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»w PIM Attenuators
_ IP67/68

Public Safety Satcom, mmWave Aeronalutical/Space AMER, EMEA

Homeland Security & Militairy Transportation D.AS
MECA 5G Products & Equipment S
MECA Electronics designs and manufactures an extensive line of various mounting solutions. Since 1961 MECA Electronics
RF/Microwave Equipment and Components with industry leading {Microwave Equipment & Components of America) has served
performance Including D.AS. Equipment, Low PIM Products, the RF/Microwave industry with equipment and passive
supports 5G & Milimeter-Wave, Power Dividers & Combiners, components covering Hz to 40 GHz. MECA is a privately held
Directional & Hybrid Couplers, Fixed & Variable Attenuators, RF IS08001:2008 Certified, global designer and manufacturer for

Terminations, Circulators/isolators, DC Blocks & Blas Tees, Adapters  the communications industry with products manufactured in the
& Jumpers. Models available in industry commaon connector styles: United States of America We stock products so that you do not
M, SMA, 2.92mm, TNC, BNC, 716, 41/8.5 & 4 310.0 DIN as wellas  need to,
QMA, Reverse Polarity SMA, THC and

Buy Online

Products in STOCK when you need them!

RFFartsOnDemand.com

MECfAmEIec;trnnlcs @nc'

fﬁmeavg&Equhmeni 2 Cnmponenis of Arm:n:.:u :
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Picoprobe elevate's-rp[;'d

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. -

Telephone (239) 643-4400 -

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

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

P.O. BOX 10958 -
Fax (239) 643-4403 «

E-mail email@ggb.com

! '|'
|,|[| ﬁ"}é /
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cards to a higher level...
(-

110 GHz to be exact.)

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

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

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

NAPLES, FL 34101

www.picoprobe.com
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& SPLITTERS/
= COMBINERS

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

\
wel
THE WIDEST BANDWIDTH IN THE INDUSTRY

IN A SINGLE MODEL!

EP2K1+ 2 to 26.5 GHz
EP2W1+ 0.5 to 9.5 GHz
EP2C+ 1.81t012.5 GHz

The industry’s largest selection includes THOUSANDS
of models from 2 kHz to 40 GHz, with up to 300W power
handling, in coaxial,flat-pack, surface mount and rack mount
housings for 50 and 75€2 systems.

From 2-way through 48-way designs, with 0°, 90°, or 180°
phase configurations, Mini-Gircuits’ 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!

— 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!

0 RoHS Compliant
Product availability is listed on our website.

[ JMini-Circuits’

www.minicircuits.com P.O. Box 350166, Brooklyn, NY 11235-0003 (718) 934-4500 sales@minicircuits.com 448 rev T
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Communications & Power Industries

beverly microwave division

CPI Beverly Microwave Division

WALTO)

Did you know we are
the world’s largest manufacturer
of receiver protectors?

Premier radar manufacturers depend
on our level of experience and our
advanced technology for supplying
components to integrate or update the
most complex radar systems.

See why

CPI Beverly Microwave Division is
recognized as the go-to supplier
for the world ’s premier

radar manufacturers.

V

)

”

Yo

CPI BMD products are
often integral parts of
everyday life ...

Our
components
are found

in most:

T |

—

- Weather radar systems

- Air traffic control radars

- Cargo screening systems

- Particle accelerators

- Medical linear accelerators

- Unmanned aerial vehicles (UAV’s)
- Ground based radar systems

- Missile seekers

- Naval radar systems

- Airborne radar and EW

Contact the radar experts at BMD to upgrade your system today at www.cpii.com/bmd

WEATHER RADAR

ATC RADAR

150 Sohier Road, Beverly, MA U.S.A 01915, +1 (978) 922-6000, b

*

=

RADAR & EW

TEST & MEASUREMENT

e I

mdmarketing@cpii.com, www.cpii.com/bmd
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LTE/WiFi Test Box - Adjustable Bandwidth Tunable (700MHz - 6000MHz)

Digitally-Tuned
Bandpass Filters with
Continuously Adjustable
Bandwidth

Today's 4G wireless communication
systems with carrier agaregation are
predominantly using LTE signals
maodulated over several bandwidths,
typically 5 MHz, 10 MHz, 15 MHz,
20 MHz and 40 MHz. Signals
generally span from 700 MHz to

6000 MHz. Filtering is often
required to reduce harmonics and
improve dynamic range when

testing LTE products. To replace
the large number of fixed filters
usually required, K&L has developed

fB\inraw::vu
" PYroducts
{'{;\r‘au;r

| DD

h*

B

* Adjustable Bandwidth
* Adjustable Center Frequency

e Suitable for LTE and WiFi testing
e Custom Bandwidth Ranges and
Center Frequency Ranges
Made to Order

and is now shipping a filtering
system that can tune a bandpass
filter anywhere in the 700 MHz to
6000 MHz range with continuously
adjustable bandwidth. The system
has software interfaces for automated
testing corresponding to the two
hardware interfaces (Ethernet and
GPIB), as well as a convenient web-
based user interface for devices
such as smartphone, tablet and
traditional computer,

e ' AT
S SRR

ENABLING COMMUNICATION AND SIGNAL CGNTHQL

e
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EXPANDING
PCB Capabilities

Advanced Embedded Component Technology
from Teledyne Labtech

Complex RF Multi-layer PGBs

* Mixed Dielectric Multilayer PCB

* Embedded resistors, connector pins and capacitors
» Complex machined and laser cut structures

*» Metal-cored PCB

» Embedded copper coin
technology

Advantages
* Improved thermal management
¢ Increased performance
* Reduced size and costs

Applications

 Ground based and airborne -
X-band AESA Radar

e Commercial airline -
Ku/Ka Band antenna systems

e Satellite - Complex airborne |
antenna array

* Ground hased - Ku/Ka Band
mobile Satcom

"“TELEDYNE +44,{0). 1544 ({9//
LABTECH LIMITED Teledyhebahtech.c

Everywhereyoulggk! |abtechsales@teleiyne.dom

i

The Power of Consolidation
Cougar  Defence e Labtech
"L | MEC * Microwave  Paradise Datacom

Ui}
‘A

. \ ..Ix-\
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RF-LAMBDA

THELEADER OF RF BROADBAND SOLUTIONS

RFLUPAOIM22GA RFLUPAO2GOGGC
AW0.122GHI . 100W266HZ -

.

140W 6-18GHZ \Aummﬁnn
RFLUPADZIBGA
S Rt SOLID STATEBROADBAND 30W D.7-66H7

KU BAND

RFLUPADBGIIGA
S0W 8-1GHz

RFLUPAIBGATGC

2W18-47GHT : .IIFI.HHITE:HEH
ST 16W21-346HT

RFLUPADG18GC
25W 6-18GHI

RFLUPADGGI2GE i e N

25W 6-126HL

RFLUP B
M 8 .

SYSTEM POWER AMPLIFIER

RAMPOOGOGGA -30W0.016GHI  RAMP39G4BGA -4W 39-48GHI  RAMPOIG22GA - BW1-226HI  RAMP2TGIAGA - 8W 21-34GHI

wWWw. .com 1-888-976-8880  SanQeso.CR. 1R
sales@rflambda.com 1-972-767-5998 ottawa, ONT, Canada
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£ <  RFSoC Integrates RF Sampling Data

Converters for 5G New Radio

Anthony Collins, Harpinder Matharu and Ehab

Mohsen, Xilinx Inc.

MVP: Most Valuable Product

Redefining High-End RF and
Microwave Signal Generation

Rohde & Schwarz

Technical Features

24 Network Synthesis and Power
Amplifiers: So Much More than
Impedance Matching

Gayle Collins, Nuvotronics

/L& Ultra-Wideband Doherty Amplifier
for Digital TV Transmitters

Bill Goumas and Peter Forth, Ampleon

©¢  Dual-Band Bandpass Filter with
Multiple Controllable Transmission
Zeroes and Wide Stopband
Daotong Li, Yonghong Zhang, Jing Ai, Kaijun

Song and Y. Fan, University of Electronic Science
and Technology of China

60 YEARS OF PUBLISHING EXCELLENCE
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The New Low in

Frequency Synthesis

REF LTC6946
0SC E VCo

&q

Output

Divider

Outstanding Performance:

—226dBc/Hz Normalized In-Band
Phase Noise Floor

—157dBc/Hz Output Noise Floor
<-100dBc Spurious Products

Low Noise and Spurious Levels, 375MHz to 6GHz Frequency Synthesizers

Our new ultralow noise, integer-N frequency synthesizers provide best-in-class phase noise and spurious performance.

The LTC®6945 is a low noise, low 1/f corner PLL core for use with an external VCO while the LTC6946 is a complete
frequency synthesizer including a low phase noise VCO. The free, easy-to-use PLLWizard™ CAD tool quickly and accurately
simulates synthesizer performance to ensure an optimal design. So, creating low noise designs without performance

Closed-Loop Phase Noise V Info & Free Samples

compromises is done without losing sleep.

e Low -226dBc/Hz Normalized In-Band -0
Phase Noise Floor -90
e Industry’s Lowest In-Band 1/f Noise -100
Corner -110

e Spurious Levels <-100dBc
e High Current 11mA Output Charge

Phase Noise (dBc/Hz)
1
8

www.linear.com/product/LTC6946
1-800-4-LINEAR

www.linear.com/PLL

AT, LT, LTC, LTM, Linear Technology and the Linear logo are regis-

Pump Minimizes Loop Compensation 140 | s o =081
Thermal Noise _1sp | IRF =5.76Hz
fprp = 10MHz
* Programmable Output Divider for _160 LBW = 8okHz
Wide Operating Frequency Range 100 1k 10k

Offset Frequency (Hz)

LT LR

Find your local sales office: www.linear.com/contact

10M 40M tered trademarks and PLLWizard is a trademark of Analog Devices,
Inc. All other trademarks are the property of their respective owners.

NOW PART OF

ANALOG
DEVICES
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Product Features

Small Size Synthesizer with Instrument Grade
Performance

National Instruments

Multi-Gbps Modem Enables mmWave Fixed Wireless
Access

Integrated Device Technology Inc.

Tech Briefs

Dual-Channel Mixer for 5G New Radio

Linear Technology, now part of Analog Devices, Inc.

Ultra-Low PIM Cavity Filters
MCV Microwave

39 GHz Tx/Rx ICs for 5G Phased Arrays

Anokiwave
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THE CENTER FOR ALL
YOUR RF DESIGNS

RF SWITCHES RF AMPLIFIERS RF TRANSISTORS RF FILTERS

® SPnT * Gain Blocks ® GaN * Monoblock

® Semiconductor * Coaxial Module o LDMOS | o SAW / BAW

o Mecharical o Low-Noise o Gals ’:W o HP /1P /BP

* High Isolation ® Linear Drivers ® Bipolar - - * Ceramic Resonator
® High Power * High Power ® High Power ® Duplexer / Diplexer
® GaN e Die * Variable Gain ® High Frequency * (avity

RF OSCILLATORS | RFMW =DESIGN SOLUTIONS = .o RF DIODES

ATTENUATOR OR SCHOTTKY GAIN BLOCK OR

° 0 (X 0 LNA OR LOW NOISE TRANSISTOR PIN DIODE piopg  TRANSISTOR = o D ° PIN
ANTENNA 5 =
* V(X0 ' ; o Schottky
RECEIVE BANDPASS FILTER IF FILTER DEMODULATOR

[ ] Tcxo SWITCH OR PIN COAX CONNECTOR/CABLE ASSEMBLY R L V(l ractor
h A A B e AMPLIFIER . e

® PLL Synthesizers : : ® Limiter

i OR__% DUPLEXER/! i

o RF Generators DIPLEXER | ® Gunn

DIVIDER

SYNTHESIZERPLL VCOOR |
H VARACTOR |

RF ATTENUATORS = ey § propes. | RF CABLE
® Fixed ASSEMBLIES
* Digital . B ® High-Performance Test
) (ouxial COMBINER FILTER IF FILTER BASEBAND [ ] In_Box Soluﬁons
® Chip = ® Pigtails
° Voltuge Variable AVTRANSISTOR " MMTCTRANSISTOR © TRANSISTOR - s“él'gil‘iﬁ?('v‘ ROBULICR o (onformable

' ® Flexibl
o Temperature Variable Flexible 2

* Semi-Rigid

TEST &

MEASUREMENT EMI / RFI

o UUSB Controlled : ® RF Absorber

® Signal Generators g% .23 ® RF Gaskets

o Power Meters % ) i ® Wire Mesh

® Switches ® Attenuators . T 1ts who we are * Fingerstock

® Vecior Modulators It's what we do ® Shelding Tape

® (able Assemblies ® Filiration Panels
® Coax Components § @ Shielded Windows

BEAIETEARE FIAM

www.RFMW.com
Toll Free: 1-877-367-7369 ¢ Fax: 1-408-414-1461

Canada 1-877-367-7369 ¢ RFMW Mexico 1-408-414-1450 ¢ RFMW Asia 65 6316 3389 ¢« RFMW CO UK 44 1234 756012 ¢ RFMW ltalia 39 0774 359035
RFMW France 33 1 83 64 53 97 ¢ RFMW Deutschland 49 8031 7969240 ¢ RFMW Israel Ltd. 972 72 3322111 ¢« RFMW Hong Kong Ltd. 852 2682 9330
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MIMO Radars and Their Conventional Equivalents
Sponsored by: Rohde & Schwarz 6/14

Design Considerations and Tradeoffs for Microstrip,
Coplanar and Stripline Structures at Millimeter

Wave Frequencies

Sponsored by: Rogers 6/20

Getting to Know 5G: New Radio and the Race to
Standardization
Sponsored by: National Instruments 6/27

Countering the UAS Challenge
Sponsored by: Rohde & Schwarz 6/28

Demystifying 5G-Numerology and Initial Access
Concept for 5G NR
Sponsored by: Rohde & Schwarz 6/29

5G Americas’ president,

Chris Pearson, discusses

the organization’s mission EXBﬂlﬂl'JﬂnlEWIEWS
and member companies along

with some of the major trends in 5G technology,
spectrum allocation and regulation.

Jim Morgan, president and CEO of SemiGen, Inc.,
describes the vision that started the company and
how SemiGen’s RF/microwave assembly services,
portfolio of diodes and chip capacitors and responsive
customer service are fueling growth.

mwjeurnal*com

What RF IC technology
are you designing in
most?

Look for our multiple choice survey
online at mwjournal.com

|
|
|
|
|
|
|

April Survey
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Has Amplifier Performance or
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VCO’s and Synthesizers

You Define It. We’ll Design It.

Replacement Solutions for End-of-Life Parts. Custom Designs as Easy as 1-2-3.
Whether you need replacement parts or you have a new requirement for VCOs or synthesizers,
Mini-Circuits is here to support you. Our engineers will work with you to find a solution from our
extensive library of existing designs or develop a custom design to meet your needs, as easy
as 1-2-3! Reach out to apps@minicircuits.com today, and see why so many customers trust
Mini-Circuits as the industry’s solid source.

* VCOs from 3 to 7000 MHz

e Synthesizers from 56 to 7800 MHz

e Thousands of Models in Stock

e Industry-leading design capability

* Reliable supply through the life of your system!

[ JMini-Circuits’

www.minicircuits.com P.O. Box 350166, Brooklyn, NY 11235-0003 (718) 934-4500 sales@minicircuits.com
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MARK YOUR CALENPAR

IEEE AP-S/USNC-
URSI Symposium
San Diego, Calif.

This year's IEEE International Symposium on
Antennas and Propagation and USNC-URSI
Radio Science Meeting will include a wide range
of technical sessions, workshops and short
courses, as well as exhibits. It will also have

a range of specific activities for students and
young professionals. This meeting is intended

to be the premier international forum for the exchange of ideas on
state-of-the-art research in antennas, propagation, electromagnetic
engineering and radio science. Through a range of technical and
social activities, it will provide the opportunity to interact with the
world’s leading experts in antennas and propagation from academia,
industry and government. www.201 7apsursi.org

TRAINING

11-12

CST STUDIO SUITE - Signal Integrity
and Power Integrity Training
Framingham, Mass.

CST STUDIO SUITE - Microwave and
Antenna Training
West Lafayette, Ind.

CST

5

o

www.cst.com

&€ Technology and
4 Market Outlook for
0 Next Generation

S MilSatComs
Sponsored by:

ROHDE & SCHWARZ
xS

Wolfspeed
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Call for Papers
Deadline

Authors are invited to submit
papers for presentation
at RWW2018. All papers
accepted will be published
in a digest and included in
IEEE Xplore. Radio & Wireless
Week consists of five related
conferences that focus on the
intersection between wireless
communication theory,
systems, circuits and device
technologies. This creates a
unique forum for engineers to
discuss various technologies
for state-of-art wireless
systems and their end-use

applications.
www.radiowirelessweek.org

[ ]

SEPT
1113

2017

Electronic Design Innovation
Conference & Exhibition

Hynes Convention
Center
Boston, Mass.

July 11
Conference
materials due

Register now at
www.ediconusa.com

FOR PETAILS, VISIT MAJOURNAL COM/EVENTS
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PRODUCTS
TO SOLUTIONS

RF Products

Ducommun has more than
50years of experience
with the design, testing and
manufacturing of coaxial

S) Ducommun

Coaxial Switch
DCtoB8GHz

+» Low Insertion Loss
* High lsalatian

* For use in Thermal Vacuum
Chambers

Manually Controlled Switches
*DCto 22GHz

+ Available in SPDT,
DPDT, Multi-throw

» 200WCW
« Great for lab testing

Ultra Broadband Pin Diode Switches
* SPST to SPET

« Insertion Loss:
i. Reflective: 25dB min
ii. Absorptive; 40dB min

* Complete solid state
solution ".

*0.30 GHz 10 110GHz

For additional information,
contact our sales team at

310.513.7256 or
rfsales@ducommun.com
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switches and integrated systems.

ComingEvents

IEEE APMC 2017
June 20, 2017

RWW 2018
July 25, 2017

IEDM 2017
August 1, 2017

mwjournal.com

oo et

Sensors Expo & Conference
June 27-29,2017 e San Jose, Calif.
WWW.Sensorsexpo.com
MilSatCom USA

June 28-29,2017 o Arlington, Va.
www.milsatcom-usa.com

JULY

IEEE AP-S/USNC-URSI Symposium
July 9-14,2017  San Diego, Calif.

www.2017apsursi.org

AUGUST

IEEE EMC + SIPI
August 7-11,2017 e National Harbor, Md.
www.emc2017.emcss.org

Metamaterials 2017
August 28-Sept. 2, 2017 o Marseille, France
www.congress2017.metamorphose-vi.org

RFIT 2017
August 30-Sept.1,2017  Seoul, South Korea

www.rfit2017.0rg

ﬂi@

WL Cei 2017
OCTOBER
EuMW 2017

October 8-13,2017 e Nuremberg, Germany
www.eumweek.com

AMTA 2017
October 15-20, 2017 e Atlanta, Ga.

www.amta2017.org

IEEE CSICS 2017

October 22-25,2017 e Miami, Fla.
WWW.CSics.org

MILCOM 2017

October 23-25, 2017  Baltimore, Md.
www.milcom.org

ITC/USA Conference

October 23-26,2017 © Las Vegas, Nev.
www.telemetry.org

IME/China 2017

October 25-27,2017 e Shanghai, China
WWW.imwexpo.com

Space Tech Expo Europe 2017
October 24-26,2017 e Bremen, Germany
www.spacetechexpo.eu

P

NOVEMBER
Global MilSatCom 2017

November 7-9,2017  London, U.K.
www.globalmilsatcom.com

IEEE COMCAS 2017
November 13-15, 2017 e Tel Aviv, Israel

Www.comcas.org

IEEE APMC 2017
November 13-16, 2017 © Kuala Lumpur, Malaysia

www.apmc2017.orq

DECEMBER
IEDM 2017

December 4-6, 2017 e San Francisco, Calif.
www.ieee-iedm.org

SEPTEMBER

EDI CON USA 2017
September 11-13, 2017 e Boston, Mass.
www.ediconusa.com

IEEE AUTOTESTCON
September 11-14, 2017  Schaumburg, Ill.
www.autotestcon.com

MWGC Americas 2017
September 12-14, 2017 e San Francisco, Calif.
WWW.mwcamericas.com

ESC Silicon Valley
December 6-7,2017 © San Jose, Calif.
www.escsiliconvalley.com/conference

IEEE IMaRC
December 11-13,2017 ¢ Ahmedabad, India

www.imarc-ieee.org

Rwﬂﬂ DesiGnCon mms
JANUARY 2018

Radio and Wireless Week
January 14-17,2018 e Anaheim, Calif.
www.radiowirelessweek.org

DesignCon
January 30-Feb.1,2018 e Santa Clara, Calif.

www.designcon.com
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ANALOG  INTEGRATED WIDEBAND

DEVICES

AHEAD OF WHAT'S POSSIBLE™ R F T R A N S C E I V E R S

Simplify Your System Design and
Standardize Your Radio Platform

Analog Devices Simplifies Wireless System Design with RadioVerse™ Technology and
Design Ecosystem

ADI recognizes the challenges associated with RF design and integration, and what it takes to bring a high performance radio solution to market
quickly. The RadioVerse™ technology and design ecosystem gets our customers through the entire radio design process—from idea, to proof
of concept, to production—as fast as possible. In addition to ADI's market-leading integrated transceiver technologies, RadioVerse offers a
choice of evaluation options, software user guides, complete API, a standard serial peripheral interface (SPI), training, an active technical support
community, and a growing ecosystem of industry-leading ODM partners.

= D
| | . P Radio\lerse”
IntegratEd Wideband RF Transceiver Product Series CONCEPT TO CREATION AT LIGHT SPEED
RF Tuning Range Bandwidth Channels
70 MHz to & GHz 56 MHz 2Hx, 2Tx JESDR207 CMOS/LVDS <1.5W
325 MHz to 3.8 GHz 20 MHz 2R 2Tx JESD207 CMOS/LVDS <15W
70 MHz to & GHz 56 MHz THx, 1Tx JESDZ0T CMOS/LYDS <1.5W
300 MHz to 6 GHz 100 MHz Rx, 250 MHz Tx 2 Rx, 2 Ty, 2 ORx, 3 SnRx 6 Ghps JESD204B <5W

,\R/i c h a rd s 0 n R F P D LEARN MORE ABOUT ADI’S INTEGRATED E F-I:EF E

www.richardsonrfpd.com/ADI-RadioVerse E'

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

www.richardsonrfpd.com | 800.737.6937 | 630.262.6800
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... ALSO INTRODUCING THE NEW

SAGE STOCKROOM

Ownni Direclional Antennas.

visit us
online
for more!

WOOHMIOLS/INOD HIALIWITTIINI D VS MMM

Diractional Cowplors Full-Band Attenuators Tapar Transdions

Over 1,000 millimeterwave
components off-the-shelf,
in stock, and ready to ship
guaranteed in only 1-3 days.
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RFSoC Integrates RF
Sampling Data Converters
for 5G New Radio

Anthony Collins, Harpinder Matharu and Ehab Mohsen

Xilinx Inc., San Jose, Calif.

ifth generation wireless ac-

cess networks are expected

to meet system and service

requirements of new use cas-
es and applications in 2020 and be-
yond. 5G new radio (NR) envisages
providing 10 Gbps peak data rates
per user, roughly 100x improvement
over the fourth generation wireless
access network. 4G LTE-Advanced
Pro, also termed by some vendors
as 4.5 to 4.9G, can achieve up to
1 Gbps peak data rates using wider
bandwidths and carrier aggrega-
tion. Sustained data rate per user in

System Monitoring
Configuration &
Interface to Baseband

16/33G
Transceivers CPRI

Mapper/

Optical
Transceiver

16/33G
Transceivers

De-Mapper

LTE-Advanced Pro typically ranges
between 25 to 50 Mbps. 5G NR tar-
gets 100x improvement by pushing
sustained data rate per user to 500
Mbps.

Significant increase in spectral
efficiency and tapping into under-
utilized spectrum above 6 GHz are
key enablers of multi-gigabit data
rates for enhanced mobile broad-
band (eMBB). Massive MIMO, or
large arrays of antennas, is the key-
stone technology for realizing this
improvement. Massive MIMO adds
spatial dimension in addition to

All Programmable MPSoC

Processing System

JESD204B

DPD Feedback

JESD204B

Fig. 1 All programmable MPSoC as a DFE platform.
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frequency and time to significantly
boost spectral efficiency. The result-
ing signal-to-noise ratio (SNR) im-
provements brought about by the
array gain and orthogonality of mul-
tiple beams means the same time
and frequency allocations can be
used by multiple users.
Time-division duplexing (TDD)
bands with wider bandwidths, such
as band 41 (2496 to 2690 MHz) and
band 42 (3400 to 3600 MHz), are the
prime candidates for massive MIMO
deployments below 6 GHz bands.
Tapping into underutilized centime-

DPD Parameter
Estimation

Transceivers
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RLC has the exact solution
vou’re looking for.

RLC Electronics manufactures a complete range
of RF switches including coaxial in the frequency
range from DC to 65 GHz and rectangular or
double ridge waveguide. The operating modes on
all designs are failsafe, latching and manual.

B SPDT to SP12T
B Transfer

H Low VSWR

B High Isolation

Control options are DC voltages as low as 5V, TTL,
BCD, RS232, and RS422. All switches have
excellent repeatability and lifetimes in excess of
one million operations. Many types are QPL listed
per MIL-DTL-3928.

B Low Insertion Loss

B High Power

B Low Passive Intermodulation

B Surface Mount Options

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

RLC ELECTRONICS, INC. ‘I
83 Radio Circle, Mount Kisco, New York 10549 e Tel: 914.241.1334 ¢ Fax: 914.241.1753

E-mail: sales@rlcelectronics.com ¢ www.rlcelectronics.com

visa., @&
RLC is your complete microwave component source...
Switches, Filters, Power Dividers, Terminations, Attenuators, DC Blocks, Bias Tees & Detectors.
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Higher Performance
at Lower Cost
through Innovative
Engineering

BROADBAND
POWER AMPLIFIERS

» 218 GHz 8W, 10W and 15W
» 0.5-18 GHz 1W, 2W and 4W
» Compact Size

» Competitive Price & Fast Delivery

i T i %

LNA with 5W Protection

» Broadband Performance to 20 GHz
» Low Noise Figure

» Medium Power up to 1W

» Hermetic Housing Option

Contact us with your
custom requirements
and let us lower your
cost without sacrificing
performance or quality

516-931-1760

www.agilemwt.com
1SO 9001:2008 CERTIFIED
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ter and millimeter wave bands, with
large swaths of available bandwidth
in frequencies such as 15, 28, 39 and
70 to 80 GHz, are critical compo-
nents of 5G NR massive MIMO de-
ployments above 6 GHz.

Total transmitted power by the
full antenna array could typically
range from 40 to 100 W, but power
per antenna based on the number
of antennas used in the array drops
down to few hundreds of milliwatts.
This allows use of low cost and lower
precision analog components in the
final stages of a typical RF line up.
Instead of using active signal chains
per antenna with fully digital beam-
forming, hybrid schemes are pro-
posed, where a single active signal
chain is shared by a set of antennas,
with beamforming functionality per-
formed partly in the digital domain
and partly in the analog domain us-
ing phase shifters.

The power, footprint and cost as-
sociated with deploying very high
channel counts along with wider
signal bandwidths are significant
hurdles. Increased integration along
with significant power reduction is
required for commercial deploy-
ments. Integrating RF-class or RF
sampling data converters into ra-
dio digital front-end system on chip
(SoC) overcomes this hurdle by low-
ering power, footprint and cost of
the total system.

A 5G NR massive MIMO imple-
mentation requires a large number
of active signal chains in the radio to
connect to each antenna or a subset
of antennas in the array. These active
signal chains are traditionally com-
prised of data converters, filters, mix-
ers and power amplifier or low noise
amplifier, and can lead to significant
increase in power, form factor and
cost of the system. The large num-
ber of active signal chains in massive
MIMO systems—for digital or hybrid
beamforming—makes system pow-
er and footprint too high to realize
commercially viable systems. The
costs associated with moving data
between the RF front-ends (RFFE)
and the digital front-end (DFE) is
one of the key challenges that must
be resolved in 5G—at the software,
hardware and system level.

A newly introduced SoC tech-
nology tackles this through device
integration. The platform, based
on a 16 nm FinFET silicon process,
monolithically integrates RF-class
analog technology into a multi-pro-
cessor SoC (MPSoC) for a fully hard-
ware and software programmable
radio frequency system on a chip,
or RFSoC. Based on an ARM-class
processing subsystem merged with
FPGA programmable logic, the ar-
chitecture features 12-bit, 4 GSPS
RF sampling analog to digital con-
verters (ADC), and 14-bit, 6.4 GSPS
direct RF digital to analog convert-
ers (DAC), along with optimized
digital down-conversion and up-
conversion signal processing.

The RFSoC is built on an all pro-
grammable MPSoC architecture, an
established platform for radio DFE
implementations. As shown in Fig-
ure 1, the base architecture can em-
ploy the ARM processing subsystem
for O&M functionality, digital pre-
distortion (DPD) and protocol soft-
ware, while the FPGA fabric can be
utilized for high performance data
path functionality, control logic and
high speed interfacing. Now with
the integration of communication-
grade RF sampling ADCs and DACs
and the removal of multiple discrete
components, RFSoCs enable com-
pact radio form factor with poten-
tial for embedding DFE functional-
ity within or behind antenna arrays.
The result is new levels of power
efficiency, form factor reduction,
shortened design cycles and design
flexibility urgently needed for LTE-
Advanced Pro, 5G active antenna
systems and massive MIMO radios.

Figure 2 illustrates the high-pow-
er cost of moving data from a wide-
band (1 GHz) 2 x 2 RFFE into the
DFE for processing using discrete RF
sampling data converters. Even with
integrated digital down-conversion
(DDC) or digital up-conversion
(DUC) in the data converters, large
amounts of data still need to be sent
to and from the DFE. The I/O power
number shown for each quad trans-
ceiver (1 W per four lanes) includes
the power associated with imple-
menting JESD204B Protocol—on
16 nm MPSoC devices. In addition
to interface power, the power con-
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Make the Connection

Find the simple way through complex EM
systems with CST STUDIO SUITE

Components dont exist in electromagnetic

isolation. They influence their neighbors’
performance. They are affected by the enclo-

sure or structure around them. They are
susceptible to outside influences. With System
Assembly and Modeling, CST STUDIO SUITE

helps optimize component and system perfor-

mance.

Involved in antenna development? You can
read about how CST technology is used to
simulate antenna performance at

If you're more interested in filters, couplers,
planar and multilayer structures, we've a wide
variety of worked application examples live on
our website at

Get the big picture of what’s really going
on. Ensure your product and components
perform in the toughest of environments.

Choose CST STUDIO SUITE -
Complete Technology for 3D EM.
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DFE on an All Programmable MPSoC

Processing System
+ O&M Processing
- DPD * Interfacing

* Protocol Software + Control Logic

Programmable Logic
* Data Path Functionality

External 1/0O &
Internal Protocol IP

External Data
| Converters/RFICs |
I |

2.25 Watts

1.75 Watts

2.25 Watts

JESD204
Converter
Interface IP

SIoAI@ISURL

JESD204 L
Converter 1.75 Watts

Interface IP

Fig. 2 Radio DFE interfacing to external wideband data converters.

sumption of the
discrete data con-
verter components
remains high. A
typical single chan-
nel RF sampling
ADC may consume
~2.25 W, and an
RF sampling DAC
~1.75 W.

. Processing System
DFE Slgnal pro- + O&M Processing
PD

cessing, as shown [
in Figure 1, has
leveraged the lat-
est  deep-submi-
cron CMOS tech-
nologies to reduce
power, while RF
and other analog power.
components have

traditionally leveraged older-pro-
cess technology. The older CMOS
and even BiCMOS technology of-
fered the required performance at
the right costs for these predomi-
nately analog (“Big A") discrete
components. However, the move
to a more digitally dominated
SoC (“Big D") means that it is now
commercially viable to build data
converters on the latest advanced
CMOS technologies, allowing huge
power and cost savings. Integration
of these data converters is repre-
sented in Figure 3.

On the SoC device itself, the inte-
gration of the data converters elimi-
nates the need for the JESD204B IP
cores and use of the device'’s high
speed serial transceivers. With the
elimination of components, inter-
facing, IP and use of transceivers—
as channel count increases so does
system power reduction. Based on
single channel RF data converters,

* Protocol Software

Integrated
ADCs/DACs
Eliminated
Transceiver &

& =N OFower

All Programmable RFSoC

Programmable Logic

+ Data Path Functionality
* Interfacing

+ Control Logic

Fig. 3 Elimination of RF component power and interface

elimination of all these factors results
in 40 percent power reduction in a
4 Tx/4 Rx radio and over 50 percent
power reduction for an 8 Tx/8 Rx sys-
tem, as shown in Table 1.

Radio form factor (size or volume)
is a critical attribute for securing de-
ployment in terms of rental fees,
wind loading and compliance to
the local government’s regulations
and restrictions. Reducing radio
unit volume is an important system
design criteria. Integrating RF-class
data converters results in significant
saving, as shown in Figure 4. Form
factor reductions are proportional
to the number of antennas in the
system. PCB area savings can range
from 40 percent and reach 75 per-
cent. An example of an 8 Tx/8 Rx
radio using quad channel ADC and
DAC are shown in Figure 4.
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Systems
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and manufactures specialized
motion simulation systems to
precisely simulate the move-
ment of physical entities for use
in virtual reality trainers and
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needs. We specialize in the
areas of Aerospace and Defense
enabling simulation for missiles,
decoys and more.

Y in o G

www.NSI-Ml.com
info@nsi-mi.com

CoverFeature

Beyond power and form fac-
tor benefits, elimination of discrete
data converters shortens the de-
sign cycle in several ways. Because
most modern converters currently
use high speed serial interfaces
from 12.5 to 25 Gbps based on the
JESD204 protocol, design closure
is impacted at the digital, analog

and system level. The JESD204
IP cores must be implemented in
digital FPGA fabric, but arguably
the more difficult task is ensuring a
stable serial data link between the
data converter and the radio’s DFE.
At 12.5 Gbps and up to 25 Gbps,
signal distortion is a serious con-
cern mostly due to running high line
rates over low cost, lossy intercon-
nect. Eliminating the DFE and RFFE
interface removes this burden and

TABLE 1

Discrete Implementation

Programmable
Device

23W 23W

ADC/DAC

Components I

16 W 32W

TOTAL POWER 31w

39w 55w

Integrated RF-Analog

Programmable
Device + RF
Subsystem

25W 27 W

TOTAL POWER

SAVINGS dil=

37% 51%

All Programmable MPSoC Device

JESD204
Converter
Interface IP

Processing
System

Digital
Design

JESD204

Converter
Interface IP

35 mm X 35 mm

$

8 Rx Channels

~N
J

DDC

JESD pmmm | RF-ADC

1

—
3 JESD pmmm | RF-DAC
@ L
8 \ /
%' 2% (15 mm X 15 mm)
@
8 Tx Channels
/4 I
f DUC )

i JESD ==« | RF-ADC

sIoAI@IsURI|

E JESD -f RF-DAC
(.

J

2% (15 mm x 15 mm)

All Programmable RFSoC Device

Processing
System

Digital
Design

<]

=) =

Ll

[— |

35 mm x 35 mm

Fig. 4 PCB area savings in 8 Tx/ 8 Rx radio.
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reduces the number of board layers,
complexity of routing the clocks on
the PCB and synchronization of the
communication links.

Direct RF sampling DACs and RF

sampling ADCs in the RFSoC elimi-

All Programmable
FPGA or SoC

DDC

nate the need for intermediate fre-
quency (IF) stage sampling for 5G
Radios implemented in sub-6 GHz
frequency bands, thereby reduc-
ing the complexity of the RFFE, as
shown in Figure 5. Direct RF sam-
pling, integrated with highly opti-
mized RF digital signal processing
engines (i.e., DDC and DUC) offers

®
-0
P

=102

All Programmable
RFSoC

DDC

=10
RF ADC

-—n—‘:‘

Replaced by Integrated
Direct-RF Subsystem

Fig. 5 Comparison of superheterodyne and direct sampling receivers.
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a much more flexible approach to
traditional analog frequency transla-
tion and filtering. The higher sam-
ple rates simplify the analog filter-
ing requirements and allow a better
trade-off between dynamic range
(SNR) and signal bandwidth in the
digital domain by decimating and
filtering the ADC output to extract
only the signal bandwidth of inter-
est.m Implementing the signal con-
ditioning in the digital domain also
yields better performance and ease
of use. Some of the traditional RF
impairments in the IF approach are
greatly reduced or eliminated (e.g.,
passband ripple, group delay varia-
tion, matching and local oscillator
(LO) leakage issues).

With advanced CMOS technol-
ogy, namely 16 nm FinFET, RF sig-
nal processing can be implemented
in the digital domain with excellent
power and cost efficiency. At 16
nm, the RF sampling solution in the
RFSoC architecture delivers a flex-
ible RF front-end while supporting
wide bandwidths—up to 2 GHz—at
a much lower power draw than re-
quired by analog technologies.

New digitally assisted techniques
allowed designers to address the
challenge of integrating state-of-
the-art RF sampling converters us-
ing advanced CMOS technology.?
By using very cost and power ef-
ficient 16 nm FinFET digital tran-
sistors, it is possible to add very
sophisticated digital calibration to
correct for any analog circuits im-
pairments. This approach to imple-
menting advanced RF sampling
converters delivers large benefits in
terms of power and area reduction.
It also provides a platform technol-
ogy that will scale with Moore's Law
to 7 nm and beyond.

Results from a 16 nm FinFET test
chip featuring the RFSoC's direct RF
sampling converters show excellent
performance, linearity and analog
characteristics of a 6.8 GSPS RF
DAC and 4 GSPS RF ADC—evalu-
ated across process, temperature
and power supply variation.?2 The
built-in calibration and digitally as-
sisted techniques deliver very con-
sistent and stable performance
across PVT.
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Fig. 6 RF DAC generating two tones at 1.9 GHz separated

by 20 MHz.

The output of the DAC generates
two tones at a carrier frequency of
approximately 1.9 GHz separated
by 20 MHz, as shown in the output
of the Rohde & Schwarz FSW Spec-
trum Analyzer in Figure 6. The 3
order intermodulation illustrates the
very high linearity of the DAC at ap-
proximately -75 dBc. This is within
the first Nyquist zone, which extends
up to 3.2 GHz. The 2nd and 3 order

& smwi

ERSERAE

——

the RF ADC.

images folded back also show excel-
lent performance of the DAC.

For the ADC, a high quality signal
sourced by the Rohde & Schwarz
SMW200A vector signal generator
is used to synthesize both CW and
modulated waveforms. Additional
analog filtering by the signal source
provides the signal purity required
to evaluate the ADC. The captured
data is analyzed using fast Fourier

-—— 67 GHz Performance

FLEXIBLE, REPAIRABLE, AND
SUSTAINABLE TEST CABLES
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Res‘\stance

Brute
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Type N to 1.85mm, Flexible, Repairable

VELOCITY

For a special offer visit:
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866.409.0400
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for Field
Repairable Cables
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Fig. 7 FFT of a continuous wave tone sampled at 4 GS/s by

transforms (FFT) implemented with
LabView Software from National
Instruments, as shown in Figure 7.
The FFT of a -3 dBFS 1.9 GHz CW
signal is sampled at 4 GSPS, and the
plot shows the first Nyquist zone of
the ADC. The 2nd and 3 order dis-
tortion components are aliased into
the first Nyquist zone as indicated
by the red markers. Other distortion
components shown are interleav-
ing artifacts which are greatly sup-
pressed using built-in calibration.

As with any complex SoC, there
were tradeoffs and design choices
made when developing the all pro-
grammable RFSoC. This ranged
from meeting challenging power
targets, to careful consideration of
the constraints hardware designers
face when realizing their end appli-
cation, to providing a platform with
the correct mix of optimized and
programmable signal processing.

Power Density

With reduced form factor and
significantly greater performance,
5G NRs face tough power density
challenges and present a thermal
engineering problem. The system is
typically passively cooled with high
operating ambient temperatures
generated by the power amplifier
and other components. In order for
components to stay within their spec-
ified operating temperature range,
they typically cannot dissipate more
than 35 W before the thermal solu-
tion becomes complex and costly.
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While integrating RF sampling
data converters greatly reduces
the system power, it must also not
significantly increase the power dis-
sipation of the SoC. Ideally, the so-
lution would be power neutral with
the converter power being similar to
the power dissipated by the external
IO interfaces like JESD204B. This
drove many of the design choices
and techniques used in develop-
ing the RFSoC, including digitally
assisted analog and interleaving to
reduce the power consumption of
the converters.

Practical Hardware Solutions

The RFSoC needed to meet key
requirements like channel to chan-
nel RF isolation (which typically
needs to be greater than 70 dB) and
immunity to other sources of noise
in what is a highly mixed signal en-
vironment. The SoC is a predomi-
nately digital (Big “D") device that
supports external memory inter-
faces, along with system interfaces
like 100GE and common public ra-
dio interface (CPRI). Through care-
ful design and floor planning of the

SoC, along with package and PCB
co-design, RFSoCs can achieve very
robust performance without costly
PCB design rules or nonstandard
manufacturing techniques.
Maximizing Flexibility

Traditional SoC implementation
involves tradeoffs in functionality,
cost and power consumption. De-
veloping the RFSoC was no excep-
tion but benefited from significantly
more degrees of freedom. Generic
functionality like DDC was imple-
mented in highly power efficient 16
nm FinFET logic; however, much of
the application specific functional-
ity can be efficiently implemented
in the programmable logic. The
RFSoC achieves a balance between
dedicated hardened digital signal
processing and user configurable
high performance processing. The
result is an all programmable plat-
form for implementing a range of
applications beyond just radio.

The choice of advanced CMOS
technology like 16 nm FinFET is a
key part of maintaining this flexibil-
ity to adapt to changing standards
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and allow designers to react quickly
to emerging requirements. The di-
rect RF sampling moves the RF into
the digital signal processing domain
as soon as possible, where it can be
processed very efficiently in the dig-
ital domain using advanced CMOS
technology.

The introduction of all program-
mable RFSoCs is well aligned with
5G NR specification timelines. The
draft of the 5G NR non-standalone
specification (release 15) is targeted
to be available by December 2017.
The Standalone 5G NR portion of
the release 15 specification is ex-
pected to be completed by June
2018. Non-standalone mode will
use LTE as the control plane anchor.
5G NR control plane for standalone
mode will be defined in the June
2018 release. The 3GPP industry
workgroup is debating on the ex-
tent of the ultra-reliable low latency
communication (URLLC) use case
to be covered in release 15. Due to
tight timelines for release 15, many
facets of the URLLC use case are
targeted in the 5G NR release 16
specification scheduled to be avail-
able by end of calendar year 2019.

With all programmable RFSoCs,
the ability to leverage the same
hardware to address diverse re-
quirements and emerging standards
will allow vendors to quickly react to
new market opportunities by lever-
aging existing developments. In the
case of 5G systems it is becoming
clear that no one type of radio will
address the diverse needs of next
generation radio access networks
(RAN) and so the number of differ-
ent radio types is expected to in-
crease significantly.3 l
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Most Valuable Product

Redefining High-End
RF and Microwave
Signal Generation

Rohde & Schwarz

Munich, Germany

push their designs almost beyond possible

limits in order to attain utmost performance,
and sometimes they do not initially know how far
they need to go. In the test and verification phase,
often an analog signal source is the first method of
choice to prove the performance of a design. Ideally,
it should not limit the design margins or test results
but, in reality, it often does. For example, engineers
testing state-of-the-art analog-to-digital (A/D) and
digital-to-analog (D/A) converters seek the highest
spurious-free dynamic range and the lowest broad-
band noise available, while radar engineers require
the lowest possible phase noise. And in large test
setups with long cabling, the output power of the
signal source often seems too low.

I n research and development, designers often

Output Frequency (MHz)

When Rohde & Schwarz decided to develop a
successor to its R&S SMA100A and R&S SMF100A
high-end RF and microwave signal generators, the
design engineers set themselves a simple yet very
challenging goal: to deliver the best possible per-
formance for each key parameter, without any com-
promises or the requirement for customers to make
tough decisions. The result is the R&S SMA100B,
which can deliver the cleanest signals at the highest
output power without any compromise. The new
microwave signal generator strongly benefits three
key applications:

A/D AND D/A TESTING

Integrated A/D and D/A converters deliver
higher clock rates and an effective number of bits
(ENOB) with each generation. Testing their perfor-
mance requires clock and test signal sources ex-

-60
2 Measured Nonharmonic Suppression ceeding the spurious-free dynamic range of device
< 70 Egecifi‘;d Nf_nh_armonic Suppression under test (DUT). Clean clock signals provide the
s TYer et Hmie best spectral purity for a D/A converter's analog
8 -80 output signal. The new R&S SMA100B specifies
& nonharmonics < 100 dBc for a 1 GHz carrier
G 90 frequency and < 80 dBc for a 10 GHz carrier
é l_ frequency, an improvement of 10 to 18 dB over its
5 -100— predecessors. Figure 1 shows actual measurement
S - e results that are significantly lower.
2 10| el High sampling frequencies and high ENOB
require a signal source with very low broadband
- 200 4.000 8.000 12.000 16.000 20.000 noise. Clock signals with low wideband noise do

not degrade the signal-to-noise ratio (SNR) of the
sampled input signal of an A/D converter. With the

A Fig. 1 Measured nonharmonic suppression of the R&S SMA100B with the
R&S SMAB-B711 option.

R&S SMA100B, an optimized RF design and a new,
all digital level control loop provide a typical broad-

MICROWAVE JOURNAL m JUNE 2017



What Advances Can You COBHAM
Make With Cobham?

The most impartant thing we build is trust

Innovative, Affordable MMIC Solutions

Cobham Advanced Electronic Solutions delivers high
performance Radio Frequency (RF), microwave, and
millimeter wave integrated Monolithic Microwave
Integrated Circuit (MMIC) system on a chip (SoC) solu-
tions for defense and aerospace applications. Creative
MMIC products provide state-of-the-art alternatives
for active electronically scanned array (AESA), radar,
space, electronic warfare (EW), missile and missile de-
fense, communications, and unmanned systems.

' A leader in highly integrated MMIC products, Cobham
’ [ offers true time delay units (TDU), transmit/receive
integrated circuits (T/R IC), vector modulators, wide
’ band ICs including low noise and power amplifiers,
y switches, limiters, and many others. Advanced manu-
facturing processes enable innovative, low cost and
%. ! high volume module and package assembly solutions.

Cobham Advanced Electronic Solutions
Advance with Cobham at www.cobham.com/caes

CAES.BD@cobham.com ¢ 417-231-5085



http://www.mwjournal-digital.com/mwjournal/201706/TrackLink.action?pageName=37&exitLink=http%3A%2F%2Fwww.cobham.com%2Fcaes
http://www.mwjournal-digital.com/mwjournal/201706/TrackLink.action?pageName=37&exitLink=mailto%3ACAES.BD%40cobham.com

Most Valuable Product

band noise of -160 dBc/Hz at 10 GHz carrier frequency, a value

formerly achieved only by a few highly specialized signal sources.

Testing A/D converters often requires two signal sources: one
for the DUT’s clock and one for the analog signal. The microwave
signal generator facilitates this by offering a high performance
clock synthesizer option with ultra-low phase and broadband
noise up to 6 GHz. The frequency of this additional synthesizer
can be set independently of the main RF frequency. Sharing a
common 1 GHz reference signal achieves very high phase stabil-
ity between the output clock signal and the main synthesizer
signal. To support single-ended and differential clock interfaces,
the waveform, level and DC offset are programmable.

HIGH-END RADAR DESIGN

When designing and testing high-end radar systems, detec-
tion sensitivity is often limited by the phase noise of the RF
signal source. The R&S SMA100B offers several low phase noise

options to satisfy even the toughest requirements (see Figure 2).

Close-in phase noise performance can be as low as -60 dBc/
Hz (typical) at 1 Hz offset and 10 GHz carrier frequency. For
applications requiring the lowest possible pedestal phase noise,
the signal generator offers a dedicated YIG oscillator option that
enables -132 dBc/Hz (typical) at 10 kHz to 100 kHz offsets and
10 GHz carrier frequency. The R&S SMA100B defines a new,
unprecedented high-end class in phase noise performance.
When testing radar systems, fast and well-controlled RF puls-
es are essential. With 5 ns (typical) rise/fall time and >80 dB
on/off ratio, the R&S SMA100B pulse modulator is suitable for
all radar applications. Modern radar equipment must be tested

Standard Performance

Improved Close-In Phase Noise Option
High Performance OCXO Option
Ultra-Low Phase Noise Option
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A Fig. 2 Measured single sideband phase noise performance of the R&S
SMA100B at 10 GHz.

with leveled short pulses that have high level accuracy and level
repeatability. The pulse modulator of the new R&S SMA100B has
been designed for that. It can deliver leveled short pulses with
high level accuracy and repeatability down to the nanosecond
range.
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L3 NARDA-MITEQ...
THE ULTIMATE AMPLIFIER SOURCE

narda(jimr=q

The Largest and Broadest Amplifier Selection

L3 Narda-MITEQ offers more amplifier solutions than any other company. With over 60 years of
experience and an extensive, diversified amplifier design library, we can meet or exceed your specific
requirements quickly. We are the proven source for standard and customized amplifier solutions,
offering more than 10,000 catalog products. Providing everything from design to production, we are
ready to meet your most complex challenges. When your next project demands an amplifier with a
proven track record, count on L3 Narda-MITEQ - your best resource for amplifier solutions.

Learn more about all we have to offer by visiting us at nardamiteq.com or call us at (631) 231-1700.

Narda-MITEQ l'i ﬂﬂ L3T.com
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Most Valuable Product

PRODUCTION MEASUREMENT OF MICROWAVE
AMPLIFIERS

When testing high-power amplifiers, sufficient drive power
is crucial. To satisfy cost-sensitive as well as highly demanding
applications, the R&S SMA100B offers a three-stage output
power option. A high output power option up to +35 dBm can
be activated with an option key, even in the field. The factory fit
ultra-high output power option offers power levels up to +38 dBm
for the 6 GHz model (see Figure 3), a performance previously
unavailable from any general-purpose signal generator on the
market, according to Rohde & Schwarz.

In addition, due to built-in filters, a harmonics suppression
of -65 dBc (typical) is available up to high-power levels for all
output power options. With this combination of very high output
power, low harmonics and extremely low wideband noise, the
R&S SMA100B makes external amplifiers and filters unnecessary
and saves the customer from using complicated and expensive
test setups consisting of multiple boxes.

In a production environment, it is important to keep down-
time caused by service needs or malfunction of the automatic
test equipment (ATE) system to a minimum. For signal genera-
tors up to 6 GHz, an electronic solid-state step attenuator has
therefore been a de-facto standard for more than a decade. The
R&S SMA100B now carries this technology into the world of
microwave signal generators, offering solid-state switching for all
frequency options up to 20 GHz as standard, allowing very fast
and wear-free level switching.

All these features fit into a compact 19 in, 2 HU housing
saving rack space. All R&S SMA100B signal generators are

A|Advanced
M|Microwave, Inc.

MICROWAVE COMPONENTS & SYSTEMS
thin-film technology in very small, yet
rugged, packages.

ONE STOP SHOP

AMPLIFIERS:

Frequency range of 0.1 to 40 GHz
LNA or Power

We also offer custom amplifiers
including, but not limited to, Heatsink
and Universal AC Input

UP/DOWN CONVERTERS:

Freq range 3 to 40 GHz

A complete remote converter system
using a computer network control
including I/0S, USB2, RS232,

and Ethernet (RG45) optional

Sunnyvale, CA 94089

40

A complete package of any amplifier or converter which incl

MILITARY ELECTRONICS:
Freq range: 0.1 to 40 GHz

for radar applications

» Pulse Modulators

» Threshold Detectors

» Detector Log Amplifiers

» remote sensing incl. I/0OS,
USB2, RS232, and Ethernet (RG45)

www.advmic.com Ph: 408-739-4214

6 GHz Instrument with Ultra-High Power Option
6 GHz Instrument High-Power Option

20 GHz Instrument with Ultra-High Power Option
20 GHz Instrument High-Power Option
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A Fig. 3 Measured maximum available output power of the R&S SMA100B.

equipped with a convenient touch display and an easy-to-use
graphical user interface (GUI), which makes operating the instru-
ment very easy. For benchtop operation, users can optionally
select a 19 in, 3 HU housing with increased 7 in touch display.

\JVENDORVIEW
Rohde & Schwarz
Munich, Germany

+49 89 4129 12345
www.rohde-schwarz.com
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udes heatsink
and 100 to 240 VAC input.

COMPONENTS:

Mixers 2.0 to 40 GHz

» Double/Triple Balanced
» IR Mixers

» 1Q Modulators

Limiters 0.1 to 40 GHz
Detectors 0.01 to 40 GHz

CUSTOM products using AMI
building blocks

sales@advmic.com
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When it comes to power inductors,
we're spreading things a little thin

T TIEEEEE X E X = OQ@O

(actual height)

In fact, with hundreds of options under 1.2 mm high,

finding the pertect low-profile power inductor is no tall order!

Let’s face it, thin is in. From smart phones and
wearables to all types of portable devices, you
face constant pressure to pack more perfor-
mance into thinner packages.

To help, we continue to expand our line
of mini, low-profile power inductors with
footprints as small as 1.14 x 0.635 mm and
maximum heights as low as 0.50 mm!

Select inductance values from 0.018 to

3300 pH and current ratings up to 20 Amps.
Get the skinny on
all our low-profile power &=
inductors, including the
new ultra-low loss XEL4012
Series with inductance values
that have been fully optimized
for high frequency applications over 5 MHz.
Visit coilcraft.com/lowprofile today!

\& cilarafidirect.com
@® @ No min order. Next day delivery.

WWW.COILCRAFT.COM
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= Competitive Pricing & Fast Delivery
e Military Reliability & Qualification
* Various Options: Temperature Compensation,
Input Limiter Protection, Detectors/TTL & More

* Unconditionally Stable (100% tested)

OCTAVE BAND LOW NOISE AMPLIFIERS

Model No. re% 6H2  Gain @) MIN  Noise Figure @)  Power-out@p1d8  3rd Order ICP VSWR
CA01-2110 2 1. ,0.7TY +10 MIN +20dBm  2.0:1
CA12-2110 1.0- 2.0 30 1.0 MAX, 0.7 TYP +10 MIN +20 dBm  2.0:1
CA24-2111 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 +20 dBm  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 22-24 30 0.6 MAX, 0.45 TYP +10 MIN +20dBm  2.0:1
(A23-3116 27/ =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 54-5.9 40 1.0 MAX, 0.5 TYP +10 MIN +20dBm  2.0:1
CA78-4110 7.25-7.75 32 1.2 MAX, 1.0 TYP +10 MIN +20dBm  2.0:1
CA910-3110 9.0-10.6 25 1.4 MAX, 1.2 TYP +10 MIN +20dBm  2.0:1
(A13153110 13.75-15.4 25 1.6 MAX, 1.4 TYP +10 MIN +20dBm  2.0:1
CA12-3114 1.35-1.85 30 4.0 MAX, 3.0 TYP +33 MIN +41 dBm  2.0:1
(A34-6116 Shl 9615 40 4.5 MAX, 3.5 TYP +35 MIN +43 dBm  2.0:1
CA56-5114 59-6.4 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
CA12137110  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
(A1722-4110  17.0-22.0 25 3.5 MAX, 2.8 TYP +21 MIN +31dBm  2.0:1
ULTRA-BROADBAND & MULTI-OCTAVE BAND AMPLIFIERS

Model No. Fre(i GHz)  Gain (@) MIN  Noise Flgu @)  Power-out@pid  3rd Order ICP  VSWR
CA0102-3111 0.1-2.0 28 1.6 Max, 1.2 TY + +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
CA02-3112 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
(A26-4114 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
CA618-6114 6.0-18.0 35 5.0 MAX, 3.5 TYP +30 MIN +40 Bm  2.0:1
(A2184116 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
(LA24-4001 2.0-4.0 -28 to +10 dBm +7 fo +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
CAQ01-2511A  0.025-0.150 21 5.0 MAX, 3. +1 30 dB MIN 2.0:1
CA05-3110A 0.55.5 8 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, 1.5TYP  +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
(A001-2211 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
(A002-3114 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.
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BAE Develops Next-Gen Aircraft Threat
Warning Solution

eveloped to address the ever-changing and

proliferating threat environment, the 3DAWS

suite protects aircraft during complex, multi-
threat engagement scenarios through a layered counter-
measure defense, allowing aircrews to safely complete
their missions. It not only maximizes the effectiveness
of current flare and directable infrared countermeasure
systems, but it also provides the necessary tracking ca-
pabilities for future soft- and hard-kill countermeasure
solutions to damage or destroy incoming threats.

“With the rapidly evolving threat environment, any
future threat detection system must address a first-en-
counter threat scenario and must do so by efficiently and
smartly utilizing fielded and future countermeasure tech-
niques,” said Cheryl Par-
adis, director of Threat
Management Solutions
at BAE Systems. "“Our
new 3DAWS solution
provides the capability
to first make a definitive
threat assessment—de-
termining whether a track
is a false alarm or an incoming threat—and then quickly
respond with the appropriate countermeasure.”

At the heart of 3DAWS is BAE Systems’ passively-
cued, semi-active radio frequency 3D Tracker™ technol-
ogy. Serving as an adjunct to the company’s Common
Missile Warning System or any future passive threat de-
tection system, the 3D Tracker technology provides the
third dimension to the system’s detection process and
allows for definitive threat assessment.

Built to be highly modular and with open architecture
standards, the 3DAWS suite integrates with all existing
U.S. Army aircraft, has the flexibility to work with fixed-
and rotary-wing aircraft and can be tightly integrated
with existing radar or laser warning systems, providing
a third dimension to those passive systems.

Product suite
designed to

significantly increase
aircraft survivability
from advanced threats

World's Most Powerful Emulator of Radio-
Signal Traffic Opens for Business

hough it resides in a mere 30 by 20 ft server
room on the campus of the Johns Hopkins
University Applied Physics Laboratory (APL)
in Laurel, Md., the Colosseum is capable of creating a
much larger and critically important wireless world. If all
goes as planned during DARPA's three-year Spectrum
Collaboration Challenge (SC2), competitors vying for
$3.75 million in prize money will use the Colosseum as a
world-unique testbed to create radically new paradigms

For More
Information
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Cliff Drubin, Associate Technical Editor I

for using and managing access to the electromagnetic
spectrum in both military and civilian domains.

“The Colosseum is the wireless research environ-
ment that we hope will catalyze the advent of autono-
mous, intelligent and—most importantly, collabora-
tive—radio technology, which will be essential as the
population of devices linking wirelessly to each other
and to the Internet continues to grow exponentially,”
said SC2 Program Manager Paul Tilghman. Tradition-
al wireless communications systems are defined by a
specification—a document that is the product of years
of study and debate, and prescribes precisely how a ra-
dio system will work and how, if at all, it will get along
with other radios. “We are asking SC2 competitors to
devise fundamentally new radio systems that can learn
from each other in real-time, making the need for ardu-
ous radio specifications obsolete,” Tilghman said.

On the surface, the Colosseum appears as a drab set of
electronic racks. Yet it is a path-breaking testbed that can
emulate tens of thousands of possible interactions among
hundreds of wireless communication devices—including
cell phones, military radios, loT devices and a litany of
others—operating simultaneously in a square-kilometer
expanse. That is an area some 40x that of the Roman
Colosseum'’s six acres. DARPAs Colosseum amounts to an
artificial, high-fidelity holodeck that can simulate invisible,
fast-as-light communication signals traversing, ricocheting,
echoing and otherwise making their way from transmitters
to receivers wherever they might be in a wide variety of
simulated environments. Said Tilghman, “The Colosseum
can make the radios believe they are operating in an open
field, a dense city, a suburban shopping mall, a desert or
any other scenario you can dream up.”

Engineers at APL assembled the Colosseum with
128, two-antenna, software defined radio (SDR) units
built by National Instruments (NI). Emulating electro-
magnetic waves from these radios traversing the physi-
cal world is no small task. To tackle this, APL partnered
with NI to put 64 field programmable gate arrays
(FPGAS) to the task. The FPGAs enable the Colosseum
to make the SDRs behave as though they are operating
in any of countless environments, each designed like an
electromagnetic movie set.

By the numbers, the Colosseum testbed is a 256-by-
256-channel RF channel emulator, which means it can

R S -

Source: BAE Systems
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calculate and simulate in real-time more than 65,000
channel interactions among 256 wireless devices.
Each simulated channel behaves as though it has a
bandwidth (information content) of 100 MHz, which
means the testbed supports 25.6 GHz of bandwidth
in any instant. Moreover, each channel’s transmission
and reception frequency is tunable between 10 MHz
(as in broadcast FM radio) and 6 GHz (as in Wi-Fi). The
amount of digital RF data coursing through the Colos-
seum each second, more than 52 terabytes, exceeds
the estimated amount of information contained in the
entire print collection of the Library of Congress. In
short, said Tilghman, “the Colosseum is a magnificent
electronic arena and just what we need to discover
how to eke more capacity from the frustratingly finite
spectrum.”

US Navy's Enterprise Air Surveillance
Radar Completes Major Design Review

aytheon Co. and the U.S. Navy recently con-
ducted a Preliminary Design Review (PDR)
for the new Enterprise Air Surveillance Radar
(EASR), confirming system development is on track for
delivery to the designated ship classes. The PDR fol-

lowed several milestones completed as planned on
the development schedule, including the combined
Systems Requirements and System Functional Reviews,
and the Integrated Baseline Review.

EASR is the U.S. Navy's advanced radar for aircraft
carriers and amphibious warfare ships, providing simul-
taneous anti-air warfare, anti-surface warfare and air
traffic control mission capabilities. It delivers increased
performance, higher reliability and sustainability and
lower total ownership cost than the radars it replaces.
EASR is the replacement for the Volume Search Radar
for the CVN 78 class, and the AN/SPS-48 and AN/SPS-
49 radar systems for numerous ship classes.

The PDR validated Raytheon'’s scaled design lever-
aging the AN/SPY-6(V) Air and Missile Defense Radar,
configured into a rotating and a fixed face variant to
match the missions of the multiple ship classes. EASR
is built on Radar Modular Assembly (RMA) technology
which has been matured through development-and re-
cent test successes—of AN/SPY-6 for the DDG 51 Flight
[l destroyers. Each RMA is a self-contained radar in a
2 ft x 2 ft x 2 ft box. These individual radars can inte-
grate together to form arrays of various sizes.

The commonality, in both hardware and software,
with SPY-6 offers a host of advantages, including per-
formance, availability and reliability, maintenance, train-
ing, logistics and lifecycle support.

WESTBOND’S Latest Model 4KE: Now in ONE

HEAD; Wedge Bonder / Au and Cu Ball Bonder

1551 S. Harris Court Anaheim, CA 92806

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

See West-Bond'’s latest Model 4KE and the 7312C at the
SEMICON West at Moscone Center, San Francisco, July 11-13, 2017

WEST - BONID, INc.

o 45° and 90° Wire Feed Convertibility
o Wire or Ribbon Bonding

e Cu or Au Ball-Wedge Bonding

e Throatless Chassis

e ESD Protection

o Adjustable Work Platform

e Orthogonal X, Y, and Z Axes

www.westbond.com

Ph. (714) 978-1551 Fax (714) 978-0431
e-mail: sales@westbond.com
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Reactel, Incorporated

Reacting First ta All Your Filter Needs.

Actual Size

EI E REACTEL, INC |:]-_.'

DISCRETE COMPONENT FILTERS

Since 1979, Reactel has been a global leader in the design and manufacture of
filters and multiplexers for the military and commercial applications.

Our versatility is reflected in the variety of units we are providing for systems
requiring small, lightweight, high-performance filters and multiplexers.

Small (profiles as low as 0.12"), lightweight and rugged enough to withstand the
most demanding environments, these units are the perfect fit where small size
and low weight are paramount.

Let our Engineers show you what we can do in tight spaces!

Download a copy of our full line catalog today!

8131 Cessna Avenue * Gaithersburg, Maryland 20879 « Phone: (301) 519-3660 « Fax: (301) 519-2447 ﬁ Rt
For general inquiries, please email reactel@reactel.com » Follow us on Twitter: @reacteljim awrd m

Go online to www.reactel.com to download vour Reactel catalog today. Imtertek freactelim
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The Conferences (8th - 13th October 2017)
¢ European Microwave Integrated Circuits Conference (EuUMIC)
9th - 10th October 2017
¢ European Microwave Conference (EuMC) 10th - 12th October 2017
e European Radar Conference (EURAD) 11th - 13th October 2017
¢ Plus Workshops and Short Courses (From 8th October 2017)
¢ |In addition, EUMW will include for the 8th year, the Defence, Security and Space
Forum on 11th October 2017

DISCOUNTED CONFERENGE RATES

Discounted rates are available up to and including 8th September 2017.

Register NOW and SAVE!

Registration is available after this date and up to 13th October
at the standard rate.

The FREE Exhibition (10th - 12th October 2017)

ENTRY TO THE EXHIBITION IS FREE! Register today to gain access to over 300
international exhibitors and take the opportunity of face-to-face interaction with
those developing the future of microwave technology. The exhibition also features
exhibitor demonstrations, industrial workshops and the annual European Microwave
Week Microwave Application Seminars (MicroApps).

E M A Organised by: Official Publication: Co-sponsored by: 0-sponsored by: Supported by:
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European Microwave Association ou rna
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Integrated Cir The 47th European Microwave Conference The 14th European Radar Conference
Co-spon: Co-sponsored by: Co-sponsored by:
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Register online now as a delegate or visitor at: Www.eumweek.com
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Consortium Demonstrates Ultra-High
Throughput Transmission Over Satellite

European consortium consisting of the

Fraunhofer Institute for Integrated Circuits

1S, WORK Microwave and Avanti Commu-
nications has completed highly successful over-the-air
trials on Avanti HYLAS satellite capacity employing the
latest DVB-S2X modulator and demodulator equip-
ment. The demonstrations used wideband carriers ex-
ploiting full transponder bandwidth and outperform-
ing the target throughput of more than 1 Gbps using a
single communication carrier.

The technology demonstration was part of a devel-
opment funded by the European Space Agency (ESA)
under the ARTES Advanced Technology via the ultra-
high throughput transmission through wideband Ka
transponder contract.

The experiments
demonstrated a va-
riety of carrier band-
widths and modulation
schemes. This included
closing the forward link
with a 480 MHz carrier
and successfully receiv-
ing and demodulating
this signal on the ground. The sustained throughput
to a single end-user terminal was measured at 1.27
Gbps, leveraging from the DVB-S2X time slicing ca-
pability that allows the receiver to selectively skip and
ignore parts of the incoming signal and thus save on
processing power. DVB-S2X, as the latest satellite
communication standard allows for, an exceptionally
efficient use of spectrum.

Fraunhofer IIS developed a DVB-S2X receiver [P
that was used for the technology demonstration, while
WORK  Microwave developed a high-performance
wideband DVB-S2X modulator, which was used for the
communication on the uplink. The FPGA-based, mod-
ular design of modulator and demodulator enables
different products and throughput ranges, up to the
maximum spectral efficiency supported by DVB-52X
on wideband carriers. U.K.-based Avanti Communica-
tions provided engineering support and HYLAS Ka-
Band transponder capacity for the live demonstration.

"The successful demonstration of this next-gener-
ation technology confirms the innovation-led com-
petitiveness of the European space industry and the
capabilities of the European satellite fleet, as well as
the importance of the ARTES Advanced Technology
program to fund such developments,” said Nikolaos
Toptsidis, the technical officer managing the activity
on behalf of ESA.

For More
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Finland's First 5G Development
Environment Opens to Businesses

he VTT Technical Research Centre of Fin-
land, the University of Oulu and the Centria
Polytechnic will take their 5G test environ-
ment to a new stage with the emphasis on vertical
business use. There is already a large number of Finn-
ish companies with whom 5G technology has been
developed that will be tested in several application
areas, with new solutions targeted for field trials dur-
ing 2017.

In the 5GTN+ project,
mostly funded by Tekes,
future technology is ap-
plied to field testing
even before commercial
networks emerge. Thus,
the opportunities of-
fered by 5G technology
will be utilized as early as possible, offering compa-
nies the opportunity to experiment with technology in
their specific areas of application. The project, which
focuses on seeking clear business benefits for partner
companies, aims to strengthen the position of Finnish
industry as a developer of new 5G technologies and
applications.

“The 5G test environment supports corporate prod-
uct development. Its benefits are reflected, for ex-
ample, in high-speed and reliable connections, short
delays, energy savings and connectivity,” said Project
Manager Atso Hekkala from VTT.

“We provide the test network and related skills for
everyone to use. We are also welcoming companies
outside the project who are interested in taking ad-
vantage of new technology in their business among
the first,” said Project Manager Olli Liinamaa from the
University of Oulu.

Infineon Joins 5G Automotive Association

n its continued efforts to contribute to the
introduction of the 5G standard into the
car, Infineon Technologies has joined the
5G Automotive Association (5GAA), which works to in-
troduce new communication solutions, enabling con-
nected automated driving and intelligent transport
systems. As a leading semiconductor company for
automobile electronics, cellular infrastructure and data
security, Infineon provides key technologies required
for 5G for the autonomous car and for electromobility.

Enhanced mobile broadband access at multi-giga-
bit speeds requires advanced semiconductor solu-
tions. Infineon provides high-frequency components

Visit mwjournal.com for more international news.
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that receive, amplify and transmit data, as well as com-
ponents for antenna tuning and switching. In addition
to its broad portfolio of automotive electronics, Infi-
neon supplies security chips that help secure the data
communication inside a vehicle and with its external
world.

“Secure communication with practically zero time
delay is a critical requirement for the breakthrough of
autonomous driving,” said Peter Schiefer, president of
the automotive division at Infineon. “In close coopera-
tion with the car industry and IT, Infineon supports the
communication solutions for the automated car with
its cutting-edge semiconductors and with system and
security expertise.”

Broadband Forum Partners with SDN/NFV
Industry Alliance in China

he Broadband Forum and SDN/NFV Indus-
try Alliance have signed a Memorandum of
Understanding to jointly set up an Open
Broadband Laboratory Asia (OBLA) and promote the
development of network transformation and cloud
evolution.
Open Broadband Labs are a collaborative re-
source for the integration, staging and testing of open

source, commercial software, standards-based and
vendor implementations where suppliers, integrators
and operators can work together on new and coex-
isting solutions. The focus of Open Broadband Labs,
such as OBLA, is acceleration of go-to-market and go-
to-production for new services and applications, and
the migration from existing broadband infrastructures
to cloud-based ones introducing NFV and SDN tech-
nologies.

Under the agreement, the Forum will exclusively li-
cense the SDN/NFV Industry Alliance to undertake the
construction of OBLA in China and to conduct con-
formance and interoperability testing, migration best
practices, technical due diligence and training around
the project. The SDN/NFV Industry Alliance will build
and manage the OBLA, while the Forum will provide
technical direction, testing methods, a standards
framework and domain expertise. The aim of the proj-
ect is to develop network cloud standards verification,
testing, solution conformance and a proving ground
for new services.

“This new lab facility is a strategic and natural evo-
lution of the Forum's ongoing work on virtualization
and cloud, with almost every project in our current
scope now connected to these next-generation net-
work technologies. We look forward to strengthening
this work with the SDN/NFV Industry Alliance,” said
Broadband Forum Chairman Kevin Foster of BT.
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40 GHz
(KBL-Series)

Precision 75Q
(CBL-Series)

Precision 50Q
(CBL-Series)

Armored
(APC-Series)

TEST CABLES....... =

Reliability You Can Trust... o O

Why do 10,000 customers trust Mini-Circuits
test cables? Because they simply don’t faill Our
test cables have been performance qualified
to 20,000 flexures* and come backed by our
6-month product guarantee™, so you can be
confident you’re getting rugged construction,
reliability, and repeatable performance you can
depend on. Whether you’re performing production

Ultra-Flexible
(ULC-Series)

Flexible
(FLC-Series)

NEW!
Spaghetti Cabels
(SLC-Series)

ea (qty1 -9)

test, burn-in, over-temperature testing, hi-rel testing
— you name it — chances are there’s a Mini-Circuits
test cable for your application in stock, ready for
immediate shipment. Order some for your test
setup at minicircuits.com today, and you’ll quickly
find that consistent long-term performance, less
retesting and fewer false rejects really add up to
bottom-line savings, test after test!

Precision VNA
Cables
(VNAC-Series)

Model Family Capabilities Freq.(GHz)  Connectorst
KBL Precision measurement, including phase, through 40 GHz DC-40 2.92mm
CBL-75+ Precision 75Q measurement for CATV and DOCSIS® 3.1 DC-18 N, F
CBL All-purpose workhorse cables for highly-reliable, precision

50Q measurement through 18 GHz DC-18 SMA, N
APC Crush resistant armored cable construction for production

floors where heavy machinery is used DC-18 N
uLC Ultra-flexible construction, highly popular for lab and production

test where tight bends are needed DC-18 SMA
FLC Flexible construction and wideband coverage for point to

point radios, SatCom Systems through K-Band, and more! DC-26 SMA

NEW! SLC Super-flexible spaghetti cables with 0.047” diameter and 0.25” bend

radius, ideal for enviromental test chambers. DC-18 SMA/SMP

VNAC Precision VNA cables for test and measurement equipment through 40 GHz DC-40 2.92mm

www.minicircuits.com P.O. Box 350166, Brooklyn, NY 11235-0003

* All models except VNAC-2R1-K+

**Mini-Circuits will repair or replace your test cable at its option if the connector attachment fails within six months of shipment.
This guarantee excludes cable or connector interface damage from misuse or abuse.

T Various connector options available upon request.
Contact apps@minicircuits com to discuss your special requirements.

[ JMini-Circuits’

(718) 934-4500 sales@minicircuits.com
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Ultra-Wideband
10 MHz to 13 GHz

Power Handling

up to 2W
S e
01012008 0.25dBStep 1MHz10 13GHZ* 103 9D
Features Perfect for...
* Models with attenuation range up to 30, 60, 63, 90, 95, 110 or 120 dB e Fading simulators
¢ Choose from USB, Ethernet, RS232 and SPI control options e Handover system evaluation
¢ Use our software or yours! User-friendly GUI and DLLs included T ¢ Automated test equipment
* Sweep or hop attenuation levels e And MORE!

¢ Save and recall customized attenuation patterns
¢ Pocket-sized package, as small as 3.0 x 2.0 x 0.6”
e Now 16 unique models in stock, ready to ship!

*Specs may vary by model. See data sheets for specific model information.
T No drivers required. DLL objects for 32/64 bit Windows® environments using ActiveX® and .NET® frameworks.

Visit minicircuits.com for detailed model specs, application notes, and more!
Place your order today and have them on your test bench as soon as tomorrow!
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Autonomous Vehicles and Safety Mandates
Spur Increase in Automotive Radar
Demand and Performance

he recent developments in autonomous ve-

hicles and new “soft mandates” from safety

agencies, such as Euro-NCAP, are raising
requirements for enhanced resolution and 360-degree
sensing. This will increase demand for automotive ra-
dars as well as bring about the introduction of new
technologies, such as RF CMOS. This technology is
used in the NXP Dolphin chipset that Hella will use in its
fifth generation short range radars.

RF CMOS enables even greater integration of chip-
sets than current silicon germanium-based designs. It
thus will allow the size of short range radars to be re-
duced even further, potentially enabling them to chal-
lenge the current market for ultrasonic sensors in high-
end park assist applications.

In the meantime, radar resolutions are being im-
proved by the current switch over to higher frequen-
cies from 76 to 79 GHz and to the higher bandwidths
enabled by these frequencies. Backed by learning al-
gorithms and new modulation techniques, automotive
radars will be more capable of identifying different tar-
gets. This raises the prospect of future radars recogniz-
ing pedestrians and even curb stones, as well as en-
hancing the robustness of detecting such targets and
reducing false positive readings.

“This enhanced capability is what is required by au-
tonomous vehicles, along with corner or surround ra-
dar concepts that provide redundant sensing, on top
of cameras and lidars, and in adverse weather condi-
tions,” said Kevin Mak, senior analyst at the Automotive
Practice of Strategy Analytics. “But with this increase in
performance comes the challenge of processing and
transmitting larger rates of data, which can pose a di-
lemma on how auto makers design their vehicle archi-
tectures in the run-up towards autonomous vehicles,”

Mak added.

Telco Cloud to Reach Critical Mass after
2020, Driven by 5G

arge-scale telco cloud deployments will

reach global critical mass after 2020, in paral-

lel with the deployment for 5G. This network

generation will likely require a new core network to al-

low for advanced concepts, including network slicing

and services geared toward different business verticals.

Early 5G deployments, during which time there will not

be an immediate need for a new telco core, will likely
focus on enhanced mobile broadband.

"Although telcos are transforming their technology

For More
Information
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Cliff Drubin, Associate Technical Editor I 3

and business platforms to become more agile and to
evolve past their monolithic access-based business
models, they are finding it much more challenging than
anticipated,” said Dimitris Mavrakis, research director
at ABI Research. “Software, cloud computing and open
source are promising and will simplify operations, but
in the short term, telcos are preferring to rely on their
trusted vendors to continue this journey.”

AT&T, DT, Telefonica and Verizon are honing their
strategies and planning their networks as shared plat-
forms, rather than a mix of individual network applianc-
es. This means that network resources will be virtual-
ized, distributed and software controlled, leading to a
much more agile network. This will allow the implemen-
tation of an “Untelco” strategy, selling tailored network
resources to different verticals.

However, there are a few indications that end-to-end
systems are still the end goal. For example, Telefonica
02 U.K. awarded an end-to-end contract to Nokia for
a cloud-native packet core, something that would be
a considerable challenge to implement in-house with
a true vendor agnostic, common-off-the-shelf network.
ABI Research expects many more end-to-end telco
cloud contracts will be awarded in the years to come.

“Although a few open source projects are contribut-
ing valuable inputs toward the evolution of telco net-
works, there is also competition among open source
projects, and the concept is also misunderstood and
in some cases, misused by several industry players,”
concludes Mavrakis. “The golden ratio is somewhere
between end-to-end systems and open source compo-
nents, if vendors provide open interfaces and flexibility
to integrate third-party and smaller vendors.”

China, Japan and South Korea Lead Asian
Smart City Initiative Deployments

overnments in China, Japan and South Ko-

rea lead the deployment of citizen-centric,

smart city initiatives in Asia. Specific lead-
ing cities in China that continue to show accelerated
adoption of smart energy solutions include Dalian,
Hangzhou, Nanjing and Tianjin. The smart city pro-
grams improve overall quality of life, boost enterprise
operational efficiencies and enhance the effectiveness
of public safety and security, transportation, citizen en-
gagement, catastrophe management and sustainability
services.

“Asia’s demand for smart city solutions will heighten
over the next five years with China, Japan and South
Korea now accelerating adoptions of smart light, meter,
building and transportation, as well as renewable en-
ergy programs,” says Raquel Artes, industry analyst at
ABI Research. “All three countries possess strong wire-
less communication networks, which likely account for

Visit mwjournal.com for more commercial market news.
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the regions’ ability to rapidly deploy many smart city
initiatives in a timely and cost-efficient manner.”

Estimates are that China smart meter installations will
grow ata 21 percent CAGR to reach 349 million in 2020
through vendors like Itron, Echelon, Huawei, Holley Me-
tering, Itron, Landis+Gyr and Sensus. The region also
aims to have five million electric vehicles (EV) on the
road by 2020. With Japan and South Korea targeting
one million and 200,000 EVs, respectively, on the road
by 2020. Key EV vendors include BAIC, BYD, Geely and
Tesla, among others.

All three countries lead multi-applications smart card
deployments that enable cashless payment for trans-
portation, parking fees and toll road fees. Ridesharing
programs are also gaining traction, as evident through
car manufacturers like Hyundai deploying car sharing
services in South Korea that utilize EV.

And while smart parking initiatives in Asia are still at
a minimum, China acts as the region’s catalyst. China
Unicom, Huawei and the Shanghai government recent-
ly signed a strategic partnership to implement a smart
parking solution in Shanghai International Tourism and
Resorts Zone, which will deploy in a 4.5G NB-loT based
network. Smart parking enables parking operators and
drivers to remotely check and locate available parking
spaces in real-time. It, therefore, reduces labor require-
ments of parking operators, optimizes usage of parking
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spaces and reduce pub-
lic parking costs.

Japan also recently
launched a smart ca-
tastrophe management
program, which includ-
ed an Emergency Warn-
ing System developed
by NEC, to detect and issue a warning that will alert
both the government and citizens of upcoming natural
catastrophes and identify high-risk areas to promote
quicker response times and resource dispatches.

Yet, despite significant smart city developments in
China, Japan and South Korea, India and Indonesia are
failing to keep pace. While both regions are deploying
smart city projects designed to enhance public safety
and reduce energy consumption, they struggle to lead
in these market segments.

“India and Indonesia are lagging behind primarily
due to a lack of infrastructure readiness,” concludes
Artes. “While there are vast opportunities for smart city
vendors in India due to the governmental spearhead of
wireless network and communications infrastructure de-
velopment, the region is not fully capitalizing on those
opportunities. This may soon change, as the govern-
ment recently announced that it will develop 100 smart
cities in the region as part of its Smart City program.”

“Asia’sidemand for
smart city solutions

will heighten over the
next five years...”
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loss over multiple octaves of frequency spectrum, flat frequency response and
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bypassing, and feedback applications in optical communications systems and
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« 16 KHz to 20 GHz Repeatablity

e Low Insertion Loss * RoHS Compliant Terminations
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Aroundthe Circuit
Barbara Walsh, Multimedia Staff Editor

MERGERS & ACQUISITIONS

Analog Devices Inc. (ADI) announced the acquisition of
OneTree Microdevices Inc., a privately held company
based in Santa Rosa, Calif. ADI is a leading supplier of
mixed signal solutions for cable access ranging from
data converters through clocking and control/power
conditioning. With the acquisition of OneTree Microde-
vices' GaAs and GaN amplifier portfolio, which offers
best-in-class linearity, output power and efficiency, ADI
now supports the complete signal chain for next-gen-
eration cable access networks. Financial terms of the
transaction were not disclosed.

Infinite Electronics Inc., a holding company for the
Pasternack, Fairview Microwave and L-com brands, an-
nounced the acquisition of Smiths Interconnect’s Mi-
crowave Telecoms (SMT) business from Smiths Group
plc, a London based global technology company. SMT
is comprised of the Kaelus, PolyPhaser, Transtector Sys-
tems and RadioWaves brands. Each of these compa-
nies provides a unique set of capabilities and product
offerings deployed in critical communications networks
worldwide, while also setting global standards through
innovation and customer service. Collectively, SMT is
committed to ensuring reliable communications net-
work performance from the tower to the core.

Crane Co., a diversified manufacturer of highly engi-
neered industrial products, announced that it has ac-
quired Westlock Controls from Emerson Electric Co.
for cash consideration of $40 million. Westlock is a
global leader in the manufacturing and sale of switch-
boxes, position transmitters and other solutions for
networking, monitoring and controlling process valves.
With primary operations located in Saddle Brook, N.J.,
Westlock had 2016 sales of approximately $32 mil-
lion. Crane is a diversified manufacturer of highly en-
gineered industrial products. Founded in 1855, Crane
provides products and solutions to customers in the hy-
drocarbon processing, petrochemical, chemical, power
generation, unattended payment, automated merchan-
dising, aerospace, electronics, transportation and other
markets.

NEW STARTS

CORWIL Technology announced that is now offering
its customers RF measurement capability up to 50 GHz.
CORWIL Technology provides high quality and respon-
sive semiconductor assembly and test services focus-
ing on hi-rel, fast-turn and wafer processing markets.
Founded in 1990 and based in Milpitas, Calif., CORWIL
is the premier U.S. provider of full back-end assem-
bly services and is a key partner with leading medical,
military/aerospace and commercial semiconductor
companies.

For More
Information
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ACHIEVEMENTS

Microwave engineers at RCL Microwave Inc. in Apala-
chin, N.Y. have executed their first successful test and
dielectric measurement of a thin, flexible 200 micron
thick glass material using novel measurement fixtures
and methods capable of broadband dielectric material
characterization. The test was performed and success-
fully completed using unique broadband measurement
fixtures and the phase difference method, which pro-
vides 10,000 data points from 1 MHz to 32 GHz. A 32
GHz broadband test fixture has been combined with
the Phase Difference Dielectric Characterization Meth-
od to generate data across the entire frequency spec-
trum of interest.

Raytheon Co. and the U.S. Navy conducted the Pre-
liminary Design Review (PDR) for the new Enterprise
Air Surveillance Radar (EASR), confirming system devel-
opment is on track for delivery to the designated ship
classes. The PDR followed several EASR milestones
completed as planned on the development schedule,
including the Combined Systems Requirements and
System Functional Reviews and the Integrated Base-
line Review. EASR is the U.S. Navy's advanced radar for
aircraft carriers and amphibious warfare ships, provid-
ing simultaneous anti-air warfare, anti-surface warfare
and air traffic control mission capabilities. It delivers
increased performance, higher reliability and sustain-
ability and lower total ownership cost than the radars
it replaces.

CONTRACTS

CACI International Inc. announced that it has been
awarded $349 million in previously unannounced
awards on classified contracts with federal government
customers. The awards were made during the compa-
ny’s first three quarters of fiscal year 2017, which ended
March 31, 2017. For these contracts, CACl is delivering
tailored information solutions and services to national-
level agencies safeguarding our nation’s security. CACI
provides information solutions and services in support
of national security missions and government transfor-
mation for intelligence, defense and federal civilian cus-
tomers. CACl is a member of the Fortune 1000 Largest
Companies, the Russell 2000 Index and the S&P Small-
Cap600 Index. CACI's sustained commitment to ethics
and integrity defines its corporate culture and drives its
success.

Engility Holdings Inc. won the re-compete of the Sys-
tems and Software Assurance Services contract from
NASAs Goddard Space Flight Center. Engility will
help NASA's Independent Verification and Validation
(IV&V) program support missions to explore Earth and
the universe, including future moon and Mars expedi-
tions. Under the IV&V contract, Engility’s technical ef-
forts will help NASA procure, develop, deploy and
operate systems and software to meet exacting perfor-
mance demands. By employing analytical techniques,

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

security assessments and independent testing, Engil-
ity will add assurance that system software will operate
safely, reliably and securely to achieve mission success.

BWX Technologies Inc. (BWXT) announced that the
U.S. Naval Nuclear Propulsion Program exercised
contract options in Q1 2017 with BWXT's subsidiary
Nuclear Fuel Services Inc. (NFS) totaling approximate-
ly $141.7 million for fuel manufacture, development
activities and decommissioning work in support of the
nation’s nuclear submarines and aircraft carriers. NFS
has been the sole manufacturer of nuclear fuel for the
U.S. Navy's fleet of nuclear-powered aircraft carriers and
submarines since 1964. The company employs a full-
time workforce of approximately 1,000 people, includ-
ing long-term contractors and security personnel.

Cubic Global Defense, a business unit of Cubic Corp.,
announced it received a contract award worth more
than $35 million to continue supporting the British
Army. The three-year contract allows Cubic to deliver
services and repair to the Area Weapons Effects Simu-
lator (AWES) at Salisbury Plain Training Area (SPTA) in
the U.K. and at the British Army Training Unit Suffield
(BATUS) in Alberta, Canada. AWES allows the British
Army to conduct large-scale, force-on-force combat ex-
ercises with realistic, but simulated effects of direct fire,
artillery, mortar fire, mines and air-delivered munitions
as well as nuclear, biological and chemical weapons.

OSI Systems Inc. announced that its Security division
has received a Foreign Military Sales (FMS) two-year
contract extension from the U.S. Department of De-
fense valued at approximately $23 million to provide
training, service and logistics support for its Rapiscan®
cargo and vehicle inspection systems. OSI Systems is a
vertically integrated designer and manufacturer of spe-
cialized electronic systems and components for critical
applications in the homeland security, healthcare, de-
fense and aerospace industries. They combine more
than 40 years of electronics engineering and manufac-
turing experience with offices and production facilities
in more than a dozen countries to implement a strategy
of expansion into selective end product markets.

Sparton Corp. and Ultra Electronics USSI, a subsid-
iary of Ultra Electronics Holdings plc (ULE), announced
the award of subcontracts valued at $17.4 million from
their ERAPSCO/SonobuoyTech Systems joint venture.
ERAPSCO/SonobuoyTech Systems will provide manu-
facturing subcontracts in the amount of $11.2 million
to Ultra Electronics USSI and $6.2 million to Sparton
De Leon Springs, LLC. Production will take place at
Ultra Electronics USSI’s Columbia City, Ind. facility and
Sparton’s De Leon Springs, Fla. facility. ERAPSCO/So-
nobuoyTech Systems were awarded multiple foreign
contracts for the manufacture of passive and active so-
nobuoys in support of multiple underwater missions for
detection, classification and localization of adversary
submarines during peacetime and combat operations.
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Comtech Telecommunications Corp. announced that
during its third quarter of fiscal 2017, its Tempe, Ariz.-
based subsidiary, Comtech EF Data Corp., which is
part of Comtech’s Commercial Solutions segment, re-
ceived a $1.8 million contract award extension for addi-
tional Advanced Time Division Multiple Access (TDMA)
Interface Processor (ATIP) production terminals and En-
gineering Support Services from the Space and Naval
Warfare Systems Command (SPAWAR). The contract
extension also included exercising options under an
Engineering Support Services option to participate in
integration and test activities to validate the U.S. Navy's
planned PPPoE interface between the ATIP and Auto-
mated Digital Network System (ADNS).

Elbit Systems Ltd. has announced that it was awarded
a contract to provide the Israeli Ministry of Defense
(IMOD) with dozens of satellite-on-the-move (SOTM)
systems. The contract is in an amount that is not ma-
terial to Elbit Systems and will be performed over a
two-year period. The ELSAT 2100 SOTM family of sys-
tems allows high data rate broadband capabilities to be
available to land vehicles on the move. The systems can
be installed on a variety of platforms and are unique in
their small footprint and its advanced tracking capabili-
ties, providing seamless communication even in difficult
terrain.

PEOPLE

Telewave, Inc., a leading manufac-
turer of RF and microwave products
for public safety, land mobile radio
. and other radio communications ser-
vices, announced that Robert Bagh-
eri has joined the company as chair-
man and chief executive officer. Mr.
Bagheri has more than 35 years of
experience in executive, manage-
ment and engineering positions with-
in the electronics industry. Before joining Telewave, Mr.
Bagheri was founder, investor and chairman of a stealth
start-up serving the wearables and mobile markets.

A Robert Bagheri

TechPlus Microwave Inc., a technol-
ogy leader in the design and manu-
facture of RF and microwave filters,
announced that Nick Doben has
joined the company as senior pro-
i gram manager for aerospace, hi-rel
o and defense. With over 20 years of
experience in the RF and microwave
A Nick Doben community, Doben will provide
program management solutions and
coordination in aerospace, defense
and hi-rel.

Indium Corp. has named Chris Nash as product man-
ager for PCB Assembly Materials. Nash is responsible
for managing new solder paste product development,
including strategy guidance and execution, directed to
sales to the printed circuit board industry. In addition,
he will provide solder paste product support, including
leading marketing communications efforts, delivering
field sales and technical team training and interfacing

MICROWAVE JOURNAL m JUNE 2017



SR 3 i
e mm—— T

e o L

R

(TR % = A
: 1 -
. “! ? 'y
@y - |/
b N
: -

— s e == .j.
— = A
- == =



http://www.mwjournal-digital.com/mwjournal/201706/TrackLink.action?pageName=57&exitLink=http%3A%2F%2Fanalog.com%2FRFMW

Aroundthe Circuit

with manufacturing for increased customer support.
Nash has worked for Indium Corporation for more than
10 years and has served in a number of roles, including
inside sales, product management and global techni-
cal support. His most recent role was as new product
development manager for PCBA.

Modelithics announced that Paul
White has been named as the newest
member of the Modelithics Board of
Directors. White brings an extensive
and impressive resumé of business
and technical knowledge to the com-
pany, with over 35 years in the RF and
. microwave industry. White's early ex-
A Paul white perience includes the engineering of

low noise and high power solid state
amplifier systems for next generation fire control radar
systems, and in sales and marketing of a Hewlett Pack-
ard test and measurement product line. He then be-
came a partner at Applied Engineering Consultants,
selling microwave hardware and software into the de-
fense and intelligence marketplace.

Ashleigh West has joined Microwave Journal as copy
editor. Ms. West utilizes her specialized writing back-
ground to deliver polished editorial content in each

® VNA Test Assemblies
® Low Loss Cable Assemblies
® NMD Test Port Adapters

©® Calibration Kits

ARANCE ELECTRONICS

www.arance-rf.com

print issue and for Microwave Jour-
nals online content. Ms. West's
monthly columns include the events
calendar and marketing updates. She
also produces the weekly Microwave
Flash newsletter and the Military Mi-
crowaves monthly newsletter, and
helps to co-manage Microwave Jour-
nal's social media presence across
Facebook, Twitter and Instagram.

REP APPOINTMENTS

Ametherm announced that it has expanded its network
of value-added representatives in the U.S. with the con-
clusion of a new agreement with Unity Sales. Effective
immediately, Unity Sales is offering Ametherm'’s entire
lineup of inrush current limiters and NTC thermistors in
Ohio, Indiana, Michigan, Kentucky, Western Pennsylva-
nia and West Virginia. Based in Fort Wayne, Ind.—with
offices in all markets it serves—Unity Sales was founded
in 2002 and provides cost-effective technology solu-
tions to the transportation, medical, automotive, instru-
mentation, industrial, consumer and military/aerospace
industries.

*y

A Ashleigh West

Anokiwave Inc., an innovative company providing
highly integrated IC solutions for mmW markets and ac-
tive antenna based solutions, announced that they have
signed a representative agreement with M-RF Co. Ltd.
in Japan. The agreement aligns with Anokiwave’s goal
to support new customers and opportunities for their
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E-mail: sales@arance-rf.com; tech@arance-rf.com
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highly-integrated Active Antenna Core IC solutions
in Japan. M-RF Co. has specialized in high frequency
components for 21 years and is focused on sales and
technical service that matches leading high frequency
component manufactures to customers in Japan.

RFuW Engineering Ltd., the industry’s leading sup-
plier of high-power, high reliability SMT RF limiters
and switches, announced the appointment of RFMW
Ltd. as the company’s global distributor. RFMW offers
customers worldwide sales coverage from their three
pronged base of operations in the U.S., Asia and Eu-
rope. There are tremendous synergies created by the
partnership between RFUW Engineering’s uniquely po-
sitioned products and RFMW's broad set of customer
relationships.

Southwest Antennas, an industry leader in rugged RF
and microwave antennas and accessory product solu-
tions, announced the appointment of Aerocomm Tech-
nical Sales as their new sales representative firm for
the states of Arizona, Utah, New Mexico and Colorado.
Aerocomm Technical Sales is based out of Phoenix, and
will be representing the full line of Southwest Antennas
products, including omni-directional and directional an-
tennas, multi-port MIMO antenna products, RF coaxial
gooseneck adapters, antenna mounts, filters and other
RF and microwave accessories. For more information,

CENC

CHINA ELECTRONICS TECHNOLOGY INSTRUMENTS CO. LTD

Calibration Kits | &

Please contact immediately
E-mail: dongjt@ei41.com Tel: +86053286896691

60

= _; AN
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PLACES

NAI, a leading manufacturer of end-to-end connectiv-
ity solutions for high performance systems in industrial,
telecom, data and medical industries, has announced
the opening of its fourth plant in Hermosillo, Mexico,
and the expansion of a current plant. The new 27,000
square foot Plant No. 4 operation is dedicated to the
manufacture of copper cable assemblies and harnesses
for their growing customer segments in medical device
and equipment manufacturing and in industrial technol-
ogy sectors. The new facility is located only two miles
away from existing plant operations. Current produc-
tion workers, engineers, quality control staff and man-
agement have transferred to the new facility.

Boeing has selected a site in Plano, Texas, for the head-
quarters of its new Global Services business unit, which
will be operational in July. Boeing Global Services head-
quarters will be located in the Legacy West mixed-use de-
velopment in West Plano. Global Services President and
CEO Stan Deal, several of his leadership team members
and some support staff will be located at the site, which
will serve as a central hub for approximately 20,000 em-
ployees located around the globe. Boeing selected the
greater Dallas area because it is centrally located within
Boeing's U.S. footprint, has good proximity to major op-
erations for commercial customers and defense partners
and serves as a transportation hub that will allow the com-
pany to reach customers quickly and efficiently.

Focus Measurement

From China
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reliability
performance

INSTRUMENTS O LTD
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Network Synthesis and Power
Amplifiers: So Much More than
Impedance Matching

Gayle Collins

Nuvotronics, Durham, N.C.

ew materials and technologies

are providing designers with the

opportunity to produce solutions

that could not be accomplished in
the past, opening new avenues for innova-
tive power amplifier (PA) design. The goal of
every PA designer is to achieve the maximum
performance from the transistor at hand;
this is as true today as ever. Multi-standard
requirements for wireless infrastructure are
driving the need for broadband PAs capa-
ble of achieving performance across several
bands. The requirement for power at ever-
increasing frequencies is driving the devel-
opment of n-dimensional power combiners
and multiple-input-multiple-output systems
(MIMO). The complexity of communication
systems is driving a need to go beyond tra-

Gate

Source Drain

Barrier Layer

2DEG Layer

Semi-Insulating Substrate /

A Fig. 1 Classic representation and small-signal model of an
HFET/HEMT transistor, such as GaN.'
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ditional approaches to impedance matching
circuits and use such techniques as network
synthesis.

Network synthesis requires an under-
standing of the components of a dynamically
interacting system and designing a network
that compels the desired performance. It is
used widely in control, robotics and mechan-
ical systems and is gaining renewed interest
from the electrical engineering community,
the field in which it originated. However, it
has been somewhat neglected in the field of
PA design: the output matching network is
often considered to be just a passive circuit
rather than part of a dynamic nonlinear sys-
tem. Network synthesis provides a method
of designing an interactive system, given a
desired frequency or time domain response,
with metrics such as power, efficiency and
linearity. Such a system may include a pas-
sive or non-passive network that interacts
with an active, often nonlinear device, the
PA in this case. Let's begin with the motiva-
tion for why network synthesis techniques
are needed for PA design, considering the
behaviors of transistors in a few popular PA
architectures.

MOTIVATION: PA DESIGN FOR
DIFFERENT APPLICATIONS

In any approach to designing a PA, con-
sideration must be given to how the active
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A Fig. 2 DC IV characteristics of a
typical device.

device behaves in the intended
environment. There are many ap-
proaches to PA design, including
load modulation, envelope track-
ing, harmonic termination and de-
sign for a varying load. While these
techniques all have a different ap-
proach to shaping the performance
of the active device, it really is all
about the interaction between the
device and the driving point im-
pedance that it “sees.” The HFET
or HEMT device, typical of modern
GaN RF power transistors, illustrates
the active device (see Figure 1).

What is going on in the transis-
tor? The driving point impedance
defines the interaction of the volt-
age and current at the terminals
of the device and determines the
power and efficiency. In an ideal
device, the maximum output power
and maximum efficiency occur at
the same driving point impedance.
What prevents this in a real device?
The answer is harmonics, which
shape the time domain waveforms
and give the ideal efficiencies of the
different classes of PAs, but can also
reduce the amount of power gener-
ated by the amplifier. The time do-
main waveforms are defined by the
impedances presented to the de-
vice over frequency. The harmonics
are generated by the clipping that
occurs from the knee voltage in the
device and at V., (see Figure 2),
where the voltage is limited.

The gate and drain voltages
control how the charge flows in the
channel of the transistor. By shap-
ing these voltages with the driving
point impedances, the behavior of
the amplifier is shaped. Remem-
ber that the charge we are talking
about is a combination of the mo-
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A Fig. 3 Two-way Doherty PA.

bile charge in the channel and the
stored charge. The mobile charge
is resistive and the stored charge is
reactive, so the mobile charge can
be manipulated with the real part
of the load and the reactive charge
can be manipulated with the imagi-
nary part of the load.

Doherty Amplifier Design

The Doherty principle? is an ef-
ficiency enhancement technique
that relies on modulating the driv-
ing point impedance presented to
a transistor using active load-pull
techniques. The Doherty PA com-
bines the outputs of two or more
transistors that are offset by a quar-
ter-wave transformer (see Figure 3).
At low power, only the carrier ampli-
fier is on, resulting in a greater ef-
ficiency than with a single transistor
amplifier designed for full power.
As the input power increases, the
carrier amplifier is driven into satu-
ration, and the peaking amplifier
is driven on, changing the driving
point impedance presented to the
carrier amplifier, and hence its be-
havior. In an ideal Doherty PA de-
sign, the carrier amplifier's load is
pulled from its maximum efficiency
point to its maximum power point.

Under Doherty load modulation
the current through the transistor
changes, so the charge in the chan-
nel changes. The carrier device can
be viewed as a current source until
it reaches saturation, when its be-
havior becomes that of a voltage
source. When the peaking device
turns on, it also behaves as a cur-
rent source until saturation. As the
peaking device is driven to maxi-
mum power, the Doherty PA can
be represented as a voltage source
(carrier device) in parallel with a cur-
rent source (peaking device).

Supply Modulation Amplifiers

In dynamic supply modulation
schemes such as envelope track-
ing (ET), the supply voltage V4 is

varied to maintain
high efficiency for
all  input power
levels, by keeping
the voltage swing
at the maximum
value of Vy4-Vi e
Under drain mod-
ulation, the gate
voltage is usually
kept constant, so C_ stays roughly
constant, and the voltage across
the channel of the device changes
with the voltages across Cy, and
Cgyg- As aresult, two things happen:
the charge on these capacitors will
change, and generally the capaci-
tance itself is voltage dependent
and changes under supply modu-
lation.3 Two effects are seen from
this: The simple capacitance model
is not good enough, because it is
charge that is being manipulated
by the drain modulation, so a fully
charge-conservative model is desir-
able.45 Second, for GaN devices,
the variation of Cy, with drain volt-
age is very small, making the GaN
process attractive for drain modu-
lated PAs; Cy, behaves more like a
parallel-plate capacitor, making the
simple approximation a good start-
ing point. This is in contrast with
LDMOS devices, where C exhibits
a large variation with drain voltage.
The variation in C_4 with drain volt-
age is often minimized in PA tech-
nologies by the use of field plates.
For the PA designer, the power
transistor under drain supply modu-
lation can be thought of as a cur-
rent source with a bias-dependent
output admittance. The impedance
of the output match is chosen to
give the best performance over the
changing output admittance of the
device.

PA Design for Varying Loads

In applications such as wireless
power transfer, radar and heating,
the loading of the PA varies. Both
the real and imaginary parts of the
load can vary over a large range.
Load variation is often dealt with by
switching devices or components in
and out and can lead to transients in
the system. The power transistor will
then be presented with impedances
on various time scales, increasing the
design challenge for the PA designer.

These examples of PA architec-
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tures establish that the core of any
PA design is the driving point im-
pedance at the points of interaction
of the active device and the network
within which it is placed.

NETWORK SYNTHESIS

By reviewing some basics of
network theory, we can see how to
adopt and adapt these methods for
the design of the impedance envi-
ronment that will get the best out of
the power transistor.

Network synthesis is the art of re-
alizing a network, once the desired
frequency response in the form of
a transfer function or driving point
impedance is known. The synthesis
problem for electric networks was
solved with Cauer’s and Foster's the-
orems. The oldest and most widely
used network synthesis procedures
apply to two-element networks: LC,
RC or RL. One of the starting points
of network synthesis was Foster's re-
actance theorem,® which provides
the necessary and sufficient condi-
tions for the class of all functions that
can be realized as driving point im-
pedances of one-port networks. Fos-
ter's theorem can be realized as the
driving point impedance of a gener-
alized network made up of shunt-se-
ries LC branches or series-parallel LC
branches. The technique uses partial
fraction expansion to decompose
the desired rational function into in-
ductance or capacitance. Next, the
realization of a one-port network
with a defined driving point imped-
ance based on continuous fraction
expansion was

followed. Bode developed a tech-
nique based on the image param-
eter method,!’ where the various
sections of the network are defined
as either bandpass or bandstop,
and the filter sections are designed
based on those specifications. This
technique does not allow for the
synthesis of an arbitrary frequency
response but is useful in the design
of simple structures.

Foster's LC one-port theorem was
extended to LC two-ports, initially
assuming a symmetrical network.
Cauer demonstrated the validity of
Foster's theorem for LC n-ports and
showed that through linear transfor-
mations, all equivalent LC networks
could be derived from one another.
Belevitch2 developed three meth-
ods for the synthesis of LTI recipro-
cal n-ports. The first consisted of
the sequential extraction of reduced
impedance matrices and was too
cumbersome to be of much prac-
tical value, but it led to the proof
that any positive real impedance or
admittance matrix is realizable,13.14
showing that a complete n-port
system can be formed with RLC el-
ements and the ideal transformer.
The initial development came as an
extension of Darlington’s method
for one-ports, (i.e., the realization of
a n-port as a reactive 2n-port with
terminating resistors). This led to a
formulation using scattering param-
eters and the scattering matrix for
both reciprocal and nonreciprocal
n-ports and, through this, solving
the equivalence problem.’
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WHY PA NETWORK
SYNTHESIS?

PAs are designed with input and
output matching networks that trans-
form one impedance to another for
performance, i.e., efficiency, power
and gain. Additional requirements,
such as bandwidth and linearity, can
be improved with the deterministic
design approach afforded by net-
work synthesis. A single-stage PA de-
sign will have a two-port network on
both the input and the output of the
transistor and, with careful design,
can mitigate the distortion. Figure 4
shows the distortion products gener-
ated by the transistor in response to
a large two-tone signal. If the imped-
ance matching network is designed
as a bandpass filter, the distortion
products can be minimized. The out-
put shown in Figure 4 is for an ideal
brickwall filter to illustrate the con-
cept.

Bode-Fano Criterion

One important performance as-
pect is the bandwidth of the PA.
The Smith chart gives a good match
at a single frequency, but often a
broadband design is required. The
Bode-Fano criterion'® (see Figure
5) relates the quality of the match
to the bandwidth of the match. The
criterion shows that a perfect match
is only possible if the bandwidth is a
single frequency.

Cauer Networks

Let's explore some of the basic LC
filter building blocks, beginning with
Cauer. For the examples, lumped
element filters will be used while
acknowledging that these filters
can be converted or extended to
microstrip or waveguide. Cauer net-
works are ladder networks and can
be expressed as a continued frac-
tion. PA designers familiar with the
Smith chart may be surprised that
they have been using the continued
fraction technique, albeit at a single
frequency: the series elements are
summed on the impedance circles
and the shunt elements on the ad-
mittance circles. The difference be-
tween the Smith chart method and
the network synthesis approach is
that the network synthesis approach
takes frequency into account.

Figure 6 shows the structure of
a Cauer filter. The input impedance,

— |
L

Lossless

EL Matching R
Network

— |

(a)

— | o
Lossless

L) Matching c— R

~ Network T

— | o

(b)

A Fig. 5 Bode-Fano criterion for series
LR (a) and parallel RC (b) networks.

{1zl
pal e e

Zin

A Fig. 6 Structure of a Cauer filter.

Z,, is calculated with a continued

fraction: )
Z, =L+ 1

1

Load

+Z + Y

Using the circuit in Figure 7 as an
example, the frequency domain
function of the input impedance,
Z(s);, is as follows, where s = jo:

3353 + 8252 +a1S+3ap

Z(s) = (2)

b2$2 + b1$ + bo
s3L1C2L3 + s?LIC2RL + s(L1+L3) +RL

s2C2L.3 + sC2RL + 1

Dividing the numerator by the de-
nominator, beginning with the high-
est power, gives:

Z(s)=sL1+ 5 sL3+RL =
s“C2L3 +sC2RL +1
sL1+ 5 ! (3)
s“C2L3 + sC2RL +1
sL3+RL

where the second term is inverted.
Next, the division is carried out on
the denominator of the second
term, resulting in the final form of:
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ZS)in

A Fig. 7 Example Cauer LC filter.

Cauer |
e T T R
o T 222 T MY\ g
= T T .
Yin
(a)
Cauer Il

LY
17T

A Fig. 8 Cauer | (a) and Cauer Il (b)
networks, showing two topologies for
each.

(b)

Z(s)=sL1+ S S (4)

sC2+————
sL3+RL

All rational functions can be for-
mulated as a continued fraction by
sequentially dividing and invert-
ing the fraction. The two types of
Cauer forms are shown in Figure 8,
with two realizations of each. To re-
alize a rational function, any of the
four forms can be used provided
the function meets the realizabil-
ity conditions for the driving point
immittance of a passive network: it
must be positive real. This simply
means that the function Z(s) or Y(s)
is real for all real values of s and
that the real part is greater or equal
than zero when the real part of s is
greater than or equal to zero. The
Cauer | filter example of Figure 7 is
a lowpass ladder network that is of-
ten used in the design of PAs.

Foster Networks

Foster networks are synthesized
by the break down of the desired
function of the driving point imm-

itance of a passive network through
partial fraction expansion. Foster | net-
works (see Figure 9a) provide open
circuits to the transistor through
series-parallel resonances and are
realized from the partial fraction ex-
pansion of Z(s), while Foster Il net-
works (see Figure 9b) provide short
circuits through the use of shunt-
series resonant components and
are realized from the partial fraction
expansion of Y(s).

The expression for the Foster |
realization is:

From this form, the locations

of the short and the opens of

the network can by found by in-

spection. The first element is a

short at @w=1/L4Cy, and the

parallel elements are opens at
The Foster Il realization is:

+
C3L3 CnLn

This form also allows identifying
the locations of the short and open
circuits of the network by inspec-
tion. The first element is an open
at @ =1/,L4C;, and the series ele-
ments are shorts at @ =1/ m

The different realizations can be
combined to realize any given driv-
ing point immittance function.

Multiport Network Synthesis

The Cauer continued fraction ex-
pansions are useful for synthesizing
a two-element one-port network,
given a desired driving point im-
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mittance function. The extension of m
. . : Ag A
the continued fraction expansion to Zre = A, + =2+ E A
a transfer function matrix is applied s Hs+a
to two—elemgnt mul.tlport ne{twqus If Tre(s) is defined as
with a specified driving point im-
mittance matrix.’® The n x n driv- n
ing point impedance matrix that Tre(s) E s+
describes an LC, RC or RL n-port i=

network is a symmetric and positive  41,an,

real matrix. The partial fraction ex-

pansion of an RC driving point im- Ag
pedance matrix is in the form: Tre(s) = Zpe = Aw ——

Invisipin’

ULTRA Hi RF - Compliant Connector

INFINITELY CONFIGURABLE

INDIVIDUALLY SOLDERABLE

HI COMPLIANCE RANGE

Specifications
e > 50 GHz Bandwidth @1 dB I:i
® 20 mQ) C-Res (typical)

m@‘*’

e Up to 4 Amps

(Coaxial Configuration)

Configurations
e 0.23mm to 0.64mm diameter pins

e Pitches from 0.4mm to >1mm

*Available in tape and reel (machine placeable) or fully integrated into custom products.

R&D

Interconnect Solutions ®

www.RDIS.com/MJ MJ@RDIS.com 610-443-2299

©2015 R&D Interconnect Solutions. All rights reserved. R&D Interconnect Solutions, Invisipin, and RDIS.com are
trademarks of R&D Interconnect Solutions

72

The impedance matrix, Trc(s) can
be obtained from Equation 9 and
expanded in the Cauer matrix
form.1¢ From this, the elements of
the network can be determined.

MIMO DOHERTY PA DESIGN

We illustrate the network syn-
thesis approach to PA design using
an N-way Doherty PA (DPA).77 A
DPA is usually realized by design-
ing a match to 50 Q for each am-
plifier, and using phase offsets and
quarter-wave transformers to obtain
the required load modulation. The
MIMO approach to the synthesis of
the load modulation presents the
output network in a generalized
form (see Figure 10).

For a general n-dimensional
system of amplifiers, where the
carrier amplifiers are numbered 1
to m, the peaking amplifiers num-
bered m+1 to n and the load is the
n+1th node L, the output network
is represented by an n+1 x n+1

Foster | L»

ﬁwwwﬁ
l—:c

Zin
(a)
Foster Il
N J_ Lo L3 ?n
TC1 . € =€ c
Yin L4 2 T : L 'n
(b)

A Fig. 9 Foster | (a) and Foster Il (b)
networks.

—>
211

— 2(s) L
N-Dimensional <

Load zL | L

1 Modulation fe)
> Network A
Zm+1, m+1 D

P inn
—] n =
Znn

A Fig. 10 MIMO Doherty PA.
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matrix of frequency-dependent
impedances or transfer functions.
In this impedance matrix, the di-
agonal terms are the impedances
presented to each individual am-
plifier when it is on and the oth-
ers are off. The off-diagonal terms
represent the load modulation
from the other amplifiers as they
switch on. The synthesis of the
combining network is then cast in

terms of the complex driving point
impedance and the load modula-
tion, or Doherty action. The first
matrix in Equation 10 describes
the driving point impedances of
each amplifier, and the second
matrix is the load modulation ma-
trix that describes the interactions
between the amplifiers. The im-
pedances are complex frequency-
dependent transfer functions.
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ZCmod Zece 00

ZPmod = 0 ZPP 0 +
Z| mod 0 0 Z
[ [
0 —Zep —Za
IC IC .
| | c
—Zpc 0 —=Zp ip
Ip Ip .
| | &
—Zc —Z4p O
ILc ILp

Here, C indicates the carrier am-
plifiers, P the peaking, L denotes
the load node(s), ii indicates the
driving point impedances and ij the
cross impedances. This results in a
generalized approach for DPA syn-
thesis.

The driving point impedances
for the carrier amplifiers are chosen
to give the maximum efficiency in
back-off. The modulation imped-
ances are designed to modify the
load of the amplifiers to give the
desired efficiency and power dur-
ing drive-up. This formulation of
the modulation matrix is symmetri-
cal, which reduces the number of
equations to be solved by half. This
is a powerful construct and can be
modified to account for active load
and phase modulation. The effec-
tiveness of the load modulation on
the complete PA can be optimized
using this matrix approach, to maxi-
mize the efficiency of the PA at a
prescribed back-off power, for ex-
ample. The frequency response of
the diagonal terms of the imped-
ance matrix determine the band-
width of the DPA. With the imped-
ances in the matrix represented by
transfer functions, the amplitude
and phase are shaped to achieve
the desired frequency response, en-
abling an approach to wide band-
width DPA design.

SUMMARY

PA systems are made up of dy-
namically interacting components,
whether they are standard class A
amplifiers, voltage supply modu-
lated architectures or systems with
intentional or unintentional load
modulation. PA design requires
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a network to compel the desired
performance, and the driving
point impedances are at the core
of this design. As PA systems grow
more complex, there is an increas-
ing interest in network synthesis
techniques. A general review of
network synthesis has been pre-
sented, demonstrating historical
highlights of the development of
this important field from early be-
ginnings to a current application.

There are many more insights that
can be found in the references for
the interested reader, such as Carlin
and Youla’s work on n-port synthe-
sis'8 and Fano on broadband match-
ing networks.'* Carlin's short article
on unconventional circuit theory also
contains a feast of references.!’/l
.|
References
1. J. Wood, private communication (2015).

2. W. H. Doherty, “A New High Efficiency
Power Amplifier for Modulated Waves,”

Look To Norden
For Your 5G And Automotive
Radar Test Components

76

Proc. IRE, Vol. 24, pp. 1163-1182, 1936.
G. F. Collins, et. al., “C-Band and X-Band
Class F, F'' GaN MMIC PA Design for En-
velope Tracking Systems,” EuMW, 2015.
J. Wood, “Microwave Bytes: Conser-
vatively Speaking,” [EEE Microwave
Magazine, Vol. 15, No. 7, pp. 110-115,
November/December 2014.

G. F. Collins, J. Wood, B. Woods, “Chal-
lenges of Power Amplifier Design for
Envelope Tracking Applications,” 2015
Topical Conference on Power Amplifi-
ers for Wireless and Radio Applications
(PAWR), San Diego, January 2015.

R. M. Foster, “A Reactance Theorem,”
Bell Syst. Tech. J., Vol. 3, No. 2, pp. 259-
267, April 1924.

S. Darlington, “A Survey of Network
Realization Techniques,” IRE Trans. On
Circuit Theory, Vol. CT-2, pp. 291-297,
December 1955.

O. Brune, “Synthesis of a Finite Two-
Terminal Network whose Driving-Point
Impedance is a Prescribed Function of
Frequency,” Doctoral Thesis, MIT, 1931.
R. Bott and R. J. Duffin, “Impedance
Synthesis without Use of Transformers,”
Journal of Applied Physics., Vol. 20, p.
816, 1949.

. S. Darlington, “Synthesis of Reactive

4-poles which Produce Prescribed Inser-
tion Loss Characteristics,” J. Math. Phys.,
Vol. 18, No. 4, pp. 257-353, September
1939.

. H. W. Bode, “A General Theory of Elec-

tric Wave Filters,” Bell Syst. Tech. J., Vol.
14, No. 2, pp. 211-214, April 1935.

. V. Belevitch, “Summary of the History of

Circuit Theory” Proc IRE, Vol. 50, No. 5,
pp. 848-855, May 1962.

. M. Bayard, “Synthese des R"seaux Pas-

sifs a un Nombre Quelconque de Paires
de Bornes Connaissant Leurs Matrices
d'Impedance ou d’Admit tance,” Bulle-
tin, Sociele Francaise des Electriciens, 9,
6 series, September 1949.

. Y. Oono, “Application of Scattering Ma-

trices to the Synthesis of n Ports,” IRE
Trans. Circuit Theory, Vol. 3, No. 2, pp.
111-120, June 1956.

. R.M. Fano, “Theoretical Limitations on

the Broadband Matching of Arbitrary
Impedances,” J. Franklin Inst., pp. 139-
154, February 1950.

. C. J. Cooke and L. S. Smith, “A Multi-

Port Network Synthesis using a Matrix
Continued Fraction,” International J.
Electronics, Vol. 43, No. 5, pp. 449-459,
1977.

. G. Collins, “A Generalized MIMO De-

sign Technique for Broadband Doherty
Power Amplifiers Based on Complex
Network Synthesis Methods,” INMMIC,
Dublin, 2012.

. D.C. Youla, et. al., “Bounded Real Scat-

tering Matrices and Foundations of Lin-
ear Passive Network Theory,” IRE Trans.
on Circuit Theory, Vol. 6, pp. 102-124,
March 1959.

. H. J. Carlin, “Unconventional Network

Theory” IEEE Trans. Circuit Theory, Vol.
11 pp. 324-326, September 1964.

MICROWAVE JOURNAL m JUNE 2017


http://www.mwjournal-digital.com/mwjournal/201706/TrackLink.action?pageName=76&exitLink=http%3A%2F%2Fwww.nordengroup.com
http://www.mwjournal-digital.com/mwjournal/201706/TrackLink.action?pageName=76&exitLink=mailto%3ASales1%40nordengroup.com

wno 100 Watt

995
from ea.qty.(1-9)

High-powered performance across wide frequency ranges.
Mini-Circuits’ class A/AB linear amplifiers have set a
standard for wideband high-power performance
throughout the RF and microwave industry. Rugged and
reliable, they feature over-voltage and over-temperature
protections and can withstand opens and shorts at the
output! Available with or without heat sinks, they’re
perfect for demanding test lab environments and for
integrating directly into customer assemblies. With
standard models covering frequencies from 100 kHz
up to 26.5 GHz, chances are we have a solution for
your needs in stock. Place your order on minicircuits.
com today for delivery as soon as tomorrow! Need a
custom model? Give us a call and talk to our engineers
about your special requirements!

AMPLIFIERS

w100 kHz 10 26.5 GHz

Model Frequency Gain Pout@ Comp. $ Price*
(MHz)  (dB) 1dB 3dB (Qty. 1-9)
(W) )

ZVM-273HP+ 13000-26500 14.5 0.5 0.5 2195
ZVE-3W-83+ 2000-8000 35 2 3 1424.95
ZVE-3W-183+  5900-18000 35 2 3 1424.95
ZHL-4W-422+ 500-4200 25 3 4 1160
ZHL-5W-422+ 500-4200 25 3 5 1670
ZHL-5W-2G+ 800-2000 45 5 5 995
ZHL-10W-2G+ 800-2000 43 10 12 1395
® ZHL-16W-43+  1800-4000 45 12 16 1595
® ZHL-20W-13+ 20-1000 50 13 20 1470
® ZHL-20W-13SW+ 20-1000 50 13 20 1595
LZY-22+ 0.1-200 43 16 30 1595
ZHL-30W-262+ 2300-2550 50 20 32 1995
ZHL-30W-252+  700-2500 50 25 40 2995
LZY-2+ 500-1000 47 32 38 2195
LZY-1+ 20-512 42 50 50 1995
® ZHL-50W-52+ 50-500 50 63 63 1395
® ZHL-100W-52+ 50-500 50 63 79 1995
® ZHL-100W-GAN+ 20-500 42 79 100 2845
NEW! ZHL-100W-272+ 700-2700 48 79 100 7995
ZHL-100W-13+  800-1000 50 79 100 2395
ZHL-100W-352+ 3000-3500 50 100 100 3595
ZHL-100W-43+ 3500-4000 50 100 100 3595

Listed performance data typical, see minicircuits.com for more details.
® Protected under U.S. Patent 7,348,854
*Price Includes Heatsink

[ JMini-Circuits’

www.minicircuits.com P.O. Box 350166, Brooklyn, NY 11235-0003 (718) 934-4500 sales@minicircuits.com

416 rev AK


http://www.mwjournal-digital.com/mwjournal/201706/TrackLink.action?pageName=77&exitLink=http%3A%2F%2Fwww.minicircuits.com
http://www.mwjournal-digital.com/mwjournal/201706/TrackLink.action?pageName=77&exitLink=mailto%3Asales%40minicircuits.com
http://www.mwjournal-digital.com/mwjournal/201706/TrackLink.action?pageName=77&exitLink=http%3A%2F%2Fminicircuits.com
http://www.mwjournal-digital.com/mwjournal/201706/TrackLink.action?pageName=77&exitLink=http%3A%2F%2Fminicircuits.com
http://www.mwjournal-digital.com/mwjournal/201706/TrackLink.action?pageName=77&exitLink=http%3A%2F%2Fminicircuits.com

TechnicalFeature

B

Ultra-Wideband Doherty
Amplifier for Digital TV
Transmitters

Bill Goumas and Peter Forth
Ampleon, Nijmegen, The Netherlands and Smithfield, R.1.

A proof of concept LDMOS ultra-wideband Doherty (UWD) amplifier enables fractional
bandwidths greater than 50 percent. It covers a frequency band from 470 to 803 MHz with peak
power greater than 750 W, digital video broadcasting-terrestrial (DVB-T) power greater than

115 W and efficiencies of 38 to 47 percent. Predistortion capability is demonstrated by satisfying
the digital TV linearity requirement of -38 dBc with a commercial DVB-T exciter. The impact of
the UWD amplifier on transmitter operating cost is presented.

78

he standard for terrestrial digital
video broadcasting, DVB-T, was
set in 1997 and put into use in
1998 for the transmission of digital
terrestrial television. It provides an advanced
method of transmission compared to the
previous analog format used before 1998.
The entire TV signal has a bandwidth of
about 6 MHz. Typical TV broadcast transmit-
ters produce 1 to 10 kW of average power.
DVB-T is an orthogonal frequency division
multiplexing (OFDM) signal which contains
carriers that are approximately 4 kHz apart.
This signal has a high crest factor (or peak-
to-average power ratio) of around 13 dB.
High peak power creates design challenges,
such as determining the size and shape of
RF components suitable for short voltage
peaks.
It has been empirically determined that
a power amplifier that compresses a DVB-T
signal to a crest factor of 8 dB can still be ef-
fectively linearized with digital predistortion
(DPD). For characterizing a power amplifier
for a DVB-T application, 8 dB is the approxi-
mate peak-to-average ratio (PAR) that is typi-
cally used when considering peak power re-

quirements. Predistortion is used almost ex-
clusively in the broadcast transmitter market.
Design goals typically achieve -35 dBc shoul-
ders at a 4.3 MHz offset. A block diagram of
the signal chain is shown in Figure 1.
Transmitting UHF digital TV signals? is
typically accomplished through the use of
wideband push-pull class AB power ampli-
fiers.2 As such, the achieved average ef-
ficiency is limited to 25 to 30 percent.?3
Due to the very high output power levels
involved, where the average power is typi-
cally 0.5 to 30 kW, maximizing broadcast
efficiency is extremely important in reduc-
ing electricity use and the overall operat-
ing cost. The broadcast industry is looking
for high efficiency alternatives to their cur-
rent RF power amplifier blocks. Although
various high efficiency architectures exist to
provide wide RF bandwidth along with high
efficiency,23 such as envelope tracking and
envelope elimination and restoration, ap-
plication to broadcast transmitters is compli-
cated and costly due to the very high out-
put powers involved. Doherty amplification?
is a cost-effective technique that is widely
used in cellular base station transmitters;

MICROWAVE JOURNAL m JUNE 2017



/Anokiwave

mmW Solutions. Enabling a new world

World’s First Commercially Available mmW 5G
39 GHz Active Antenna ICs

AWMF-0123 and AWMF-0125 39-GHz Quad Core ICs

Enable low cost hybrid beam forming
for multi-antenna arrays with high energy efficiency
and low latency beam steering™

Supports 4 antennas

37.1 - 40 GHz operation _:5':53‘3;;:‘-'-‘“'
+12 dBm Tx OP1dB Q
5.0 dB Rx NF

5-bit amplitude/phase control WLCS package
for planar antenna arrays

AWME-0123 Measured F1dB AWME-0125 Measured Mokse Figure
n 10
; i
_1! — O
H g,
E!ﬂ Li_iil - —-—'—_T__—\—-_—_ﬁ.ﬁ"‘{'__:
B A ——————
§ | E
5
e :
n\!'IU«'F s kL1 nus 300 ns 40,0 n'ff-ﬂ ma o kL] o 35 4000
Fresquency (GHz) Frequency (GHz)
mmW Si Active Antenna mmW
Core ICs ASICs Front End ICs

% i on@anoki



http://www.mwjournal-digital.com/mwjournal/201706/TrackLink.action?pageName=79&exitLink=http%3A%2F%2Fwww.anokiwave.com
http://www.mwjournal-digital.com/mwjournal/201706/TrackLink.action?pageName=79&exitLink=mailto%3Ainnovation%40anokiwave.com

TechnicalFeature

Program
MUX Transport
Video Encoder MUX
Audio Encoder g alaiaii
Data Encoder — Splitter |
n ) i
Source Coding and MPEG-2 Multiplexing
MUX Guard DAC
_Adélptatlon, | | External _IEthemal || Internal | | | L”telmal L Mapper Frame || ~-oM K| Interval L] and
“nergy Encoder nterleaver [ | Encoder nterleaver Adaptation Insertion Front-End
Dispersal
POMUX b hn i
i Adaptation, . | External i_i External i 1 Internal {
i Energy [} Encoder i . :Interleaver. . Encoder | TPS and
i Dispersal | } B b | ] Pilot Signal
Terrestrial Channel Adapter
A Fig. 1 DVB-T transmit signal chain.
however, high-power Doherty am-
plifiers are notorious for having nar- v Zeomp = 1.0 _ [ —owrL —impedance Inverter |
row RF bandwidth, typically 5 to 10 w § 30
fractional.4 The soluti 5 251/ —
percent fractional. e solution to £5% / ~—  _— \
this problem is a wideband Doherty Im R.=0.5 515/ " T~ \
e P4
amplifier—greater than 30 percent €10
fractional bandwidth. s o.g o
@ N T 06 08 10 12 14
WIDEBAND DOHERTY @) Frequency (Normalized)
a
AMPLIFIERS Zo=10 Zeomp = 1.0
N4 N2

Although there have recent-
ly been a number of wideband
Doherty amplifier techniques pre-
sented in the literature,3-¢ most are
inherently low power and require
complex input signal condition-
ing, such as dual input drive and
drain voltage control. This article
addresses the needs of broadcast
transmitters by presenting a simple
but effective design technique that
allows the development of wide-
band Doherty amplifiers with up
to 60 percent fractional bandwidth
that are suited for high-power lev-
els. The approach presented here is
verified with a 115 W (750 W peak)
power Doherty amplifier cover-
ing the entire broadcast frequency
band with average efficiencies of
38 to 47 percent while maintaining
a minimum output PAR of 8 dB.”
This is achieved using standard 50 V
LDMOS technology without any
added costs or increased complex-
ity. The amplifier circuit described
here can be used as a building block
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Y

A Fig. 2 Wideband impedance inverter
(a) and connection of the peaking
amplifier to the impedance inverter (b).

for achieving power up to multi-kwW
levels by combining similar ampli-
fier stages.

Factors affecting the bandwidth
of the Doherty power amplifier
(DPA) are quite well known and doc-
umented. It was shown by Qureshi,
et al.* that by (1) compensating
the output capacitance of the PA
devices in a wideband fashion and
(2) interchanging the position of the
power combiner and impedance
transformation, it is possible to in-
crease DPA bandwidth significantly.
Overall bandwidth is still limited,
however, by the bandwidth of the
impedance inverter, which for a /4

| =~ QWTL =e-Impedance Inverter |

50
N

Phase (°)

0.8 1.0 1.2
Frequency (Normalized)

0.6
(b)

A Fig. 3 Magnitude (a) and phase (b)
of the normalized impedance seen at the
device end of the wideband impedance
inverter.

transmission line (QWTL) imped-
ance inverter is 28 percent, using a
10 percent relative efficiency drop
condition at the band edges.34
In order to address the bandwidth
requirements of the broadcast in-
dustry, the techniques presented by
Qureshi, et al., are extended using
a wideband impedance inverter to
achieve a fractional RF bandwidth
greater than 50 percent.

A very wideband impedance in-
verter can be created by adding an
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open circuited half-wave line (\/2)
to the load end of the QWTL, as
shown in Figure 2a. The resulting
loading conditions for this DPA are
shown in the Figure 3 compared
to a DPA based on a conventional
QWTL impedance inverter. Figure 3
shows that the addition of the \/2
line results in a much wider load
modulation bandwidth. This circuit
structure also helps to flatten the
efficiency bandwidth in practical
designs. The related achievable ef-
ficiency bandwidth is estimated to
be more than 60 percent. This com-
pares to approximately 25 percent
fractional bandwidth for a simple
QWTL inverter. The peaking device
is connected to the open end of the
N2 compensation line without any
loss in functionality at the back-off
power level, as shown in Figure 2b.
The impedance of the compensa-
tion line must be chosen to be equal
to the optimum load impedance of
the peaking device. If the proper
input phase relations are enforced,
there is no bandwidth restriction on
the wideband DPA under full power
conditions (assuming the use of ide-
al PA devices).

UWD DESIGN

The analysis has so far considered
ideal PA devices without any output
capacitance. Practical devices, how-
ever, do have significant output ca-
pacitance along with package para-
sitics. It has been shown that these

can be compensated in a wideband
manner by absorbing them in the im-
pedance inverter.3# Note that in this
design, in order to absorb all parasit-
ics in the "artificial” transmission line,
the addition of external capacitors) is
still required (see Figure 4).

An  Ampleon (formerly NXP)
BLF888D high
voltage  LDMOS
device is used to
demonstrate  this
concept.  These
devices  provide oo

wide bandwidth in

combination with = _j Input

EL=¢ Match

compensation network is shown in
Figure 4. The DPA is matched from
the combining point impedance
(1.25 Q in this case) to 50 Q using
a wideband multi-segment imped-
ance transformer.8 The circuit is fab-
ricated using standard Rogers 3000
series PCB material (see Figure 5).

UWSB Inverter

Output
Match

- Splitt PaakingiPA

high-power  and P | e
excellent rugged- Misteh

ness. A schematic [}

of the wideband
impedance invert-
er and wideband

i

| I
Gate Voltage | /
Control

A Fig. 5 Assembled UWD amplifier.
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A Fig. 6 UWD amplifier pulsed RF
efficiency vs. output power.

To achieve maximum peak pow-
er, the output power of both de-
vices is combined in phase at the
power combining node (node X in
Figure 4). It can also be deduced
from Figure 2a that these phase re-
lationships can be achieved by add-
ing a A4 transmission line in front of
the main device combined with an
in-phase power splitter, as shown in
Figure 4. Note that for the N\/4 trans-
mission line to work properly as a
phase compensator, it is important
that the inputs of the PA devices
are reasonably matched; otherwise,
reflections from the PA devices will
disrupt the actual phase relation-
ships at the gates and, thus, at the
PA outputs. Broadcast amplifiers,
when aiming for a flat gain versus
frequency response, however, are
typically designed with high reflec-
tion losses (approximately -2 dB) at
lower frequencies to compensate
for the 6 dB/octave gain slope in-
herent in LDMOS PA devices. For
this reason, it is essential to use an
input splitter that isolates the PA
devices from each other over the
desired bandwidth, to minimize the
impact of input reflections. The use
of a two-stage Wilkinson power di-
vider? with a \/4 transmission line in
front of the main device keeps the
phase error below 5° over the de-
sired bandwidth and achieves the
required isolation.

MEASUREMENTS

The prototype UWD amplifier
shown in Figure 5 was measured us-
ing pulsed RF, with a pulse width of
100 ps and 10 percent duty cycle and
DVB-T signals. In order to measure
the performance of the UWD ampli-
fier with the modulated signals, a
commercially available DVB-T excit-
er was used. The measured pulsed
RF efficiency (see Figure 6) shows
the capability of the UWD amplifier

20 50
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A Fig. 7 UWD amplifier gain and
efficiency vs. frequency at 115 W average
output power.
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A Fig. 8 Corrected shoulders of the
UWD amplifier with 115 W average
output power, using a commercial DVB-T
exciter. Peak output power is also shown.
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A Fig. 9 Transmitter operating cost per
year vs. module efficiency, assuming 10
kW transmit power, 1 dB combining loss,
90 percent AC to DC power conversion
efficiency and $0.11/kWh.

to maintain high efficiency at back-
off power levels over a wide range
of frequencies. Measured pulsed
RF efficiencies versus frequency are
shown in Figure 7, demonstrating
average efficiencies ranging from
38 to 47 percent over the desired
UHF band.

Note that the input PAR of the
DVB-T signal is 9.5 dB and the PA
is allowed to compress at most by
1.5 dB, so the resulting PAR at the
output of the PA is always more than
8 dB over the desired band. All ef-
ficiency, gain and power measure-
ments are performed under these
constraints. Predistortion is also per-
formed using the same DVB-T excit-
er. As shown in Figure 8, the UWD
amplifier meets the -38 dBc linearity
requirement for broadcast over the
entire 470 to 803 MHz band.

MICROWAVE JOURNAL m JUNE 2017



The Right RF Parts.

Right Away.

L W e Cenpasal

L LAt B aavs e Tt & % TR o4 =

W0 iterms in Cart | ¥ Lagin

i*. palrview Microwave,1 (O Live Chat | 41-800-715-4396

B AF COMPONENTS ON D

) = - ,
_F-F'.‘-Iq_ i 4 1 [ i}
== G W; = B *fr"'

O Mew Products © Adapters O Connectors 0 amplifiers © Amenuatars © Cable Assamb

i .
[y 2] 2
g i o i
o L
-
”
@ Terminations 0 [sclators. O Circidators © Power Divideg f‘

: _.5 Pe "5;'3_2 ‘\hr /
£ & » ; ?*i
’ I m 2 L 1\&‘ { 6% ! i
1 e 5 f ®
© Bias Tees © Ehorts & RF Caps © Comis \ -~ E-"'Eﬁ HEE B‘: -
& p B 2

a0,

We’re RF On Demand, with over one million RF and microwave components
in stock and ready to ship.You can count on us to stock the RF parts you
need and reliably ship them when you need them. Add Fairview Microwave

to your team and consider it done.

fairviewmicrowave.com L
1.800.715.4396 : .E%&.EX&%‘#‘!M&&KQJ’V&’&!



http://www.mwjournal-digital.com/mwjournal/201706/TrackLink.action?pageName=85&exitLink=http%3A%2F%2Ffairviewmicrowave.com
http://www.mwjournal-digital.com/mwjournal/201706/TrackLink.action?pageName=85&exitLink=http%3A%2F%2Fwww.fairviewmicrowave.com

exyn

corporation

'We have specialized in Low Phase Noise
Fixed Frequency Sources since 1998.

A plot of our new quieter PLDRO line.

9 GHz PLDRORESIDUAL PHASE NOISE (clBc)

e,
L

* Crystal reference phase noise to
-130 dBc/Hz @ 100 Hz @ 100 MHz
* Dual loop output
frequency resolution +/- 0.001 Hz
* Internal reference stability
to +/- 10 ppb
* 5 - 1000 MHz External reference
* Frequency: 10 MHz to 35 GHz
* Power output: +10 to +24 dBm
* Wide operating temperature
range: -55° to +85°
* Spurious: <-90 dBc

o &
Nexyn offers the best performance and
reliability on the market.

1287 Forgewood Ave.
Sunnyvale, CA 94089
Tel: (408) 962-0895
Fax: (408) 743-5354

sales@nexyn.com

WWWw.nexyn.com

86

We welcome your custom requirements.

TechnicalFeature

OPERATING COST BENEFIT

Power usage is a big concern for
the TV operator. The benefit of the
UWD and its efficiency improvement
compared to conventional class AB
operation is significant. Figure 9
shows the impact of efficiency on
operating cost, where the efficiency
shown is at the 150 W UWD amplifier
module level. Implementation of the
150 W UWD amplifier reduces the
operating cost of a 10 kW transmitter
by approximately $25,000 per year.

SUMMARY

A design approach for the realiza-
tion of high-power wideband Doherty
amplifiers exhibits 50 to 60 percent
fractional bandwidth. This is enabled
through the use of a wideband imped-
ance inverter along with a wideband
capacitance compensation and match-
ing strategy. The key achievement,
and the importance to the industry, is
that these results are achieved using
standard 50 V LDMOS devices along
with an easy-to-implement passive in-
put splitter. The approach enables low
cost efficient high-power wideband
amplifier implementations and simple
system integrations.

A UWD prototype amplifier cov-
ering the entire UHF TV band (470
to 803 MHz) achieved an average
efficiency of 38 to 47 percent (for
Pavg = 115 W), while maintaining a
peak power capability greater than
750 W over the entire band. It offers
15 to 20 percent more efficiency
than the currently used wideband
class AB power amplifiers in today’s
broadcast transmitter systems.10.11
This is the best demonstrated band-
width for a DPA. An operating cost
estimate shows the potential for a
$25,000 reduction in annual operat-
ing costs for a 10 kW transmitter.

Since this proof of concept devel-
opment, Ampleon has made consid-
erable progress in increasing UWD
amplifier power levels, with the re-
cent focus on the 470 to 608 MHz
range and development of a 150 W
average DVB-T stage which uses a
new LDMOS device. The focus on
470 to 608 MHz is driven by migra-
tion of the upper end of the UHF TV
band in the U.S. to mobile wireless
applications. The latest UWD am-
plifier in this frequency range has
achieved 47 percent efficiency with
less than -38 dBc shoulders. B
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to 0.5W output power, 13 dB gain, +1 dB gain flatness and
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19 dBm power handling. It is unconditionally stable and
an ideal LO driver amplifier. Internal DC blocks, bias tee,
and microwave coupling capacitor simplify external circuits,
minimizing your design time.
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Dual-Band Bandpass Filter
with Multiple Controllable
Transmission Zeroes and

Wide Stopband

Daotong Li, Yonghong Zhang, Jing Ai, Kaijun Song and Y. Fan
University of Electronic Science and Technology of China, Chengdu, China

A dual-band bandpass filter with multiple controllable transmission zeroes (TZ) and wide
stopband performance is based on a single quadruple-mode circular ring resonator (Q-CRR).
The two passbands are generated by using degenerate modes. After installing two parallel-
coupled feed line sections on a ring at the two ports with 90 degrees separation and two open-
ended tri-section stepped-impedance resonators (OT-SIR) loaded on the I/O ports, eight TZs are
produced in the stopband. By tuning the length and the impedance ratio of the OT-SIR and the
length of the parallel-coupled feed lines, the locations of the TZs are adjusted. Measured results
show good agreement with simulation.
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ual-band bandpass filters (BPF)

with good selectivity and wide

stopbands are highly desired in

modern dual-band wireless com-
munication systems.'2 Various design ap-
proaches have been used. Microstrip ring
resonators have been employed in micro-
wave circuits such as filters, mixers and
oscillators.34 A dual-band ring resonator
bandpass filter, can be realized by using co-
existing degenerate orthogonal modes.>¢
Due to their compact size, high-Q factors
and sharp rejection skirts, ring resonators
have been comprehensively analyzed. Two
dissimilar ring resonators with different res-
onant frequencies can be used to achieve
dual-band passband performance, although
the stopband is narrow and the size is rela-
tively large.”? Dual-band BPFs have been
designed using multilayer structures; how-
ever, a complex feed is usually required.?.10
Huang et al.,’! describe a dual-band band-
pass filter using stepped-impedance ring
resonators with an adjustable first- and sec-
ond-order resonator; however, there is only
a single transmission pole in the second

passband, while the isolation between the
two passbands and the suppression of the
stopband are not good because there are
only three TZs. Dual-band BPFs using ring
resonators loaded by open-circuited stubs
do not have sharp rejection skirts and good
rejection in the stopband because there are
only two TZs.215 Luo et al.,>¢ report on a
class of dual-mode dual-band ring resonator
BPFs using microwave C-sections, but these
structures need many perturbation elements
to be installed along the ring. Chiou et al.,'®
describe a dual-band bandpass filter with
four TZs based on a signal ring resonator,
however, the upper stopband is narrow and
this structure also needs many perturbation
elements installed along the ring. Dual-band
BPFs using a single rectangular ring resona-
tor exhibit Jooor out-of-band rejection and
selectivity.!

In this article, we describe a dual-band
BPF using a single Q-CRR. After installing
two coupled-line sections at the two excita-
tion ports, two transmission poles are gener-
ated in each passband. With a two-port exci-
tation angle of 90 degrees, parallel-coupled
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feed lines and OT-SIRs at the I/O ports, eight control-
lable TZs are generated and provide a good isolation
and a wide upper stopband. By tuning the length and
the impedance ratios of the OT-SIRs, TZ locations are
adjusted, extending the upper stopband.

4
Electric Wall (EW) or
Magnetic Wall (MW)

A Fig. 1 Configuration of a dual-band bandpass filter using a
single Q-CRR.

Out of This World Quality.
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Lapping
Polishing
Filled Via Planarity
Wafer Dicing
Laser Machining
Specialty Processes

s Past NE o i, et v
CENTER LINEcooors

www.centerhinetech-usa.com/MWJFeb
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FILTER DESIGN

Figure 1 shows
the filter configu-
ration. It consists
of a quadruple-
mode circular ring
resonator (Q-CRR)
connected to par-
allel-coupled feed
lines and OT-SIRs
loaded at the in-
put/output  (I/O)
ports.

Q-CRR

The O-CRR (see
Figure 2a) con-
sists of a circular
ring resonator with
two orthogonally
separated open-
ended stubs,
where R, w and
w, are the radius
and the widths of
the circular ring
and open stubs,
respectively. The
operating mecha-
nism is discussed
by wusing even
and odd mode
analysis because
of the resonator’s

even  symmetri-
cal structure. The
even and odd

mode equivalent
circuits are shown
in Figures 2b and
2c. Z, and 6 are
the characteristic
impedance and

Electric Wall (EW) or
Magnetic Wall (MW)

N
Port 1 Port 2
S

(d) Yr 01

A Fig. 2 Q-CRR layout (a), even

mode equivalent circuit (b), odd mode
equivalent circuit (c), circuit for obtaining
TZ frequencies (d).

|S21| (dB)

6 8 10 12
Frequency (GHz)

A Fig. 3 Simulated transmission response of the Q-CRR with
different line length (L) under loose coupling.
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Planar Monolithics Industries, Inc.
High Power Limiters

PMI offers a variety of high power limiters covering the 0.01 to 18 GHz frequency
range for military and industrial applications. PMI’s limiters offer low loss, high
speed along with low leakage levels and high peak power handling. More available
at http://www.pmi-rf.com/Products/limiters/limiters features.htm

Model: LM-10M2D5G-100CW-1KWP-SFF
http://www.pmi-rf.com/Products/limiters/LM-10M2D5G-100CW-1KWP-SFF.htm

Frequency

0.01t0 2.5 GHz

Insertion Loss

0.5 dB Typ - Measured 1.09 dB

VSWR

1.3:1 Max (@ -10 dBm input)
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Input Power

100 watts CW Max, 1 kW peak
(1% duty cycle, 1 ys Max pulse width)

Recovery Time

1 yus Max - Measured 100 ns

Maximum Flat Leakage

13 dBm Max

Operating Temperature

-565°C to +85°C

Model: LM-1G2G-4CW-1KWP-SMF
http://www.pmi-rf.com/Products/limiters/LM-1G2G-4CW-1KWP-SMF.htm

Package Size: 1.86” x 0.65” x 0.38”
Connectors: SMA Female

Frequency

1.0t0 2.0 GHz

Insertion Loss

0.7 dB Max - Measured 0.65 dB

VSWR

2.0:1 Max (@ -10 dBm input)
Measured 1.54:1

Input Power

4 Watts CW Max, 1 kW peak
(1% duty cycle, 1 ys Max pulse width)

Recovery Time

1 yus Max - Measured 100 ns

Maximum Flat Leakage

16 dBm Max (40 mW) - Measured 15.35 dBm

Operating Temperature

-565°C to +85 °C

Model: LM-6D7G7D9G-30W-SFF
http://www.pmi-rf.com/Products/limiters/LM-6D7G7D9G-30W-SFF.htm

Frequency

6.7 to 7.9 GHz

Insertion Loss

1.1 dB Max - Measured 0.96 dB

VSWR

1.5:1 Max (@ -20 dBm input)
Measured 1.38:1

Input Power

30 Watts CW Max

Recovery Time

10 ps Max - Measured 70 ns
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Operating Temperature

-40 °C to +85 °C

Model: LM-6G18G-15-10W-SFF
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6.0 to 18.0 GHz

Insertion Loss

2.5dB Typ @ 0 dBm - Measured 1.71 dB

VSWR

1.8:1 Typ - Measured 1.69:1

Input Power

10 Watts CW Max

Recovery Time

Measured 12.2 ns

Maximum Flat Leakage

+15 dBm Typ

Operating Temperature

-65°C to +85°C

Package Size: 1.0” x 0.75” x 0.38”
Connectors: SMA Female

Package Size: 1.0” x 0.65” x 0.38”
Connectors: SMA Female

Package Size: 1.0” X 1.0” X 0.5”
Connectors: SMA Female
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the electrical length of the loaded
open-circuited stub on the ring. Z,
and Z, represent the two oppositely
oriented input impedances at the
same position. The input imped-
ances with superscript “e” and “o”
are the even and odd mode im-
pedances, respectively. According
to transmission line theory and the
odd-even mode analysis method,
the resonant frequencies under
even and odd mode excitation sat-
isfy18

Zf+7Z8 =0 1
7P +7° =0 2)
where
Ze — _ JZZ

" tan®,’
78 = JZsZ, tanBg

Z, —Z tanB tanB;
Z? =jZ, tan®,,

70 = JZsZ, tanBg tan 6,
Z tanB, +Z, tan6,

Due to transverse interference
between the two signal paths from
one 