ref-
erence signals.

The D2030 Downconverter's con-
version gain is nominally 0 dB, or 10
dB using the internal preamplifier.
The noise figure is nominally 25 dB,
dropping to 10 dB with the pream-
plifier on. Phase noise across the 27
to 30 GHz band is -72 dBc/Hz at 10
kHz offset, -80 dBc/Hz at 100 kHz off-
set and -105 dBc/Hz at 1 MHz offset.
With the preamplifier off, the third-
order intercept is typically +10 dBm,
with input-related spurious signals a
minimum of 53 dBc at an RF input

level of -30 dBm. The maximum op-
erating RF input level is -20 dBm.

The ThinkRF D2030 Downcon-
verter is a compact design, measur-
ing 7.5in. x 8.5in. x 1 in. and weigh-
ing less than 2 Ibs, making it portable,
versatile and easy to use without add-
ing significant size, weight or power
requirements. The unit is biased with
+12 VDC and dissipates 6 W.

ThinkRF develops software-de-
fined spectrum analyzers that moni-
tor, detect and analyze signals for
wireless, signals intelligence, sur-
veillance countermeasures and test
and measurement applications.

ThinkRF
Ottawa, Ontario
www.thinkrf.com

www.mwjournal.com/freqmatters

Silicon-Based mmWave
Arrays for 56 and FWA

Composite Materials Form

- |Radiation-Free DGS Circuits

Sponsored By

Frequency Matters

>

MACOM.

Partners from RF to Light

Content is copyright protected and provided for personal use only - not for reproduction or retransmission.

112

For reprints please contact the Publisher.

MWJOURNAL.COM m FEBRUARY 2018



Electronlc Design Innovation Conferenc;a
FiZit el k&

Reserve your booth now to reach engineers in China working on
RF, microwave, and high-speed digital designs

March 20-22
ChinajNational Center

Beijing China

Plan Now to Exhibit!

Reach professionals working in:

* RFand Microwave

Signal Integrity and Power Integrity
High-Speed Digital Design
Semiconductors

Test & Measurement Equipment
Materials and Packaging

EDA/CAD

EMC/EMI

Registration Now Open!

Sign up to attend conference sessions, workshops, panels,
plenary keynote talks, the industry-leading exhibition, and
networking events.

SAVE 50% off your pass
with the code: EDICON1SMWJ

Sign up now to choose your booth! EDICONCHINA.com

Host Sponsor: Diamond Sponsor: Corporate Sponsor: Organi;ed by:
K YSlG HE. W NATIONAL __
FECH ,.. OGIES -_:___HDE &SCHWARZ ) INSTRUMENTS
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Software and Mobile Apps

Wireless Testbench for Standards Compliance

Updated Spectre® RF
Option

Cadence’s Spectre® RF Op-
tion offers high performance
circuit simulation using a pat-
ented time-domain engine with superior VCO phase-noise simu-
lation and a frequency-domain engine delivering fast, accurate
RFIC verification. The latest version supports wireless standards
including: 802.11ax, 802.11p, LTE Downlink and TDD and Blue-
tooth Classic, as well as enhancements to Bluetooth LE and EDR.
Its updated PNOISE analysis capability supports additional mea-
surements and new use models. It is also integrated into the Vir-
tuoso® Analog Design Environment for more complete design
validation.

Cadence
www.cadence.com

K&L Filter Wizard®

K&L Microwave’s Filter Wiz-
ard® synthesis and selection
tool streamlines identification
of RF and microwave filters,
meeting customer require-
ments across a large portion
of K&L's standard product
offerings. Filter Wizard® ac-
celerates user progress from
specification to RFQ over an
ever-increasing range of re-
sponse types, bandwidths and unloaded Q-values. Provide the
application with desired specifications, and the software returns
a list of products that match, placing response graphs, outline
drawings and downloadable S-parameters at your fingertips. Visit
the site via computer or mobile device to get started.

K&L Microwave
www.klfilterwizard.com

AntSyn Adds iy

& gk
New Features and b, AL
Enhancements & 1ich AN
JVENDORVIEW —
Over 30 new features and J
enhancements have been

added to the latest release of

AntSyn™ automated antenna design, synthesis and optimization
software. Of particular note are 39 new additions to the antenna
design library, including a suite of multifunction, computer-gener-
ated mesh antennas for MIMO wireless devices. A complete list
of new features and enhancements is available in the What's New
documentation on the AntSyn customer portal. To learn more
visit their website.

National Instruments
www.awrcorp.com/antsyn

CST STUDIO SUITE
2018
JVENDORVIEW

The electromagnetic (EM)
simulation software CST STU-
DIO SUITE is used by industry-
leaders to design, analyze and
optimize components and sys-
tems across the EM spectrum.
The 2018 release of CST STU-
DIO SUITE develops on previous success with a range of new fea-
tures, including a new Assembly Modeler for system simulation,
coupling matrix optimization for filter tuning and the new Hybrid
Solver Task which allows a bidirectional link between the Time
Domain Solver and Integral Equation Solver for efficient hybrid
simulation.

CST - Computer Simulation Technology
www.cst.com/2018

Make Your Magazine
Mobile

The Microwave Journal mobile
app is free to download and
includes the monthly issue,
along with archived magazines
back to September 2012, as
well as real-time feeds for in-
dustry news, blog postings
and executive interviews. The
screen view can be resized
and there is an option for text viewing for easier reading. Down-
load the Microwave Journal app now on iTunes, Google Play and
Amazon.

Microwave Journal
www.microwavejournal.com/mwjapp

Filter Design Software [™ (e wy
from Nuhertz :

FilterSolutions® from Nuhertz
Technologies integrates high- e
ly accurate lumped element

models created by Modelithics® into Sonnet Software’s popular
Sonnet Suites®. The marriage of these three outstanding pro-
grams creates one easy-to-use design solution. Modelithics ca-
pacitor models are useful in designing highpass and bandpass
planar filters requiring series capacitors. The user selects the de-
sired capacitor family, FilterSolutions then selects the Modelithics
model that most closely matches the ideal value and then installs
that model into the Sonnet Schematic.

Nuhertz Technologies
www.nuhertz.com
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2018

Electronic Design Innovation
Conference & Exhibition

Where high frequ

ency meets high speed.
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EDI CON is Heading West to Santa Clara in 2018!

October 17-19, 2018

Santa Clara Convention Center
Santa Clara, CA

Technical Conference Includes: Exhibition Includes:
30-minute technical sessions 100+ Exhibitors
40-minute workshops Frequency Matters Theater
Panel Sessions Demonstrations
Short Courses Networking
Plenary Session Welcome Reception

Student Paper Competition
Outstanding Paper Awards

EDICONUSA.com

Organized by Official Publications
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NEW PRODUCTS

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

COMPONENTS

SPDT RF Switch

Aethercomm model
number SSHPS 0.100-
0.500-400 is a high-
power symmetrical
SPDT RF switch, which
is employed in commu-
nication systems where high-power, low loss
and excellent isolation are required. This unit
operates across the military UHF communica-
tion range. The switch operates from +28 V
DC supply with 550 mA maximum current
draw.

Aethercomm

www.aethercomm.com

Compact Waveguide Filters

Exceed Microwave’s
WC-Series waveguide
bandpass filters are
high performance fil-
ters that come in small
sizes. The typical
length is half of the
standard H-Plane Iris Coupled waveguide fil-
ters. Compared to standard waveguide filters,
the WC-Series filters are capable of achieving
very wide passbands and at the same time
provide excellent high frequency rejection, in-
cluding higher order modes above the wave-
guide cutoff frequency. Typical return loss is
20 dB or better across the entire passband.
The WC-Series filters are an excellent choice
when space is limited and need high perfor-
mance.

Exceed Microwave LLC
www.exceedmicrowave.com

Waveguide Isolators

The 621J1211PMis a
3 WR62 isolator with a

l -50 dB power monitor
v that samples reverse/
reflected power. This
unit operates at 80 W avg./80 Kw peak with
0.2 dB loss and 23 dB isolation typical.
M Wave Design Corp. offers waveguide isola-
tors and circulators from 1 to 65 GHz. This se-
ries boasts power handling up to 1 Kw aver-
age and 800 Kw peak (depending on guide
size).
M Wave Design Corp.
www.mwavedesign.com

GaAs MMIC Equalizers

MEQX-20ACH

——MEQE-20ACH
—MEQS-20ACH
MEQE-20ACH
—MEQT-2ACH
MEQ10-20ACH
——=MEQ11-20ACH

Marki Microwave has expanded their line of
passive GaAs MMIC equalizers to cover all ap-
plications from L- to Ka-Band. The MEQ series
equalizers are an ideal solution for compen-
sating for low pass filtering effects in RF/mi-
crowave and high speed digital systems. Opti-
mized for excellent return loss over the entire
band, the MEQ series equalizers provide con-
sistent unit-to-unit performance in a small
low-cost form factor. All MEQ equalizers are
available in 1.25 mm?2 die.

Marki Microwave
www.markimicrowave.com

Public Safety/Rail &
Transportation Combiners

Y)VENDORVIEW

Components and
equipment are de-
signed for the chal-
lenging environmental
conditions of the pub-
lic safety, rail and
transportation indus-
tries. Many of MECA's
products meet IP 67/68 ratings and are sub-
jected to harsh winters (extremely low temper-
atures and road salt) and summers (hot and
humid) under public safety applications.
MECA'’s low frequency addition to the H-Se-
ries, 100 W Wilkinson high-power combiner/
dividers. Available in 2- and 4-way configura-
tions covering 5 to 500 MHz. VSWR of 1.30:1
accommodating load VSWR’s of 2.0:1 or bet-
ter. N and SMA connectors.

MECA Electronics Inc.

www.e-MECA.com

2-Way, 90° Power Splitter
)VENDORVIEW

Mini-Circuits new
2-way, 90° power split-
ter, QCH-63 capable of
handling up to 200 W
with amplitude unbal-
ance of +1.0 dB typ.
and phase unbalance
of +1.5 deg. typ. Operating over a frequency
range of 2000 to 6000 MHz, the outstanding
phase and amplitude unbalance make this
component a versatile building block for use

in a variety of systems and sub-system de-
signs from balanced amplifiers and antenna
feeds to military applications and more.
Mini-Circuits

www.minicircuits.com

Coupler

)VENDORVIEW
The MRFCP0O015 cou-
pler is designed for ap-
plications that require
very small, low cost
and highly reliable sur-
face mount compo-
nents. Applications
may be found in broad-
band, wireless and

other communications systems. These units

are built lead-free and RoHS compliant and

feature welded wire construction for increased

reliability.

MiniRF

www.minirf.com

Hi-Q/Low ESR Capacitors

Passive Plus Inc. now
offers extended-values
for the traditional NPO,
Hi-Q 0505 (0.055 in. x
0.055 in.)-now avail-
able up to 1000 pF;
and 1111 (0.110 in. x
0.110 in.~-now avail-
able up to 10,000 pF
(0.01 uF). The 0505 and 1111 have an in-
creased operational temperature up to 200°C.
These parts exhibit low ESR/ESL, low noise,
high self-resonance as well as ultra-stable
performance over temperature. Usually used
for wireless broadcasting equipment, mobile
base stations, GPS, MRI and radar applica-
tions and offered in magnetic and non-mag-
netic terminations.

Passive Plus Inc.

www.passiveplus.com

Programmable Attenuators

RLC Electronics’ PA se-
ries attenuators are bi-
nary programmable
- ot step attenuators de-
2 )’/ signed to operate from
DC to 18 GHz. RLC of-
fers two basic models;
One type with O to 15 dB attenuation range in
1 dB steps, and the other type with O to 70 dB
attenuation range in 10 dB steps. The attenu-
ators are available with failsafe or latching op-
eration, 12 or 28 V coils, optional TTL drivers,
and a choice of frequency ranges, with typically
less than 1 dB of loss over the DC to 18 GHz
range.
RLC Electronics Inc.
www.rlcelectronics.com
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www.westbond.com

Microwave Journal's
Video Library

microwavemedia

Applications

Products
Events
Companies

Visit and bookmark
videos.microwavejournal.com

Sponsored video programs
are available

Mic

Journal

Frequency Matters.

NewProducts

High-Power Bi-Directional Coupler

< The SCS-8012D is a
a ’\4\ small footprint, surface
mount, 20 dB bi-direc-
# f 9 tional coupler operating
N _/ g in the frequency range
& of 800 to 1200 MHz.
Coupling flatness
across this band is +0.6 dB maximum and the
mainline loss is 0.25 dB maximum. Directivity
from 815 to 960 MHz is 22 dB typical and full
band is 18 dB. VSWR across the band is typi-
cally 1.25:1. The power handling capability is
100 W and the package size is 0.56 in. x
0.35 in. x 0.65 in. Other models are available
in the same series.
Synergy Microwave Corp.
www.synergymwave.com

CABLES & CONNECTORS

Rugged Test Cables
)VENDORVIEW

Pasternack has
launched a new series
of handheld, RF ana-
lyzer, rugged, phase-
stable cable assem-
blies. Typical applica-
tions include field test-
ing, tower measure-
ments, base station
analyzers, handheld
network analyzers, portable spectrum analyz-
ers, distance-to-fault measurements and site
maintenance. Pasternack’s new line of test
cables for handheld RF analyzers consists of
19 models designed to deliver optimal ampli-
tude and phase stability with flexure. They
boast VSWR as low as 1.2:1 and maximum
operating frequency of 27 GHz, depending on
the configuration.

Pasternack

www.pasternack.com

Solderless Edge Launch
Connectors

SNAICRONAE
Solderless Edge Launch
RF Connet_:tprs

. e ... and easy for rapid pro-
.W totyping. SV’s unique
¢ design adjusts to ac-
commodate multiple
PCB thicknesses and is available in their high
frequency SMA, 2.92 mm, 2.4 mm and
1.85 mm connector series. COTS versions
available through distribution.
SV Microwave
www.svmicrowave.com

SV Microwave’s new
solderless edge launch
connectors mount fast

AMPLIFIERS

X-Band Radar Solid State Power
Amplifier

COMTECH PST intro-
duces a new GaN am-
plifier for applications
in the X-Band pulsed
radar market. The AB
linear design operates

from 9 to 9.9 GHz frequency range over any
instantaneous bandwidth of 500 MHz. Devel-
opment of this product is intended for use in
ruggedized radar applications. The amplifier
design features self protection for load VSWR,
duty factor, pulse width, temperature, as well
as a graceful degradation in case of a RF pow-
er module failure. Custom configurations and
features are available as well as specific power
levels up to 16 kW.

COMTECH PST

www.comtechpst.com

Solid Power Amplifier Module
)VENDORVIEW
Exodus Advanced Communications is intro-
ducing the AMP1147, 500 to 6000 MHz,
10 W, 40 dB, 28 V module. This class AB lin-
ear state of the art solid state high-power am-
plifier features instantaneous ultra-broadband
GaN design in a small
form-factor, lightweight
- aluminum housing,
M and built-in protection
- circuits for high-reli-
ability and ruggedness.
The AMP1147 is suitable for all single channel
modulation standards and for typical applica-
tions including communication systems, man-
pack and airborne jammers, UAV applications,
HPA's driver and general laboratory and test-
ing applications.
Exodus Advanced Communications
www.exoduscomm.com
50 W, 8.5 to 11 GHz, Fully-Matched
GaN/SiC Transistor
Model number IGT9010M50X-PR1 is de-
signed for X-Band radar applications, this
upcoming high-power
GaN-on-SiC HEMT tran-
& | sistor is being pre-
viewed with prelimi-

& nary data as follows:
—‘ Fully-matched to
| 50 Ohms, 50 W of

peak pulsed output
power at 42 V drain bias, with 11 dB gain and
42 percent efficiency, at 10 GHz, 100 micro-
seconds and 10 percent pulse conditions.
Integra Technologies
www.integratech.com

High-Power Amplifier
\VENDORVIEW

The ZHL-15W-422+ is a Class A, high-power
amplifier providing 15 W saturated power over
the 700 to 4200 MHz band, ideal for a variety
of high-power test set-
ups as well as applica-
tions including com-
munications, radar
and more. The rugged-
ly-designed amplifier
provides unconditional
stability and built-in
self-protection against
reverse polarity, shorting/unshorting and over-
heating. It is capable of withstanding short
and open circuits at output while continuously
delivering 10 W of power.

Mini-Circuits

www.minicircuits.com
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#S ATELLITE 2018

IT ALL STARTS WITH A CONNECTION

Conference: March 12 - 15, 2018 ¢ Exhibition: March 13 - 15, 2018
Walter E. Washington Convention Center | Washington, DC

Register today to join us at the largest global
satellite and space technology show of the year!

During SATELLITE Week, choose from sessions like:

* Surging Opportunities for Global Satellite 4G Connectivity & Backhaul
* Bandwidth Congestion and the Need to Move up to Q- and V-band Frequencies

* Imagery and Sensing for Industry: The Incredible, Insatiable Demand for
Environmental Data

 Lowering Launch and Build Costs: Reusability and Risk Reduction
* New Antennas, New Opportunities

e And more! Exclusive Discount!

Visit the Exhibit Hall

We're packing the show floor with
innovative technology, products and
services. You won't find a larger show floor dedicated to satellite technology -
antennas, broadband technology, terminals, modems, satellite networks, radio
frequency technology, amplifiers, automation technology, and more!

]
JEFF BEZOS o
Blue Origin é

www.SATShow.com | #SATShow



NewProducts

Low Noise Amplifier

Y)VENDORVIEW

PMI Model No. PE2-30-1R018R0-4R5-22-12-
SFF-1is a 1 to 18 GHz, low noise amplifier
that typically provides 30 dB of gain while
maintaining a maximum gain flatness of +1.5
dB over the operating frequency. The noise fig-
ure is 4.5 dB maximum and offers an OP1dB
of 22 dBm minimum. Operating voltage is

+12 to +15 V DC with a typical current draw of
500 mA. The unit is supplied with removable
SMA(F) connectors in its standard PE2 hous-
ing.

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

Darlington Pair SiGe Gain Blocks
)VENDORVIEW
AN RFMW Ltd. announces
Qorvo
QPA5389A

design and sales sup-
port for a series of Dar-
lington pair SiGe gain
block amplifiers from
Qorvo. Operating over a
frequency range of DC
to 4500 MHz, these
gain blocks (QPAS389A, QPA6489A and
QPAT7489A) offer gain and output power op-
tions for applications in LTE infrastructure, re-
peaters, test & measurement and defense.

With single supply operation, these cascadable
gain blocks are available in SOT-89 packaging.
RFMW Ltd.

www.rfmw.com

2 W Power Amplifier Module

Richardson RFPD an-
nounced the availability
and full design support
capabilities for a new
power amplifier module
from NewEdge Signal
Solutions Inc. The ETX115 delivers high gain
and high-power across a wide RF transmit
bandwidth. This 2 W, compact module can be
used for a wide range of applications, including
LTE signals for use in tactical communication,
test and measurement or electronic warfare
systems. It uses a single +12 V supply.
Richardson RFPD

www.richardsonrfpd.com

Wideband GaN Bi-Directional
Amplifier

Triad has released the TTRM1190, a wide-
band GaN BDA that operates from 30 to 2700
MHz and produces over 8 W of Tx power. This
feature rich BDA is also one of the most effi-
cient. While producing 8 W of RF power, it only
consumes 24 W of DC power. It also produces
over 2 W of linear 16 QAM with < 9 percent
EVM. In order to operate on various existing
platforms, the unit features a wide DC input
range of +11 to +28 V DC.

Triad RF Systems

www.triadrf.com

SOURCES

High-Performance USB-Controlled
PLL Synthesizers

Fairview Microwave Inc.
has launched a new
line of USB-controlled,
phase locked loop
(PLL) frequency synthe-
sizers. In RF and micro-
wave communications
systems where signal
integrity is priority, PLL synthesizers offer supe-
rior frequency stability and accuracy with ex-
ceptional phase noise characteristics that allow
components in the signal chain to perform at
their optimal levels. These new PLL synthesiz-
ers are ideal for applications that involve elec-
tronic warfare, signal generators, benchtop test
and measurement and microwave radios.
Fairview Microwave Inc.
www.fairviewmicrowave.com

T752 TCXO

Greenray Industries Inc. has announced the
availability of the T752 Series TCXO.The new
TCXO (temperature compensated crystal oscil-
lator) is available from 9 to 52 MHz with
CMOS or clipped SINE output and features ac-
celeration sensitivity down to < 0.2 x 10-9/g.
The T752 is available with +3.3 or +5V DC
supply and features a low-profile, 5 mm x
7mm package. The TCXO offers temperature
stability down to +0.5 ppm and EFC with suffi-
cient pull range to cover the total stability of
the oscillator over the lifetime of the part. The
T752 Series has been designed for mobile
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Connecting Minds. Exchanging Ideas.

The 2018 IEEE MTT-S

International Microwave Symposium

Don’t miss this year’s exciting keynote speakers
at the Microwave Week in Philadelphia!

IMS Plenary Session Speaker (Monday, 11 June 2018):

“The Hitchhiker’s Guide To the Healthcare
Galaxy: The Actions That Changed the
Healthcare Landscape in America From
2017-2027”

Stephen K. Klasko, MD, MBA, President and CEO,
Thomas Jefferson University and Jefferson Health

IMS Closing Session Speaker (Thursday, 14 June 2018):
50 “Extreme Platforms for Extreme
Functionality”

Nader Engheta, PhD, H. Nedwill Ramsey
I Professor at the University of Pennsylvania

RFIC Plenary Session Speakers (Sunday, 10 June 2018):

“Compact Silicon Integrated mmWave
Circuits: From Skepticism to 5G and Beyond”

Zachary J. Lemnios, Vice President, Science,
Technology & Government Programs, IBM T.J.
Watson Research Center

“The Road Ahead for Autonomous Cars -
What'’s in for RFIC”

Lars Reger, Automotive Chief Technology Officer
A J\amm (CTO), Business Unit Automotive,

NXP Semiconductors

PENNSYLVANIA CONVENTION CENTER -

IMBioC Opening Session Speaker (Thursday, 14 June 2018):

“Renal Denervation for Uncontrolled
Hypertension: Complexity After Symplicity”
Dr. Nicholas J. Ruggiero I, MD

“Is There a Fundamental Law of Health and
® Disease?”

Dynamical Biomarkers at Beth Israel Deaconess
Medical Center / Harvard Medical School
(BIDMC/HMS)

REGISTRATION OPENS
1 FEBRUARY 2018!

FOR MORE INFORMATION,
VISIT WWW.IMS2018.0RG

PHILADELPHIA, PENNSYLVANIA, USA

Exhibition Dates: 12-14 June 2018  Symposium Dates: 10-15 June 2018

Follow us on:

O

f @ in » @ &
#1MS2018

AN



IEEE Wireless and Microwave Technology conié.rence
sneraion Samll(ev

April 9-10,2018

and RF technology. The program includes both oral and
poster presentations, as well as tutorials and special
sessions. The conference also features an active vendor
exhibition area and an array of networking opportunities.

The technical program’s central theme is

Prospectlve authors are |nV|ted to
submlt original and high-quality work for presentation at
WAMICON 2018 and publication in IEEE Xplore.

Topics of interest include:
* mm-Wave and Internet of Things (loT)
s Power Amplifiers
* Active Components and Systems
¢ Passive Components and Antennas
* Microwave Applications

Papers Due: February 18, 2018
Author Notification: February 28, 2018
Final Papers Due: March 9, 2018

Visit www.wamicon.org for complete submission details.

NewProducts

communications, instrumentation, GNSS, SATCOM, GPS, missile guid-
ance and other applications operating in demanding environments.
Greenray Industries Inc.

www.greenrayindustries.com

Ka- Through W-Band Precision Waveguide Noise Sources

NoiseWave Corp. has released a line of precision
millimeter waveguide noise sources. The NW-W
series of waveguide noise sources covers all ma-
jor millimeter waveguide bands with high output,
excellent flatness and ripple-free response. De-
signed for both built-in test and laboratory appli-
cations, these units can also replace outdated
gas tube noise sources. Models are available up
to 110 GHz (W-Band) with output ENR from 6 to 50 dB. Applications in-
clude noise figure measurement, mmWave radiometers, automotive ra-
dar as well as research and development in high frequency broadband
wireless applications. NoiseWave’s waveguide noise sources are ideally
suited for 5G and autonomous vehicle system test and verification.
NoiseWave Corp.

www.noisewave.com

SOFTWARE

NB-loT Software
Y)VENDORVIEW

Anritsu Co. introduces Narrowband-loT (NB-loT)
software for its universal wireless test set
MT8870A. The NB-loT Uplink Tx measurement
MX887067A software and NB-loT downlink
waveforms MV887067A package support 3GPP
RF measurement tests for NB-loT chipsets,
modules and devices during production. Install-
ing the NB-loT software options in the MT8870A
enables accurate and efficient evaluation of communications equip-
ment with built-in NB-loT functions, as well as tests of the RF TRx char-
acteristics of modules and devices.

Anritsu Co.

www.anritsu.com

Circuit Co-Simulation in XFdtd Electromagnetic
Simulation Software

Remcom announces circuit co-simulation and
expanded signal integrity capabilities in the lat-
est update to XFdtd® 3D Electromagnetic Simu-
lation Software. Circuit co-simulation facilitates
a more realistic analysis of device performance
by including imported circuit components within
the electromagnetic simulation. The schematic
for a desired component may be imported into
XF via a netlist file, with support for SPICE elements such as resistors,
capacitors, inductors, coupled inductors and subcircuits. Netlist com-
ponents can also be assigned as a matching circuit embedded within a
feed, simplifying matching network design.

Remcom

www.remcom.com

ANTENNAS

Trihedral Corner Reflectors
Y)VENDORVIEW

v;”‘ SAGE Millimeter offers standard and custom tri-
hedral corner reflectors for radar applications to

various industries. They feature a rugged alumi-

num construction with a gold chemical film fin-

ish. The trihedral reflector simulates a radar tar-

get precisely and is widely used for radar system

calibration. SAGE Millimeter offers many standard trihedral corner reflec-

tors from 1.8 to 16 in.

SAGE Millimeter

www.sagemillimeter.com
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NewProducts

TEST & MEASUREMENT

Low Noise Tuner

The compact
MP518B500 wideband
tuner from diminuSys
spans 0.5 to 18 GHz
with 500 MHz instanta-
neous bandwidth, fast
tuning, low phase
noise, control flexibility, output versatility and
mobility. Overall tuner gain is adjustable from
-40 to +20 dB. The MP518B500 offers input
preselection with bypass mode. Its wideband
output is centered at 2000 MHz with auxiliary
ports at 900, 120 and 21.4 MHz. All four out-
puts are synchronous and without frequency in-
version. Control is by a simple command set via
the tuner’s USB interface.

diminuSys

www.diminuSys.com

Power Sensor

Y)VENDORVIEW

The LB479A 10 MHz to
8 GHz high dynamic
range RF and micro-
wave pulse power sen-
sor. The sensor pro-
cesses the signal and
delivers a variety of
pulse measurements
including statistical peak power, pulse power,
average power and duty cycle. The sensor uti-

lizes a 10 MHz video filter, making it ideal for
many applications including radar, loT, manu-
facturing test and more.

LadyBug Technologies
www.ladybug-tech.com

TESTKITZ™ Line Facilitates Lab
and Production Test

Response Microwave
Inc. is pleased to an-
nounce the availability
of a complete offering
of adaptors, termina-
tions, cables and tool-
ing to facilitate test ap-
plications. The new TESTKITZ™ line offers dis-
crete or bundled components operating over
the DC to 65 GHz frequency range. Interface
selections within the multi-functional offering
are available in SMA27, N18, TNC18, 3.5 mm,
2.92 mm, 2.4 mm, 1.85 mm and NMD to ad-
dress the current diversity of today’s test
equipment. This line will assist the test man-
ager in supporting R&D and production needs
with many of the products available from
stock.

Response Microwave Inc.
www.responsemicrowave.com

®
o I

Vector Signal Generator

JVENDORVIEW

Rohde & Schwarz in-
troduces a new real-
time control interface
software option for
simulated radar sce-
narios based on pulse descriptor word (PDW)
streaming. The radar scenario simulator

streams the PDWs to the R&S SMW200A vec-
tor signal generator directly via LAN. Equipped
with the new software option, the vector sig-
nal generator processes these signals to sim-
ulate highly agile and dense radar signal envi-
ronments. The R&S SMW200 acts as an agile
signal source that generates the highest pulse
rates with superior RF performance.

Rohde & Schwarz

www.rohde-schwarz.com

Volta Series Probe Heads

Smiths Interconnect announced the release of
the Volta Series probe heads optimized for
wafer level chip scale package testing. As
phones and smart devices get more powerful,
so do the integrated chips that support them.
Volta is used for testing the chips (while in
their wafer form) that are behind everything
from Bluetooth and power management to
digital display controllers. Volta helps custom-
ers deliver higher quality products by ensuring
the chips in them are up to specification and
perform as they should.

Smiths Interconnect
www.smithsinterconnect.com

Catch up on the latest news covering

From the
Publishers of
Microwave Journal

Prasticsl
[haseais

szt of Hah
Baed on

Sheetlnpr  Wour Job, 5G1n 5 Yiewes and TEM
ikt

SI, PI, EMC/EMI

Signal Inte rity
“Journal

15
aped ECNCONUSA Kot Tolia - Ban 0t

oo Tontoo e

‘Speakers Take Top Prizes A £20
CONUEA

Tom s e Imsating 181
By e Dnan B ey oo, T
[rre—)

L
et iy Pt of e

www.signalintegrityjournal.com

Content is copyright protected and provided for personal use only - not for reproduction or retransmission.

For reprints please contact the Publisher.

MWJOURNAL.COM m FEBRUARY 2018



MICRO-ADS

30, 50 & 100 Volt Pulsers

TrR=6.9ns

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

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

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

Nanosecond Electronics
Since 1975

Selection of PCB Naterials
for 5G
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DI OPEN RESONATORS

@ Std Sizes ® No Contact ® Easy Prep
900T ~8 to 50 GHz
600T ~12 to 65+ & Model to 110 GHz

e, tan & - Cavity™ sfwr
Thin Sheets, Substrates, R_esins, Foams
www.damaskosinc.com

(610)358-0200 fax(610)558-1019
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RF Amplifiers, Isolators and
Circulators from 20MHz to 40GHz

> Super low noise RF
amplifiers

> Broadband low noise
amplifiers

» Input PIN diode protected low
noise amplifiers

» General purpose gain block
amplifiers

» High power RF amplifiers

and broadband power
amplifiers

» RF isolators and
circulators

» High power coaxial and
waveguide terminations

» High power coaxial
attenuators

> PIN diode power limiters

» Active up and down
converters

Wenteq Microwave Corporation
138 W Pomona Ave, Monrovia, CA 91016
Phone: (626) 305-6666, Fax: (626) 602-3101
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BookEnd

Radio Frequency
Interference in
Communications
Systems

his authoritative resource de-

I scribes how to assess and miti-

gate RF interference (RFI) in radio

systems and presents effective methods

to identify and resolve RFI before, dur-
ing and after its appearance.

Authored by a leading authority in
the field, this book provides engineers
and managers with the knowledge they
need to control radio frequency interfer-
ence.

Readers find practical guidance in
an array of critical areas, including en-
gineering of radiocommunication and
wireless systems in light of RFI, identi-
fying RFI modes, electromagnetic com-
patibility and spectrum sharing. Key
concepts in evaluating radio frequency
interference, propagation on obstruct-

Radio Frequency Interference in
Communications Systems

Bruce Elbert

ed paths, interference protection ra-
dio and RFI resolution and mitigation
techniques such as filtering, spectral
capture, radiolocation, cancellation and
cognitive radio are covered in this book.

Contents: The What and Why of RFI
in Radio and Wireless Communications;
The Radiocommunication System in an
Interference-limited Environment; Key
Concepts of Evaluating Radio Frequen-
cy Interference; Link Properties Under
Free Space Conditions; Propagation on
Obstructed Paths; Interference Protec-
tion Radio (C/I) and Its Application; RFI
Resolution and Mitigation Techniques;
How to Identify, Prevent and Fix Com-
mon RFI problems; Prospective RFI Res-
olution in Future Radiocommunication
Systems.

To order this book, contact:

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

ISBN: 978-1-60807-965-0
242 pages
$149,£119

IDENTIFY UNKNOWN SIGNALS WITH...

FREQUENCY
MEASUREMENT
TECHNOLOGY

IGHACIO LLAMAS-GARRD
MARCOS TAVARES DE MELD
JUNG-MU KIM

Call 1-800-225-9977 (in the U.S. or Canada),

or 1-781-769-9750, ext. 4030
Fax 1-781-769-6334

E-mail to: artech@ArtechHouse.com

Call +44 (0)20 7596 8750
Fax +44 (0)20 7630-0166

E-mail artech-uk@ArtechHouse.com

Frequency Measurement Technology
Ignacio Llamas-Garro, Marcos Tavares de Melo,

and Jung-Mu Kim

* Explores the technologies used in frequency measurement

interferometry-based on-delay lines and filters;

* Provides practical coverage of the design and implementation
of frequency measurement receivers, which aid in identifying

unknown signals;

* Provides concrete examples of microwave photonics implementations;

* Explains the designs and concepts that cover conventional
photonic instantaneous frequency measurement (IFM) circuits.

Hardcover e 222 pp. » 2018 * ISBN: 978-1-63081-171-6 * $129 / £109

BOSTON | LONDON

ﬁ ARTECH HOUSE

For complete descriptions and to order, visit

ArtechHouse.com

All orders plus shipping/handling and applicable taxes.

685 Canton Street, Norwood, MA 02062 USA
16 Sussex Street, London SW1V 4RW UK
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Past Webinars On Demand

Understanding the 5G Physical Layer

KEYSIGHT

TECHNOLOGIES

Sponsored by:

Presented by: Javier Campos, NR Physical Layer
Architect, RAN1 Delegate, Keysight

microwavejournal.com/events/1730

Precise Characterization of Multipin
Connectors

CST
Sponsored by: m foins [)?S SIMULIA

Presented by: Milan Prihoda, Application Engineer, CST

microwavejournal.com/events/1721

Electromagnetic Environmental Effects
(E3) Simulation

CST
Sponsored by: m joins [)?S SIMuLIA

Presented by: Dr. David Johns, VP of CST of America

microwavejournal.com/events/1717

Are You Ready for 5G? Unlocking 6
Key Measurement Challenges for 5G
Radio Validation

KEYSIGHT

TECHNOLOGIES

Sponsored by:

Presented by: Daren McClearnon, 5G Solution
Marketing Manager, Keysight Technologies

microwavejournal.com/events/1719

Antenna Synthesis for loT MIMO With
AntSyn and Microwave Office

¢ NATIONAL

Sponsored by:
’ INSTRUMENTS

Presented by: Dr. Derek Linden, National Instruments

microwavejournal.com/events/1715

Improved Antenna Pattern Accuracy of
a Benchtop Real-Time Measurement
Solution with Upcoming Extensions
to X-Band, Ku-Band and mmWave

Sponsored by: 3 SCAN

Presented by: Ruska Patton MBA, M.Sc., Director of
Product Management, EMSCAN

microwavejournal.com/events/1713
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European, 6-inch GaN production line and the world's

first GaN-on-Si production line at its facility in Limeil-
Brévannes, near Faris. After passing several qualification
processes, the new line is scheduled to become fully op-
erational by March 20718&. This timing is critical: although
5G is still in development, it is expected to take off in
2019, with large-scale consumer adoption in 2020. With
the new production line fully up and running in the second
half of 2018, OMMIC will be in phase with the needs of
the first 5G networks.

The inauguration of this significant semiconductor
production line is the result of funds raised in June
20716 with the support of Bpifrance, BNF Faribas,
Banque Fopulaire and Financiére Victoire. This critical
investment enabled the construction of a leading-edge
factory for lll-V semiconductors that will multiply
OMMIC’s annual production capacity by seven, with
ambitious plans for that to increase 15-fold by 2020.

The initial recruitment of more than 35 technicians
and engineers will be supplemented significantly in the
future, not only to facilitate the deployment of the
new line but to adapt to market demand. By recruiting
new staff, the company is affirming its commitment to
the continuation of its activities in Limeil-Brévannes
and the revival and boosting of the French high-tech
industry close to Faris, positioning itself as a French in-
dustrial flagship at the leading edge in the development
of the European telecommunications market.

The construction of a new 1600 ft2 clean room, with
the advantage of easier maintenance, was accompa-
nied by the renewal and upgrading of facilities and the
purchase of 25 new machines, which will enable the

H n September 2017, OMMIC inaugurated the first

company to improve yields and competitiveness. Thanks
to this new production line, OMMIC will place itself as
aleader in Europe to cover the needs of 5G antenna
systems at 286 and 40 GHz, as well as continuing to
serve and assist its current clients with more modern
equipment. The company’s processes can be used at fre-
quencies above 15 GHz with output power that has not
been reached before. Important for continuity, though,
it will keep its current 3-inch line, which has been space
qualified by the European Space Agency (ESA). for small
volume markets and space products.

At the heart of OMMIC's success is the development
of avery versatile and scalable GaN process. A single
process design kit (PDK) contains all of the company’s
GaN processes: GaN-on-Si and GaN-on-SiC, with 100,
©0 and, in the future, 40 nm gate lengths. With its GaN
processes providing high gain, high output power, low
noise and similar lag effect compared to traditional GaAs
PHEMTs, the company predicts that its GaN technology
will replace all GaAs PHEMT devices by around 2020.
OMMIC first proffered this view at IMS2017, presenting
the world's first GaN T/R chip that features a PA, LNA
and SFDT switch on a single die, covering 25 to 36 GHz
with a Fout of 4 W and 2.7 dB NF.

OMMIC is currently the fifth-ranked company for the
manufacture of MMICs and identified the need for a
facility that will help meet the growing market demand.
With €14.5 million turnover in 2016 and a backlog of
more than €20 million in 20717, this new capability will
enable the company to move to its stated goal of be-
coming the third-largest GaN manufacturer by 2020,
with sales over €100 million.

ww.ommic.
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Be ready for the future. o

Your 5G NR test and measurement challenges are our motivation to provide Hall 6
innovative solutions for your success. Bring your products to market more

quickly and safely with Rohde & Schwarz test solutions. As a world market

and technology leader in all areas of RF and microwave test and measurement

equipment, we support the entire mobile technology lifecycle for performing

measurements in the lab, in production and in the field.

Be ahead with Rohde & Schwarz in

1 5G NR testing in the sub 6 GHz and mmWave range

1 Over-the-air (OTA) antenna and transceiver characterization

1 Network and mobile endpoint security

|
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@ WERLATONE'
BIG STUFF!

HIGH POWER COMBINERS & ABSORPTIVE FILTERS

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

,-l}

AT Ve DECADES AHEAD

RACK MOUNT COMBINERS

BIG STUFF! Werlatone offers a full line of High Power Combiners & Dividers for frequency bands covering HF through S-Band,
at power levels to 20 kW CW and 100 kW Peak. Our low loss designs are ideal for Coherent Combining applications (when
the inputs offer equal frequency, power, and phase) and for Non-Coherent Combining applications (when all is not equal).
Our BIG STUFF is built to withstand high unbalanced input powers and operate into severe Load Mismatch conditions.

RADIAL COMBINERS

Werlatone Mismatch Tolerant® High Power Radial Combiners are ideal for Radar, EW and Telecom systems. Werlatone's full
line of Radial Combiners and Dividers address multiple high power, amplifier applications. Our designs range from 3-Way to
32-Way Solutions, from VHF through C-Band, up to 10:1 Bandwidth, at power levels to 64 kW CW, and 200 kW Peak!

ABSORPTIVE FILTERS

Werlatone Low Pass Absorptive Filters are Non-Reflective! Qut-of-band signals are internally terminated and are not reflect-
ed back to the source. Designed for HF, VHF, UHF, and 800 MHz applications, our Absorptive Filters are less susceptible to
temperature change, and reduce the dependency of the system on the length of interconnecting cable between two non-
perfect components. Send us your specs for custom designs!
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