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Power Dividers/Combiners Attenuators Directional Couplers/Hybrids
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Up to 40 GHz 0.4 - 40 GHz
i 229‘"2”(;‘;‘;43 ‘i’;zc - SMA, 2.92, QMA, N, SMA, 2.92, QMA, N, TNC, BNC,
RPTNC 4.1/9.5 & 7/16 Up to 120 watt ThE, BRSPS Tt /10 BEGNC & /76 Upio 500 Wate

A Pt LeLIWRIh Up to 150 watts. MIL-DTL-15370 Available.
MIL-DT-23971 Available.
Bias Tees Terminations Circulators/Isolators
1 .I, — e

@ |

Upto 6 & 18 GHz Hz-18 GHz Up to 40 GHz

SMA, 2.92mm, QMA, N, SMA & 7/16 Up to 250 watts SMA, 2.92, N, & 7/16

N,TNC, RP-TNC & 7/16 DIN. MIL-DTL-3903E Up to 250 watts.
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Picoprobe elevates p'('o

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.

Through modular

unique
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.

design

GGB INDUSTRIES, INC. -«

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

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

P.O.BOX 10958 -

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 0.8dB 1.3 dB
ReturnLoss 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
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POWER
SPLITTERS/
OMBINERS

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

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

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

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

housings for 50 and 75€2 systems.

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

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

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

you need to make a smart decision fast!

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!

O RoHS Compliant
Product availability is listed on our website.

o - - L] ®
[ JMini-Circuits
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Designed For
5G MIMO Active Antenna!!!

The World First SMT Microstrip Patented
Isolator/Circulator at 28GHz & 38GHz
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Waveguide Isolators Surface Mount Circulators Ceramic Filters




FROM SURFACE MOUNT COMPONENTS
TO COMPLEX TESTRACK ASSEMBLIES
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Communications & Power Industries

beverly microwave division

wnowe Are
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Did you know we are the world’s largest manufacturer of receiver protectors?
We offer a complete range of receiver protector technologies designed by
the most experienced technical staff in the radar industry:

* Designs from UHF to Ka-Band

+ Up to megawatts peak power and kilowatts average power
* Active, passive, and quasi-active designs

+ Solid state, plasma, multipactor, and ferrite technologies

+ Multi-function subassemblies including controlled attenuation,
excess noise generation, low noise amplifiers,
integrated passive functions, and BITE/fault monitoring

See why CPI Beverly Microwave Division is recognized as the go-to supplier for the world’s
premier radar manufacturers. Contact the radar experts at BMD to upgrade your system today at www.cpii.com/BMD

Receiver Protectors ¢ Integrated Microwave Assemblies ¢ Control Components ¢ Solid State Power Amplifiers ° Transmitters ¢ Magnetrons

ATC RADAR RADAR & EW TEST & MEASUREMENT

: sonal use only - not for reproductic
150 Sohier Road, Beverly, MA U.S.A. ForXEprinig préase2a@e s id b estierting @cpii.com, www.cpii.com/BMD



RF-LAMBDA

THELEADER OF RF BROADBAND SOLUTIONS

RFLUPAOTM226A
WO0I22BHL

P RFLUPAD218GA

RFLUPADBGIIGA
50W 8-11GHZ

140W 6-18GHZ
10W 2-18GHZ SOLID STATEBROADBAND

RFLUPA18G4TGC

2W1B-47GHT

RFLUPAOG18GC
25W 6-186HZ

RFLUPAOGGI2EE %

RFLUPA28G426A

%BWeIeH @ 2W 28-42GHZ

RFLUPAO2GOGGC
100W26GHZ -«

¥/ RELUPAOTO66D

SYSTEM POWER AMPLIFIER

RAMPOOGOGGA -30W0.01-6GHZ RAMP39G48GA-4W3948GHZ RAMPOIG22GA - BW 1-22GHZ

WWw. .com 1-888-976-8880
sales@rflamhda com  1.A72.787-5998

San Diego, CA, US

Plano, TX, US

Ottawz DVT, Canadil Treeeeer

30W 0.7-66HzZ

P RELUPA27G346B
15W 21-346HZ

RFLUPA32G38GB
8W 32-386GHZ
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SAW/BAW New Market Entrants
Offer New Approaches

XBAW REF Filter Blazing Into Higher Frequency
Spectrum
Dave Aichele, Akoustis Technologies

Enabling Design of Next-Generation RF Filters
for 5G
Gerry Harvey, OnScale

Infinite Synthesized Networks Deliver RF
Filter Design Tools for 5G
Bob Hammond, Resonant

October 2018
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Passive & Control
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mwjournal.com
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Technical Features
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Optoelectronic Oscillators: Recent
and Emerging Trends
Afshin S. Daryoush!, Ajay Poddar?, Tianchi Sun’

and Ulrich L. Rohde?, Drexel University! and
Synergy Microwave Corp.2

5G Brings New RF Challenges for
Handsets

Ben Thomas, Qorvo

A Field-Effect Transistor That Avoids
Pinch-Off

Alfred Grayzel, Planar Monolithic Industries Inc.

L-Band Microstrip Lowpass Filter
with Small Size and Excellent
Harmonic Suppression

Amirhossein Ghaderi and Saeed Roshani, Islamic
Azad University
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44GHz SWITCH FAMILY
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THE CENTER FOR ALL
YOUR RF DESIGNS

RF SWITCHES RF AMPLIFIERS RF TRANSISTORS RF FILTERS .2
® SPnT * Gain Blocks ® GaN A Monoblock =
® Semiconductor * Conxial Module * LDMOS * SAW / BAW
® Mechanical * Low-Noise * Gals M *HP/LP/BP &
* High Isolation ® Linear Drivers ® Bipolar - = o Ceramic Resonator
® High Power * High Power ® High Power ® Duplexer / Diplexer
® GaN e Die * Variable Gain ® High Frequency * (avity
RF OSCILLATORS RFMW = DESIGN SOLUTIONS 00 _ RF DIODES
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An Overview of Glass-Weave Impact on
Millimeter-Wave PCB Performance
Sponsored by: Rogers Corp.

Choosing the Right RF Technology for 5G
Infrastructure
Sponsored by: NXP Semiconductors

10/9

10/24

Lauri Viitas, VP of product and business
development at Guzik Technical Enterprises,
tells how the company’s start in magnetic recording
evolved into RF and mmWave OTA test systems for
5G and 802.11ad/ay.

api &>~

technologies corp.

_(UPGLP

Laser & Electronics

=~

SKYWORKS’

Content is copyright protected and provided for personal use only - not for reproduction or retransmission.
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7,

Joel Levine, president and co-founder of RF/
microwave distributor RFMW, discusses the state
of the market 15 years after launching RFMW, and
how being acquired by TTI will strengthen RFMW

and better serve designers.

Introduction to SAW Filter Theory and Design
Techniques

PCB Substrates: Matching your Design to the
Right Material and Rapid Prototyping Process

5G New Radio Solutions: Revolutionary
Applications Here Sooner Than You Think

Join Us Online
Follow us
@Pathindle
@MWJGary
@MWJEditor

Join us at the RF and
Microwave Community

L

in]
f

Become afanat
facebook.com/
microwavejournal

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

W@ﬁ&mg@

Which component

design will be the most 1
challenging in sub-6 GHz 1
8G handsets? 1

Look for our multiple choice survey I
online at mwjournal.com/polls

August Survey
Which market is the il
main strength of Spain’s
microwave industry? 0

Defense (55%) I

Telecommunications (27%)

IoT (18%)
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Has Amplifier Performance or
Delivery Stalled Your Program?
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TECHNOLOGIES

Innovating 1o Excel

www.bnztech.com
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THE WIDEST SURFACE MOUNT BANDWIDTHS IN THE INDUSTRY!

e Power handling up to 2.5W & EP2KA+, 2.5x3.5x0.85mm
* |nsertion loss, 1.1dB typ. MW EP2K-Series, 4x4x1mm
* [solation, 20 dB MW EP2W-Series, 5x5x1Tmm

[=] g [m]

- ] - - ® |
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o

& IEEE

Coastal Los Angeles Section

Los Angeles, Calif.

CLASTECH highlights recent developments in RF and microwave
technologies as a joint effort by the local chapters of the IEEE MTT-S
and the APS. www.clastech.org

AMTA 2[]18

—— WILLIAMSHNRE. YA ——

Glendale, Ariz.

ITC is an annual forum and
technical exhibition providing
telemetry specific short
courses, technical papers from
professionals and students and
exhibits of the industry’s leading
companies.
www.telemetry.org

Williamsburg, Va.

The AMTA is a non-profit,
international organization
dedicated to the development
and dissemination of theory,
best practices and applications
of antenna, radar signature
and other EM measurement
technologies.

https://amta2018.org/
GLOBAL MILSATCOM 2018

]
London, UK.

Global MilSatCom'’s reputation has been built on the high-level
international speakers and decision makers it attracts and the
fantastic interactive opportunities offered during the conference
sessions, workshops and networking receptions.
www.globalmilsatcom.com

5 Complete X-Band 2x2 Phased-
@& Array Antenna Design and

ﬂ Simulation

S Sponsored by:

Wiy | @

0-9

APMC provides a broad forum for participants from both academia
and industries to exchange information, share research results and
discuss collaborations in the fields of microwave, mmWave and
infrared and optical waves. www.apmc2018.org

Kyoto, Japan

Signal [ntedrity

Journal

o«
<
((_ 1 3
I.I.I
S
I 3 16 < ; electronica
&
Munich, Germany

electronica, trade fair and conference, highlights all the latest trends
in PCBs, semiconductors, sensors, connectors or displays.
https://electronica.de

Analysis and
Verification of
DDR3/DDR4 Interfaces

Menior

A Siemens Business

Signal In€edrity

o« Journal PAM4 Jitter, Noise
< and BER Analysis
(((g Sponsored by:

2 % Noisecom

(-0 _i;l;RlI

Kolkata, India
https://imarc-ieee.org

238-30

For more than a quarter-century, MWE has provided workshops
introducing state-of-the-art technologies and future visions,
fundamental educational courses for novice/young engineers and
exhibitions of the latest products.
https://apmc-mwe.org/mwe2018/en_index.html

Microwave Workshops & Exhibition

MWE 2018

Yokohama, Japan

FOR PETAILS, VISIT MAJOURMAL.COM/EVENTS

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

mmW Products
DC-110 GHz

Trust in Ducommun mmW
Products for all your high
frequency testing needs.
Ducommun offers a full
portfolio of millimeter wave
products up to 110 GHz.

Amplifiers

* Offering 0.03 to 110 GHz

* Low noise / high power

* Single DC supply / internal
regulated sequential blasmg

* Broadband or tom d

g

Up/Down Converters

« Full waveguide band capability
* Low spurious / harmonics

* Low LO frequency & power

« Compact, lightweight

MMW mixer/multiplier/SNA
extender solutions
* K,Ka, Q,U,V, E, W full band
* Broadband and low harmonic/
spur
* Custom design
* Low cost solution

Transceivers

* TRXforK,Ka,Q,U,V,E&W
bands

* Integrated modular design

* High sensitivity / low cost

* Custom de5|gn per request

N Pin Diode Switches

* SPST to SP8T configurations

* Nano second (ns) level
switching

* 0.03 GHz to 110 GHz

« Reflective and absorptive

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

-
YIEEE -
Comtal Los Angeles Section.

ComingEvents

92nd ARFTG Microwave
Measurement Symposium
October 26, 2018

CS MANTECH 2019
October 31, 2018

|IEEE MTT-S IMS 2019
December 1, 2018

IMBioC 2019
December 6, 2018

IEEE EMC+SIPI 2019
January 6, 2019

EDI CON China 2019
January 10, 2019

EuMCE 2019
January 25, 2019

WAMICON 2019
February 1, 2019

IEEE COMCAS 2019
April 18, 2019

mwjournal.com

OCTOBER

EDI CON USA 2018
October 17-18, 2018 « Santa Clara, Calif.
www.ediconusa.com

MILCOM 2018
October 29-31,2018 « Los Angeles, Calif.
https://events.afcea.org/MILCOM18/Public/enter.aspx

ESC Minneapolis
October 31-Nov. 1, 2018 « Minneapolis, Minn.
www.escminn.com

electronica 2018
November 13-16, 2018 « Munich, Germany
https://electronica.de/index.html

IEEE IMaRC 2018
November 28-30, 2018 « Kolkata, India
https://imarc-ieee.org

2018 Microwave Workshops & Exhibition
November 28-30, 2018 « Yokohama, Japan
https://apmc-mwe.org/mwe2018/en_index.html

DECEMBER
IEDM 2018

December 1-5, 2018 « San Francisco, Calif.
https:/fieee-iedm.org

@ rwif DescnCovmm
JANUARY 2019

CES 2019
January 8-11,2019 « Las Vegas, Nev.
https://www.ces.tech/

92nd ARFTG Microwave Measurement
Symposium

January 19-22,2019 « Orlando, Fla.
www.arftg.org

Radio and Wireless Week 2019
January 20-23, 2019 « Orlando, Fla.
https://radiowirelessweek.org/

DesignCon 2019
January 29-31,2019  Santa Clara, Calif.
www.designcon.com

Mobile Deployable Communications 2019
January 31-Feb. 1, 2019 « Warsaw, Poland
www.mobiledeployable.com

MOBILE

Ml woRrLD cONGRESS

FEBRUARY 2019

Mobile World Congress 2019
February 25-28, 2019 « Barcelona, Spain
www.mobileworldcongress.com/

NOVEMBER

IEEE CLASTECH 2018
November 2, 2018 « Los Angeles, Calif.
www.clastech.org

AMTA 2018
November 4-9,2018 « Williamsburg, Va.
https://amta2018.org/

ITC USA
November 5-8,2018 « Glendale, Ariz.
www.telemetry.org

Global MILSATCOM 2018
November 6-8,2018 « London, U.K.
www.globalmilsatcom.com

APMC 2018
November 6-9, 2018 « Kyoto, Japan
http://www.apmc2018.org/

MARCH 2019

EMV 2019
March 19-21,2019 « Stuttgart, Germany
https//emv.mesago.com/events/en.html

Microwave & RF 2019

March 20-21, 2019 e Paris, France
www.microwave-rf.com

GOMACTech 2019

March 25-28,2019 « Albuquerque, N.M.
www.gomactech.net/2019/index.html

Content is copyright protected and provided for personal use only - not for reproduction or retransmission.
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ki P Radio\/erse-

AHEAD OF WHAT'S POSSIBLE™ 4

_
A——

ADRV9008-2

2 Integrated Dual RF Transmitter
¢\ with Observation Receiver

& &b e e e elveew v w ¥

----------

| oo e e veeoeee e

High-Performance, Low Power Consumption, Integrated RF Transmitter

Part of the RadioVerse™ technology and design ecosystem, Key ADRV9008-2 features include:
Analog Devices’ ADRV9008-2 is a highly-integrated, RF
agile transmit subsystem offering dual channel transmitters,
observation path receiver, integrated synthesizers and digital

450 MHz max. tunable transmitter synthesis bandwidth
450 MHz max. observation receiver bandwidth
75-6000 MHz tuning range (center frequency)

Low power consumption

Ideal for 2G/3G/4G/5G macro cell base stations and
avionics and defense applications

signal processing functions.

*  AVAILABLE AT RICHARDSONRFPD .~~~ r<gANALOG B Radicorse
"+ Integrated wideband RF transceivers . ‘o0 o DEVICES | B’ Radio\erse
o Eva'uatlon tOOIS & deve|0pment kItS , A AHEAD OFWH/—\T’?E)OSSIBLE'M CONCEF’T TO CREATION AT LIGHT SPEED

. b Fo
RichardsonRFPD caenmoneasour e
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Enabling Calibration Free Millimeter-Wave
5G for Commercial Deployments

5Gis here...

5G is happening now and the industrialization of silicon-based millimeter-wave active
antennas is supporting the first true 5G trials and deployments. A radical use case
evolution is happening with an explosion of innovation and a tipping point in millimeter-
wave Active Antennas that will enable 5G everywhere.

5G antennas that leverage Anokiwave's highly integrated silicon ZERO-CAL® ICs will
see a drastic reduction in material and assembly costs by eliminating the need for array
calibration. The continued reduction in antenna cost coupled with the ability to optimize
and monitor technical performance in the field is paving the way for rapid deployment
of 5G systems across the globe.

ZERO-CAL® is one of the many ways Anokiwave is enabling the new world of
millimeter-wave 5G at a commercial scale.
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With Contributions from:
Akoustis Technologies
OnScale
Resonant

SAW/BAW New Market Entrants

Offer New Approaches

solutions for the SAW/BAW market.

Editor’s Note: With the increasing number of cellular bands for 4G/LTE, the mobile RF front-end’s critical
component has shifted from the power amplifier to the filter. Surface acoustic wave (SAW), and, more recently,
bulk acoustic wave (BAW) filter technology has been addressing the challenges in the mobile RF front-end that
currently uses 40+ filters (and growing). This market growth has attracted new market entrants so Microwave
Journal compiled information from three such companies—Akoustis, OnScale and Resonant—offering new

XBAW RF Filter Blazing
Into Higher Frequency
Spectrum

Dave Aichele ~
Akoustis Technologies
Huntersville, N.C.

AW RF filters are high per-

formance  semiconductor

components primarily used

in mobile smart phones.
They address the stringent size re-
quirement for high levels of integra-
tion and provide superior perfor-
mance compared to SAW and ce-
ramic filters, therefore improving the
battery life and reducing the number
of dropped calls to end users. These
high performance components offer
low insertion loss and high selectiv-
ity required to meet the demanding
coexistence requirement for difficult
FDD and high frequency TDD 4G/
LTE and emerging 5G bands. Cur-
rent multimode, multiband mid-
to high-tier smartphones utilize
> 50 filters and experts foresee that
including 5G bands will push that
number to > 70 filters.

22

Solidly ~ mounted  resonator
(SMR) and film bulk acoustic reso-
nator (FBAR) are the two dominant
BAW resonator technologies cur-
rently utilized in BAW RF filters
due to their high Q-factor, high
operating frequency and good
power handling. The BAW RF fil-
ter market is currently served by a
duopoly that has historically sup-
plied > 95 percent of the market,
where both company’s core mate-
rial technology is based on a sput-
tered poly-crystalline piezo-elec-
tric aluminum nitride (AIN) depos-
ited by physical vapor deposition
(PVD) techniques.

SINGLE CRYSTAL RF BAW
FILTER TECHNOLOGY

Akoustis  Technologies is an
emerging new entrant in the pro-
jected $5.8 billion BAW filter mar-
ket dominated by mobile RF filters.!
Leveraging a patented BAW reso-
nator process (called XBAW) com-
bined with an integrated design
and manufacturing (IDM) business
model, Akoustis is blazing new ter-
ritory and focused on becoming the
first commercial supplier of BAW RF
filters for applications above 3 GHz.

Akoustis has introduced a new
approach of utilizing high pu-
rity, single crystal piezo-electric

Poly Solidly-Mounted
Resonator (SMR)

Top Electrode

Polycrystal Piezoelectric Layer

Bottom Electrode
|

Substrate

Poly Film Bulk Acoustic Single Crystal Bulk Acoustic
Resonator (FBAR) Resonator (XBAW)
e ectrode " Top Electrode
Polycrystal Piezoelectric Layer .
Single Crystal
Bottom Electrode Piezoelectric Layer
ir Cavi | Bottom Electrode |
Air Cavity Bottom Electrode
Air Cavity
Substrate Substrate

A Fig. 1 Cross section images of BAW resonators.
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RLC Power Dividers...

Known for high performance, innovative solutions,
and cost-effective pricing.

ﬁﬂf

RLC Electronics’ Power Dividers offer superior

we F'

performance in compact microstrip units with wide
bandwidth and multiple outputs. These units provide low
VSWR, high isolation and excellent phase characteristics
between all the output ports.

Since 1959, RLC has been recognized as a leading
designer and manufacturer of high quality, state-of-the-
art components for the microwave & RF industry.

Model DSM-0520-2
A shown here

%’?’6
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B Ourfamily of Power Dividers are available ina choice
of 2, 3, 4, 6, 8,9, 12, and 16-way configurations

B Available in frequencies from DC to 40 GHz

B A wide choice of connector styles or surface mount
configurations to suit any specific need

B Proven applications for instrumentation, TelCom,
and SatCom

For more detailed information, or to access RLC’s exclusive Filter Selection Software, visit our web site.

by

RLC ELECTRONICS, INC.
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

1SO 9001:2008 CERTIFIED

RLC is your complete microwave & RF component resource for

s

Switches, Filters, Power Dividers, Terminations, Attenuators, DC Blocks, Bias Tees & Detectors.
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A Fig. 2 Three performance features of single crystal piezo-electric material.

AIN material in BAW RF filters (see Figure 1). Epitaxi-
ally grown, metal-organic chemical vapor phase depo-
sition (MOCVD) single crystal AIN has inherently higher
crystal quality compared to PVD poly-crystal AIN. This
improved crystal quality has shown improvements in
acoustic velocity and piezo-electric mechanical coupling
coefficients. In addition, the thermal conductivity of sin-
gle crystal AIN is 2x higher than poly-crystal AIN that
degrades as film thickness decreases, which may result
in a constraint on power capability for traditional FBAR
resonators, especially at higher frequencies. In all BAW
technologies shown in Figure 1, the resonance frequency
is determined by the thickness of the material stack and
the effective propagation velocity of the acoustic wave.
A higher propagation velocity in the AIN piezo-materi-
al results in higher operating frequencies for the same
thickness. These three factors; improved acoustic veloc-
ity, improved piezo-electric coefficients and improved
thermal conductivity enable XBAW RF filters constructed
from single crystal, epitaxially grown MOCVD-AIN piezo-
electric materials to offer better performance (power
handling, insertion loss, bandwidth and skirt steepness)
than PVD-AIN based BAW RF filters, especially for high
frequency and high-power applications (see Figure 2).

In June 2017, Akoustis completed the strategic ac-
quisition of a MEMS fab located in Canandaigua, N.Y.
With this acquisition and subsequent consolidation of all
its manufacturing processes, Akoustis now has an inter-
nal, ISO-9001 certified 122,000 sq. ft. commercial wafer-
manufacturing capability which includes class 100/1000
cleanroom facility, tooled for 150 mm diameter wafers
and an operations team to conduct research, develop-
ment and production of its XBAW RF Filters. In addition,
Akoustis is in the process of transitioning DoD Trusted
Foundry accreditation for MEMs wafer processing, pack-
aging and assembly, enabling Akoustis to be a supplier
for DoD programs requiring specialized filters and Trust-
ed Foundry certification.

RF BAW FILTER MARKETS

Akoustis is the only pure play BAW RF filter company
targeting the mobile high band 4G/LTE and emerging
5G applications. This market is by far the largest and
made up of filter competitors engaging mobile phone

L oL
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— |
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A Fig. 3 5.2 GHz BAW RF filter with typical 1.2 IL and > 50
dB attenuation.
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A Fig. 4 2.6 GHz BAW RF filter—WCDMA adjacent channel
power ratio results.

OEMs and ODMs, RF front-end (RFFE) module manu-
facturers (some with captive BAW filter technology) and
transceiver manufacturers. The push to higher frequen-
cy and the wide bandwidth requirement necessary to
support the enhanced Mobile Broadband (eMBB) fea-
ture of 5G will tax existing SAW and poly-crystal BAW
filter technology. Single crystal RF BAW technology will
enable the development of higher performance, wider
bandwidth BAW RF filters for 5G n41, n77,n78 and n79
bands (or sub bands) operating in 2.6 to 5 GHz spec-
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systems with CST Studio Suite

Components don't exist in electromag-
netic isolation. They influence their neigh-
bors’ performance. They are affected by
the enclosure or structure around them.
They are susceptible to outside influences.
With System Assembly and Modeling,
CST Studio Suite helps optimize component

and system performance.

Involved in antenna development? You can
read about how SIMULIA EM simulation tech-
nology is used to simulate antenna perfor-
mance at www.cst.com/antenna.

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
www.cst.com/solutions.

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 —
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trum with bandwidths that range
from 200 to 900 MHz.

Beyond mobile, there are two
additional markets that will be well
served with access to single crys-
tal RF BAW technology. Advanced
Wi-Fi  CPE architectures including
802.11ac multi-user MIMO (MU-MI-
MO) are experiencing faster uptake,
driving the demand for smaller com-
ponents as the complexity within
Wi-Fiinfrastructure devices is increas-
ing. This trend is expected to contin-

Driving Performance

ue, especially as 802.11ax is finalized
and implemented in next generation
tri-band routers that operate at 2.4,
5.2 and 5.6 GHz, simultaneously.
Ultra-small passband 5.2 GHz BAW
RF filters provide low 1.2 dB typical
insertion loss over 160 MHz cover-
ing U-NII-1 and U-NII-2A bands with
typical 52 dB attenuation across
345 MHz to meet the stringent re-
jection requirements enabling co-
existence with U-NII-2C and U-NII-3
bands (see Figure 3). Incumbent

smtths

bringing technology to life

Smiths Interconnect introduces the TT9 SMT Series, @ new wideband

Design Kits available on request.

Key Benefits

= Excellent Broadband Performance DC - 20 GHz
= Small Footprint (0.075” x 0.060")

= 500 mW CW Input Power

= Multiple Attenuation Values (0-10dB)
= Footprint compatible with WTVA series

Temperature Variable Option

= Tin/Lead or RoHS Compliant Finishes

smithsinterconnect.com

surface mount fixed attenuator optimized for performance and power.
Utilizing our 40 plus years of experience in refining attenuation solu-
tions, the TT9 offers best in class power handling capability while main-
taining excellent impedance matching in an SMT package. Engineering

‘in!G+

Dielectric Resonator (DR) filters are
23x larger and require shield cans to
mitigate interference issues degrad-
ing isolation performance.

The infrastructure market is look-
ing at full dimension-MIMO or Mas-
sive MIMO architectures which use
large antenna array each with its
own transceiver configuration to of-
fer much higher spectral efficiency.
These new basestation systems will
probably be the primary solution for
emerging 5G and an alternative to
traditional macro-cell BTS for 4.5G
and 4.9G LTE networks. FD-MIMO
architectures support both FDD and
TDD bands and offer 1 to 4 W av-
erage powers in 32T32R to 64T64R
configurations operating in the 2 to
5 GHz spectrum. These large array
systems will need an alternative fil-
ter technology to enable size/weight
reduction and high volume, surface
mount assembly. Traditionally mac-
ro-cell style cavity filters are large in
size and typically require manual as-
sembly so are not ideal for FD-MIMO
systems. Poly-crystal BAW RF filters
are used in pico- and micro-cell BTS
but may fall short on power han-
dling above 1 W. High-power single
crystal technology offers a potential
paradigm shift to the major BTS
OEMs developing 5G FD-MIMO
systems. Akoustis has demonstrat-
ed BAW RF filter die mounted on
standard laminate capable of han-
dling > 10 W average power at 2.6
GHz (see Figure 4). This power han-
dling provides plenty of power mar-
gin headroom for the design of RF
BAW filters that offer smaller form
factor, surface mount assembly at
semiconductor price levels.

SUMMARY

Akoustis Technologies is a new en-
trant to the multi-billion RF filter mar-
ket and blazing its own path through
material science innovation in single
crystal piezo-electric enabling high
performance BAW RF filters in the
3 to 6 GHz spectrum for emerging
5G mobile, Wi-Fi and infrastructure
applications. Beyond these largest
markets, Akoustis is eyeing additional
markets such as automotive C-V2X
(or DSRC) and miilitary IF/RF filters for
L-, S-, C- and X-Band phase radar and
communication systems.
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L3 Narda-MITEQ offers the most extensive line of high-performance amplifier products — all
backed by a three-year warranty. Now you can get immediate delivery on our most popular amplifier
models directly from stock. Order today and get your amplifier tomorrow. You can count on L3
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nardamiteq.com/083a
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Enabling Design of
Next-Generation
RF Filters for 5G

Cupertino, Calif.

While 4G LTE and LTE-Advanced
technologies are still being de-
ployed worldwide, the next gen-
eration in wireless communica-
tion promises a paradigm shift in

throughput, latency and scalability.
By 2025, the emerging wireless 5G
market is expected to reach a total
value of $250 billion.2 SAW filters
and BAW filters are already used
in 4G devices and will compete for
the emerging 5G market. Adoption
of 5G will see a significant increase
in the number of filters required in
a handset, with 4G models already
employing 40+ filters. This puts the
onus on 5G manufacturers to rap-

Model BMC928958-1000
1000 Watts, X-Band, Pulsed
Solid State Power Amplifier Module

W High Output Power Dynamic Range

B RF Input & Output Sample Detectors
B Pulse Width and Duty Factor Protection
W Thermal and Load VSWR Protection

B Optional Digital Interface for Control &
Status Monitoring

" 8kW to

16kW

X-Band Transmitter
TWT replacement

W Reconfigurable/Custom Packaging
W Air, Ground, or Ship Applications

Gallium Nitride (GaN)

_ Available

Comtech PST - 105 Baylis Road, Melville, NY 11747
Tel: (631) 777-8900 - Fax: (631) 777-8877 » www.comtechpst.com - sales@comtechpst.com

Hill Engineering Division - 417 Boston Street, Topsfield, MA 01983
Tel: (978) 887-5754 « Fax: (978) 887-7244 - www.comtechpst.com/hill - sales@hilleng.com

Our Latest Generation

Amplifier for X Band
Radar & Data Links

COMTECH PST introduces its latest
Gallium Nitride (GaN) amplifiers for
applications in the X-Band Radar and
Data Link markets.

The amplifier design features include
options for control of phase and
amplitude to allow for integration
into high power systems utilizing
conventional binary or phased array
combining approaches for power
levels of up to T00KW.

Contact us today with your
requirements and specs.

Comtech...meeting needs,
exceeding expectations.

= OMTECH

POWER SYSTEMS TECHNOLOGY | | J 11 iW

idly innovate new filter designs to
capture a share of the growing mar-
ket. Such innovations tend to offer
a “winner take all” prospect such
as the FBAR filter ushering in an
entirely new product that captured
a large percentage of the 4G/LTE
market segment.

SAW/BAW DESIGN

To help drive this new level of in-
novation, OnScale has developed a
cloud-enabled simulation platform
optimized for Multiphysics analy-
sis of piezoelectric devices such as
SAWs and BAWs. This approach is
being used to reduce cost, risk and
time to market for these products.

Optimization of SAW/BAW filters
is a challenging task due to the com-
plexity and size of the devices. On-
Scale is well-suited for these kinds
of problems, taking a highly effi-
cient Finite Element Analysis (FEA)
approach and seamlessly deploying
this on the cloud. Figure 5 shows a
SAW filter with 100 interdigitated
pairs and 20 grating fingers mod-
eled in full 3D. The zoomed-in por-
tion shows the simulated surface ve-
locity at a given time-step. The en-
tire model can be run in a matter of
hours which is a feat even the most
powerful legacy solvers on the mar-
ket are typically incapable of doing.

Optimization of this design is
achieved using the cloud, where hun-
dreds of these models can be simu-
lated simultaneously to allow explora-
tion of a design space defined by the
variation of specific parameters. One
of these iterations reveals a sweet
spot where Q is maximized and spurs
are minimized in the impedance of
the device. Figure 6 shows the cho-
sen design’s impedance versus fre-
quency in this example.

FBAR DESIGN EXAMPLE

FBAR filters, unlike their surface
and bulk silicon counterparts, use

A Fig. 5 Full-3D model of a SAW filter
in resonance.
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piezoelectric thin films over cavities with resonant fre-
quencies between 100 MHz and 10 GHz. A range of
different shapes and sizes can be used depending on
the performance requirements, with early designs using
square shapes and more advanced designs using pen-
tagons. Figure 7a shows a layout of a pentagonal FBAR
resonator that has been imported into OnScale from a
GDSlI file. An image of the instantaneous surface veloc-
ity from the simulation is shown in Figure 7b.

A major challenge for designers is ensuring that fil-
ters do not support strong lateral resonances that cor-
rupt passband performance. Resonators with non-par-
allel sides, such as those shown in Figure 8, support
weaker lateral resonances than ones with parallel sides.
However, optimizing these shapes empirically is expen-
sive and time consuming. Ideally, an engineer would

10,000
Reduction in Q vs
unit cell simulation™~__
1,000 A
m
E
O 100 \'\_’\J
@
o
=
©
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- above and below the
main resonance
1
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A Fig. 6 Impedance plot of an optimized SAW design in full-3D.

(b)

A Fig. 7 GDSIl import and simulation of a pentagonal FBAR
filter.

(a)

use full 3D simulation for this optimization process, but
this is considered impractical due to the extremely large
computational requirements and time demanded by
legacy FEM tools. The cloud method solves this prob-
lem, delivering rapid insights into these complex elec-
tro-mechanical systems and opens entirely new solution
spaces for engineers to explore.

To demonstrate this capability, a 3D model of a pen-
tagonal FBAR was constructed and a generic algorithm
was used to optimize the design of the filter to mini-
mize lateral resonances. Genetic algorithms mimic the
process of natural selection to guide successive popula-
tions of candidate designs towards a global optimum.
Each population of designs was simulated in parallel on
the cloud, as shown in Figure 9.

The model was run for 52 generations and a total
of 3,640 designs were investigated. It ran for a total of
68 hours and utilized 8.67 GB of memory. The simula-
tion tool was connected to MATLAB's Global Optimi-
zation Toolbox, which allowed various parameters to
be tracked during the run including the current best

N Jobs Spawned on Cloud
All Results Available in 1 Simulation Timeframe
A Fig. 9 Parallel design study on the cloud.
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A Fig. 8 Die photo of an FBAR employing multiple
pentagonal resonators.?
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A Fig. 10 Comparison of simple square design (red) and
optimized pentagonal design (blue).
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design. The optimal designs were
found to have edges angled rela-
tive to the substrate edges to avoid
strong reflections, whereas the
worst design had three edges close
to parallel with the substrate caus-
ing increased lateral mode activity.
The results can be seen in
Figure 10, where the best pen-
tagonal design shows a significant
reduction in ripple when compared
to the square device, which was the
starting point for the exercise. It is

important to note that each of the
3,640 designs were simulated in full
3D, a study that would take a legacy
solver nearly a year to complete on
the same computing resources. The
results provided are indicative of the
type of design improvements that
can be achieved with cloud based
CAE using OnScale’s solvers.

SUMMARY

Despite the lack of standards, 5G
is promising faster data rates for mo-

NORDEN
MILLIMETER

i -
1SO 9001:201

bile phones and will be an enabler
for autonomous vehicles and the loT.
The move from 4G to 5G represents
orders of magnitude higher data
rates at frequency bands beyond 3
GHz. However, legacy CAE tools are
incapable of performing complete
3D design studies, which are a criti-
cal step in optimizing the design and
improving the time to market for
these highly complex structures. On-
Scale’s cloud solvers open the pos-
sibility of doing this analysis in paral-
lel, reducing prototyping costs and
speeding time to market.

Infinite Synthesized
Networks Deliver RF Filter
Design Tools for 5G

Bob Hammond . °
R

anta Barbara, Calif. ¢

Where 4G/LTE was a single spec-
ification for high speed mobile de-
vice services, 5G is a family of tech-
nologies designed to serve different
use cases ranging from ultra-broad-
band fixed wireless to low data-rate
loT services. The transition to this
new network technology will result
in dramatic increases in filter and
RFFE complexity.

5G devices will exist in a mobile
device environment that includes
more complexity, more components
(particularly filters), more perfor-
mance demands, smaller size and
lower cost components, plus dual
connectivity between cellular and
Wi-Fi networks. More bandwidth
will be needed, which will require
higher frequency components,
more carrier aggregation (CA),
more complex MIMO antennas,
new and adaptable waveforms and
improved interference mitigation.

5G RFFE designs for all wireless-
enabled products will be driven by
cost, power efficiency and available
space within the mobile device. The
requirements for 5G filters will in-
clude complex multiplexing, increas-
ing integration, more filters and the
capability to handle much higher
frequencies than are currently in use.

RESONANT INFINITE
SYNTHESIZED NETWORKS

To address these needs, Reso-
nant has developed a comprehen-
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A Fig. 11 ISN schematic, showing process flow from initial design to completed mask.

S$21:Tx-Ant IL and S32:Ant-Rx IL

ISN is specifically

2™ e,

¢

intended to solve
many of the 5G
challenges that will
face design engi-

20

neers: speed, flexi-
bility and tools that
drive down system

30

cost. As of August
2018, more than
10 companies have

.
-----.-m---------------I‘

committed to pro-
duce more than 60
devices using ISN.

Insertion Loss (dB)

Figure 11 is
a schematic that
shows the de-
sign-to-mask  flow

60

o

70 I I I I L

through the ISN
process.  Testing
has proven that
ISN's models are
highly accurate
and reflect physi-
cal details of the

Frequency (MHz)

1550 1600 1650 1700 1750 1800 1850 1900 1950 2000 2050

filter structures,
matching the mea-

A Fig. 12 Measured (blue trace) and modeled (green trace)

duplexer performance.

sive filter Electronic Design Automa-

tion (EDA) platform called Infinite

Synthesized Networks (ISN). Reso-

nant’s ISN platform brings together

the following elements:

* Modern filter theory.

e Finite element modeling, both
electro-magnetic and acoustic.
Novel optimization algorithms.
Ecosystem of foundry and pack-
aging/back-end partners.

ISN was initially focused on de-
signing acoustic wave filters, which
are a key design block for the RFFE.

sured performance
of  manufactured
filters, not only in
loss and isolation but also in power
handling and linearity. Thus, ISN is
a capable platform for quickly, ef-
ficiently and cost-effectively scaling
filter design to meet emerging 5G
demand.

Traditional acoustic wave filter
design uses a ladder structure and
empirical models (linked to a par-
ticular fab manufacturer). This typi-
cally results in an iterative approach
to filter development that involves
multiple foundry runs and can take
months or more. The ISN platform

enables filter design teams to cre-
ate novel filter structures that out-
perform traditional filter designs, in
a smaller footprint and using lower-
cost technologies. Figure 12 shows
how closely ISN-modeled perfor-
mance tracks the actual data mea-
sured on a Band 3 duplexer.

ISN’s grounding in fundamental
materials physics, while optimiz-
ing for high-volume design screen-
ing, enables designs that are un-
constrained by traditional acoustic
wave filter design techniques. Con-
sequently, a designer using ISN can
create multiplexers, wide passbands
and high-power performance, and
predict manufacturing yields as
well, before a design is committed
to mass production.

Thousands of designs can be
developed simultaneously  and
screened to maximize the ultimate
performance of the device. Lever-
aging the expertise of filter design
engineers for an increasing number
of more complex designs can be
achieved using ISN.

IMPLICATIONS FOR THE 5G RF
FRONT-END

ISN can be used to develop RF
filters for 4G/LTE and other wireless
networks, but it is especially impact-
ful for 5G designs that need the
high performance, small size and
complex passband design benefits
of the design tool.

The current state-of-the-art for a
AG/LTE mobile smartphone RFFE
separates the frequency spectrum
into low-band (698 to 960 MHz),
mid-band (1710 to 2200 MHz) and
high-band (2400 to 3800 MHz) fre-
quencies, which isolates the RF
components, minimizes cross-talk
and optimizes the entire power am-
plifier-filter-switch path (see Figure
13). Although integration of com-
ponents is logical, the increasing
complexity of 5G limits the number
of manufacturers that have the ex-
pertise to execute on such a com-
plex RF sub-system.

5G RFFEs for all wireless-enabled
products will be driven by cost, pow-
er efficiency and available space
within the unit. So they will need to
be small, highly efficient and able
to be manufactured in large quan-
tities to meet fast-growing global
demand. To commercialize afford-
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able custom parts for loT devices
SOl Duplexer 5| | in particular, RFFEs will need to be

HB PAMID Switch Bank  Switch . . .
Module 87 (Al designed with a minimum number
B30 of components and manufactur-
Load Line A A . . .
el 840 i ing volumes will have to increase
dramatically from current levels to
TDD RX Port B41 . q . h
L reduce per-unit cost. In the current
RFFE MPI a

environment, most loT devices are
being built with low-cost parts origi-
nally developed for high-volume
mobile phone production.
As we move toward 5G, the com-
j Triplexer plexity of the RFFE continues to in-
crease. For instance, in addition to
the main antenna path modules,
diversity antennas provide both link
robustness and increased downlink
data rates. Designers are increas-

RX Ports
J

sol sol
MB PAMID Switch ~ Quadplexers gyitch
Module B1

B3

SR E {aa=y

LBPAMID  Switch _ : : e
Module (o) ingly using receive diversity mod-
ules to process the diversity path,
d comprised of receive (Rx) filters and
- switches (and increasingly incorpo-
X 1N rating LNAs). Wireless carriers de-
Match manding higher 5G data rates will
d o drive more carrier aggregation, cre-
| ol Lo | Atenna ating more potential interference.
Switch Consequently, the onus on RFFE
A ) designers moving forward will be

e s ,

———— |||™ Ports | to reduce complexity, reduce cost,

while at the same time improving

4G Transceiver

performance.
Diversity (o) (o )
Module 5G FILTER REQUIREMENTS
e B30 ::l The growth in the number of fil-
@ 840 ters, and the ever more demanding
j performance requirements, make
RFFE MP! B4l ) RF filtering the critical pain point of
e —— the RFFE. The basic requirements
MBRX Switch o Switch for|a 5G flgtel’ mcIl;Jd((e:sAcomdeex mul-
Diversity ’_‘_._31 (o) tiplexing driven by and increas-
Module o N inpg integration to maintain high
| :j Triplexer performance of the RFFE. Maximiz-
B25 ing PA efficiency on the uplink, and
866 - receiver sensitivity on the downlink,
=% = will require optimization of the en-
BRx SOl RXFilter 50 tire RF chain. As complexity increas-
Diversity SWitch 88 Bank Switch es, it will be crucial to understand
Module | e/ \JT* the RF chain and any interactions
o B20 Lo between elements.
| o1 B26 o .Isolat|or.1, loss and power han-
61 dling requirements continue to cre-
LNA}“* e ate new performance challenges.
EE Lo Filters in the RF chain are a major
B28A contributor to loss, which is critical
il T for total Tx efficiency (and ultimate-
ReFEMP) | Lej8288(\] e | ly for the current draw for the PA
— and battery life), and the total noise
— j% figure in the Rx path (and ultimately
Wi-Fi/BT/GPS ).% for the SNR and the data rate). Fig-
L ure 14 shows the estimated losses

from each component in the Tx
A Fig. 13 Current state-of-the-art RF front-end architecture. path.
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LTE, which is optimized for high
speed data, demanded significantly
higher power than 3G protocols
such as CDMA. And as such, the
requirements for isolation and mini-
mizing leakage into the Rx path, and
vice versa, grew. This will only be
further exacerbated by high-power
user equipment (HPUE), which uses
more Tx power for improved cell
edge coverage. In addition, power
durability of progressively smaller
filters becomes a major concern.

For 5G, frequencies greater than
6 GHz will require different filter
technology than the current acous-
tic wave filters used in mobile de-
vices. Significant advances will be
needed to reduce size and cost. The
5G RFFE for mobile broadband will
be extremely complex and that the
goal for filter design will be to both
simplify the design process and the
RFFE itself.

Innovations that enable 5G
RFFEs will need to include a low-
loss triplexer (to minimize the
number of antennas), multi-mode,
multi-band PAs and multi-band fil-
ters (to reduce the number of fil-
ters and switches), all of which will
need to be optimized as a com-
plete system to reduce matching
components.

SUMMARY

With RF complexity expected to
grow significantly in 5G devices, the
time is right for a filter design tool
that can design better, more com-
plex components in a time and cap-
ital efficient way. ISN delivers on this
need with highly accurate, highly in-
tegrated and highly manufacturable
filters with complex features.ll
I
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— Competiﬁva Pricing & Fast Delivery
: ¢ Military Reliability & Qualification

e Various Options: Temperature Compensation, 1S0 90012000 |

Input Limiter Protection, Detectors/TTL & More | and AS91008

e Unconditionally Stable (100% tested) —— _ SERING

OCTAVE BAND LOW NOISE AMP_I.IFIERS

Model No. re% 6Hz  Gain @) MIN  Noise Figure @)  Power-out@p1d8  3rd Order ICP VSWR

CA01-2110 2 1l ,0.7TY +10 MIN +20dBm  2.0:1

CA12-2110 1.0- 2.0 30 1.0 MAX, 0.7 TYP +10 MIN +20dBm  2.0:1

(A24-2111 2.04.0 29 1.1 MAX, 0.95 TYP +10 MIN +20dBm  2.0:1

CA48-2111 4.0-8.0 29 1.3 MAX, 1.0 TYP +10 MIN +20dBm  2.0:1

CA812-3111 8.0-12.0 27 1.6 MAX, 1.4 TYP +10 MIN +20 dBm  2.0:1

(A1218-4111 12.0-18.0 25 1.9 MAX, 1.7 TYP +10 MIN +20dBm  2.0:1

(A1826-2110 18.0-26.5 32 3.0 MAX, 2.5 TYP +10 MIN +20 dBm  2.0:1

NARROW BAND LOW NOISE AND MEDIUM POWER AMPLIFIERS

CAO01-2111 0.4-0.5 28 0.6 MAX, 0.4 TY +10 MIN +20dBm  2.0:1

CA01-2113 0.8-1.0 28 0.6 MAX, 0.4 TYP +10 MIN +20dBm  2.0:1

CA12-3117 1.2-1.6 25 0.6 MAX, 0.4 TYP +10 MIN +20dBm  2.0:1

(A23-3111 22-24 30 0.6 MAX, 0.45 TYP +10 MIN +20dBm  2.0:1

(A23-3116 2.7-29 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 5 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 3N=I31E5: 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

CA1722-4110  17.0-22.0 25 3.5 MAX, 2.8 TYP +21 MIN +31dBm  2.0:1

ULTRA-BROADBAND & MULTI-OCTAVE BAND AMPLIFIERS

Model No. Fre(i GHz)  Gain (@) MIN  Noise Flgu @)  Power-out@pid 3rd Order ICP VSWR

CA0102-3111 0.1-2.0 28 1. 2TV +10 MIN +20dBm  2.0:1

CA0106-3111 0.1-6.0 28 1.9 Mux 1.5TYP +10 MIN +20dBm  2.0:1 —
CA0108-3110 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 dBm  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 —
(A2184110 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 -
(CLA24-4001 2.0-4.0 -28 to +10 dBm +7 fo +11 dBm +/- 2.0:1

(LA26-8001 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 23 2.5 MAX, 1.5TYP  +18 MIN 20 dB MIN 2.0:1

CA56-3110A 5.85-6.425 28 2.5 MAX, 1.5TYP  +16 MIN 22 dB MIN 1.8:1

CA612-4110A 6.0-12.0 24 25 MAX, T.5TYP  +12 MIN 15 dB MIN 1.9:1

CA1315-4110A  13.75-15.4 25 2.2 MAX, 1.6 TYP  +16 MIN 20 dB MIN 1.8:1

CA1518-4110A  15.0-18.0 30 3.0 MAX, 20 TYP  +18 MIN 20dB MIN  1.85:1

LOW FREQUENCY AMPLIFIERS

Model No. Fregi (6Hz)  Gain @) MIN  Noise Figure dB  Power-out@p1d8  3rd Order ICP VSWR

CA001-2110  0.01-0.10 18 4.0 MAX, 2.2 TYP +10 MIN +20dBm  2.0:1

(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.
Visit our web site at www.ciaowireless.com for our complete product offering.
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Women in SATCOM to Discuss the National
Defence Authorization Act 2018 at Global
MilSatCom

he 20th annual Global MilSatCom confer-

ence, taking place 6-8 November 2018 in

London, will feature a new, all-female panel
discussion on “What the National Defence Authorisa-
tion Act 2018 Means for SATCOM.”

Led by senior military and industry representatives
from the U.S., the panellists include:

e Deanna Ryals, Chief, International Programmes Di-
vision, Military Satellite Communications Systems
(MILSATCOM) Directorate, Space and Missiles Sys-
tem Center (SMC), Air Force Space Command, U.S.
Air Force

® Sandra Erwin, National Security Reporter, Space-
News

e Clare Grason, Division Chief, Satellite Communica-
tions, Defense Information Systems Agency (DISA)

e Andrea Loper, Acquisition Program Manager, Air
Force Research Laboratory Space Vehicles Director-
ate, U.S. Air Force
Key talking points of the panel discussion include:

e SATCOM in a contested world—current communica-
tion challenges and where they can be overcome

* National Security Space Provisions within the legis-
lation, moving towards consideration of space as a
unique domain

e Protected SATCOM services within NDAA, an over-
view of assessments of waveforms, terminals and
ground segment sections

e What NDAA means for government-industry coop-
eration in space and enhancing U.S. space enterprise

e How the Warfighter Information Network-Tactical
(WIN-T) will be developed in the wake of NDAA—
ring-fencing survivability and security requirements

* An outline of the roadmap for military satellite re-
quirement and enhancing the use of commercial
constellations.

When discussing the panel, Sandra Erwin, national
security reporter at SpaceNews, said: “It's a pivotal time
for U.S. military SATCOM. The Defense Department
just completed an analysis of alternatives for wideband
communications—and at the same time it is being di-
rected by the Congress to submit a strategy and create
a program office for commercial SATCOM services. Yes,
a lot to digest. | look forward to the discussion at Global
MilSatCom.”

Andrea Loper, acquisition program manager, Air
Force Research Laboratory Space Vehicles Director-
ate, U.S. Air Force, also said: “Since | began working
for the Air Force in 2008, there has been much rheto-
ric at space symposia and conferences identifying the
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problems resulting from an increasingly contested, con-
gested and competitive space environment. However,
it has not been until the last two to three years that any
change addressing the problems at the root—guiding
U.S. regulations and policies undergirding standard ac-
quisition practices and Military Commanders’ Intent—
resulted in action to address the problems identified.

“We are in an era of disruption within the space en-
vironment in which new entrants—ranging from the
commercial sector to the emerging state actors—can
access space capabilities and prosper from the multi-
tude of benefits space assets afford. Consequently, the
U.S. can no longer maintain Cold War era policies that
support the devel-
SMi GROUP PROUDLY PRESENTS THE 20th ANNUAL opment of overly

: complex, redundant
GI@ bal and unique systems,
- interoperable  with
Mllsatcom few allies. The need
6-8 NOVEMBER 2018 + LONDON, UK [l e i ie
ity is the new of the
coin of the realm in
military space and,
if the U.S. wishes to
remain relevant, pol-
icies, guidance and
a culture adverse to
risk must evolve to:
enable international partnerships, develop new appli-
cations and acquire rapidly space-based assets.”

The three-day event is an ideal forum to raise ques-
tions, to share the experience and knowledge among
500+ decision makers from the government and mili-
tary, as well as leading international industry profession-
als.

There will also be a pre-conference focus day on
Monday, 5 November, entitled: “Small Satellites and
Disruptive Technology.” More information on the con-
ference and focus day can be found on the event web-
site.

Visit the website to book your place, download ex-
clusive event content and view the latest agenda at:
www.globalmilsatcom.com/mijpr.

Lead Sponsor: SES Networks | Gold Sponsor: Airbus
| Sponsors: COMSAT, Eutelsat, GOVSAT, Hughes, Intel-
sat General (IGC), Kratos, Laser Communications Co-
alition, Lockheed Martin, Newtec, Raytheon, SES GS,
Thales, Viasat | Exhibitors: Baader Planetarium GMBH,
Comtech Telecommunications Corp., Datapath, Inster,
Integrasys, SCISYS, XTAR, U.S. Air Force.

Opportunities for industry to sponsor, exhibit and
contribute to the conference are extremely limited. For
details on how your company can get involved please
contact Alia Malick at +44 (0) 207 827 6168 or email:
amalick@smi-online.co.uk.

i’ !mz} e

WWW.GLOBALMILSATCOM.COM
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RADA's Multi-Mission Hemispheric Radar
at the Heart of Rafael’s “Drone Dome”

ADA Electronic Industries Ltd.'s Multi-Mis-

sion Hemispheric Radar (MHR), embedded

in the Rafael Advanced Defense Systems
Drone Dome counter-drone solution, will be delivered
to the British Army in the coming months.

These systems will be used to protect some sensi-
tive facilities and sites, on which British armed forces are
deployed, from airborne drones. The British Army is the
flrst customer for this new and advanced Drone Dome

w7 system.  Several
initial systems are
= being purchased,
| with the poten-
% tial for significant
further orders ex-
pected.
T RADA's MHR
provides  360-de-
- gree surveillance
and detects drones
at distances of 3 to

RADA (Source RADA Electromc Indus- 5 km. Signal intelli-
tries Ltd.) gence and electro-

L) s e
}SERIEQ %
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optical sensors provide additional layers of threat classifi-
cation and identification, while RF jamming provides the
soft-kill layer.

US Air Force First Advanced GPS Il to
Launch

n August 20, Lockheed Martin shipped the

U.S. Air Force’s first GPS Il space vehicle

(GPS 1l SVO1) to Cape Canaveral for its ex-
pected launch this December. GPS III will be the most
powerful and resilient GPS satellite ever put in orbit.

Developed with an entirely new design for U.S. and
allied forces, it will have 3x greater accuracy and up to
8x improved anti-jamming capabilities over the previ-
ous GPS Il satellite design block, which makes up to-
day's GPS constellation.

GPS Il also will be the first GPS satellite to broadcast
the new L1C civil signal. Shared by other international
global navigation satellite systems, like Galileo, the L1C
signal will improve future connectivity worldwide for
commercial and civilian users.

GPS 11l SVO1 is the first of 10 new GPS Il satellites
under contract and in full production at Lockheed
Martin.

OPTIMAL PERFORMANCE & SIGNAL STABILITY

1GHz Phase Noise: -142dBc/Hz (10kHz offset)
10MHz to 3, 6, 12, 24 and 40GHz (1mHz resolution)
Spurious Response: < -80dBc

Dynamic Range: +20dBm to -110dBm
Channel-Channel Isolation: <-110dB

Up to 4x Independent, Phase Coherent Channels

holzworth

instrumentation

100k M 10M  40M

phone: +1.303.325.3473
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RF Power Semiconductors for Wireless
Infrastructure Over $1B for 2018 with GaN
Grabbing More Share

F power semiconductors for wireless infra-

structure (< 4 GHz and > 3 W) was over a

$1 billion business for 2018. The segment
was essentially revenue flat, but GaN continues to make
inroads into this segment

“GaN should continue to gain share over the next
few years,” noted Lance Wilson, director at ABI Re-
search. “It bridges the gap between two older tech-
nologies, exhibiting the high frequency performance of
GaAs combined with the power handling capabilities
of Silicon LDMOS. It is now a mainstream technology
which has achieved mea-
surable market share
and, in the future, will
capture a significant part
of the market.”

The wireless infra-
structure  sub-segment
while representing about
two-thirds of total RF
power device sales has
been anemic recently
but is still holding its
own. The eventual de-
ployment of 5G also offers an upside for the wireless
infrastructure segment. The main issue is one of timing
on a large-scale rollout.

“The business environment for the RF power semi-
conductor devices has become more complex with
potential trade tariffs, merger and acquisition troubles
and other similar issues clouding the market,” Wilson
added.

GaN grabbing greater

market share.

Next-Generation Network Market Worth
$32.81B by 2023

ccording to a new MarketsandMarkets re-
search report, the next-generation network
(NGN) will grow from $21.86 billion in 2018

to $32.81 billion by 2023, at a CAGR of 7 percent.
Demand for high speed services, increase in public
private partnerships for NGN developments and low
operational cost are among the driving factors. Tele-
communications companies are increasingly adopting
NGN to meet the growing requirements for high speed
data services. The exponential growth in IP and mobile
data traffic has been the major driver. As the number of
smartphone and tablet users increases day by day, de-
mand for high speed data services grows significantly.

For More
Information

CommercialMarket
Cliff Drubin, Associate Technical Editor

Also, the rising trend of Voice over Internet Protocol
(VoIP) promotes services pertaining to data quality as
well as quantity. Many companies in this industry proac-
tively provide NGN products and services and are likely
to transform traditional networks to high speed packet-
based NGN.

The major hardware devices required include rout-
ers, switches and gateways. To upgrade traditional net-
works, the hardware must be replaced with advanced
capabilities including huge data handling, compatibility
for software interfaces and support for legacy networks.
The growth for new hardware is primarily attributed to
the rise in network data traffic and increases in virtu-
alization and technological advancement to reduce
operational expenditures. Moreover, growing loT and
cloud-based services are expected to create further op-
portunities for the NGN
market.

The Asia-Pacific re-
gion (APAC) is expect-
ed to retain a major
share of the market.
Growth is attributed
to increasing network
upgrade activities and
growing public-private
partnerships to offer
high speed data con-
nectivity. APAC has the
highest number of mobile subscribers, and the number
is expected to grow at a faster rate in the coming years.
It is a diversified region with a range of countries mov-
ing toward the digital transformation. The NGN market,
including 4G, is in a high growth phase in the region
driven by a large number of mobile subscribers and a
huge demand for high speed data connectivity.

Cisco (U.S.), Huawei (China), ZTE (China), Ericsson
(Sweden), Nokia (Finland), Juniper Network (U.S.), NEC
Corp. (Japan), Samsung Electronics (South Korea), IBM
(U.S)), Ciena Corp. (U.S.), Hewlett Packard Enterprise
(U.S.), AT&T (U.S.), ADTRAN (U.S.), TELES (Germany),
KPN International (Netherlands), Infradata (Nether-
lands), PortaOne (Canada), TelcoBridges (Canada),
CommVerge Solutions (Hong Kong) and Extreme Net-
works (U.S.) are among the major players in the NGN
market.

Growth particularly

strong.in the Asia-
Pacific region.

Supply Chain Complexity Driving
Transportation Management System
Revenues to $25B by 2023

robust Transportation Management System
(TMS) is a strategic enabler of the supply
chain through reliable planning and execu-

Visit mwjournal.com for more commercial market news.
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tion (empowered by advanced analytics and real-time
visibility), as well as innovation in emerging areas such
as machine learning, automation and blockchain. Key
vendors provide the ability to scale across multimodal
and global markets as well as provide cloud and mo-
bile solutions. In fact, numerous established companies
are eyeing potential acquisitions to bolster cloud, geo-
graphic and modal coverage. This creates a significant
opportunity over the next five years to use cloud plat-
forms and level the play-
ing field, according to
new research from ABI
Research. Continued
complexity from regula-
tions, taxes, staffing and
e-commerce  expecta-
tions will continue to
challenge goods trans-
port across the globe.
“Vendors that focus
on a given geography, mode or enterprise need to
partner, acquire or develop more extensive solutions
to provide flexible, end-to-end coverage,” said Susan
Beardslee, principal analyst at ABI Research. Estab-
lished companies need to “future-proof” through de-
velopments in predictive analytics, blockchain, emerg-

Revenues to grow to

$25 billion by 2023.

ing transit modes and communication technologies
(e.g., 5G and satellite).

A further shift away from on-premise, high-invest-
ment and lengthy training/upgrade cycles will continue
to ramp toward cloud-based, scalable “as-a-service”
models, with cloud-hosted platforms expected to be-
gin to surpass those of on-premise adoption by next
year and exceed 70 percent of the market by 2022.
TMS revenues are roughly split between licensing, sub-
scriptions and professional services.

A host of new solutions are going to market from
both startups and well-established market leads. En-
terprise resource planning (ERP) and supply chain
management (SCM) vendors such as SAP, JDA Soft-
ware and Oracle are integrating more TMS processes
to help shippers align and enhance manufacturing and
production along with their logistics processes. Third-
party logistics and telematics vendors driving TMS in-
clude C.H. Robinson, Trimble, Omnitracs and Cerasis.
Small and medium business and “freemium” focused
business models include Kuebix and Cloud Logistics.
Omni-mode TMS suppliers such as Amber Road, One
Network Enterprises and MercuryGate are finding trac-
tion in TMS. Disruption lies ahead from dominant scal-
ing players like Amazon and Alibaba as well as machine
learning/Al solutions from ClearMetal.
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sk Aroundthe Circuit
.. Barbara Walsh, Multimedia Staff Editor

MERGERS & ACQUISITIONS

HEICO Corp. announced that a subsidiary of its Flight
Support Group has acquired 100 percent of the busi-
ness and assets of Optical Display Engineering in an
all cash transaction. HEICO stated that it expects the
acquisition to be accretive to its earnings in the year fol-
lowing the purchase. Further financial terms and details
were not disclosed. ODE is an FAA-authorized Part 145
Repair Station focusing on the repair of LCD screens
and display modules for aviation displays used in civil-
ian and military aircraft. ODE also holds FAA-PMA au-
thority to supply products that it repairs.

CORE Industrial Partners, a Chicago-based private
equity firm, announced that it has acquired Midwest
Composite Technologies Inc., an additive manufac-
turer of prototype and low-volume production com-
ponents, establishing an industry technology 4.0 plat-
form that it plans to build upon. Financial terms of the
transaction were not disclosed. Industry 4.0 refers to
the Fourth Industrial Revolution, where companies use
automation and data sharing in a cyber-physical system
to communicate and cooperate in the manufacturing
process over the loT in a smart factory.

COLLABORATIONS

Keysight Technologies Inc. announced that it has
signed a MoU with CMCC (China Mobile Communi-
cation Corp.) in support of the 5G Device Forerunner
Initiative project. The program’s large-scale 5G trials
aim to accelerate development and industry maturity of
5G devices. The 5G Device Forerunner Initiative, estab-
lished by CMCC at MWC 2018, brings together more
than 20 of the industry’s most influential and capable
chipset manufacturers, component manufacturers and
end-solution providers to form a strong industry ecosys-
tem, encouraging 5G device innovation and accelerat-
ing 5G device commercialization.

The Nevada Institute for Autonomous Systems
(NIAS), an FAA-designated UAS Test Site, announced
they have signed a LOI with the EU’s largest Polish cok-
ing (coal) producing company, JSW SA. The UAS com-
mercial drone industry in Poland is currently booming,
similar to the one being seen in the U.S. One of the
leading entities in this commercial autonomous systems
market is JSW SA, a company that makes the core in-
gredient for steel with a $2.5 billion market capitaliza-
tion.

Steradian Semiconductor is providing IP to enable
IDT's SenseVerse radar transceiver ICs. The two com-
panies are collaborating on a family of increasingly
integrated ICs, and they plan to offer radar modules
with integrated antennas, SVR transceivers, radar pro-

For More
Information

cessing ICs and DSP algorithms. IDT's initial transceiver,
the SenseVerse SVR4410, is a multi-channel—IDT says
the highest number of channels in the industry—radar
operating in the 76 to 81 GHz automotive radar band.
With integrated beamforming and support for multi-
device aggregation, the SVR4410 provides what IDT
says is “superior interference performance” and “best-
in-class” angular resolution, range and power consump-
tion in a small form factor.

ACHIEVEMENTS

Rohde & Schwarz is a partner in the Providentia re-
search project on the “proactive video-based use of
telecommunications technologies in innovative high-
way scenario.” The project creates the conditions nec-
essary for adding a new dimension to local environment
analysis. Based on data from distributed sensors, driv-
ers and automated vehicles receive a digital image of
the traffic situation that allows them to see what is com-
ing up far ahead and ensures a smooth traffic flow. To
achieve this, the vehicles must be connected to a wide
area network via a high performance mobile communi-
cations infrastructure.

Nokia signed a EUR 500 million loan transaction with
the European Investment Bank (EIB), supported by the
European Fund for Strategic Investments (EFSI), a key
element of the Investment Plan for Europe, also known
as the Juncker Plan. Nokia will use the loan to further
accelerate its research and development of 5G technol-
ogy. The EFSl-supported loan from the EIB supports a
key European technology provider, Nokia, that invests
heavily in research, development and innovation in an
area which can produce enabling technologies for in-
novation and growth in Europe.

Wiirth Elektronik has been distinguished in the cat-
egory for “Electronics & electrical engineering, auto-
mation & measurement technology.” The company
promotes technical innovations with diverse activities in
the field of research and development, as well as pro-
fessional innovation management. Objective evidence
of this strong innovation culture is provided by the rap-
idly increasing numbers of patents. Inclusion in “The
Best List of the Most Innovative Companies” now also
demonstrates that the innovative performance is recog-
nized by customers and industry experts alike. Wirth
Elektronik evidently succeeds in matching the needs of
its customers for products and systems with creativity
and passion in an anticipatory manner.

Custom MMIC announced their growing corporate fa-
cility at 300 Apollo Drive, Chelmsford, Mass. has recent-
ly been certified by Nemko as meeting the standards of
ISO 9001:2015. This achievement is an evolution from
the company’s previous certification to ISO 9001:2008
standards in 2012 and 2015. Custom MMIC continues
its expansion with the recent acquisition of additional
high volume production equipment. The new network
analyzers, test handlers and automatic die probers will

For up-to-date news briefs, visit mwjournal.com
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position Custom MMIC for servicing high volume or-
ders with ease.

Edge Electronics Inc., an authorized distributor of elec-
tronic components and LCD solutions for industrial,
military, security, aerospace and medical applications,
achieved Lockheed Martin Rotary and Mission Systems
(RMS) “Elite” supplier status for excellent performance.
The certified Women’s Business Enterprise (WBE) is in-
ternationally recognized for providing unmatched en-
gineering, inventory and customer support services to
technology leaders. The RMS Elite Suppliers Program
identifies Lockheed Martin's top suppliers through evalu-
ating quality and delivery of performance, ability to meet
RMS standards and requirements and contributions
made to national defense in the RMS business area.

CONTRACTS

Boeing will build the U.S. Navy's first operational carri-
er-based unmanned aircraft, the MQ-25 aerial refueler,
through an $805 million contract. Boeing was awarded
the engineering and manufacturing development con-
tract to provide four aircraft. Boeing plans to perform
the MQ-25 work in St. Louis. MQ-25 is designed to pro-
vide the U.S. Navy with a much-needed refueling capa-
bility. According to the U.S. Navy, the MQ-25 Stingray
will allow for better use of combat strike fighters by ex-
tending the range of deployed Boeing F/A-18 Super
Hornet, Boeing EA-18G Growler and Lockheed Martin
F-35C aircraft. MQ-25 will also seamlessly integrate with
a carrier's catapult and launch and recovery systems.

The U.S. Defense Information Systems Agency (DISA)
has officially awarded global communications company
Viasat an eight-year, firm-fixed price contract to pro-
vide U.S. Government Senior Leader and VIP aircraft
with in-flight broadband and connectivity services. The
base year award value is $55.6 million. The period of
performance for the base year award is through August
31, 2019. The base year and seven 12-month option
periods have a total cumulative value of $559.8 million.
Over the past two and a half years, Viasat has provided
in-flight broadband and connectivity services to senior
leader aircraft under the AMSS lla contract, demon-
strating its unique SATCOM capabilities.

The Department of Defense awarded DynCorp Inter-
national (DI) a contract to support the U.S. Air Force
at Joint Base Andrews in Maryland. DI will provide ex-
ecutive airlift maintenance support for all management,
personnel and equipment. Services performed will in-
clude fixed-wing flight line and back shop maintenance
for the 89t Airlift Wing aircraft, as well as back shop
support services to the 811th Operations Group rotary-
wing aircraft. The competitively-awarded, firm-fixed-
price contract has a base year plus four option years
and an additional six-month option period, valued at
$203.1 million if all options are exercised. The period of
performance is through February 29, 2024.

CACl International Inc. announced that it was awarded
a task order with a ceiling value of $75 million by Space
and Naval Warfare Systems Center Atlantic to deliver
defense health readiness engineering support for the
U.S. Navy, U.S. Marine Corps and U.S. Air Force. The
five-year task order was awarded under the SeaPort-e
vehicle and represents continuing work for CACI in its
health market area. SPAWAR Systems Center Atlantic
provides advanced health information technology solu-
tions that support the nation’s military. Under the task
order, CACI will provide system integration, training
and support for readiness and operational health infor-
mation management systems.

Sparton Corp. and Ultra Electronics Holdings plc an-
nounced the award of subcontracts valued at $64.6 mil-
lion to their ERAPSCO joint venture, for the manufacture
of sonobuoys for the U.S. Navy. The award is a GFY18
ERAPSCO IDIQ contract release for sonobuoy require-
ments under ERAPSCO’s five-year contract. ERAPSCO
will provide production subcontracts in the amount of
$30.3 and $34.3 million to Ultra Electronics USSI and
Sparton Deleon Springs LLC, respectively. Production
will take place at Ultra Electronics USSI's Columbia City,
Ind. facility and Sparton’s DeLeon Springs, Fla. facility
and is expected to be completed by April 2020.

Cubic Corp. announced its Cubic Mission Solutions
(CMS) business division received orders worth more
than $55 million to deliver its inflatable SATCOM and
networking systems to the U.S. Army. These orders will
satisfy the Army’s upcoming fielding need for 1.2 and
2.4 m GATR systems, associated spares as well as train-
ing and sustainment support. Cubic’s solution provides
robust high speed links that enable secure network
communications, sustainment support and mission
command across the full spectrum of operations, from
initial entry to sustained operations.

Altamira Technologies Corp. has been awarded a $25
million contract to support the enhancement of a mis-
sion critical system for the U.S. Intelligence Communi-
ty. Under this multi-year contract, Altamira will provide
enterprise system modernization to improve system
sustainability in line with recent IC mandates and main-
tain the highest level of national security readiness.

Smiths Detection Inc. announced an order of more than
$10 million to supply its RadSeeker handheld radioiso-
tope detectors and identifiers for screening at Customs
and Border Protection (CBP) ports of entry. The order is
part of a five-year IDIQ contract with DHS Domestic Nu-
clear Detection Office (DNDO), which was announced
in January 2016. RadSeeker is a next-generation, highly
accurate radiation detection and identification system. It
can locate the source of radiological material and identi-
fies if it is harmful or naturally occurring.

Mercury Systems Inc. announced it received an $8.4
million order from a leading defense prime contrac-
tor for precision-engineered RF converter subsystems
for an advanced airborne electronic protection appli-
cation. The order was booked in the company’s fiscal
2018 fourth quarter and is expected to be shipped
over the next several quarters. With advanced state-
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of-the-art modeling tools and scalable Advanced Mi-
croelectronics Centers, Mercury Systems is the leading
commercial supplier of affordable RF and microwave
solutions for electronic warfare (EW) applications. The
company’s advanced miniaturization and ruggediza-
tion capabilities are ideally suited to address the needs
of SWaP-constrained applications while delivering the
highest levels of performance to military forces.

Norden Millimeter announced that it has received a
$5.5 million award for advanced frequency conversion
modules. Norden received the award from a prime con-
tractor supporting a military test facility. The order was
booked in the fiscal 2018 third quarter and is expected
to ship in 2019. The work will be performed at Norden’s
facility in Placerville, Calif.

Engility Holdings Inc. won a prime contractor position
in July for all four functional areas on the U.S. Army’s
Armament Research Development and Engineer-
ing Center, Armament Software Engineering Center
IDIQ services contract. The company also won two of
the first four task orders valued at $2.8 million, if all op-
tions are exercised. Over the life of the contract, Engil-
ity will provide software development, sustainment and
process assurance services for weapons, training and
combat support systems. Engility has been supporting
Picatinny for 20 years with armament fire control soft-
ware development, systems engineering and informa-
tion technology environment support.

SG Blocks Inc., a designer, fabricator and innovator of
container-based structures, has been selected to de-
sign and construct new container-based office facilities
for the U.S. Navy, representing an estimated revenue
opportunity of $2.2 million in 2018. The office modules,
will be prefabricated and delivered by the end of the
year and the Navy will utilize the facilities at various lo-
cations in Portsmouth, Va. both ashore and afloat.

TMD Technologies Ltd. has received a £2 million over-
seas order for travelling wave tubes (TWT) for an air-
borne search and rescue radar application. Based on
TMD’s innovative, proven ring loop development, this
top performance, high-power TWT operates in X-Band
with exceptional reliability, featuring an advanced elec-
tron gun with long life dispenser cathode and sophisti-
cated grid design.

PEOPLE

Southwest Microwave Inc., a global
leader in high performance outdoor
perimeter security technologies and
microwave interconnect products, an-
nounced the appointment of Michelle
Roe as president. In her new role, Roe
. will oversee international operations of
| ' both the Security Systems and Micro-
A Michelle Roe Wave Products divisions, including
Southwest Microwave Ltd. based in

Worcestershire L[' 1!( Roe n at Southwest Microwave
ot for repro |on or rétransmission.
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as controller in 2010, and was later promoted to director
and CFO in 2016. She has been instrumental in guiding
the continuing success of the organization with initiatives
that have reduced company expenditures while improv-
ing profitability and operational efficiencies.

Teledyne Technologies Inc. announced the following
executive promotions within Teledyne’s Environmental
and Electronic Measurement Instrumentation (EEMI)
group, effective immediately. Sean B. O'Connor will as-
sume management responsibility for the EEMI group as
COOQO and CFO. Kevin Prusso will become vice president
and general manager of Teledyne LeCroy, also known
as Teledyne Test & Measurement Instrumentation. Vicki
Benne will become vice president and general manager
of Teledyne Environmental Instrumentation. Thomas H.
Reslewic, group president, EEMI and Defense Electron-
ics and vice president, Teledyne, has resigned, effective
immediately, to pursue other professional opportunities.

The board of directors of Raytheon
Co. has elected General Ellen M.
| Pawlikowski, USAF, Retired, as a di-
rector, effective immediately. Paw-
likowski retired as Commander, U.S.
Air Force Materiel Command, Wright-
| Patterson Air Force Base, Ohio, on
B September 1. During her command,
A General Ellen M. She executed the critical mission of
Pawlikowski \arfighter support through leading-
edge science and technology, complete life cycle weap-
ons systems management, world-class developmental
test and evaluation and depot maintenance and supply
chain management. Pawlikowski entered the U.S. Air
Force in 1978 through the ROTC program at the New
Jersey Institute of Technology.

REP APPOINTMENTS

Epsilon Electronics Inc., a state-of-the-art mobile and
audio electronics company, recently appointed South-
west Sales and Marketing (SWSM) as their Southwest
region manufacturer's representative. Epsilon’s brands
include SoundStream, Power Acoustik, Precision Power,
Farenheit and more. The company has been creating
innovative audio electronics for more than 37 years.
SWSM brings a four-person team of seasoned indus-
try veterans together to represent the Epsilon family of
products. Scott Ringo, CEO of SWSM, started the firm
in March 2016, utilizing his 35 years of experience as a
representative in the mobile electronics industry.

Mouser Electronics Inc., a leading new product intro-
duction (NPI) distributor with the widest selection of
semiconductors and electronic components, announced
a global distribution agreement with Marvell Semicon-
ductor Inc., a provider of storage, processing, network-
ing, security and connectivity semiconductor solutions.
Mouser will distribute Marvell® industry-leading Fast
Ethernet and Alaska® Gigabit Ethernet physical layer
(PHY) transceivers. The Marvell Fast Ethernet PHY trans-
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5G: Higher Frequencies!

Frequencies at 28 GHz and higher will soon be used in Fifth Generation (5G) wireless
communications networks. 5G infrastructure will depend on low-loss circuit materials
engineered for high frequencies, materials such as RO4835T™ laminates and
RO4450T™ bonding materials from Rogers Corporation!

Rogers RO4835T spread-glass-reinforced, ceramic-filled laminates are low-loss materials in 2.5, 3.0, and 4.0
mil thicknesses. They are well suited for millimeter-wave frequencies as part of the inner cores of 5G hybrid
multilayer PCBs. They can work with other materials to provide I

the many functions needed by 5G wireless base stations,
including power, signal control and signal transfers.

Smart House

Rogers RO4450T bonding materials are available
in 3,4, and 5 mil thicknesses to help construct
those 5G hybrid multilayer circuits. These
spread-glass-reinforced, ceramic-filled M
bonding materials complement the different |
materials that will form these hybrid circuits,
including RO4835T and RO4000° laminates.
And for many 5G hybrid multilayer circuits,
Rogers CU4000™ and CU4000 LoPro® foils
will provide a suitable finishing touch for

many hybrid multilayer circuit
foil lamination designs.

5G is coming! Do you have
the right circuit materials?

Learn more at www.rogerscorp.com/5G [ Product
RO4835T 2.5 Mil 333 0.0030

RO4835T 3.0 Mil 333 0.0034
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Aroundthe Circuit

ceivers offer low power dissipation,
small form factor, high performance
and an advanced feature set. The
octal Fast Ethernet PHY family, in-
cluding the 88E3082 and 88E3083
devices, features significantly lower
power consumption (under 150 mW
per port), enabling network systems
manufacturers to decrease system
costs by reducing both power sup-
ply and fan requirements.

PLACES

Isola Group announced it has
reached an agreement to sell its
Chandler, Ariz. production facility to
Rogers Corp. The sale does not in-
clude products, technology or other
assets related to Isola’s continuing
business operations. Isola also an-
nounced plans to build a new state-
of-the-art facility in the Chandler
area that will be optimized for the
quick-turn PCB market that drives
much of the product innovation
in North America. Timing for the
opening of the new production fa-

KRWQITOS | General Microwave
Microwave Electronics Division
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cility is targeted for early 2020. Isola
will transition out of its existing facil-
ity over the course of 2019 and will
work closely with its customers and
distributors to manage the transi-
tion period to the new facility.

NAI, a manufacturer of global con-
nectivity solutions for high perfor-
mance systems used in the industrial
technology, telecom and medical
industries, has announced the open-
ing of a new manufacturing facil-
ity in Suzhou, China, designed to cut
lead times for domestic customers in
China. The new plant will be located
"within” China. NAl's current 126,200
sq. ft. manufacturing plant in Suzhou
is located “outside” China in a duty-
bonded zone in order to trade in U.S.
dollars. The new operation “within”
China, called the NAI Communica-
tion Technology Innovation (Suzhou)
Co. Ltd., will conduct business in local
Ren Min Bi (RMB) currency.

Swagelok Co., a global developer
and manufacturer of fluid system
solutions, announced that its Board
of Directors has approved Solon,
Ohio as the location of its new $30
to $50 million Global Headquarters
and Innovation Center, following a
three-month competitive site selec-
tion process. The City of Solon and
JobsOhio are both partnering with
Swagelok to support the company’s
growth and enable Swagelok to ex-
pand in Solon. Solon City Council
has approved its economic devel-
opment package. Pending Ohio
Tax Credit Authority and JobsOhio
approvals, the new campus will be
built at Swagelok’s present loca-
tion at 29500 Solon Road in Solon,
where the company has been head-
quartered since 1965.

Toshiba Memory Corp. and West-
ern Digital Corp. celebrated the
opening of a new state-of-the-art
semiconductor fabrication facility,
Fab 6, and the Memory R&D Center,
at Yokkaichi operations in Mie Prefec-
ture, Japan. Toshiba Memory started
construction of Fab 6, a dedicated
3D flash memory fabrication facility,
in February 2017. Toshiba Memory
and Western Digital have installed
cutting-edge manufacturing equip-
ment for key production processes
including deposition and etching.
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Optoelectronic Oscillators:
Recent and Emerging Trends

Afshin S. Daryoush,! Ajay Poddar,2 Tianchi Sun' and Ulrich L. Rohde 2
Drexel University,! Philadelphia, Pa.
Synergy Microwave Corp., 2 Patterson, N.J.

Highly stable oscillators are key components in many important applications where coherent
processing is performed for improved detection. The optoelectronic oscillator (OEQO) exhibits
low phase noise at microwave and mmWave frequencies, which is attractive for applications
such as synthetic aperture radar, space communications, navigation and meteorology, as well
as for communications carriers operating at frequencies above 10 GHz, with the advent of high
data rate wireless for high speed data transmission. The conventional OEO suffers from a large
number of unwanted, closely-spaced oscillation modes, large size and thermal drift. State-of-the-
art performance is reported for X- and K-Band OEQO synthesizers incorporating a novel forced
technique of self-injection locking, double self phase-locking. This technique reduces phase
noise both close-in and far-away from the carrier, while suppressing side modes observed in
standard OEQOs. As an example, frequency synthesizers at X-Band (8 to 12 GHz) and K-Band (16
to 24 GHz) are demonstrated, typically exhibiting phase noise at 10 kHz offset from the carrier
better than —138 and —128 dBc/Hz, respectively. A fully integrated version of a forced tunable
low phase noise OEQ is also being developed for 5G applications, featuring reduced size and
power consumption, less sensitivity to environmental effects and low cost.

lectronic oscillators generate low

phase noise signals up to a few GHz

but suffer phase noise degradation

at higher frequencies, principally
due to low Q-factor resonators. The conven-
tional approach for high frequency signal
generation is a frequency multiplier tech-
nique, but this suffers from higher phase
noise due to AM-PM noise conversion' and
sub-harmonic generation.2 There are differ-
ent types of resonators used in electronic
oscillator circuits, such as printed coupled
transmission line resonators using surface
acoustic wave resonators, dielectric resona-
tors, ceramic coaxial resonators, yttrium iron

garnet (YIG) resonators and sapphire-loaded
cavity (SLC) resonators. All have their unique
characteristics and limitations. They typically
operate from 500 MHz to 20 GHz; however,
their Qs degrade as operating frequency
increases and are, at best, limited to f x Q
< 10"4. SLC based oscillators offer low phase
noise signal generation but have limited
tuning capability and require precise low
temperature cooling systems, which makes
them expensive.

Emerging technologies focus on meta-
material resonator oscillators for microwave
and mmWave applications.3 Efforts to im-
prove phase noise performance and tuning
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:I;uning
Diodes

(b) -

A Fig. 1 Typical metamaterial M&bius
strips resonator: layout (a) and lumped
circuit model (b).

A Fig. 2 Phase noise measurement
setup for the 10.24 GHz synthesizer
using MMS inspired oscillator.

range of metamaterial resonator
oscillators led to the exploration
of Mébius topologies for high fre-
quency signal generation and sig-
nal processing.* Figure 1 shows a
typical layout of a printed Md&bius
metamaterial strips (MMS) resona-
tor and its equivalent lumped LC
circuit model. Figure 2 shows the
phase noise measurement setup
for an MMS inspired X-Band oscil-
lator. The measured phase noise
is =139 dBc/Hz at 10 kHz for a
10.24 GHz carrier (see Figure 3),
where a narrow tuning range of
about 5 percent is achieved with
varactor diodes.*

The novel approach for generat-
ing a low phase noise synthesized
signal source demonstrated in Fig-
ures 1 through 3 trades phase noise
for tuning and, therefore, is not
suitable for wideband applications.
The OEO offers a promising solu-
tion. It has a high Q-factor due to
a long storage delay using low loss
optical fiber, the potential for high
frequency operation, due to inher-
ently broadband electro-optic and
optoelectronic transducers and a
high immunity to electromagnetic
interference.

CURRENT OEO TECHNOLOGY

A typical OEO is a hybrid elec-
tronic and microwave photonic
system using an augmented posi-

80 tive feedback
90 loop to facilitate

low phase noise
-100 . '

T 110 N high frequency

S N signal generation.

5120 ~~ Yao and Maleki>7

2130 \¥ first reported mi-

Z -140 N crowave signal

2 150 generation using
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T 140 \ optical fiber de-
e .Loop N lay lines in 1996.
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A Fig. 3 Measured phase noise of the 10.24 GHz synthesizer.
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A Fig. 4 Block diagram of the PT-symmetric OEO.®
Content is copyright protected and provided for personal use only - not for reproduction or retransmission.

For reprints please contact the Publisher.

MWJOURNAL.COM m OCTOBER 2018



Blue Chip
Pertormers

Exceptionally high Q, low DCR and a wide range ot
inductance values make our wirewound chip inductors a sure bet!

Engineers love our high-performance,
low-cost, wirewound ceramic chip inductors;
considered by most to be the best performing
wirewounds available.

For example, our 0201HL Series is offered
in seven inductance values ranging from
22 to 51 nH - the highest currently offered
in an 0201 (0603) package — making them
fully optimized for impedance matching in
700 MHz band LTE and 5G applications.

Our 0402DC and 0805HP Series provide
the industry’s highest Q factors in their
respective sizes for super low loss in high
frequency circuits. Select values from 2.6 to
820 nH, including 0.1 nH increments from
2.8 to 10 nH in the 0402DC Series.

Find out why our customers are so
bullish on our wirewound ceramic chip
inductors. Order your free samples today at
www.coilcraft.com.

& oileaftdirect com
@® @ No min order. Next day delivery.

Content is copyright protected anWWMQ;LL&Rﬁ‘EsL&QMOt for reproduction or retransmission.

For reprints please contact the Publisher.



TechnicalFeature

a pump laser to RF and microwave signals, may use
optical fiber delay line or high Q optical resonators.
The latter can utilize active or passive cavities. Low
phase noise in a delay line oscillator is ensured by
a high Q feedback loop using long, low loss optical

fiber. The oscillation frequency is determined using a
narrowband microwave filter.

The OEO based on delay in an optical fiber loop
suffers from multiple, closely-spaced oscillation modes
that can pass through the narrowband microwave filter.

To guarantee single-mode oscillation,

an ultra-narrowband high Q microwave
filter is needed, but such a filter is impos-
sible to realize. Optical filtering could

be incorporated, but filters that use
optical resonators are difficult to imple-
ment and suffer from vibrational mode

instability. Recently, Zhang and Yao? re-
ported single-mode operation without

an ultra-narrowband optical filter based
on parity-time (PT) symmetry and two
identical matching feedback loops, with
one having a gain and the other hav-
ing a loss of the same magnitude. As
shown in Figure 4, the PT-symmetric
OEO utilizes polarization to implement
tunable optical power splitting to the

polarization sensitive balanced photo
detector; however, even minor vibra-
tions can stimulate strong modulation

-20
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the light wave propagating in the long

A Fig. 5 Phase noise of the PT-symmetric OEO vs. a commercially available source,

both at 9.76 GHz.8

optical loop.
The measured phase noise plots re-
ported by Zhang et al.,8 as illustrated
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in Figure 5, compare the performance of the PT-sym- interesting to note that the PT-symmetric OEO topol-
metric OEO to a state-of-the-art commercially available ogy improves phase noise performance at 10 kHz off-
electronically generated microwave signal source. The set from the carrier but significantly degrades close-in
PT-symmetric OEO operates with three different loop performance compared to commercial available signal
lengths (20.31 m, 433.1 m and 9.166 km). Phase noise sources. Significant side modes exist due to resonance

at 10 kHz offset from the 9.76 GHz carrier frequency is conditions associated with the 9.166 km delay line.
typically =93, =104 and —143 dBc/Hz, respectively. It is These side modes degrade oscillator timing jitters, even

@1 km Standard OEO
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Laser DD-MzM Gain EDFA Coupler
3km ( ) ) l
50%/50% 50%/50%
Computer Spectrum AMP3 Coupler Coupler
Control System Analyzer
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A Fig. 6 SILDPLL synthesizer block diagram.
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though they are reduced close-in to
the carrier.

The suggested method to miti-
gate the poor close-in phase noise
performances in a PT-symmetric
OEO is to incorporate a polariza-
tion-insensitive optical power split-
ter and electrical feedback loop,
to detect phase and polarization
changes and perform real-time dy-
namic compensation. This can par-
tially improve close-in phase noise
performance;  however, offsets
greater than 10 kHz suffer degrada-
tion, and the approach lacks broad-
band tenability as well.

Current and future generation
communication systems demand
high frequency signal sources with
tuning features to meet the criteria
for broad bandwidth and high data
transmission rates. The work de-
scribed here offers solutions based
on forced self-injection locking,
double self phase-locking (SILDPLL)
techniques.

SILDPLL OEO SYNTHESIZERS

Oscillator phase noise reduc-
tion can be achieved through injec-
tion locking (IL)? and phase-locked
loops (PLL).'0 While IL is easy to
implement, phase noise close to
the carrier is degraded due to fre-
quency detuning and a limited lock-
ing range.!’ On the other hand, a
high gain loop filter enables the
PLL to remove close-in phase noise
significantly, while far-away offsets
suffer from a higher noise. Sturze-
becher et al.'?2 demonstrated that
in externally-forced oscillators, bet-
ter phase noise characteristics for
both close-in and far-away offset
frequencies and a wider locking
range are achieved by combining IL
and PLL techniques. External refer-
ence sources are required, however,
in the conventional injection locking
phase-locked loop (ILPLL) topol-
ogy, which limits the ultimate phase
noise performance.

To bypass limitations imposed
by an extremely stable external ref-
erence requirement, self-injection
locking (SIL)'3 and the self phase-
locked loops (SPLL)™# have been
proposed. SIL and SPLL are essen-
tially feedback control loops where
part of the output signal is delayed
and used as the reference signal,

eliminating the need for an exter-
nal reference. The loop gain can be
greatly enhanced in self-injection
locking phase-locked loops (SILPLL)
compared to SIL or SPLL alone, pro-
viding greater phase noise reduc-
tion. For long fiber delays, a large
number of closely-spaced side
modes at Af = 200 kHz-km/L, where
L is the fiber length in km, are ex-
pected in the forced oscillator spec-
tra (as seen in Figure 5). Therefore,
multiple feedback paths are intro-
duced to cancel these side modes
by using SILPLL, SILDPLL (two
paths) and SILTPLL (three paths),
depending upon requirements for
side-mode suppression and corre-
sponding timing jitter.

Figure 6 shows the block dia-
gram of an SILDPLL OEO synthesiz-
er. It uses SIL and double-sideband
PLL techniques to minimize phase
noise close-in and far-out from the
carrier. A low relative intensity noise
(RIN) fiber laser (TWL-C-HP-M) is
used to provide a wavelength-tun-
able laser signal. The signal is trans-
mitted through an optical fiber de-
lay line, received by a photo detec-
tor (DSC50S) and passed through a
narrow band filter. The narrowband
filter is the core of the OEO and is
used to select the oscillation fre-
quency. In this work, a tunable YIG
filter is used for wideband operation
and for coarse tuning of the frequen-
cy synthesizer. Further improvement
is achieved by incorporating a nar-
rowband optical transversal filter
realized with a chirped fiber Bragg
grating (CFBG)'>-18 to provide nar-
rowband microwave signal filtering.
The optical transversal filter is wave-
length dependent and provides fre-
quency tuning as the wavelength of
the fiber laser is tuned.

Besides the optical frequency se-
lectivity of the YIG and optical trans-
versal filter, SIL,7% SPLL'S and their
combination SILPLL'? are applied
to reduce synthesizer phase noise,
both close-in and far-out from the
carrier. Figure 6 shows the SIL and
DSPLL.20-21 There are two paths
for the modulated signal after the
Mach-Zehnder modulator (MZM).
One is the main loop of the OEO,
and the other loop is split into two,
creating 3 and 8 km dual phase-lock-
ing signals. The combined phase-
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(b)

A Fig. 7 Top (a) and front view (b) of the X/K-Band SILDIL
OEO synthesizer.

[y
Y

Intelliconnect has developed a range of market
leading, high frequency waterproof connectors, fo
both commercial and MIL standards, and employ
a unigue internal sealing system, rendering our
products waterproof in both mated and unmated
conditions.

The range, manufactured in the UK, now includes
SMA, TNC and N Type cable plug options which can
be connected to a wide variety of cables, including
many LMR, RG, Semi-Rigid and Semi-Flexible cable
types. Pisces waterproof RF connector designs are

For further product information, please contact one of our sales teams at:
info@intelliconnectusa.com

USA: +1 (931) 707-1005

UK: +44 (0) 1245 347145  sales@intelliconnect.co.uk

Intelli

A different kind of Interconnect Solutions Provider

locking signal is then input to a custom-designed mixer
and lowpass filter ampilifier (LPFA) board (see Figure 7).
A double balanced mixer is integrated on this board
with the LPFA, realized using opamp circuits, to work as
a phase detector and lowpass portion of the PLL. The
phase error of the OEO main loop is compared with the
dual delay lines of the PLL, and the phase error signal
is fed back to the bias port of the MZM. The SIL signal
takes advantage of the PLL path and shares the same
3 km fiber used in the SPLL path. Dual delay lines of
3 and 8 km provide significant side-mode suppression.
The 3 km SIL signal is tapped from one PLL signal and
directly injected into the power combiner. The injected
power level is expressed as

N
P—,/PO

with P, the injected signal power and P the OEO power
level.

The novelty of this approach is reflected in the de-
sign, implementation and testing of high frequency and
resolution, 19-in. rack-mountable, X- and K-Band fre-
quency synthesizers using SILDPLL OEOs. High resolu-
tion tuning is due to fine tuning of an optical transversal
filter using a chirped fiber Bragg grating (CFBG) as a
dispersive component for narrowband filtering. Second
harmonic?2 generation is achieved by biasing the dual-
drive MZM close to V,; to generate half rectified optical
pulses. Performance of this synthesizer is evaluated by
its measured close-to-carrier phase noise and its long-

IP/Nema
Rateq

™9 Pisces Range of IP68
*J)" Waterproof Connectors

also available for most Coaxial/Triaxial/Twinaxial
waterproof connector groups.

Applications include: high quality antennas, personal
locator beacons, cochlear implant devices,
petrochemical monitoring equipment, and traffic
indication systems. 75 ohm variants for video camera
security applications, environmental monitoring
ocean buoys, traffic cameras (ANPR), coastguard/HM
customs patrol boats, military radios/communication
systems, environmental monitoring and water
management and vehicle tracking.

www.intelliconnectusa.com
www.intelliconnect.co.uk
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term frequency stability over 60 minutes with a maxi-
mum frequency drift of 4 kHz.

SILDPLL OEO SYNTHESIZER DESIGN

The frequency synthesizer, shown in the block dia-
gram of Figure 6 and the hardware of Figure 7, uses
SIL and double-sideband PLL techniques simultane-
ously, with multiple signal paths supporting enhanced

L &

B T-Probe &
Positioner

40 GHz

signal stability, as well as the application of modulation
as needed. Signals are combined within the synthesizer
with the aid of a custom-designed double balanced
frequency mixer and LPFA assembly. The synthesizer
design also incorporates an opamp circuit that works
as a phase detector and lowpass portion of the PLL.
The high resolution and wavelength-sensitive tuning is
due to fine tuning by wavelength control of the fiber
laser used as the optical source for the extremely nar-
rowband optical transversal filter. The optical filter uses
a CFBG as a dispersive component to achieve narrow-
band filtering. A current-tuned YIG filter used in cas-
cade with the optical filter and CFBG provides coarse
frequency tuning across wide tuning ranges in X- and
K-Band. At X-Band, for example, the YIG filter tunes
with a response of about 25 MHz/mA. Since the resolu-
tion of the current supply feeding the YIG filter is about
1 mA, the effective frequency tuning resolution of the
YIG filter is 25 MHz. This combination of optical and
electronic technologies results in relatively wide fre-
quency tuning ranges with outstanding phase noise,
both close-in and far-out from the carrier. A higher fre-
quency tuning resolution and narrowband filtering is
achieved by the dispersive CFBG transversal filter, as
opposed to a fiber based filter.23

Figure 8 shows the phase noise measurement setup
for the synthesizer. A Keysight E3631A is adjusted in
constant current mode for tuning the YIG filter, and a
Rohde & Schwarz FSWP is used for the phase noise
measurement. At X-Band, the single sideband (SSB)

withwave

m Precision MW Adapters

67 GHz

sales@with-wave.com | www.with-wave.com
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nels, draws 80 to
160 mA at +10

103 10 105
(b)

108 107
Offset Frequency (GHz)

-60
70 Vpc and consumes
¥ 80 as much as 1.6 W
é Y power. The mixer
=100 N p— and LPFA, _wh_lch
5110 NG loeh. 1 | use a combination
P N 11 GHz—| |of frequegc%/ltrans-
2130 ation and filtering
10 % to extract the RF/
-150 microwave signals
i | from the  higher
Offset Frequency (GHz) frequency opti-
@) cal signals, draw
60 about 110 mA (60
o + 5 + 45 mA) from
T g0 +15, +5 and -5
3 oo\ Vpc supplies, re-
2 N\ spectively. In stark
§ P N 18GHz__| | contrast, the pho-
Z 12 N 528:27 to detector uses
;_6_130% very low current
® 140 and power, with
_150 its three cells each
el e i drawing about 10

mA (30 mA total)
at +5 Vpc and us-
ing about 0.15 W

phase noise is =110 dBc/Hz at 1
kHz from the carrier and —137 dBc/
Hz at 10 kHz from the carrier for car-
rier frequencies from 8 to 12 GHz. In
the time domain, this translates to
4.395 fs measured at side-mode
markers of 35 and 200 kHz from the
carrier. At K-Band frequencies, SSB
phase noise is =103 dBc/Hz at 1 kHz
from the carrier and —128 dBc/Hz at
10 kHz from the carrier for frequen-
cies from 16 to 24 GHz. This trans-
lates to a time domain response of
6.961 fs measured at side-mode
markers of 35 and 200 kHz from the
carrier. For demonstration, the over-
all system is mounted in a 19-in. rack;
the size can be reduced for specific
applications. Figure 9 shows X- and
K-Band phase noise measurements
for different fiber lengths.

In terms of size and power, the
YIG filter is the dominant compo-
nent in these opto-electronically
driven frequency synthesizers. The
main current consumer is the YIG
filter, which draws 150 mA at +10
Vpc and consumes about 1.5 W
power. The amplifier, with two chan-

A Fig. 9 Measured phase noise of the X-Band (a) and K-Band
(b) OEOs with SIL = 3 km and DSPLL = 3 and 8 km.

power. The broad-
band dual-channel
amplifier draws
roughly 80 mA per
channel from a +10 V supply, or 160
mA and 1.6 W total.

MONOLITHIC OEOs

Recently, Tang et al.24 demon-
strated an integrated OEO (see
Figure 10), where both the optical
and electrical parts are packaged on
a5 x 6 cm? printed circuit board.
The measured phase noise for an
oscillation frequency of 7.30 GHz
was =91 dBc/Hz at 1 MHz offset,
with an injection current of 44 mA.
The reported integrated solution
is not attractive because of limited
tuning and poor phase noise perfor-
mance due to the high RIN of the
directly modulated laser.

In this work, integrated topolo-
gies using monolithic fabrication
techniques compatible with Si pho-
tonics are explored to reduce size
and cost while improving tempera-
ture sensitivity. A chip-level multi-
mode laser generates beat-notes
at RF2> but suffers from poor phase
noise characteristics. The concept in
Figure 11 shows an alternative la-
ser configuration, consisting of four
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used as a filter to
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Distributed

Bragg
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Modulator  Mirror

Phase
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tuning

section, 8 A Fig. 11 Block diagram of RF beat-note generating laser

the phase modu- system using DBR multi-mode laser pairs.2

lator in the DBR

laser, performs frequency tuning.
Varying the DC bias voltages drives
different output frequencies from
each multi-mode laser.2? The out-
put Y-junction provides an input to
a high speed photodetector for ef-
ficient detection of the ultra-stable
RF beat note. Gain is provided by
an InGaAsP-InAsP multi-quantum
well structure for operation at about
1550 nm, where a threshold current
of about 30 mA is estimated. Work
is in progress for fabricating these
designs in monolithically integrated
components.30

CONCLUSION

The described SILDPIL OEO syn-
thesizer in a 19-in. rack-mount en-
closure is based on patented tech-
niques'8-19 for portability; the size
can be reduced for specific appli-
cations and requirements. Work is
progressing to develop a monolithic
integrated solution for hybrid opto-
electronic systems that combines

the integrated microwave and pho-
tonics circuits on-chip. Recent de-
velopment of photonics integration
material platforms, including SOI,
InP and Si5Ny4, opens the way for an
OEO on-chip for 5G applications.ll
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Threshold Detectors
USB Producis

Planar Monolithics Industries, Inc.
Multi-Throw Solid State Switches

PMI’s full line of RF & Microwave, Broadband Multi-Throw Solid-State Switches are
available in Reflective or Absorptive configuration and up to SP128T. These models
offer performance up to 50 GHz, high isolation, low insertion loss, fast switching
speed and incorporate a TTL compatible driver for ease of system integration. PMI
offers many other standard models with various options that are available at:
http://www.pmi-rf.com/categories/switches

P20T-4G8G-80-T-515-SFF
P20T-7G18G-80-T-515-SFF-SP

P32T-0R5G18G-60-T-SFF

P16T-100M20G-60-T-512-SFF
P16T-100M20G-60-T-512-SFF-DEC
P16T-18G40G-90-T-512-SFF-DEC

P16T-100M40G-100-T-1-292
P16T-100M50G-100-T-I

WECHON o om Sofiei ASVEED Size (Inches)
PMI Model No. Loss (dB) Speed 9 Configuration Supply / | Connectors
(dB) P Current Drtaw
+5 VDC (£5%)
-80-T- H 300 mA
FEIEEE s.o WP . 4 dB 80 dB SP20T @ m 4.0" SQ X 0.63"
https:/www.pmi-rf.com/products-details/ 4-8 . 100 ns Typ . Max, +15 VDC
Max Min Absorptive SMA Female
p20t-4g8g-80-t-515-sff (#2%) @ 200
mA Max
P20T-7G18G-80-T-515-SFF-SP +5 VDC (£5%)
pell-rgleg-ol-toto-sti-sp Max Min s Absorptive | o SMA Female
20 Output Ports are Amplitude Balanced to VDC (£2%) @
+/-0.25 dB Peak to Peak Max. 200 mA Max
+5VDC @
PP PSSR ; 9.5dB 70 dB SP32T 1600 mA, 8.0"x 3.0"x 0.65"
https:/www.pmi-rf.com/products-details/ 0.5-18 . 100 ns Max .
391-0r50180-60-t-fF Max Min Absorptive -5VDC @ SMA Female
P g15g 20 mA
+5VDC @
zzsn;cvwzr:ﬁf'soz'if'sr: ity | 01.20 | 8598 0B | oo SP16T 750 MAMax, | 8.0"x3.0"x0.65"
12?'100 28 (;0.1021211 fof ucts-detalls ' Max Min Absorptive -12VDC @ SMA Female
pIBEINEMENGBb-Ao1eS 200 mA Max
+5VDC @
:t: 61_-/'/1 oomzrggr;ig;r'lrl-r:1 j'sfiz:ﬁ 01.20 | 858 B0B | o o SP16T 750 mAMax, | 8.0"x3.0"x0.65"
12?'1 0‘0“““2“' g ;0" 512” ‘f’f :C S aetals : Max Min Absorptive 12VDC @ SMA Female
I RART SRl 200 mA Max
+5VDC @
hpl:6.5'/186409’30'T'712;3F::'5'f9| | a0 | 2208 s0dB [ SP16T 750 mAMax, | 8.0"x3.0"x0.65"
12?'1 mpggz ;fgm;f’frzezc s-aetalls Max Min Absorptive -12VvDC @ 2.92mm Female
pIpEISe%09 200 mA Max
+5VDC @
e Al g 202 ; 10d8 | 100dB SP16T 800 mAMax, | 12.0"x5.5"x 0.65"
https://www.pmi-rf.com/products-details/ 0.1-40 50 ns Typ .
166100m40g-100-t-292 Typ Typ Absorptive -5VDC @ 2.92mm Female
P 9 700 mA Max
+5VDC @
:1:6.5'/100“"509;100';" ucts.deiss | 01-50 | 6B 008 |0 e SP16T 800 mAMax, | 12.0"x5.5"x 0.65"
12?'1 (\)/:]v:nv;gm;(r)oc?rrl products-cetals ' Typ Typ Absorptive -5VDC @ 2.4mm Female
P 9 700 mA Max
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50 to 75 GHz, Full V-Band
Low MNoise Amplifier for
Short Haul and Test Set Ups

22 to 40 GHz, Broadband X2
26.5 to 40 GHz, Full Ka-Band A Passive Multiplier for Paint-to-Paint
81 to B6 GHz, Waveguide Orthomode Transducer for and Feint-to-Multipoint Radio
Bandpass Filter for Backhaul Radar and Instrumentation

26.5 to 40 GHz

Waveguide to Coax Panel Mount
Adapter for Test Set Ups and
Instrumentation

40 to 60 GHz, Full U-Band
Faraday Isolator for Test Set
Ups and Instrumentation

60 to 90 GHz, Amplitude
Detector for Communication
Systems and Test Set Ups

AG E EE“®E8 mADE IN USA

M H I I H m et r I n www.sagemillimeter.com | 3043 Kashiwa Street, Torrance, CA 90505
I I e 9 CI T. 424-757-0168 | F: 424-757-0188 | sales@sagemillimeter.com




VIEW PRICING, LEADTIME, AND INVENTORY

NEW SAGE WEBSITE

Abat - Cusiomes Service - Catalogs - Careers - Contact Us Login | Create an Accous

@SAGE

Millimeter, Inc.

DONT SEE IT? WE CAN STILL MAKE IT. JUST ASK US.

Inmu:ruum; +

Refie by
I WAVEGUIDE TO COAX ADAPTERS

WR-10 Waveguide to 1 mm (M) Coax
Adapter, End Launch
TME

Sign in for pricing

Aval

WOOUMIOOLS/NOD HIALINWITTINIDOVS MMM

Over 2,500 millimeterwave
components off-the-shelf,
in stock, and ready to ship
guaranteed in only 1-3 days.




TechnicalFeature

5G Brings New
RF Challenges for Handsets

B

Ben Thomas

Qorvo, Greensboro, N.C.

hanks, in part, to accelerated stan-
dards development, 5G is moving
briskly toward worldwide deploy-
ment, bringing a multitude of new
RF challenges for smartphone makers. Mo-
bile operators are beginning to install infra-
structure this year, and the first 5G handsets
are promised in 2019. Although 4G LTE
will remain the predominant cellular access
technology for years, industry estimates sug-
gest that sales of 5G smartphones will grow
steadily. The latest Ericsson Mobility Report
forecasts over 1 billion 5G mobile subscrip-
tions by the end of 2023, accounting for 20
percent of mobile data traffic worldwide.
With the first 5G deployments on the ho-
rizon, smartphone manufacturers are under
pressure to develop implementation strate-
gies for adding 5G technology to handsets.
This is no small task, since 5G adds an ex-

traordinary level of RF complexity reflecting
bandwidth, linearity and power manage-
ment challenges.

5G LANDSCAPE

Early work on 5G specifications focused
on enhanced mobile broadband (eMBB)
as the first 5G use case. eMBB is expected
to deliver data rates up to 20x today’s LTE
speeds. The first phase of 3GPP Release 15,
published in December 2017 (see Figure 1),
included draft specifications for the non-
standalone (NSA) 5G New Radio (NR). NSA
uses an LTE anchor band for control, with a
5G NR band to deliver faster data rates (see
Figure 2). This is designed to let operators
deliver 5G speeds more quickly by using
their existing LTE networks.

In June 2018, 3GPP followed up with
specifications for the 5G standalone (SA)
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/Anokiwave

mmW Solutions. Enabling a new world

Enabling a new world of Active Antenna Design with the
Millimeter-Wave Intelligent Gain Blocks

Use Case: Core Distribution ICs in Active Antennas

Problem:

Active antenna beamforming networks can
experience gain and phase mismatch as the
RF signal is distributed.

RF
Solution:

IGBs are placed within the beamforming
network to compensate for gain degradation
and phase mismatches of the RF signal.

Optimize your system with the versatile millimeter-wave
Intelligent Gain Blocks enabling a wide range of mmW systems
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Rel A [ Rel-15 NsA
(e} (Option-3)
reeze LRI Rel-15SA | Rel-15SA

(Option-2) (Option-2)
Freeze ASN.1 Rel-15 Late  Rel-15 Late
Drop Freeze Drop ASN.1

Rel-16 SI Rel-16 SI/WI Phase

Rel-16

Freeze
Rel-16
ASN.1

NR, which removes the need for

A Fig. 1 3GPP 5G standards timeline.

LTE Operation Non Standalone (NSA) Standalone (SA) H
(Today) LTE + NR (Limited NR Coverage [ (Good NR Coverage an LTE anchor.and requires a fu”
Source: T-Mobile & Experience) & Experience) 5G network bUI|dOUt. As ShOWﬂ n
Figure 1, the standards group also
@ defined a timeline for the next 18
— X\ I months, including a “late drop” of

_ additional Release 15 features and a
a i work schedule for Release 16, which

Control, Data & yoeo ol & Control, Data & will begin to expand 5G specifica-
Voice Traffic (Anchor) Data Voice Traffic

tions beyond mobile broadband to

— a vast range of new applications,
Data including autonomous vehicles and
IMS Services the loT.

To deliver the promise of faster
data speeds and support increased
capacity, 5G will massively increase
the spectrum range and bandwidth
used for cellular communications.
Spectrum is being allocated in two
frequency ranges: sub-6 GHz, des-
6GHz 24 GHz 100 GHz ignated FR1, and mmWave, des-
ignated FR2 (see Figure 3). The
initial mobile deployments will use

A Fig. 2 NSA and SA implementation options compared with LTE.

5G NR Sub-6 GHz
(e.g., 3.4 to 3.6 GHz)

5G NR mmWave
(e.g., 24.25 to 27.5, 27.5 to 29.

A Fig. 3 The 5G spectrum will comprise new bands below 6 GHz and at mmWave
frequencies.

n79 DRx n79
LAA
5 GHz Wi-Fi LAA
2 GHz Wi-Fi
- Wi-Fi
5 GHz Wi-Fi Transceiver
— Transceiver
2 GHz Wi-Fi
GPS L5
B2 Bank
L "77 DRx | n79
Rx Filter : .
Bank Dlvel’SI;y 5G Sub-6 GHz RF
Switc|
3 4G RF Impacted by 5G
e O — Mt e
& i 77 DR |

A Fig. 4 Complexity of the RF front-end in the 5G smartphone, not including any mmWave bands.
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COMMUNICATION

PCB Connectors

Rosenberger provides a wide range of RF coaxial ® Space-saving and cost-effective assembly
connectors for PCB applications — for board-to- design

board- and also for cable-to-board connections. ®  Excellent transmission quality due to surface-
mount technology

Whether well-established standard connector = Customized footprints optimized for specific
series or newly developed innovative connectors applications

— Rosenberger PCB connectors feature a lot of

customer benefits:

® Minimum board-to-board distances

®  Radial and axial misalignment using bullets

www.rosenberger.com

Rosenberger
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FR1, which includes several new 5G
bands above 3 GHz. The technical
approach for supporting mmWave
frequencies in handsets is being
developed, but the technology is
not as mature as for the sub-6 GHz
bands.

In FR1, the maximum bandwidth
for a single carrier is 100 MHz, 5x
LTE's 20 MHz maximum. The 5G
specifications mandate that hand-
sets support two uplink and four

downlink carriers in the bands
above 1 GHz, for a total of 200 and
400 MHz, respectively. The Release
15 specifications include over 600
new carrier aggregation (CA) com-
binations, including many NSA
permutations of 4G and 5G bands.
The challenges managing this un-
precedented bandwidth and CA
combinations ripple through the
entire RF subsystem. Adding to the
complexity, 5G defines two alter-

4

Solutions for 5G & mmWave Applications

KRYTAR specializes in the design and manufacturing of ultra-broadband, high-
performance microwave components and test equipment. Our products cover DC
to 67 GHz and are the ultimate solution for the emerging designs and test and
measurement applications for 5G and mmWave. The broadband design expertise
at KRYTAR has created unique new designs, several of which are patented.
KRYTAR has applied these designs to consistently introduce technologically
advanced products with superior electrical performance and ruggedness.

d Directional Couplers

4 Power Dividers

1 3 dB 90 Degree Hybrid Couplers
1 3 dB 180 Degree Hybrid Couplers
1 Beamforming

KRYTAR

www.krytar.com
1288 Anvilwood Avenue * Sunnyvale, CA 94089
Toll FREE: +1.877.734.5999 « FAX: +1.408.734.3017  E-mail: sales@krytar.com

native waveforms: CP-OFDM and
DFT-s-OFDM. CP-OFDM offers very
high spectral packing efficiency in
resource blocks and good support
for MIMO. DFT-s-OFDM, which is
the same waveform used for the LTE
uplink, provides less efficient spec-
tral packing but greater range.

IMPACT ON HANDSET DESIGN
5G will have a huge impact on
the handset RF front-end (RFFE).
The standard requires handsets to
squeeze additional RF complexity
into essentially the same amount
of space (see Figure 4). Innovative
approaches are needed to sup-
port the requirements for multiple
simultaneous uplink and downlink
connections, and the RFFE needs
to support this massive bandwidth
while providing very high linearity
and managing power consumption.

NSA Dual-Connectivity

Although 5G NSA provides op-
erators a way to accelerate 5G de-
ployment, it adds RF complexity
because it requires dual LTE and
5@G connectivity. In some cases, the
handset may be transmitting on one
or more LTE bands while simultane-
ously receiving on a 5G band. This
greatly increases the possibility that
harmonics of the transmit frequen-
cies will desensitize the receiver.
One example is the CA combination
of LTE bands 1, 3, 7 and 20 with the
new 5G FR1 band n78. n78 occu-
pies a much higher frequency range
than the LTE bands and is very wide,
from 3.3 to 3.8 GHz. This increases
the potential that harmonics gener-
ated by transmission on one of the
LTE bands will fall into the n78 fre-
quency range. Filtering to attenuate
the harmonics can increase RFFE in-
sertion loss, driving up the required
power amplifier (PA) output power
and reducing total system efficiency.

Massive Bandwidth and New
Waveforms

The combination of massive
bandwidth, the new CP-OFDM
waveform and higher output power
presents significant challenges for
RF linearity and power manage-
ment. In 4G handsets, envelope
tracking (ET) is widely used to mini-
mize PA power consumption. ET
optimizes efficiency by continuously
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J OLID-STATE
MICROWAVE GENERATOR

Applications Plasma Generator MicrowaveCVD Reactor Microwave Heating & Drying Semiconductor Equipment

Main RFHIC's Solid-State Solutions

Although, most high-powered ISM systems utilize magnetron technology
as the core component of microwave generators, it lacks controllability,
has high maintenance costs, and has limited lifespan.

Transition over to solid-state technology and let RFHIC’s latest array of
high-powered solid-state microwave generators help you lower maintenance
costs and optimize overall RF performance.

8 SSPA
Shelves

15k 14" A

RIKO915K-40T RIU256K0-40T
915 MHz 2.45 GHz

16 Way
Combiner

SSPA

Key Features:

™ Industrial 19" Rack Mount Type
(16 SSPAs in One System Rack)

W Fully equipped with GaN Solid-
State Power Amplifiers (SSPASs)

¥ 900-930 MHz, 15kW CW

™ power Supply Unit Included

™ Water Cooling System

Key Features:

Fully equipped with GaN Solid-State
Power Amplifiers (SSPAs)

2.4-2.5 GHz , 6kW CW

Power Supply Unit Included

SSPA Head : 507x 392.4x192(LxWxH)
Water Cooling System

vvoe o

Learn more at www.rfhic.com
rfsales@rfhic.com

)
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www. rfhic.com
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adjusting the PAs supply voltage
to track the RF envelope. However,
when 5G is first deployed, envelope
trackers are only expected to sup-
port a maximum bandwidth of 60
MHz, which is not wide enough to
support 100 MHz 5G carriers. As
a result, PAs must operate in fixed
voltage, average power tracking
(APT) mode for wideband transmis-
sion, which will reduce efficiency
and battery life.

Adding to the challenge, the
new CP-OFDM waveform has much
higher peak-to-average power ratio
(PAR). Combined with the increased
channel bandwidth, this requires
greater PA back-off for 5G com-
pared to LTE, to avoid exceeding
regulatory limits and maintain the
linearity required for high-quality
data links. Finally, many operators
are planning to implement the Pow-
er Class 2 standard to maximize the

SEE A DEMO

11:48 AM

Why not try a different
approach before you
head to lunch?

AT EDI CON 2018
FIND BOOTH

10:05 AM

Your first board is
ready to test.

Your circuit design is
done and you're ready
to make a prototype.

All in a day’s work

ProtoMat® Benchtop PCB Prototyping Machine

#325

Your second hoard is
ready to test.

After a few tweaks,
you're ready to make
your finished board.

Your finished board is
ready to go.

Nice work. You just
shaved weeks off your
development schedule.

What would your day look like tomorrow if you could
cut yourself free from the board house and produce
true, industrial quality microwave circuits on any
substrate right at your desk? LPKF’s ProtoMat
benchtop prototyping systems are helping thousands
of microwave engineers around the world take their
development time from days and weeks to minutes
and hours. In today’s race to market, it's like having
a time machine.

“You can’t beat an LPKF system
for prototyping. We do up to
three iterations of a design
within a day.”

Leonard Weber
Agilent

IPKE

Laser & Electronics

www.lpkfusa.com/pcb
1-800-345-LPKF

handset’s operating range with 5G.
Power Class 2 doubles the output
power at the handset antenna to
overcome the increased propaga-
tion losses of the higher frequency
FR1 bands.

The combination ofthese threere-
quirements—increased bandwidth,
new waveform and higher output
power—creates a very challenging
linearity requirement for the PA de-
sign, with the potential for reduced
efficiency in the transmit chain.

4 x 4 MIMO

While LTE requires two down-
load pathways for receive diversity,
5G mandates four independent
RF downlink paths for the bands
above 1 GHz, to deliver higher data
rates via 4x MIMO and CA. 5G also
specifies two optional uplink paths
in some bands. The challenge for
handset manufacturers is how to fit
these additional signal paths into
the limited space allocated to the
RFFE.

Increased integration is key to
solving this problem, using integrat-
ed modules that typically combine
PAs, switches and filters. In addition
to saving space and increasing per-
formance, integrated modules pro-
vide pre-tested RF building blocks
that will help handset makers meet
the industry’s demanding handset
development cycles. Unlike the
previous transition from 3G to 4G,
where handsets were largely imple-
mented using discrete components,
there is near unanimous agreement
among manufacturers to use inte-
grated RFFEs to speed their first 5G
devices to market.

Space for Antennas

The rise in RF complexity is also
driving up the number of antennas
toward the practical limit achievable
in a handset. To support 4x down-
link MIMO, dual uplink MIMO, the
wider range of frequency bands
and requirements such as 2x Wi-Fi
MIMO, the number of antennas
is expected to increase from the
three to five in today’s LTE handsets
to four to eight—or more—in 5G
smartphones. At the same time, the
industry’s shift to full-screen smart-
phone designs is actually reducing
the space available for antennas, by
shrinking the bezel area that houses
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a i &7 Solutions for the military, wireless communications, test &
p measurement, commercial satellite, and broadband infrastructure

technologies corp. markets.

Inmet & Weinschel

Leaders in RF and microwave technologies and superior quality
components and subsystems

-High Power Coaxial Attenuators and
Terminations

-Bias Tees, DC Blocks and Power Dividers
«Gain Equalizers and Phase Shifters
-Adapters, Connectors and Accessories
«Powerfilm ™ Surface Mount Resistives
«Multi-Channel Programmable

Attenuator Units
«Multi-Channel Switch Units

-Programmable, Step, and Continuously
Variable attenuators

Inmet Weinschel

inmet.apitech.com weinschel.apitech.com o g
1-888-244-6638 1-800-638-2048 Checkusoutonsocial: () (3 (in



MiniRF

Passives with a Passion for Performance

MiniRF is a proven leader in supplying high performance
surface mount RF passive components at competitive
prices for existing and emerging Broadband/CATV and
Wireless Communications Systems.

MiniRF components are used in many of the world’s
largest suppliers of communications products with
nearly a billion units shipped.

Standard & Custom Components

COUPLERS TRANSFORMERS § R

WERRARRTY G RaARNG
G ity
Pregision inductors
& chokes with wire
range of applications ff diameters from
with impedance f; 0.060~5mm single
ratios of 1:1,1:4, & multilayer, air-core, /¥
1:8,1:16. ' coil configurations.

500&750Q
supporting a wide

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

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

Contact us for design support
www.minirf.com | sales@minirf.com | (408) 228-3533

www.WeinschelAssociates.com

Visit our new website with interactive catalog and online RFQ!

TechnicalFeature

the cellular antennas. The need to
fit more antennas into less space
means antennas must be smaller
and, as a result, are less efficient.

These trends will drive the adop-
tion of two categories of antenna
solutions in the RFFE. One is an-
tenna tuning, which enables each
antenna to be tuned to the oper-
ating frequency band so that it is
more efficient. To some extent, an-
tenna tuning is already used in LTE
handsets, largely to increase perfor-
mance. With 5G, antenna tuning will
become necessary to maintain per-
formance, given the limited number
of antennas and the broader range
of frequencies they must support.
The other antenna technology, an-
tenna-plexers, will expand from be-
ing a high performance option used
in some LTE handsets to a must-
have technology in 5G. Antenna-
plexers cover multiple frequencies
with a single module that allows
multiple RF pathways to simultane-
ously connect to the antenna, while
preventing interference among the
pathways. Currently used in some
LTE handsets for routing CA signals,
antenna-plexers will be essential in
5G handsets to support the massive
number of dual-connectivity CA op-
tions defined in Release 15 and fu-
ture releases.

SOLVING THE CHALLENGES

Behind the hype about 5G, the
reality is that deployments are ap-
proaching more quickly than origi-
nally anticipated, increasing the
pressure on smartphone manufac-
turers to add 5G functionality. The
new standards introduce unprec-
edented RF challenges, including
new levels of complexity, massive
bandwidth, linearity and power
management.

As 3GPP defines the 5G stan-
dards, Qorvo and other RFFE sup-
pliers are supporting the effort,
collaborating with the wireless in-
frastructure manufacturers, network
operators, chipset providers and
smartphone manufacturers. As with
the previous technology transitions,
innovative new RF solutions will be

2505 Back Acre Circle

Mount Airy, MD 21771

Voice: 301.963.4630

Fax: 301.963.8640
sales@WeinschelAssociates.com

required to solve the complex chal-
lenges of 5G, enabling manufac-
turers to release new products to
consumers.ll

WEINSCHEL
ASSOCIATES
BROADBAND RF
MICROWAVE
SOLUTIONS
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FEKO for Integrated Antenna Design

Fully Hybridized for Optimal EM Simulation Efficiency

Using innovative solutions such as characteristic mode analysis (CMA) FEKO is the ideal tool for virtual prototyping and
design of antennas for mobile phones, tablets, cameras, laptops and TV’s. WinProp, the wave propagation and radio
network planning tool, analyses connectivity and defines best sensor networks.

With Altair’s patented licensing system, access to simulation software is now more affordable for companies of all sizes.
Join the thousands of Altair customers already applying simulation-driven innovation to their design challenges.

7y Altair

Learn M@enedn |scopy i ght\protectediantprovided for personal use only - not for reprBaiction 'orretranstiissivh. ' ON
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A Field-Effect Transistor
That Avoids Pinch-Off

Alfred Grayzel
Planar Monolithic Industries Inc., Frederick, Md.

Greater efficiency and output power are proposed by providing a uniform depletion region
along the channel to avoid pinch-off. A bias network to achieve this condition is described for a
field-effect transistor (FET) with a segmented gate.

he efficiency of a FET is degraded ~ ALisvery small. For AL << L, which represents
when its drain voltage is greater  the usual case, depletion from the source to
than Vp, the voltage at which  the pinch-off point is essentially identical in
pinch-off first occurs. Under this  shape, and the channel has approximately
condition, the FET is in saturation, where the the same resistance from the source to the
drain current is not a function of the drain  point where pinch-off occurs. The drain cur-
voltage and is only a function of the gate  rent, which is equal to Vp,, divided by this
voltage. To understand the degradation of  resistance, hardly changes. This explains
efficiency, consider the behavior of a FET in  why the value of the drain current is nearly
saturation. When the drain voltage of a JFET,  constant for drain voltages greater than
forinstance, is equal to Vp,, pinch-off occurs  Vp ;. Over the length, AL, the resistance is
exactly at the drain of the transistor (see Fig-  quite large and the power dissipated in this
ure 1a)." If the drain voltage is increased by  resistance is equal to the product of the sat-
AV, the point at which pinch-off occurs moves urated current and AV. The voltage, AV, does
toward the source a distance AL (see Figure  not contribute to output power and simply
1b). Over the length, AL, the channel is com-  degrades efficiency.
pletely depleted, and the resistance is quite Therefore, for high efficiency, pinch-off
large. Voltage, AV, is dropped across this de-  must be avoided, and the depletion region
pleted region and, due to its high resistivity, =~ must be minimized. Ideally, for converting
DC power to RF power, the channel should
Bl not be depleted for one-half the cycle and
/)T leﬂr/Reglon should be completely cut off for the other
YN\ \\\\\\\\\\\ half. With an optimum load, this should
«—~ Pinch-Off yield maximum DC-to-RF efficiency. To
Q),rj 1777 TITT ] ][ / y acco fhsh this, a new FET has been pro-
2 posed?.

source Brain THE “GRAYZEL"” JFET

Figure 2 shows a simplified schematic
Vo\sat Vo of a typical JFET with a drain-to-source DC
/>T ; \éoltagelof 7 V.| Poin‘:cs along the channi

AN ( ave voltage values of 0, 1, 2, 3,4, 5, 6 an
AN \\ Espi'g;‘]b” 7V, as shown in the figure. The junction is
syl / / \ J progressively back-biased by these poten-
\>)' \AL tials, causing greater depletion at the drain
; than at the source. Figure 3 shows a simpli-
(b) fied schematic of the proposed device. The

P+ region is divided into N sections that are

A Fig. 1 Channel of a JFET with the drain VOItage equal to |nsu|ated from one another[ form”']g N, p_n

the pinch-off voltage (a) and the drain voltage exceeding the junctions As an illustrative example in Fig-
pinch-off voltage (b).
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Gate

Source Drain

|I}—|
o
.
N
w
N
(8]
o
~N

llafy
I

ate  Gate Gate Gate Gate Gate

ource G Drain
Pl InlwIal e

- 7222 |/'/|1|/'/| 77 -
[N+ | LN+ ]
P

(L[S

Metal Electrode

A Fig. 2 Voltage drop across the channel of a typical JFET,

A Fig. 4 Simplified cross-section of the proposed MOSFET.

with Vp =7 V.

of FETs. Figure 4

SEsie slsee

shows an example
of a MOSFET with
the gate divided

P+ [ Pe ]l Pl P+ [ P+l P+ P+ | Pt . into N = 6 sections.
Source Drain | Figure 5 shows a
o 1 2 3 4 5 7 bias network with
J_—_ il L | a drain voltage of
- L — | 5V, biased such

that each CMOS

A Fig. 3 Proposed JFET where the p-n junctions are
individually biased and each junction is reverse biased at V,,.

to ground separately as shown in
the figure; the first is biased at V
and the eighth at Vy + 7 V. With a
drain voltage of 7 V, all of the p-n
junctions have the same DC volt-
age, V,, across their junctions and
hence, to a good approximation,
the depletion region is uniform
along the channel.

Dividing the gate into multiple
sections is applicable to all types

capacitor has a
voltage of 5 V
across it. The bias
network consists of a 10 V DC volt-
age source and six resistors, which
can be etched onto the chip.

ANALYSIS

Consider a case where the odd
harmonics are short circuited and
the even harmonics are open cir-
cuited by the load admittance
Y(w) and where, for half of the cy-
cle, the FET is cut off and, for the

other half, the depletion region in
the channel is minimum width. The
conductance is thus a square wave
varying between 0 and G, where
Gy is the conductance when the
depletion region in the channel is
the minimum width. Let 6 = 2=ft
= wt, where f is the fundamental
frequency of the square wave. The
Fourier series of the square wave is
given by

G(t)=0.5Gy +g(t) (1a)
where

g(t)=(2Go / m)
(cos®—cos(36)/3+
cos(560)/5-cos(70)/7+....

= (2G, /n)zz;(-nk_1
cos[(2k—1)0]/(2k-1)] (Tb)
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The FET is terminated in an ad-

mittance Y(w),
which at the funda- 5Ro J—_ 10V J—
mental frequency Ro Ro Ro Ro Ro

has a value GL. The
value of Y(w) = 0 at
the even harmon-

5V
777 1777 1777/ 07717772 I/’/I—|_
RSOSSN,

Metal Sio,

y4|
LN+ |
P

ics of the funda- [N+ |
mental frequency
and infinite at the
odd harmonics.

The drain voltage,
therefore, has only

//////////\///J_/////////////

Metal —

even  harmonics,
and the drain cur-
rent has only odd harmonics. The
drain voltage, V(t), has the form

Vo (t)=Vo +v(t) 2)
where

v(t)=V;cos(8)+
Z:=1V2k cos(2k6) (3)

The bias voltage V, in Equation 2
is the same for all of the segments
when the proposed FET is biased
as described. There is, however, a
variation of the depletion region

A Fig. 5 MOSFET bias network.

along the channel, due to v(t). This
variation is small and, therefore, it is
neglected in this analysis.

Equation 3 represents the voltage
v(t) for the following reason. The value
of the conductance of the channel is
equal to Gy when —90 degrees < 6 <
+90 degrees, and the channel is cut-
off during the remainder of the cycle;
therefore, current flows only when
—90degrees < 6 < +90degrees. Since
the current is equal to Vp(t)G(t), Vp(t)
has its maximum value centered at
0 = 0 degrees and is the sum of co-
sines.
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or person

RF Choke

DC Blocking
Capacitor

Vp - Output
{ Network

|II—$~6\5

1

A Fig. 6 FET amplifier.

Vb = Vo + v(t)
L f
|V
14 Gtt)
v(t)
RFC l i(t)

A Fig. 7 FET amplifier equivalent circuit.

The proposed segmented-gate
amplifier shown in Figure 6 is ana-
lyzed with the aid of the circuit in
Figure 7. Voltage v(t) appears across
the RF choke and across the load
Y(w), which is in series with blocking
capacitor C. Vj + v(t) appears across
the nonlinear conductance G(t). The
choke, which is in series with the
DC battery, has voltage v(t) across
it but negligible RF current flowing
through it. Drain current I5(t) = I +
i(t) is equal to the product G{t)Vp(t).
i(t) flows in a loop through the termi-
nation Y(w). DC voltage, V,, appears
across the blocking capacitor C. The
drain current is given by

b (t) = Vp (t)G(t) = @)
[Vo +v(1)][0.5Gy +g(t)] = 0.5V,Gg +
Vog(t) +0.5Gqv(t) + v(t)g(t)

Equations 2, 3 and 4 yield the terms
in Equation 4

Vog(t) =(2VpGy / 1) (4a)
(27, (-0 cos[(2k - 6]/ [2k-1]
and

0.5Ggv(t) =0.5G,

[V1 cos(0) + 2:’:1 2 cos(ZkG)]
vit)g(t)=(2Gy /)
[V1 cos(8)+ 2::1 2 cos(ZkG)]

Z;(—ni—1 cos[(2j-1)0]/(2j-1)

useonly - not for reproduction or retransmission.
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The drain current is the sum of a DC
term, odd harmonics and even har-
monics

() =lo+ 2.7, _y(lacr) (5)
cos(2k-10+Y," g2k cos(2k8)

Using the identity cos(x)cos(y) =
0.5[cos(x + y) + cos(x — y)] in Equa-
tion 4a, the even harmonics can be
written as

b = Go (6)
0.5V = (21 / m)(=1)f / (4k? - 1)]

Since the current at the even har-
monics is zero, it is possible to solve
for voltage Vj, by setting current
I = 0 in Equation 6, yielding

Vo = (4/m) (Vi) (=1 / (42 =1) @)

Collecting the terms in cos(6) in
Equation 4, the value of the current
at the fundamental frequency, Iy, is
|1 =

{2vO /m+0. 5v1 (2/m)-

O3 (=1 Ve /(4k2—1):| ®)

Substituting Equation 7 into
Equation 8 yields

FREE

—*—
SAME DAY
SHIPPING!

FREE SHIPPING
On all orders over $99
within USA and Canada

SAME DAY SHIPPING
On in-stock orders received
by 3pm MT Monday - Friday
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I1=Go{2V0/n+V1[0.5—(8/7t2)2°°k N

/(a2 - 1)2 ]} 9)

The term [0.5 — (8/m2) 3=, _ 1/
(4k2 — 1)2] converges in the limit to
(2/m)2 as k approaches infinity. (This
limit was first estimated and then
verified by a computer program.)
Substituting (2/m)2 for [0.5 - (8/m2)
2=~ 11/ (4k? = 1)2] in Equation 9
yields

h=Go| 2V /m+(2/mf V| (10

At the fundamental frequency
Y(w) = G, and |y = <(G)(V4). Equat-
ing l; as given by Equation 10 to
~G)(V,), yields

2GoVy / T+ GoVs (2/ 1) =
_GLV1 = —X60V1 (1 1)

where X = G,/ Gy =1/ (GgR)).
Solving Equation 11 for V; yields

@/ mVo /(X +(2/mf) (12

The DC current |y is found from
Equation 4 to have two terms. The
first term is 0.5(Gp)(V,) and the sec-
ond DC term results from the prod-
uct (2Gq / m)cos(V4cosh).

|o = 0560\/0 + GoV1 /=
0.5GoVo [1+(2/m) / (V4 / V)] (13)

Substituting Equation 12 into
Equation 13 yields

lo = 0.5GoVpX / (x +(2/ n)z) (14)

The DC power is
Po =loVo = 0.5GoVo?X / (X +(2/ )’ |
(15

The output power at the funda-
mental frequency Py is

P, =0.5G, V4> = 0.5G, -
[(Z/n)vo/(x+(2/n)2)]2 (16)

The efficiency, EFF, is then

EFF =P, /Py =(2/m)" /
[ X+ (2/m) ] (17)

Figure 8 shows a plot of efficiency
as a function of X = G, / G,

This special case where the am-
plifier is terminated in an open cir-
cuit for the even harmonics and a
short circuit for the odd harmonics
gives good efficiency; however,
it is not necessarily the optimum
termination. An analysis similar to
the one performed above, for the
case where the amplifier is termi-
nated in an open circuit for the
odd harmonics and a short circuit
for the even harmonics gives a

SUP=RSTOR=
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TechnicalFeature

100
90
80
70
60

500 0.1 0.2 0.3

X =G /Go

Efficiency (%)

A Fig. 8 Amplifier efficiency vs. X.

poorer result. An optimization is
warranted to determine the best
termination.

SUMMARY

A FET has greater efficiency
and output power if pinch-off is
avoided and the depletion region
is made uniform along the chan-
nel. A bias network is presented
for achieving this condition for
a FET whose gate is segmented.
Efficiency and output power are
derived for the case where odd
harmonics are short circuited and
even harmonics are open circuited
and where for half of the cycle the
FET is off, while for the other half
of the cycle the depletion region is
minimum width.ll
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Editor's Note
In a future issue of Microwave

Journal, we hope to publish mea-

sured data confirming this theoreti-

cal FET structure.

.|
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L-Band Microstrip Lowpass Filter

with Small Size and Excellent

Harmonic Suppression

Amirhossein Ghaderi and Saeed Roshani
Islamic Azad University, Kermanshah, Iran

A microstrip lowpass filter (LPF) with very small dimensions and an extremely wide rejection band
has a cutoff frequency (f,) of 1.89 GHz and suppresses the second to 34th harmonics (2.38 to 65
GHz) by greater than than 24 dB. The filter’s simple topology consists of a symmetrical modified
T-shaped resonator, a symmetrical modified flag-shaped (SMF) resonator and open-circuited
stubs as suppression elements to achieve the ultra-wide stopband. Passband ripple is less than
0.15 dB. The overall dimensions are only 0.153\4 x 0.065\y, where Ny is the guided wavelength
at f.. The filter has a high figure of merit (FOM) of 32.465 and passband return loss better than
14.8 dB.

icrostrip LPFs with desirable

properties—such as a wide

stopband with high rejection

and small size—are widely uti-
lized in telecommunications systems to
reject undesirable out-of-band peaks.1-2
Raphika et al. reported on an LPF using
an improved T-shaped resonator.3 To in-
crease the stopband width of this filter,
four stepped-impedance stubs were used.
Nevertheless, harmonic suppression was
weak. Karimi et al.4 developed a microstrip
LPF with a suitable suppression level using
T- and U-shaped resonators. To extend the
stopband, radial stubs were added, even
though this structure inherently has a narrow
stopband and occupies a large area. Zhang
and Li® introduced a dual-layer LPF, with
large dimensions and a narrow stopband.
The structures reported by Verma et al.é are
simple, but they are large with narrow stop-
bands, as well. Kufa and Raida? introduced
a conventional LPF using an open-circuited
stub and an embedded, defected ground
to reduce circuit dimensions; however, it
had a slow transition band, enormous size
and weak harmonic suppression. Several
LPFs with high return loss in the passband
were studied,810 but they were challenged

Content i copy ol protaia and Brovi e for pabngl s onl
For reprints please contact the Publisher.

bands. Attempts to increase the stopband
width with defected ground planes have
had limited success, and these filters were
also large.’-1¢ Hayati et al.’” reported on
a compact LPF with high return loss in the
passband, using hexangular-shaped reso-
nators. To have a high suppression level,
rectangular stubs were utilized. However, this
structure only suppressed up to the seventh
harmonic. A symmetrical LPF by Mirzaee
and Virdee'8 was limited by a gradual cutoff
and large dimensions. The LPF by Liu et al.1?
suffered from a slow transition band and a
narrow rejection band. Recently, a novel LPF
with high return loss using symmetrical to-
pology was presented.?0

In this work, a novel LPF with high out-
of-band suppression uses a symmetrical
modified T-shaped resonator. Compact,
an extremely wide stopband from 2.38 to
65 GHz, high return loss (14.8 dB) in the
passband and a simple topology are benefi-
cial properties.

FILTER DESIGN

The design sequence of the T-shaped
resonator is shown in Figure 1, including the
layouts of resonator 1, resonator 2 and reso-
nator 3 and their simulated |S,,| responses.

Resonator 1 is composed ftwo rectan ular
y - hot for reproauctl norr 9
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open stubs and one high imped-
ance stub connected to a narrow
transmission line. Resonator 1 has
a slow transition band, with high
passband ripple. With low imped-
ance stubs added (resonator 2), a
relatively sharp transition band is
achieved. For a sharper transition
band and negligible passband rip-
ple, a symmetrical topology (reso-
nator 3) is used.

The inductance and capacitance
of a high-low impedance lossless
line (see Figure 2a) are computed
using Equations 1 and 2, as is the
capacitance of an ogen—circuited
stub (see Figure 2b).? The induc-
tance of the stub is negligible.

(a)

(b)

—
(a)
£

O——=
N\ S
8 3 No— N\
540 . \f
— 0 | e |
-60
-70 : . . : : ;
0o 1 2 3 4 5 6 7
Frequency (GHz)

(d)

A Fig. 1 Resonator layout: 1 (a), 2 (b),
3 (c) and simulated |S ] (d).
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(a)

(b)

circuited stub (b).

Wi
]

(a)

Cs 2 C3
I
v L
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€30 / |S11] Layout
2 40 e
z | [Si1] LC
&-50
s %0 T2 |S21| Layout
- |S21] LC
-70 I I I I 1 I
0o 1 2 3 4 5 6 7

Frequency (GHz)
(c)

A Fig. 3 Symmetrical modified
T-shaped resonator layout (a), L-C model
(b) and simulated responses (c).

TABLE 1
L-C MODEL VALUES

L L c C, C;

2
mH)  (F) (P (pF)

1
(nH)
6.634 | 2377 | 0298 | 0088 | 0.6

A Fig. 2 Layout and L-C model of high-low impedance lossless line (a) and open-

IS:lestin[z—nlJ (1)
0} Ay
1 1 T
Cs =—x—xXxtan| —I 2
s wXZCX an[ng (2)

To develop the stopband, a sym-
metrical modified T-shaped resona-
tor is used, as depicted in Figure 3a,
with the L-C model of the resonator
shown in Figure 3b. The inductanc-
es and capacitances of the transmis-
sion lines are designated as L; and
C,, respectively. L, and C, are the
inductances and capacitances of
the high impedance stubs, respec-
tively. C3 are the open-circuited low
impedance stub capacitances. The
inductances of the low impedance
stubs are negligible. The L-C model
values are found in Table 1. EM and
L-C simulation results (see Figure 3c)
show a transmission zero (TZ;) at
2.83 GHz. The LPF is simulated with
Advance Design System (ADS) soft-
ware, assuming an RT-Duroid 5880
substrate (e, = 2.2, h = 0.381 mm and
loss tangent = 0.0009). The physical
dimensions of the resonator (in mm)
are: Hy = 3.3, H, = 8.75, H; = 0.42,
H, = 3.55, Hg = 0.137, W, = 0.1, W,
= 343, W3 = 01, W4 = 246, VV5 =
0.38 and Wy = 0.4. TZ; is calculated
using the L-C model of Figure 3b.

The ABCD matrix is defined for a
two port network! as

RGN

where
V. V.
=—1l,=0 B=|—1 V,=0 (4)
2 2
| |
C=—l,=0 D=1V,=0 (5)
\Z I
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A Fig. 4 Simulated TZ, of the symmetrical modified T-shaped resonator vs. H; and C.

TABLE 2
CUTOFF FREQUENCIES FOR DIFFERENT VALUES
C; AND H,
C3(pF) 0.6 0.55 0.5
H; (mm) 3.3 2.9 2.64
Simulated 2.872 2.998 3.124
e Calculated 2.876 2.995 3.129
Error (%) 0.14 0.10 0.16
Cutoff Frequency (GHz) 1.423 1.486 1.550

According to Equations 4 and 5, the ABCD parameters of the proposed
resonator are obtained from

A S*(8LiLy (2C3 +C)Cy)+ 5% (BL4Cy + L, (2C3 + Cp ) + 21 (2C3 + Cp )) +1 ©
- 1+5%L,(2C5 +C;)

S5 (8L%L2 (2C3+C,)C ) +5° (2L1L2 (2C3 +C,)+8CiL5 +213(2C5 +C, )) +25SL, -

B=
1+5%,(2C5 + Cy)

o 5 (8L2(2C5 +.C)Cy)+S(BC, +2(2C5 +.Cy)) ®
= 1452L,(2C5 + C,)

. S%(8LiLy (2C3 +Cy)Cy)+ 5% (BL4Cy + Ly (2C5 + Cy ) +2L1 (2C5 +Cp ) +1 )
- 1+5%L,(2C5 +C,)

From the ABCD parameters, S,; is!

2
" A+B/Zy+CZy+D

Sy (10)

The S, of the proposed resonator is
S21=

(z0 (La(2C5 +C,)s? +1))

4C1ZoS+Zo(2C5 +Cy)S+4CILS? +14(2C5 +C,)S? +1,(2C5 +C5)S% +
(Zo +L1S) 4 3
4C1L1L2 (2C3 +C2)S +4C1L220 (2C3 +C2)S +1

The transmission zero (TZ;) is extracted from Equation 11
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TABLE 3
L-C MODEL VALUES
Ls Cy Cs L3
Parameters (nk) (oF) (pF) (nH)
Values ! 3.000 2.325 0.150 4.193
1
72, = (12)

n(2C3 +C,)L,

According to Equation 12, TZ; is a function of Cj,
where Cj; is the capacitance of H;. By reducing the
length of Hy, TZ; and the cutoff frequency move higher
in frequency (see Figure 4). As a result, the cutoff fre-
quency is adjusted by TZ;. For a low cutoff frequency,
TZ, is tuned to 2.872 GHz. Cutoff frequencies for dif-
ferent values of C; and H; are summarized in Table 2.

Symmetrical Modified Flag-Shaped Resonator

Figure 5a shows the layout of the SMF resonator,
and the L-C model is shown in Figure 5b. Inductances
and capacitances of the transmission line are L3, L, and
Cy, respectively. Lg is the sum of the high impedance and
low impedance stub inductances. Cs is the open-circuit-
ed low impedance stub capacitance. The capacitances
of the high impedance stubs are negligible. The L-C
model values are presented in Table 3. EM and L-C simu-
lation results are shown in Figure 5c and agree with the
model. The SMF resonator creates a transmission zero

A Fig. 5 Layout (a), L-C model (b) and simulated responses (c)
of the SMF resonator.
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From Equation 10, the S,; of the SMF resonator is calculated as

So1=

(2zo(c5L552 + 1)2)

((1 +(2C5Z0 +4C4Z4)S +(Csls + 2CsLy +4CyL4 )S? +4ZCsCylsS® +4C5Cylyls s“)

(13)

(2Zg + (L3 +2L4)S +(Colsls + 2Cslyly +4C,4Lals + 2Cslyls)S® +
(2C520L3 + 4C4ZOL3 + ZCSZOLS )SZ + 4C5C4L5L3ZOS4 + 4C5C4L5L4L3SS ))

TZ, is extracted from Equation 13
7, (14)
my(Csls)

According to Equation 14, TZ, is
tuned by Ls (see Figure 6).

To have a wide stopband, the
symmetrical modified T-shaped
resonator and SMF resonator are
combined, as shown in Figure 7a.
The EM simulation of the combined
resonator is shown in Figure 7b.

0
= 20| A
T _30 | I\
$ -40 N\ /
A -
c v I}
| A [Su]
s -70

0| 14 Y [Sar]

-90L—— Are3

0 2 4 6 8 10 12 14 16 18 20
Frequency (GHz)

(b)

A Fig. 7 Layout (a) and simulated
responses (b) of the combined resonator.
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A Fig. 8 Layout (a) and simulated
responses (b) of the primitive LPF.

This structure has two transmis-
sion zeros (TZ; and TZ,) at 2.7 and
6.6 GHz, respectively.

Primitive and Improved LPF

To increase the transition band
sharpness, four radial stubs are add-
ed to the combined resonator (see
Figure 8). The primitive LPF has a
sharp transition band; however, the
stopband is narrow. The physical
dimensions of this structure (in mm)

are: W13 6 73 W14 088, W15 =
4.06 and 61 20 degrees

According to Figure 8b, the
stopband is limited by transmission
poles. To achieve a wider stopband,
four open-circuited stubs are added
as suppressing elements, produc-
ing several transmission zeros (see

MICRO LAMBDA
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A Fig. 9 Simulated transmission zeros
from four additional open-circuited stubs.

Figure 9). The circuit layout and
EM simulation are shown in Figures
10a and 10b, respectively. This im-
proved LPF has a high return loss,
and the stopband is extended to
more than 35 GHz. The physical
dimensions (in mm) are: W, = 1.5,
Wig = 0.1, Wy = 1.52, Hy4 = 2.79
and H12 =0.76.

The final filter design employs four
semi-circular stubs (see Figure 11).
It has an ultra-wide stopband (2.38
to 65 GHz) with high attenuation (24
dB) up to the 34t harmonic. The
physical dimensions (in mm) are: W,
=069, W, =1.17,H, =15, R, =
0.25 and 6, = 180 degrees.
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A Fig. 10 Layout (a) and EM simulation (b) of the improved LPF.

SIMULATION AND
MEASUREMENT

The LPF was simulated using ADS
software, fabricated on RT-Duroid
5880 (¢, = 2.2, h = 0.381 mm, loss
tangent = 0.0009) and tested with
a Keysight 8757A network analyzer
(see Figure 11c). It exhibits an ultra-
wide stopband from 2.38 to 65 GHz,
with 24 dB suppression up to the
34t harmonic. The final filter has a
3 dB cutoff frequency of 1.89 GHz

and high return loss (14.8 dB) in the
passband. Overall dimensions are
only 17.7 mm x 7.5 mm (0.153\ x
0.065\,). With these features, it is
useful ?or wireless applications, ac-
cording to the specifications listed
by Hayati et al.'” This filter and
other reported works are compared
in Table 4. This filter has the widest
stopband, the smallest size and the
highest FOM.

In Table 4, the transition band

TABLE 4
LPF PERFORMANCE COMPARISON
Reference & RSB  SF NCS AF 53:,;::::;1 FOM
3 94 | 1261 | 2 | 0.243x0.169 1 4 5.772
4 135 | 1.64 | 22 | 0.160 x 0.200 1 11 15.221
5 159 | 1.146 | 2 2
6 4857 | 15 2 | 0.160 x 0.080 2 9 11.383
13 955 | 1.359 | 2 | 0.540 x 0.480 2 5 500.5
14 78 1.6 2 | 0.160 x 0.100 2 15 7.800
15 - | 1125 | 2 | 0450x%0.350 2 5 =
16 293 | 153 | 24 0.0075 2 10 7.172
17 84.69 | 1.51 2 | 0143 x0.156 1 7 11.625
18 586 | 143 | 25 | 0.220x0.110 1 7 8.657
19 528 | 1529 | 2 | 0.081x0.113 1 10 17.640
20 974 | 187 | 2 | 0.100x0.190 1 29 19.172
ThisWork | 72 | 1.86 | 2.4 | 0.153 x 0.065 1 34 32.465
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Measurement
— Simulation

A Fig. 11 Layout (a), fabricated filter (b) and simulated vs. measured performance (c)
of the completed LPF.

sharpness (£) is defined as The suppressing factor (SF) is
—o suppression level
g=dma—tmin(dB/GHz)  (15)  SF= 0 (a7)
*e The normalized circuit size (NCS) is
where o, and a,,, are suppression
point.s of -3 and -40 dB, respecti_ve- ’;F?yssizal dimensions
ly. f, is the frequency corresponding (length x width)

to @y and f. is the frequency cor-
responding to o, The relative 7&5
stopband bandwidth (RSB) is

(18)

For 2D and 3D circuits, the architec-

RSB = ture factor (AF) is defined as 1 and 2,
stopband bandwidth 1% respectively, and the FOM is
stopband center frequency e FOM — RSB x & x SF (19)
AF xNCS
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CONCLUSION

An ultra-wide rejection band
LPF using symmetrical modified T-
shaped and flag-shaped resonators
has been manufactured and tested.
The stopband width is 62.62 GHz
(from 2.38 up to 65 GHz) with more
than 24 dB suppression. This con-
figuration has the best performance
for harmonic suppression (from the
second to 34th) and the smallest size
compared to other recent work.ll
I
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Oscilloscope with
110 GHz Front-

End Eliminates
Frequency

Interleaving

Keysight Technologies Inc.

Santa Rosa, Calif.

echnologies like terabit optical data

communications, next-generation

digital bus standards, high speed

I/O and new wireless standards
are demanding higher bandwidth and more
accurate measurements in  multi-channel
test systems. Similarly, emerging mmWave
applications are demanding wider band-
widths. For example, 802.11ay uses about
4 GHz of bandwidth at 60 GHz. High signal
integrity is needed for measurements such
as error vector magnitude (EVM), especially
over multi-GHz signal bandwidths with high-
order modulation.

To address these needs, Keysight has
designed a 110 GHz oscilloscope with cus-
tom ASICs to achieve more signal integrity
than any other oscilloscope in its class. The
technology has been leveraged and opti-
mized down to 13 GHz models, providing
extreme signal integrity in a wide range of
bandwidth options, enabling high speed
digital design and wireless. Keysight's In-
finiium UXR-Series oscilloscopes are the
first oscilloscopes to achieve greater than
40 GHz bandwidth without frequency inter-
leaving, which adds noise and distortion to
the signal being tested.

JOURNEY OF A SIGNAL

To understand the technology within
Keysight's new oscilloscopes, follow the sig-
nal flow through a UXR (see Figure 1). The
signal enters through the channel, a chal-
lenge when developing a high bandwidth
oscilloscope, as reflections in the channel
cause measurement inaccuracy. The 33 GHz
and below models use robust 3.5 mm con-
nectors (only accurate below 40 GHz), Key-
sight's traditional AutoProbe Il interface to

support traditional SMA connections and
Infiniium probes that may already be on
the lab bench. The 40 to 70 GHz models
use 1.85 mm connector technology, which
is a little more delicate but extends the
bandwidth. To support 80 GHz and above,
Keysight uses 1 mm connectors, the indus-
try standard for mmWave technology to
110 GHz. While these connectors are tradi-
tionally more fragile like all 1T mm connec-
tors, they require adaptors to connect to
traditional probes, but users testing at these
frequencies will likely connect cables directly
to the 1 mm input to maintain signal integ-
rity, rather than using hand-held probes.
From the front-end connector, the signal
flows to a mechanical attenuator and then
into the preamplifier, the first component of
the front-end module. While this may sound
simple, it is one of the key distinctions be-
tween UXR oscilloscopes and other high
bandwidth oscilloscopes. The front-end
module consists of a proprietary Keysight
InP chipset protected from noise and inter-
ference with a Faraday cage (see Figure 2),
custom designed to handle 110 GHz signals
while keeping noise to a minimum. This is
a key distinction, because the hardware can
support the full bandwidth of the oscillo-
scope. Other high bandwidth oscilloscopes
must use frequency interleaving to achieve
the full bandwidth because the IC tech-
nology within the oscilloscopes is limited.
Frequency interleaving can double—even
triple—an oscilloscope’s bandwidth beyond
the raw capability of the chipset. The trade-
off is additional circuitry, adding significant
noise and distortion which are amplified by
the preamp. With interleaving, digital signal
processing stitches the signal components
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A Fig. 1 Simplified block diagram of the UXR oscilloscope.
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email: info@dbmcorp.com www.dbmcorp.com

back together, which may add more
noise to the signal. This all happens
in the front-end of the oscilloscope
before data acquisition. Using a pre-
amp with a frequency range to 110
GHz without attenuation, the UXR
foregoes frequency interleaving,
preserving the signal under test.
One of the trade-offs to designing
hardware to support higher band-
width without frequency interleav-
ing is time-to-market. However, the
improvement in performance is well
worth the design effort.

After the attenuator and the pre-
amp, the signal flows to a 256 GSPS
sampler (also designed uniquely
for the UXR using InP) and a trig-
ger comparator. The 256 GSPS high
speed sampler “slows” the signal
for the rest of the system, using a
process called time interleaving.
Unlike frequency interleaving, time
interleaving is carefully controlled
with the oscillator board. Signal ac-
quisition uses an array of 10-bit ana-
log-to-digital converters (ADC), with
each ADC operating at 64 GSPS.
10-bit ADCs provide 4x the vertical
resolution of 8-bit ADCs. After be-
ing converted to digital, the signal
is sent to Keysight's new memory
controller reading and writing to a
modern 2.5D memory storage de-
vice with 2 GB of deep memory. The
trigger comparator sends trigger in-
formation to the memory controller,
which enables filtering, de-embed-
ding, triggering and other advanced
hardware features. It even has a bus
for plotting the waveform, reduc-
ing the work done in the FPGA to
speed the performance of the os-
cilloscope. The memory controller
sends this data to the FPGA, which
communicates to the CPU over PCl
Express to display the signal and
measurements on the screen of the
oscilloscope. Each 110 GHz channel
has its own acquisition board, ensur-
ing the full bandwidth and memory
depth on each channel.

A Fig. 2 The 110 GHz front-end module.
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This oscilloscope design has en-
abled new industry “bests.” The
UXR provides:

e Four full bandwidth channels with
up to 110 GHz of bandwidth.

* Aslow as 210 pV rms noise at 10
mV/division.

e Only 25 fs rms of intrinsic jitter at

1 ps/div.

e Less than an additional 10 fs rms
of inter-channel intrinsic jitter.
* Up to 6.8 effective bits.

WHY DOES THIS MATTER?

For emerging mmWave applica-
tions to 110 GHz, high performance
digital oscilloscope technology of-
fers an additional tool to gain insight
when analyzing wideband mmWave
signals. Directly digitizing mmWave
signals, then post-processing them
with application software enable
direct measurement of wideband
mmWave signals, complement-
ing the traditional approach using
an external down-converter with a
lower bandwidth oscilloscope. The
UXR's accuracy—up to 6.8 effective
bits—enables wideband EVM mea-
surements of higher-order modula-
tion signals, such as 802.11ay.

As anyone in the high speed digi-
tal industry knows, test margins are
decreasing as new generations of
technology become the standard.
Design cycles are shorter, and com-
pliance is more difficult as the limits
of existing hardware are reached. Pre-
viously, there was so much time be-
tween bit transfers that set up and rise
time tests were only required to pass
specification. Now, passing compli-
ance requires pre- and post-channel
equalization as well as strict mask
test validation. Millivolts of noise can
make the difference between passing
or failing. The UXR's signal integrity
reduces the risk of failing from exces-
sive oscilloscope noise and jitter. With
a noise floor as low as 210 pVrms at
10 mV/division and only 25 fs of in-
trinsic jitter, signal eyes will be wider,
leading to more confidence passing
compliance tests.

In terabit and optical research,
next-generation technology break-
throughs have been prohibited
by limited test equipment. Higher
modulation standards require mea-
surement systems with extreme
signal integrity, high bandwidth
and multiple channels to decipher
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complete coherent receiver de-
signs. Daisy chained single chan-
nel instruments can be too costly
and highly inaccurate. Inter-channel
jitter between daisy chained mea-
surement devices can impede the
ability to clearly view signals. Four
high bandwidth channels with only
femptoseconds of inter-channel in-
trinsic jitter enable optical measure-
ments not previously possible.

The UXR was designed piece by
piece, with the intention to enable

ProductfFeature

research in various applications with
new industry-best specifications.
Keysight's new technology blocks
enable the UXR to revert to tradi-
tional, clean oscilloscope design
practices without frequency inter-
leaving, increasing the signal fidelity
in every category.

Keysight Technologies Inc.
Santa Rosa, Calif.
www.keysight.com/find/UXR

FASTER, QUIETER, SMALLER

SIGNAL SOURCES

QUICKSYN SYNTHESIZERS

¥,

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

frequency range, and small footprint.

ni-microwavecomponents.com/quicksyn

e
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NATIONAL T
INSTRUMENTS'

© 2016 National Instruments. All rights reserved

QuickSyn Lite Synthesizer
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wr—m 9 kHz to 50 GHz
gt A8 Single-Chip

SOI Digital Step
Attenuator

pSemi Corp.
San Diego, Calif.

ith the rollout of 5G, the
mobile industry will expand
beyond sub-6 GHz to sup-
port mmWave frequencies.
mmWave signals often suffer increased at-
tenuation passing through walls and struc-
tures, and semiconductor device technolo-
gies are inherently frequency-limited, creat-
ing both system design and implementation
difficulties. Overcoming these hurdles re-
quires technologies like beamforming and
massive MIMO, backed by commercially
viable and reliable passive components tai-
lored to the high frequency signal chain.

To serve the evolving mmWave demands
of 5G, pSemi (formerly Peregrine Semicon-
ductor) has introduced several high fre-
A Fig. 1 PE43508 [S,,| vs. frequency quency components, including a 40 GHz
switch (PE42524) and two 60 GHz switches
(PE42525 and PE426525). The newest prod-
uct in this portfolio is a 50 GHz digital step
attenuator (DSA): PE43508. These mono-
lithic ICs are ideal for applications, such as
test and measurement and 5G wireless in-
frastructure, and can be used in more tradi-
tional high frequency applications, such as
very small aperture satellite terminals.

pSemi's mmWave switches and new DSA
are manufactured on the company’s Ultra-
CMOS® platform, a patented variation of
silicon on insulator (SOI) technology, and
contain industry-leading innovations in RF
SOI switch design. The PE43508 DSA is

A Fig. 2 Normalized attenuation states vs. frequency. based on the 300 mm UltraCMOS 12 tech-
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REFLECTIONLESS FILTERS

DC to 30 GHZ!

Bare ;

Die Form

Reflectionless

—_—
e
\ Conventional /

_>

O

Eliminates standing waves out-of-band

Now over 50 Models
to Improve Your System Performance!

Now Mini-Circuits’ revolutionary X-series reflectionless filters give you even
more options to improve your system performance. Choose from over 50
unigue models with passbands from DC to 30 GHz. Unlike conventional
filters, reflectionless filters are matched to 5022 in the passband, stopband
and transition, eliminating intermods, ripples and other problems caused
by reflections in the signal chain. They’re perfect for pairing with non-linear
devices such as mixers and multipliers, significantly reducing unwanted
signals generated and increasing system dynamic range.2 Jump on the
bandwagon, and place your order today for delivery as soon as tomorrow.
Need a custom design? Call us and talk to our engineers about a
reflectionless filter to improve performance in your system!

" Small quantity samples available, $9.95 ea. (qty. 20)
2 See application note AN-75-007 on our website

% See application note AN-75-008 on our website

4 Defined to 3 dB cutoff point

$R95 7

from ea.(qty.1000)
* High pass, low pass,
and band pass models
* Patented design eliminates in-band spurs

« Absorbs stopband signal power
rather than reflecting it

» Good impedance match in passband,
stopband and transition

« Intrinsically Cascadable®
« Passbands from DC to 30 GHz*

Protected by U.S. Patent No. 8,392,495 and
Chinese Patent No. ZL201080014266.I.
Patent applications 14/724976 (U.S.) and
PCT/USIS/33118 (PCT) pending.

L} u . - ®
[ JMini-Circuits
www.minicircuits.com P.O. Box 350166, Brooklyn, NY 11235-0003 (718) 934-4500 sales@minicircuits.com 550 Rev D
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ProductFeature

nology platform that delivers R,
Co @ key figure of merit for RF
switches, of 80 fs, surpassing the
SOl competition.

Tradlitionally, GaAs solutions have
ruled the high frequency domain, but
the pSemi mmWave portfolio proves
that RF SOI can deliver high perform-
ing and reliable solutions at mmWave
frequencies. Introduced in 2015, the
PE42524 was the industry’s first RF
SOl switch to operate up to 40 GHz,
AFig. 3 S| vs. frequency. and it offered design engineers the
first alternative to GaAs switches at
K- and Ka-Band. The PE42525 and
PE426525 surpassed this milestone
by supporting a wider frequency
range from 9 kHz to 60 GHz, deliv-
ering exceptional performance in all
key RF parameters and attaining a
fast switching speed of only 8 ns.

DSA FEATURES
Now, pSemi has broadened its

mmWave portfolio with the intro-
!mperature duction oflihe PE43508, the indus-
Variab’e Attenuators try’s first single-chip DSA to sup-

port the 9 kHz to 50 GHz frequency
range. Single-chip DSAs are a prod-

TVAs from the recognized Attenuation vs. Temper uct category pSemi first introduced

leader in high reliability resistive a in 2004_—since proven to be more
e T optimal in RF performance than dis-

crete components. In an RF chain,
* Two case sizes: a DSA controls the signal amplitude

0.150"x0.125"x 0.018" (to 6 GHz) by setting the desired attenuation

0.075"x0.065"x 0.018" (to 18 GHz) to deliver the proper power level

Three TCA values: -0.003, to the next component in the sig-

-0.007, and -0.009 dB/dB/°C n.al chain. The goal is to .contr.ol. the
Enhanced slope ETVAs Witr: a ZEQ?L;}@L aeif;rfately' with minimal
Ve el U el The PE43508 is a 6-bit, 50 Q DSA
Attenuation values from 1-10 dB with a 31.5 dB attenuation range in
Solderable or wire bondable 0.5 and 1 dB steps. It features low
terminations insertion loss, low attenuation error
and good return loss, and it main-
tains a monotonic response across
the entire frequency range. Figure 1
State of the Art. shows the O dB attenuation (refer-
ence state) insertion loss through 50
GHz at room temperature. Figure 2
State of the Art, Inc. shows the attenuation versus fre-
quency for each 1 dB step, where
the attenuation is normalized to the

www.resistor.com reference state (i.e., the measured

insertion loss minus the loss of the
2470 Fox Hill Road, State College, PA 16803-1797 refere_nce state at the same frequen-
Phone: 800-458-3401 or 814-355-8004 » Fax: 814-355-2714 cy). Figure 3 plots |Sy,| for all atten-
E-mail: sales@resistor.com ® Source code: 56235 uation states, and Figure 4 shows

the attenuation error for all states.
Leveraging pSemi's patented
HaRP™ technology enhancements,
the DSA delivers high-power han-
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dling and high linearity. At room
temperature, the PE43508 has a
maximum CW input power of +28
dBm from 1 to 50 GHz, with a typi-
cal input IP3 of +51 dBm at 16 GHz
and a 1 dB compression point of +32
dBm at 50 GHz. Other features are
a fast switching time of 350 ns, with
glitch-safe attenuation state transi-
tions—meaning no increased power
spike during a state transition. The
PE43508 has an extended tempera-
ture range from —40°C to +105°C,
an HBM ESD rating of 1 kV and an
easy-to-use digital control interface
supporting both serial addressable
and parallel programming. The DSA
supports 1.8 V control signals and
has an optional Vsg g7 bypass mode
to improve spurious performance.

Offered as a flip chip die, the
PE43508 uses lead-free solder ball
technology for the signal and ground
interconnects. Solder reflow profiles
common to lead-free surface-mount
assembly can be used to achieve uni-
form and reliable attachment. Since
the material composition of the DSA
is similar to alumina (Al,O5), the coeffi-
cients of thermal expansion for the two
materials are similar, 5 to 7 ppm/°C (or
5to 7 x 1076/°K), ensuring a mechani-
cally reliable and robust interconnect.
The PE43508 is configured with a 500
pm - minimum ball pitch. While thin
film technologies can readily meet the
line width and spacing critical dimen-
sions (CD) of 100 pm or less, thick film
and PCB processes generally require
far less stringent CDs to achieve rea-
sonable and consistent manufactur-
ing yields. The comparatively wide
500 pm ball pitch of the PE43508 is
intended to support the larger CD
requirements and enable assembly
of the die directly to RF PCB boards.
pSemi has written an application note,
available on their website, discussing
the recommended landing patterns
and assembly process for obtaining
peak performance with alumina and
PCB assembilies.

Volume production quantities,
evaluation kits and samples of the
PE43508 are available. In 1000
quantity orders, the PE43508 is
priced at $50.

pSemi Corp.

San Diego, Calif.
wWww.psemi.com
sales@psemi.com

ProductfFeature

0.59”x0.63” High
Power T/R Switch

W Handles 3kW of power

M Operates from 150 MHz
10 2500 MHz

0.532"x0.246" x B—
0.129” High-Power — ™. 00 oo’ —
Limiter —_—
W Operates from

20MHz to 6 GHz
W Handles 10W CW

power

PR W S —

0.65”x0.7” High-

Power Broadband

Limiter

W Operates from 0.1 GHz
to 18 GHz

B Protects receiver
circuitry

Images shown at actual size.

SMALL SURFACE
MOUNT PACKAGE

Introducing our newest generation of RF
Control Components, utilizing our high-
power design expertise in applications
where size is reduced without
compromising power.

B Sized with the next generation of

airborne, shipboard and ground
based applications in mind

B From specification, design &
development to final production

B High volume production & testing
capability

We will help you create a specification

that assures dependable solid state

high-power products for your project.

Contact our applications department
to discuss your exact needs.

(% OMIECH
POWER SYSTEMS TECHNoLoGY | | 111

Comtech PST - 105 Baylis Road, Melville, NY 11747

Tel: (631) 777-8900 « Fax: (631) 777-8877 » www.comtechpst.com « sales@comtechpst.com

Hill Engineering Division - 417 Boston Street, Topsfield, MA 01983
Tel: (978) 887-5754 « Fax: (978) 887-7244 - www.comtechpst.com/hill - sales@hilleng.com
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he MM2-0530SM  from

Marki Microwave is the

most versatile, high per-

formance, surface mount
mixer for X- through K-Band ever
produced. It is the world’s first truly
triple balanced MMIC mixer cover-
ing these bands in one device. The
MM2-0530SM provides exceptional
spurious cancellation and port-to-
port isolation for RF and LO fre-
quencies from 5 to 30 GHz and IF
frequencies from 2 to 20 GHz. These
massively overlapping bands, along
with  outstanding performance,
make the mixer ideal for the difficult
frequency plans encountered in test
& measurement, electronic warfare
and synthesizer/LO generator ap-
plications.

Mixer Vanquishes
Up-Converted Spurs in
Difficult Frequency Plans

There are three major categories
of passive diode mixers: single bal-
anced, double balanced and triple
balanced, with each additional
layer of balance increasing design
complexity. The IF balun layout of
the MM2-0530SM proved to be
the most challenging Marki has re-
leased. Another major challenge
arose from the overlapping LO, RF
and IF bands, meaning that LO-to-IF
and RF-to-IF isolation are extremely
important. The MM2-0530SM offers
LO-to-IF and RF-to-IF isolation of 25
to 45 dB, significantly better than
competing double balanced mix-
ers with |F isolation of 15 to 30 dB.
This translates to dramatically im-
proved IF harmonics and spurs. For
example, with a 0 dBm input signal,

the MM2-0530SM has typical third
IF harmonic suppression of 90 dBc,
compared to 51 dBc for a good
double balanced mixer.

The MM2-0530SM is available
with two diode levels, tailored to
the desired tradeoff between linear-
ity and LO drive power. The MM2-
0530HSM offers +28 dBm input IP3
and +19 dBm P1dB with an LO drive
between 16 and 22 dBm, while the
MM2-0530LSM has +19 dBm input
IP3 and +9 dBm P1dB and requires
only 9 to 17 dBm LO drive. Data-
sheets, application notes and pric-
ing are available from the website.

Marki Microwave Inc.
Morgan Hill, Calif.
www.markimicrowave.com

o supporta diverse range of

applications in aerospace

and defense, wireless in-

frastructure, microwave
point-to-point links, test & measure-
ment and satellite terminals, Analog
Devices has developed a wideband
synthesizer with an integrated VCO
that delivers excellent performance
and flexibility. Using a fractional-N
architecture, the ADF5610 gener-
ates frequencies from 57 MHz to
14.6 GHz and achieves the lowest
phase noise of a single chip synthe-
sizer. Compared to alternative solu-
tions that use multiple, narrowband,
GaAs VCOs and PLLs, the ADF5610
uses 50 percent less power, fits in a
smaller footprint and offers a simpler
board design, with the benefits of a

lower cost bill of materials and re-
duced time-to-market.

Fabricated on ADI's propri-
etary, SiGe BiICMOS process, the
ADF5610 provides RF output power
of +6 dBm, high system modula-
tion bandwidth and very low BIT
error rates. It has industry-leading
VCO phase noise of =114 dBc/Hz
at 100 kHz offset and —165 dBc/Hz
at 100 MHz offset at 10 GHz, with
a low normalized phase noise floor
of =232 dBc/Hz. The integrated PLL
provides fast frequency hopping and
lock times below 30 ps with the ap-
propriate loop filter. Integer bound-
ary spurious levels are typically bet-
ter than —45 dBc in-band.

The synthesizer is programmable
using control software and the inte-

55 MHz to 15 GHz, Single
Chip Synthesizer Delivers
Low Phase Noise, Spurs

grated SPI interface, compatible with
1.8 V logic and contains hardware
and software power-down modes.
The ADF5610 is biased with separate
+3.3 V supplies for the analog, digital
and charge pump circuitry and a +5V
supply for the VCO. Packaged in a
7 mm x 7 mm LFCSP, the IC operates
from —40°C to +85°C.

Design-in is easy, fully supported
by Analog Devices’ comprehensive,
easy-to-use PLL synthesizer design
and simulation tool, the ADIsim-
PLL™. Using ADIsimPLL, designers
can assess phase noise, lock time,
jitter and other parameters.

\Y)VENDORVIEW
Analog Devices Inc.
Norwood, Mass.
www.analog.com
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nritsu has extended its

component offering by

introducing new W1 co-

axial components. The
W1 family expands Anritsu’s exist-
ing line of passive components with
attenuators, power dividers, power
splitters and a directional coupler
covering up to 110 GHz. These
metrology-grade components en-
able the best performance and re-
peatability for mmWave measure-
ments.

These new components provide
an alternative to waveguide for
broadband and mmWave measure-
ments. For example, the test setup
for intermodulation distortion (IMD)
requires a power divider/combiner

Scalable Coaxial
Components Reach

110 GHz

to combine two tones. Using a 110
GHz coaxial power divider with a
native W1 interface, the user avoids
waveguide, reducing interconnects
and measurement uncertainty. De-
pending on the geometry between
the interfaces to the device being
tested, waveguide geometries can
be complex. This is not a problem
with a coaxial power divider, wheth-
er using an inline or 90 degree con-
nector. Another benefit of using a
coaxial power divider covering DC
to 110 GHz: it is not band limited.
Designing broadband, mmWave
component solutions poses several
design challenges when achieving
the tight mechanical and electrical
specifications. Substrate behavior

must be accounted for, as well as
attaining the tight mechanical toler-
ances when manufacturing W1 con-
nectors. Anritsu addresses both with
its on-site thin film lab and machine
shop capable of precision machin-
ing.

Anritsu’s new W1 coaxial compo-
nents ensure better measurements
by providing metrology-grade solu-
tions, delivering a coaxial interface
for broadband and mmWave sys-
tems, reducing complexity and in-
creasing performance repeatability.

\JVENDORVIEW

Anritsu

Morgan Hill, Calif.
www.anritsu.com/en-US/
components-accessories
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Up to 110GH=z

¢ VNA Test Assemblies

e Low Loss Cable Assemblies
e Calibration Kits |
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e RF Coaxial Loadé‘.ij:

Frequency (GHz)

¢ DC Blocks
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Share your expertise.

Help shape next-generation
designs. Be a part of the
EDI CON CHINA
peer-reviewed technical
program.
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he Virtual Model Inspector

(VMI) from IMST is a new

application for the HTC

VIVE virtual reality system.
It allows the user to move freely
through scaled version of electro-
magnetic (EM) structures, providing
a fascinating experience of inspect-
ing the structure's geometry from
all perspectives. This enables an
unprecedented layout check and
design verification of simulation
models, a crucial step before going
into production. In addition to the
geometry, the VMI also visualizes
the 3D simulation results, e.g., EM
fields in different planes. The VMI

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

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

Sponsored By MA‘OM

Partners from RF to Light

Is Your Handheld Ready
for 5G?

Optoelectronic Oscillators
Reduce Phase Noise

122

Virtual Model Inspector
for 3D EM Solver

will be offered as an add-on mod-
ule for the 3D EM solver EMPIRE
XPU 7.7. Every simulation model in
EMPIRE can be experienced virtu-
ally with the VMI software.

EMPIRE XPU helps designers
with demanding RF design chal-
lenges, such as antennas, passive
circuits, packages, waveguide and
finding EMC/EMI problems. Be-
cause of IMST's innovative XPU
technology, EMPIRE XPU enables
accurate, full, 3D EM modeling of
structures larger and more complex
than handled by conventional EM
simulation tools. The XPU technol-
ogy enables full parallel compu-

Content is copyright protected and provided or personal use only - not for reproduction or retransmission.
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tation on modern PCs and yields
higher simulation speed than using
GPU supercomputers. Just-in-time
code generation and caching save
50 percent of the memory used
compared to other finite-difference
time-domain simulators.

This fast and highly efficient
simulation  technique combined
with the VMI enables design cycles
to be accelerated, particularly for
challenging applications like 5G
and 77 GHz automotive radar.

IMST GmbH
Kamp-Lintfort, Germany
www.imst.com
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Frequency Matters.

Growing Mobile Filter
Market Attracts SAW and
BAW Entrants

A New Field Effect Transistor
Avoids Pinchoff
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Unlock All Your RF &
EMC Testing Needs
\YJVENDORVIEW

AR RF/Microwave Instrumentation’s
comprehensive catalog includes vir-
tually everything necessary for RF
and EMC testing. Find important
information on everything from RF/
microwave amplifiers to antennas,
probes, analyzers, accessories and
integrated test systems that make [
testing quicker, easier and more ac-
curate. Discover innovative new
products like MultiStar Field Analyzers, Test Systems and Receiv-
ers that use groundbreaking technology to perform multiple tasks
simultaneously, reducing test times from days to hours. The latest
developments in hybrid power modules and dual band technol-
ogy are also represented here.

AR RF/Microwave Instrumentation
www.arworld.us

Frequency Sources Short
Form Catalog

General Microwave Corp. has de-
signed and manufactured cutting-
edge microwave frequency sources
since 1987. This Short Form Catalog
includes sources ranging from free
running voltage and digitally con-
trolled oscillators to fast (1 usec) in-
direct synthesizers, company profile
and a wideband frequency modula-
tion applications and techniques tu-
torial. Specially featured is the Series SM60 family of fast indirect
synthesizers capable of analog and digital frequency modulation,
while center frequency remains in the pure locked mode.

General Microwave Corp.
www.kratosmed.com

New Brochure

K&L Microwave has been a key sup-
plier to space programs since the
Apollo 17 lunar sounder experiment
in 1972. K&L has supported custom-
ers with high-reliability filter products
for integration into flight equipment,
providing bandpass, highpass, low-
pass and bandstop configurations. As
a supplier of custom filter products,
K&L has the expertise and resources
for determining how best to meet
customer space flight requirements.
A highly trained engineering staff utilizes specialized in-house
and purchased software tools to identify and realize advanta-
geous designs. Download their new brochure and find out how
K&L can be “Your Partner in Space.”

K&L Microwave
www.klmicrowave.com

Filter Designer 3D Flyer
\Y)VENDORVIEW

Discover

CST STUDIO SUITE 2018

CST Filter Designer 3D is a complete synthesis tool for nar-
row bandpass and diplexer filters. It offers a range of solutions
throughout the design process of a coupled-resonator filter—re-
gardless whether itis implemented in planar, waveguide or dielec-
tric media. CST Filter Designer 3D together with the simulation
capabilities of CST MICROWAVE STUDIO® offers the complete
technology for your filter design requirements. Learn more about
this powerful tool in their flyer.

SIMULIA, Dassault Systemes
www.cst.com/solutions/articles/cst-filter-designer-3d

HiRel Broadband Conical [GOWANDA |
Inductors P e 2
Gowanda's HiRel Conicals offer pre- | muoroRs 3 ’
dictable frequency response from 40 ’ Py

MHz to 50+ GHz, current ratings to
6A, scalability, low-to-high volumes,
unique footprints, ultra-low insertion
loss and return loss, in both standard

=40 Mz 10 50 042 Operation

and  application-specific ~ designs. [ «us s e sinsssss
Their unique construction helps 1O | o st

limit the effects caused by stray ca- sz
pacitance. They also offer < 1 percent
TML per ASTM E595 outgas testing. For needs that go beyond
off-the-shelf components, the company maintains a leadership
role in custom SMT and flying lead conical solutions to address
customer requirements.

Gowanda Electronics
www.gowanda.com/conical

Benchtop Test Solutions
Product Guide
\VENDORVIEW

Mini-Circuits’ has innovated a line of
products for these functions that are
smaller, faster, easier to control and
much more affordable than other
options typically available in the in-
dustry. Their benchtop test and mea-
surement modules offer the ease
of control via USB or Ethernet and
include programmable attenuators,
power sensors, frequency counters,
switch modules, signal generators and control products. Depend-
ing on the application, these units may be used as standalone
solutions or easily integrated as building blocks to build scalable
testing platforms customized to each user’s individual needs.

Mini-Circuits
www.minicircuits.com
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CatalogUpdate

Innovative T&M oyt
Instruments at Budget- Test & Measurement
Friendly Price

. - vl
THVENDORVIEW J !.,. il

Whatever your job is, you do not [ Hll mes 5 mms
always need the ultimate high-end
T&M equipment. What you need are
precise, reliable, universal measuring
instruments. That is what you get from
Rohde & Schwarz: The instruments
combine practical features with ex-
cellent measurement characteristics;
they are easy to use and easy on the budget. The Distribution
Catalog 2018 presents a lot of new instruments of outstanding
quality and innovation at a budget-friendly price (Order number:
PD 3606.6463.42).

Rohde & Schwarz GmbH & Co.
www.rohde-schwarz.com

| prr——

Interface Gauge Kits

YJVENDORVIEW

A small investment will help to avoid
trouble, means checking interfaces of
connectors. The connector gauge kits
of Spectrum Elektrotechnik GmbH
are easy to use with direct reading
and self-checking, measure the inter-
face dimensions of coaxial connec-
tors. The kits consist of gauges with
especially developed dial indicators
to mate with the individual connec-
tors. A master setting gauge adjusts
the dial indicator to zero, before mating with a connector to mea-
sure the interfaces. The gauges are sold as kits, individual com-
ponents or replacement parts. Calibration service is provided as
well.

Spectrum Elektrotechnik GmbH
www.spectrum-et.com

Updated Broadcast Catalog

JJVENDORVIEW

SPINNER has published an updated
version of its Broadcast Catalog. The
company has added band 3 DAB |
high-power filters for power levels
up to 10 kW and band 3 DAB high-
power combiners for max 20 kW. All
SPINNER UHF CCS combiners in the
catalog come with new 3 dB couplers
for better return loss. Direct access
units for systems from 6 1/8 in. EIA to e

9 3/16 in. EIA are now available in a n =~
new, more compact design which are
easier to install. SPINNER’s new 50 kW SmartLoad with indoor or
outdoor cooler is also included.

SPINNER
www.spinner-group.com

Smant RF Schutions for
Efficient Broadcas! Networks

AAAAAAANARAN S
VYWV VY

IEEE Wireless and Microwave Technology Conference
Hilton Cocoa Beach

April 8-9,2019

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

\ \ )

The technical program is focused on Simulation Driven
Design of Emerging Wireless, Microwave and

< mm-Wave to THz Technologies

= Internet of Things (loT)

« Power Amplifiers, Active Components and Systems
« Passive Components and Antennas

« Microwave Applications

Visit www.wamicon.org for complete submission details.
Papers Due: February 8, 2019

Author Notification: February 22, 2019
Final Papers Due: March 1, 2019

www.wamicon.org
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NEW

PROD

UCTS

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

COMPONENTS

Low PIM Cavity Filters
VENDORVIEW
— MCV Microwave
introduces two new
series of low PIM
cavity filters covering
UHF, LTE and CBRS
frequency bands from 350 MHz to 3.5 GHz.
Standard low PIM series feature 163 dBc at
2 tone 43 dBm with 90 to 120 dB isolation.
Ultra-low PIM series provide 173 dBc at 2
tone 43 dBm with the same high isolation
as the standard low PIM series. Custom
wideband designs are available for PIM test
bench applications.
MCV Microwave
www.mcv-microwave.com

Broadband 3-Way Type N Power
Dividers

Y)VENDORVIEW

MECA Electronics’ latest
new product offering,
non-binary 3-way broadband
i of power divider covering
i " 0.5 to 6 GHz (803-4-
3.250WWP) encompassing
public safety through ISM
bands. With typical
performance of: VSWR of 1.30:1, isolation
17 dB, insertion loss 1.2 dB and excep-
tional amplitude and phase balance of 1 dB
and 12 degrees max. This is in addition to
the family of 2-, 4-, 8 and 16-way splitters in
various connector styles and IP60 and
67/68 ratings. Made in the U.S. with 36
month warranty.
MECA Electronics Inc.
www.e-MECA.com

2-Way Splitter
)VENDORVIEW

The MRFSP8525 2-way splitter is designed
for applications that require small, low cost
and highly reliable
surface mount
components.
Applications may be
found in broadband,
wireless and other
communications
systems. These units are built lead-free and
RoHS compliant. S-parameters are available
on request.

MiniRF

www.minirf.com

¢ a8

High-Power Ka Circulators

The M Wave Design

Corp. 28DPIA12xx

differential phase

circulator line offers

high-power handling
ith low inserti

126

(< 0.40 dB over a 4 GHz B/W). The
circulator has integrated waveguide runs
and will handle up to 250 W average and 80
kW peak without special cooling provisions.
M Wave Design Corp.
www.mwavedesign.com

RF Surge Protection Devices

PolyPhaser has
released an innova-
tive line of RF surge
protection devices
engineered and
tested to protect
equipment from
high-altitude
electromagnetic pulse (HEMP) and high-level
RF weapons. The PolyPhaser HEMP tested
product family includes solutions that
protect sensitive equipment from intentional
electromagnetic interference (IEMI) as
specified by the Department of Homeland
Security.

PolyPhaser

www.polyphaser.com

6-Way Power Divider

Response Microwave
Inc. announced the
availability of its new
compact 6-way power
divider for use in
various X-Band
applications. The new
RMPD6.6000-
18000Sf covers the 6 to 18 GHz band
offering typical electrical performance of 1.6
dB max insertion loss, VSWR of 1.70:1 max,
amplitude unbalance of 0.8 dB and min
isolation of 16 dB. Average power handling
is 30 W and the unit is operational over the
—40°C to +85°C range. Mechanical package
is 3.0 x 1.9 x 0.39 in., plus stainless steel
SMA female connectors. Alternate power
division configurations available on request.
Response Microwave Inc.
www.responsemicrowave.com

Ka-Band 4 Channel Downconverter

YVENDORVIEW

RFE Inc. has designed
a convenient,
cost-effective solution
for translating
wideband 18 to 40
GHz RF signals into
the 6 to 18 GHz
domain (via two separate converter banks)
giving extended frequency coverage to many
existing systems.

RFE Inc.

www.rfe-mw.com

Multiplexers

YJVENDORVIEW

RLC Electronics’
multiplexers are
available in 2, 3 or 4
channel versions.
Adjacent passbands
may be designed for a
contiguous or
non-contiguous
response. For passband frequencies below
2 GHz, lumped element designs will often
achieve the desired response in the
smallest package. At higher frequencies (up
to 40 GHz), distributed coaxial structures
are employed to realize the lowest possible
loss. The unit pictured above is a diplexer
that covers both L-/S-Band frequencies, as
well as Ku frequencies, and exhibits low
loss (< 0.5 dB per channel). This unit has
been fully qualified to operate under military
environments and is currently used on an
airborne application.

RLC Electronics Inc.
www.rlcelectronics.com

Voltage Controlled Oscillator

The USSP1570-LF is
designed to cover the
frequency range of
1540 to 1600 MHz
while tuning over 0.5
to 2.5 VDC. This
unmatched VCO
features extremely low-power consumption
by operating off a 2.7 VDC supply and
drawing a mere 7 mA of current all while
housed within an ultra-small footprint
measuring 0.2 x 0.2 x 0.04 in. This VCO
features a spectrally clean signal of —90
dBc/Hz at 10 kHz offset.
Z-Communications

www.zcomm.com

CABLES & CONNECTORS

40 GHz Skew Matched Cable Pairs

Fairview Microwave
Inc. has released a
new line of 40 GHz
skew matched cable
pairs designed for
bit-error-rate testing,
eye diagrams and
differential signals at
data rates of 10 to 28 Gbps. Fairview’s new
line of skew matched cables consists of
three extremely flexible models that are 100
percent tested for skew match. Performance
specs include an impressive VSWR of 1.4:1
and 1 ps delay match.

Fairview Microwave Inc.
www.fairviewmicrowave.com

Content'is copyrlghf) pro?ected and provided for personal use only - not for reproduction or retransmission.
For reprints please contact the Publisher.

MWJOURNAL.COM m OCTOBER 2018



Passbands from 900 to 11400 MHz ..£19995

Need to separate signal from scramble? Mini-Circuits’ FEATURES

new ZVBP-series cavity filters are designed to give you o Outstanding selectivity

razor sharp selectivity and high stopband rejection for , , .

bandwidths as narrow as 1% to keep your signal clean. ® High rejection

These filters feature rugged construction and robust design ® Rated for operation from -55 to +100°C

with protection from accidental detuning, so you can put o pPower handling up to 15W
them to work with confidence in almost any environment, R d tructi
in the lab or in the field. uggea construction

They’re available off the shelf for immediate shipment, so place your order today for delivery as soon as tomorrow!
Need a custom filter? We’ve got you covered. Just send your requirements to apps@minicircuits.com for a fast

[ JMini-Circuits’
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T PICONICS

High-Quality Micro-Electronic Inductors

Broadband
Conical
Inductors

128

NewProducts

Removable Vertical Launch
Connectors

Y)VENDORVIEW

Pasternack has
introduced a new line
of solderless vertical
launch connectors
that are ideal for high
speed networking,
computing and
telecommunications
applications. Pasternack’s new series of
vertical launch connectors consists of 12
models that provide VSWR as low as 1.3:1
and maximum operating frequency of up to
50 GHz, depending on the model. These
launches boast a reusable clamp attach-
ment and can be used for microstrip or
stripline.

Pasternack

www.pasternack.com

o
T, i

-

Precision Adapters
)VENDORVIEW
RF Superstore is
/oj i % the addition of
@_', 0’ precision RF adapters
_— to its large selection
of in-stock
male or female to 7 mm adapter options
made with passivated stainless steel are
priced below $150.
RF Superstore

excited to announce
interconnect RF components. The 3.5 mm
www.rfsuperstore.com

Solderless PCB Connectors

For a variety of
standard applications
up to 70 GHz
Rosenberger provides
cost-effective,
economic solderless
PCB connectors which
can be easily assembled to PCBs by using
screws (standard screws included). The
product range consists of RPC-3.50 (up to
26.5 GHz), RPC-2.92 (up to 40 GHz),
RPC-2.40 (up to 50 GHz) and RPC-1.85 (up
to 70 GHz) straight female connectors
characterized by low return loss values and
high mating cycles (> 500). Typical test &
measurement applications are semiconduc-
tor chip testing fixtures or PCB-characteriza-
tion.

Rosenberger Hochfrequenztechnik GmbH
& Co. KG

www.rosenberger.com/us_en

8

o e

Coax Connector Type 2.2-5

The innovative 2.2-5
connector series
offers very low PIM
.. values of —166 dBc at
[ 2 x 43 dB, while
k solving the low space
requirements of
modern MIMO
antennas, small cell concepts and innova-
tive DAS (Distributed Antenna Systems). A
typical 2.2-5 flange saves up to 53 percent

in space compared to 4.3-10, and even 70
percent over the 7-16 connector. Despite its
compact design, the 2.2-5 is designed for
low attenuation cables of up to %2 in.
Telegartner Karl Gartner GmbH
www.telegaertner.com

AMPLIFIERS

GaN Solid-State Power Amplifier

Model Number SSPA
16.75-20.25-40 is a
high-power, GaN
solid-state power
amplifier that
operates from 16.75
t0 20.25 GHz. It is
packaged in an enclosure that is optimized
for high shock and vibration requirements.
Nominal output power is 40 W typical.
Typical power gain is 46 dB min. Input and
output VSWR is 2.0:1 max. This SSPA can
be blanked on and off in less than 10 uSec.
OIP3 is 51 dBm min.

Aethercomm

www.aethercomm.com

100 kHz to 1000 MHz U Series
Amplifier, Now Up To 250 W
)VENDORVIEW

AR’s new family of

“U” (Universal) Series
RF solid-state Class A
power amplifiers now

llli-
ﬁ includes a 250 W
model that covers the

100 kHz to 1000 MHz frequency range.
These amplifiers are ideal for EMC,
laboratory use, antenna and component
testing, Watt meter calibration, medical/
physics research and more. This compact,
high performance and affordable amplifier
joins a family of products available in 1, 2.5,
10, 25 and 50 W output levels that covers
10 kHz to 1000 MHz.

AR RF/Microwave Instrumentation
www.arworld.us/html/u-series-amplifiers.
asp

1 W, Solid-State, Medium Power
Amplifier Module

J)VENDORVIEW
o Introducing MPA1004,
__ e an ultra broadband
&\‘ i 0.5 10 26.5 GHz
medium power

solid-state amplifier
for all lab applica-
tions. The MPA1004 module produces 1 W
of CW power with a gain of 30 dB. This is a
state-of-the-art power amplifier module that
features Exodus’ instantaneous ultra-wide-
band module with built-in protection circuits
for superb reliability and ruggedness. It is a
design suitable for EW, EMI/RFI testing,
phased arrays and any application requiring
small size and high-power density.

Exodus Advanced Communications
www.exoduscomm.com

SGA/SGN Series SSPAs

KRATOS General
Microwave’s SGA/
SGN Series SSPAs
[-re] offer GaAs/GaN
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SIX DAYS | THREE CONFERENCES | ONE EXHIBITION

EUROPEAN:

EUROPE’S PREMIER =
MICROWAVE=

MICROWAVE, RF, H
WIRELESS AND %

1A Lo ke I 2OTH SEPT - 4TH OCT 2019

RADAR EVENT (rmiinmict? www.eumweek.com

EUROPE’S PREMIER
MICROWAVE, RF,
WIRELESS AND
RADAR EVENT

The European Microwave Exhibition
(1st-3rd October 2019)

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

¢ |[n excess of 300 international exhibitors
(including Asia and US as well as Europe)

INTERESTED IN EXHIBITING?

For International Sales:
Richard Vaughan,
International Sales Manager
E: rvaughan@horizonhouse.co.uk
Tel: +44 20 7596 8742

or visit www.eumweek.com



INNOVATION IN
FREQUENCY CONTROL

Pletronics Inc.

HC5544DEV-100.0MHz

PCle V4.0 base Reference Clock compliant
Certified forall 4 Generations of PCle
Excellent perforniance from 2.56T/s to 166T/s

Differential Output
5032 packagé +25ppm OTR -40 to +85°C

5032 package CMOS Ovutput
Low Power/Fast Watm Up

For more product information,”
www.Pletronicsicom
or call (425) 776-1880

Customizable Solutions for
Different Applications

PLETRONICS
Innovations in
Frequency Contro}

NewProducts

technology reliability that can be customized
to meet specific pulse or CW output powers.
The product line supports both X- and
Ku-Band applications with bandwidths up to
10 percent and offers peak power outputs
up to 400 W. Designed for demanding
defense, aerospace and SATCOM applica-
tions. General Microwave SSPAs have
excellent power efficiency with demonstrat-
ed field proven performance and reliability.
General Microwave’s vertical integration
process affords flexible layouts and
architectures to meet individual specifica-
tions for electrical, mechanical and
environmental parameters.

Kratos General Microwave
www.kratosmed.com

Low-Current MMIC LNA Die Covers
10 to 13 GHz
)VENDORVIEW

Mini-Circuits’ PMA2-133LN-D+ is a MMIC
low noise amplifier die covering the 10 to
13 GHz range. This model operates on a 3
to 5 V supply with JUSt 13 mA current
consumption at 3V,
- H and provides 1.3 dB
noise figure, +28.6
dBm IP3, 8.9 dB
BY P1dB and 14.1 dB
gain. The amplifier is
= 0| designed with a
built-in shut-down
feature to conserve DC power consumption
when the amplifier is not in use. The
amplifier die is supplied in small-quantity
gel-paks of 5, 10, 50 or 100 KGD (Known
Good Dice), as well as partial and full
production wafers.
Mini-Circuits
www.minicircuits.com

6 to 18 GHz, Low Noise Amplifier
)VENDORVIEW

PMI Model No. PE2-19-6G18G-1R6-16-12-
SFF is a low noise amplifier (LNA) which
operates between 6 to 18 GHz. This LNA
provides 19 dB of
small signal gain
while maintaining a
low noise figure of
only 1.6 dB. The
P1dB output power of
15 dBm enables the LNA to function as a
LO driver for balanced, I/Q or image reject
mixers. This model also features I/0s that
are DC blocked and internally matched to
50 Ohms.

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

SOURCES

Ku- and Ka-Band BUCs and SSPAs

The ATOM series of
Ku- and Ka-Band
BUCs and SSPAs are
among the smallest,
lightest, most energy
efficient transmitters

— available. ATOM’s high

efficiency reduces

power consumption significantly, delivering
considerable lifetime operational cost
savings. This series is ideal for applications
such as airborne, comms on the move and
TWTA replacement. Its special options
include complete customization, baseplate
cooling, 1275D surge protection, EMI
filtering and internal reference with
auto-sensing, backed by excellent availability
and short lead times.

Norsat International

www.norsat.com

C-Band GaN SSPA Transmitter

RFHIC Corp.

-+ introduces the

| RRT56575K0-67, 5.6
f | to5.7 GHz GaN SSPA
transmitter for radar
system applications.
The RRT56575K0-67
has an output power
of 5 kW, 30 percent power consumption
efficiency, 67 dB gain and a 10 percent duty
cycle. The RRT56575K0-67 is designed and
manufactured utilizing RFHIC’s GaN HEMT
technology, providing excellent power
density, high breakdown voltage and high
efficiency. Upon customer’s needs, the
transmitter shelf can be easily integrated
without phase matching. Digital monitor and
control features are available upon request.
RFHIC Corp.
www.rfhic.com

4G/LTE Embedded Cellular Module

Richardson RFPD Inc.
announced the
availability and full
design support

. IERRA

EM7565 capabilities for a new
4G/LTE embedded
P X cellular module from

Sierra Wireless. The
EM7565 offers global 4G/LTE coverage on
24 LTE bands. It provides uplink speeds up
to 150 Mbps, downlink speeds up to 600
Mbps and support for carrier aggregation
and 256-QAM. The module also supports
LTE-LAA and 3.5 GHz CBRS band. The
EM7565 dramatically improves network
performance and enables businesses to
use one module for global 4G networks.
Richardson RFPD Inc.
www.richardsonrfpd.com

1 GHz Low Noise Phase Locked
Translator

The KFCTS1000-10-5 is a 1 GHz phase
locked frequency source featuring excellent
phase noise
performance. Phase
noise at 10 kHz offset
is =141 dBc/Hz and
at 100 kHz offset is
—158 dBc/Hz.
Spurious products are
suppressed by 80 dB
and output power is +5 dBm min. Power
supply requirements are +5 V at 60 mA and
+12 V at 10 mA max. The reference input
requirements are 10 MHz at a signal level of
+1to+3.3V.

Synergy Microwave Corp.
www.synergymwave.com
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October Short Course Webinars

Technical Education Training............ccccccueeeeeenn. 10/9 Technical EducationTraining...........cccccevreeeennn. 10/24
An Overview of Glass-Weave Impact on Choosing the Right RF Technology for 5G
Millimeter-Wave PCB Performance Infrastructure

Sponsored by: Rogers Corp. Sponsored by: NXP Semiconductors

Register to attend at
mwjournal.com/webinars

Past Webinars On Demand

Distributed Wi-Fi (Wi-Fi Mesh):
A Key to Smarter Homes

Gprw
QONrvo

Presented by: Cees Links, General Manager of Qorvo's
Wireless Connectivity Business Unit

Sponsored by:

microwavejournal.com/events/1774

mmWave Silicon Technologies: Tackling
Performance, Integration & Affordability
for 5G

Sponsored by: @ GLOBALFOUNDRIES

Presented by: Shankaran Janardhanan, Director of RF
SOI, FDX™ RF and RF CMOS Offerings, GLOBALFOUNDRIES

microwavejournal.com/events/1794

How to Optimize Filter Designs for 5G
Mobile Front-Ends

Presented by: Gerry Harvey, VP of Engineering, OnScale
and Ryan Diestelhorst, VP of Strategy, OnScale

microwavejournal.com/events/1799

MACOM'’s Technology Advantage
Enables Mainstream 5G Cost Structures,
Energy Efficiency, Range and Form
Factors

Sponsored by: MACOM

Partners from RF to Light

Presented by: Michael Ziehl, VP and GM for RF Power and
Basestations, MACOM

microwavejournal.com/events/1782




S) Ducommun

RF Switching
Solutions from
DC-110 GHz

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

Ducommun offers a full

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

Coaxial Switches DC-46 GHz
¢ 2.4mm, 2.92mm, SMA, TNC, N
* Excellent RF performance

* Internal 50Q termination
« High power, vacuum, hot switch

Fea N | B N
RF Switch Matrix
el
i

* GUl interface

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

¢ Modular design

Bench Top Switches

. * Configurable switching

* USB, ethernet control

* Graphic user interface (GUI)
* Low cost solutions

Space Grade Switches

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

* Over 30 years of space
heritage

Pin Diode Switches

| * SPST to SP8T configurations

* Nano second (ns) level
switching

* 0.03 GHz to 110 GHz

* Reflective and absorptive

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

NewProducts

ANTENNAS

SENCITY®Rail Multi Antenna
Y)VENDORVIEW

The unique rooftop
antenna meets the
special requirements
of rail applications
and enables a fully
connected fleet, leading to improved
customer satisfaction for Train Operating
Companies (TOC). Designed to improve rail
connectivity and drive productivity, the anten-
na aids the transition to a digital railway,
able to deliver connected services to
passengers such as Wi-Fi, real-time
passenger information and live seat reserva-
tions. It can also benefit train-to-ground solu-
tions for rail employees, such as on-board
ticketing and remote train control manage-
ment.

Huber + Suhner

www.hubersuhner.com

Airborne Radar Radome

Meggitt recently
produced large,
disk-shaped radomes
for a radar applica-
tion. This 14 x 4 ft.
radome operates over
a wide frequency range with very low
insertion loss and electromagnetic
reflection. The composite radome is a
multi-layer construction that optimizes
electrical performance while providing high
mechanical strength for a demanding
airborne environment. The radome is fully
qualified for subsonic airborne applications,
is resistant to rain erosion and hail and has
an integral lightning protection system.
Meggitt Baltimore Inc.
www.meggittbaltimore.com

Monopole Blade Antenna

PIDSO GmbH
announces a new
blade antenna design.
The antenna is linear
polarized, very
lightweight and
environmental
resistant. The frequency range is from 1.9
to 2.6 GHz and typical gain value is around
3 dBi. The small form factor making the
antenna ideal for low-visibility, aerodynamic
or tactical applications such as motorsports
(currently in usw at DTM), unmanned
vehicles or other applications where size,
weight and performance are most critical.
PIDSO GmbH

www.pidso.com

F-Band X9 Frequency Extender

YJVENDORVIEW

Model STE-SF908-00-S1 is an F-Band X9
frequency extender that uses an input
frequency range of 10
to 15.56 GHz at +5
dBm along with
harmonic generation
and filtering to
produce a 90 to 140

GHz RF signal at =3 dBm. The extender is
designed and manufactured as a bench top
unit to extend the low frequency synthesizer
or sweeper without losing all of the
functionalities and features. The extender
also features adjustable legs to allow for an
easy test setup.

SAGE Millimeter

www.sagemillimeter.com

MATERIALS

Low Loss Microwave Laminate

CLP 240 is an
“ innovative low loss
= copper clad micro-
. " ﬂ wave laminate. CLP
“ 240 is manufactured
using proprietary

hybrid continuous lamination technology
developed in-house. This system based on
blended Polyolefin resins provides an
excellent value solution to designers and
manufacturers of wireless panel antennas.
Typical production applications are
subscriber and infrastructure antennas up
to 5.8 GHz. Good PIM performance (at 2
GHz band) and prototype mmWave antenna
designs up to 40 GHz have been success-
fully demonstrated by customers.

Tadbik Advanced Technologies
www.tadbik.com

TEST & MEASUREMENT

Ace Calibration Extender

The ACE-1000A is a
calibration solution
that allows customers
to self-calibrate their
Kaelus PIM analyzers
in the field. With
successful calibration,
the ACE calibration
extender will extend your analyzer’s
calibration while reducing downtime to one
hour and increasing productivity by retaining
instruments in the field.

Kaelus

www.www.kaelus.com

Doppler Measuring System

Spacek Labs Model
DS-940HD is a
o cost-effective, Doppler

measuring system.

Center frequency is

94 GHz with £50 MHz

bias tuning. Output
power is 20 mW. The Gunn oscillator
incorporates a GaAs diode, bias is +4.5 to
+5.5 VDC at 1 A typ. Delivered with a WR-10
horn antenna, isolator, circulator and a
Spacek Labs W-Band detector, DW-2, for
real-time Doppler measurements including
directional indication. Systems available
from 18 to 110 GHz in standard waveguide
bands.
Spacek Labs
www.spaceklabs.com
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MICRO-ADS

REVERSE RECOVERY
TIME TESTERS

For MIL-STD-750-4 Method 4031.4

AVR-EB2A-B: Condition A, for low
current diodes

AVR-EB4-B: Condition B, for medium
current diodes
AVR-EB5-B: Condition B, for PIN diode
lifetime characterization
AVR-EB7-B: Condition B, for small-
signal diodes
AVR-CC2-B: Condition C, for high
power-diodes
AVR-CD1-B: Condition D, for medium

current diodes

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

Nanosecond Electronics
Since 1975

Micr@_wave
AL EIIE-BOOK
and Measurement

SEPTEMBER 2018

NATIONAL
SPONSORED BY YINSTRUM

Download @ mwjournal.com

e
Micr@,wave
Journal

PCB Fabrication and NMaterial
Considerations for the Different
Bands of 5G

September 2018

ROGERS

SPONSORED BY

Download @ mwjournal.com
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Dielectric Testers
@ Std Sizes ® ~100 MHz -40 GHz
®Fast ® Easy ® No Sample Prep

€, tan & - Cavity™ sfwr
Thin Sheets, Substrates, Resins, Foams
www.damaskosinc.com

(610)358-0200 fax(610)558-1019

Coatings for
EMI/RFI Shielding

X5 Series Electrically Conductive
Elastomeric Systems

Silver filled
Shielding effectiveness:
90-110 dB

Nickel filled
Shielding effectiveness:
40-60 dB

Graphite filled
Shielding effectiveness:
40-50 dB

& MASTER

+1.201.343.8983 « main@masterbond.com

TECHOLUS

HIGHEST QUALITY FILTERS
FOR ANY
APPLICATION OR ENVIRONMENT

| I. Salépékrllbers com

Phone 732.636.1800
Fax 732.636.1982

SECTOR MICROWAVE
INDUSTRIES, INC.

242-8158

189 ave.com

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

» Super low noise RF
amplifiers

» Broadband low noise
amplifiers

» Input PIN diode protected low
noise amplifiers

» General purpose gain block
amplifiers

» High power RF amplifiers
and broadband power
amplifiers

> RF isolators and
circulators

» High power coaxial and
waveguide terminations

» High power coaxial
attenuators

» PIN diode power limiters

» Active up and down
converters

Wenteq Microwave Corporation
138 W Pomona Ave, Monrovia, CA 91016
Phone: (626) 305-6666, Fax: (626) 602-3101
Emall sales@wemeg com, Websne wvwvwemeg com
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BookEnd

From Engineer
to Manager
Mastering the Transition

‘This book is a must-read if you're an
engineer, an upward-bound engi-
neer thinking about transitioning to

a leadership position in management, a
professional in any discipline pursuing a
future in management or a student.

It offers clear and understandable
fundamentals for transitioning from engi-
neer to leadership in management—no
seven steps to utopia, but guidelines
that clearly define the requirements.
The author, B. Michael Aucoin, with his
experience from practice and research is
uniquely qualified—he provides you with
what it takes to make a successful transi-
tion to leadership in management. Read
it, study it and as you grow in leadership
responsibility, use it as a reference.”

— Gerard H. Gaynor, 3M Director of
Engineering, Retired; IEEE Life Fellow

From Engineer to Manager: Mastering
the Transition, Second Edition

B. Michael Aucoin

Providing clear, expert guidance to
help engineers make a smooth tran-
sition to the management team, this
newly revised and updated edition of
an Artech House bestseller belongs on
every engineer’s reference shelf. The au-
thor’s 30-plus year perspective indicates
that, while most engineers will spend
the majority of their careers as manag-
ers, most are dissatisfied with the transi-
tion. Much of this frustration is the result
of lack of preparation and training.

Supplemental material, such as
templates, exercises and worksheets
are available at no additional cost at:
www.engr2mgr.com.

Contents: Principle 1: Mastering
Relationships; Principle 2: Seeing the
Big Picture; Principle 3: Getting Things
Done; Principle 4: Communicating Effec-

X
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MORE PRACTICAL
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MORE FLEXIBLE
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e Download your eBooks to your computers and mobile devices
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eBook every 30 days' M \.

. W
¢ Go to www.artechhouse.com to order your eBooks now. #

= . WA\

1o

EXPERIENCE OUR W
- NEW, IMPROVED eBOOKS...

\
O%'OFF ALL e eBOOKS

w £~

¢ Now géin online perpetual access to all your eBooks.

FOR A LIMITED-TIME!

T “6

S

\6 $®
,’,«\

>

tively; Principle 5: Using Assets Wisely;
Principle 6: Taking It to the Next Level.

To order this book, contact:

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

ISBN: 978-1-63081-543-1
360 pages

Special New Release Prices
$82 - US Now Available
£67 - UK Available November 2018
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PRECISION
ATTENUATORS

2Wio 100W

50 W & 100W
models

/) NEW
. BW-E Series
. ’ 65 GHz models

DC-65 GHz ..531%..

Customers trust Mini-Circuits’ BW-family precision fixed attenuators for accuracy, reliability, and
repeatability. Now, we’ve expanded your choices by adding the BW-E series, covering even more
applications from DC up to 65 GHz! With fixed attenuation values from 3 to 20 dB, these new,
ultra-wideband models feature 1.8mm connectors and provide outstanding attenuation accuracy,
excellent VSWR, and RF power handling up to 1W. Our full “BW” family of fixed precision attenuators
now includes over 70 models with attenuation values ranging from 1 to 50 dB and power handling
from 1 to 100W to meet your requirements with performance you can count on.

Visit minincircuits.com for free data, curves, quantity pricing, designer kits, and everything you
need to find the right BW attenuator for your needs. All models are available off the shelf for
delivery as soon as tomorrow!

L} L} L} L} ®
[ JMini-Circuits
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one person, 200 sq. ft. garage shop in Boulder, Colo.

At that time, Jason Breitbarth, now president and
CTO, was in the conceptual phase of creating something
that would change the face of test & measurement
equipment with a specific focus on phase noise analysis.
Breitbarth was well versed in the challenges of making
valid phase noise measurements using the limited num-
ber of high cost test set options that were then avail-
able for measuring phase noise at the time. In 2007, he
teamed up with Joe Koebel, VF business development,
and Leyla Bly, director of interface development, to help
the company expand and refine the designs for produc-
tion.

During the early development of Holzworth's first
phase noise test set, the architecture needed a com-
pact, broadband RF synthesizer module for use as a tun-
able LO within the analyzer. This RF synthesizer needed
to have excellent phase noise and spectral performance.
With no viable solutions available on the general market,
Holzworth needed to do their own design. This early RF
synthesizer requirement helped shape the company
into what it is today, a well-known provider of innovative
product solutions primarily in phase noise analysis and
RF synthesis. The company now supplies phase noise
analyzers, RF synthesizer modules, multi-channel phase
coherent RF synthesizers, low noise amplifiers, mixers/
phase detectors, power splitters, frequency dividers,
frequency multipliers and electronic phase shifters.

Holzworth's manufacturing facility was setup to handle
high volume throughput from original conception, to the
current 6,000 sq, ft. facility. The founders knew that

H n 2004, Holzworth Instrumentation was born as a

long term growth and overall success would depend on
establishing a low overhead manufacturing environment
that could support high volume. Therefore, an automated
test equipment (ATE) approach was adopted early on. By
fully automating manufacturing processes from initial PCB
turn on and burn-in, through full production testing, it al-
lowed for the original staff of less than five employees then
to focus on product design, rather than spending time on
manual production test operations. The founders knew
that if the big semiconductor manufacturers could handle
volumes that can instantaneously increase by millions of
any given chipset, it would have to work equally as well for a
test equipment manufacturer.

Holzworth manufacturing relies heavily on U.S.-based,
IS0 certified contract manufacturers to build most
of their PCBs, but does all of the integration, test and
calibration at its factory in Boulder to ensure high qual-
ity. It is ultimately the dedication and skill set of both the
Holzworth engineering and manufacturing teams that
have created the level of success that Holzworth realizes
today. The factory staffis 100 percent responsible for
correcting any errors made by a contract manufacturer
as well as the rapid prototyping of new designs. The
ability to place 01005 sized SMT components as well
as placing and reworking large BGA array assemblies in
house with > 95 percent yields are just a few examples of
the critical skills necessary for product development as
well as maintaining timely customer shipments.

Holzworth's tag line is “Ultra-Low Phase Noise is Our
Business,” but the ability to manage high throughput
manufacturing for timely delivery of high performance
and highly reliable products is critical.

www.Holzworth.com
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Electronic Design Innovation Conference
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Reserve your booth now to reach engineers in China working on
RF, microwave, and high-speed digital designs

April 16-18
ChinajNational Center

Beijing China
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Plan to Exhibit!
' EDICON attendees work in:

e RFand Microwave
* Signal Integrity and
Power Integrity
High-Speed Digital Design
Semiconductors
Test & Measurement
Materials and Packaging

EDA/CAD
EMC/EMI

Sign up now to choose your booth! EDICONCHINA.com

Host Sponsor: Diamond Sponsor: Corporate Sponsor: Organized by:
KEYSIGHT ¢ W7 NATIONAL
TECHNOLOGIES ROHDE&SCHWARZ  p¥ INSTRUMENTS
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@ WERLATONE’

TRUE RMS IN-LINE POWER METERS

v Optimal Accuracy
v Compact & Easily Transportable

v No Calibration Required

v 40 dB Dynamic Range

Instantaneous & Simultaneous
e Local and/or Remote Monitoring
e Forward Power Reading/Monitoring (Watts or dBm)
* Reverse Power Reading/Monitoring (Watts or dBm)
» VSWR Reading (Watts, Return Loss, Rho)

VSWR Alarm
e Alarm Level Set By Customer
e Customer can Set Up Audio/Visual Alarm via Alarm
Relay Contacts
« Signal Sent to Closed Loop

Temperature Monitoring (with Alarm)
e One Sensor, Internal Measurement, within Power Meter

e One Sensor, External Measurement, To Be Placed By
Customer

General Purpose Inputs (6 ea) Multiple Use
e Eg. Track Switch Closures (Assign to Interlock Group)
e Eg. Trigger Alarm Relay (Sends Email Alert)
e Eg. RF Presence Status/Alarm (Safety Feature)
e Eg. Alarm, Activated Switch

Accessories
e Single Channel and Multi-Channel Displays
(1U Rack, Graphical User Interface)

« RF Digital Dashboard Spreadsheet Software,
(Simultaneously Monitor Outputs of 30+
Power Meters)

e PC Based Graphical User Interface Windows

XP/7/8/10 Compatible

//

Werlatone, Inc. 17 Jer Barreld Road Peiterson, MY 12563

Accuracy
e + 1% to Customer Calibration Standard, at
Preselected Frequencies
e + 5% over a Multi-Octave Bandwidth

o Werlatone Calibration Traceable to (NIST)
National Institute of Standards and Technology

Power
» AC Power Adapter (100/240 50-60 Hertz V AC)
 POE (Passive Over Ethernet, Optional POE Injector
Kit Available)
« Via RS485 (Via Single Channel or Multi-Channel Displays)

Interface (Via)
o TCP/IP - SNMP and Browser Interface via Local Area
Network
e RS232, Serial
e RS485 - Form Addressable Serial Network
o User ID and Password Protected for Access and Control

o Multiple units can be Networked and Simultaneously
Monitored On-Site or Remotely (TCP/IP/SNMP/Serial)

& RoHS Compliant Design Available
& Custom Connector Configurations Available

W WERLATONE —
~

ASEl ::‘c o

<2020  sales@ wenatine.colt  sewLseariatone.com



